HNHCcTUTYT MallIMHOBEACHUS], ABTOMATHKHU M T€OMEXaHUKH
HaumnonanbHoi akagemum HayK Kbipreidckoit PecryOimku

Ouickuii rocy1apcTBeHHbIH YHUBEPCUTET
KsIpreizckuii rocyiapcTBeHHbIH TeXHUYecKnil yHuBepcuTer um. . Pazzakosa

Huccepraunonnslii coser J1 05.24.705

Ha npaBax pykonucu
YAK: 621.3.017:004.383.4(043.3)

by3sypmankyiaosa Hoanmon MeiimaHaibleBHA

HccaenoBanue BIUSIHUA KaYecTBA 3.)1eKTpnqec1c0ii
JHEPIruM HA IOTEPH B JJIEMEHTAX ITPOMBIINJICHHBIX ceTell ¢ MCIO0Jb30BAHUEM
KOMIIBIOTEPHOI'0O MOJICJITHPOBAHUA

CnennanbHoCcTh 05.14.02 — 3IEKTPOCTAHIIMU U JIEKTPOIHEPTETUUECKUE
CUCTEMBI

ABTOpedepar

AUCcCCpTaln Ha COMCKaHHUC y‘-IGHOﬁ CTCIICHHU
KaHnanaaTra TCXHUYCCKUX HAYK

bumkex 2025



Pabora BbImONIHeHa Ha Kadeape dieKTpodHepreThka KbIpre3ckoro
roCy1apCTBEHHOI'O0 TEXHUYECKOro yHuBepcurera uM. 1.Paszakosa

HayuHblii pyKOBOAUTEIb CarapkyaoB Kaamyp3sa
KaHIUJAT TEXHHYECKUX HAyK, JOLICHT,
npodeccop TOKMOKCKOro TEXHHYECKOTO
¢unmana um. X.A. Paxmatynuna
KBIprei3ckoro rocy1apcTBEHHOTO
TEXHUYECKOTO YHUBEPCUTETA UM.
N.Pa33akoBa

O¢punuajbHbIe ONMOHEHTHI: Tpopumos I'epman I'enHaabeBHY
JIOKTOp TEXHUUYECKHUX HayK, podeccop,
npodeccop kadeapol
AJIEKTPOCHAOKEHUS
AJIMaTHHCKOTO YHUBEPCHUTETA
SHEPIreTUKU U CBS3U
Taabanauesa Hyp3sar /lyiimnoHoBHa
KaHIUJAT TEXHUYECKUX HAyK, JOLEHT,
3aBeayromas y4eOHO-METOIUYECKUM
oTnesioM buikekckoro
MEKyHApPOIHOI'O MEAUIMHCKOTO
WHCTUTYTA

Beaymasi opranuzanms: Ksipreizcko — Poccuiickuii CnaBsiHCKUN
yuupepcutet uMm. b.H.Exsuinna (720000,
Keiprezckas Pecry6nuka, r. bumikek,
yi. Kuesckas, 44)

3amnmuta guccepraiuu coctoutes 27 utons 2025 roga B 15.00 yacoB Ha 3acegaHun
nucceptanonHoro cosera /[ 05.24.705 no 3anure quccepTanyii HA COUCKaHUE YYEHOM
CTENEHU JOKTOpa (KaHAuAaTa) TEXHHUYECKUX HayK npu NHCTUTyTE€ MallMHOBEAECHUS,
apromatuku U reomexanuku HAH KP, OmickoMm rocyaapcTBEHHOM YHUBEPCHUTETE U
KbIpreizckoM rocyapcTBEHHOM TEXHMYECKOM YHUBepcutreTte uM. M. Pa3zzakoBa mo
aapecy: 720055, r. bumkek, yn. Ckpsaduna, 23. Ccbuika 10CTyTa K BUACOKOH(DEepeHIInH
3amuThl quccepranuu: https://ve.vak.kag/b/052-bdi-grs-06b

C nwmccepramueii MOXHO O3HAKOMUTbCA B OuOnmorekax MHcTHTyTa
MaIllMHOBEICHUSI, aBTOMATHUKW M reoMexaHuku HamumoHanbHON akaneMuum Hayk
Ksipreisckoir PecnyOnmuku (720055, r. bumkek, yn. Ckpsbuna, 23), Ouickoro
rocyaapctBeHHoro yausepcutera (723500, r. Om, yn. bopy6aesa, 2), Keipreizckoro
rocyJ1JapCTBEHHOT0 TeXHUYECKOro yHuBepcurera uM. 1. Pazzakosa (720044, r. buiikek,
yi. npocnekT Y. AiitmaTtoBa, 66) u Ha caiiTe HallnoHaIbHOM aTTeCTAlIMOHHON KOMUCCUHT
nipu [Ipesunente Keipreizckoii Pecryonmuku: https://stepen.vak.kg/diss_sovety/d-05-24-
705/

ABTtopedepat pazocian 26 mas 2025 roxa.
VYyeHsIil cekperapb oy
JTUCCEPTALMOHHOTO COBETA, __ fz/ = S Menepos T.T.
K.T.H., JOLICHT < '


https://vc.vak.kg/b/052-bdi-qrs-06b
https://stepen.vak.kg/diss_sovety/d-05-24-705/
https://stepen.vak.kg/diss_sovety/d-05-24-705/

OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTb TeMbl JuccepTanmum. Bompockl o0ecrieueHus KauyecTBa
anektpodHeprun (KD) cucremMaTHdecku BO3HUKAIOT B 3JIEKTPOIHEPrEeTUUECKUX
cucreMax (O3C) pasHeix cTpaH Mupa. CBSI3aHO O5TO C YBEJIMYCHUEM JOJIH
anektponpueMHukoB (1) ¢ HenmuHeTHON BoNbT-aMIiepHON xapakTepuctukoi (BAX)
(manee «HenuHeiHass Harpy3ka») B O9C, KOTOpble MPUBOAST K BO3HHUKHOBEHHIO
FapMOHHUYECKUX U UHTEPrapMOHUYECKUX COCTABIISIIOIINX B COCTABE TOKA HArpy3KH U K
YBEIIMUCHUIO TTOTEPH AIEKTPOIHEPTUM B CETHX.

BaxHelIMMHU KOJMYECTBEHHBIMU TOKA3aTEISIMH TEXHHYECKOTO COCTOSHUSA
AJEKTPUYECKUX CETEH M YPOBHS WX OKCIUIyaTalluy SIBJISIIOTCS BEJIMYMHA TOTEPH
AJIEKTPOSHEPIUM U TEHJCHIUSA €€ M3MEHEHHUs. YCHENIHOE peIIeHUEe 3ajayu
NoJJIep>KaHusT MX  HAa  MUHUMQJIBHOM  ypPOBHE  —  3QJIOT  TOBBIIICHUS
sHeprod(PpheKTUBHOCTU AMeKTpudeckux cereil. [lorTomy mpobiiemMbl UccleOBaHUS U
CHIDKEHUSI TOTEPb DJIEKTPOOIHEPIUU B DIIEKTPUUECKUX CETSIX HA OCHOBE HAYUYHBIX
U3bICKAaHUM, HAIpPaBJICHHBIX Ha Pa3pa0OTKy METOJIOB HCCIICIOBAHHS MPOIIECCOB B
pacnpeeUTENbHbBIX CETIX C IEIbI0 MOUCKA MyTEeW CHUKEHUS MOTEeph D3 B AJIEMEHTAX
pacnpeneuTeNbHON CETH, JOMOJIHUTEIBHO MOATBEPKAAET aKTYaIbHOCTh TEMBI.

CBsi3b  TeMbl  JUCCEPTAIMH ¢  TNPUOPUTETHBIMH  HAYYHBIMHU
HANMpPaBJeHUSIMH, KPYNHBIMH HAayYYHBIMH mporpaMMamMu  (IPOEKTaMH),
OCHOBHBIMH HAYYHO-HMCCJIeA0BATEILCKUMH padoramm, NMPOBOAUMBIMH
o0pa3oBaTeJIbHBIMU M HAaYYHbIMM Yy4dpe:kaeHusiMu. Jlannas paboTa cBs3aHa C
Hay4dHOU pabotoit MuctutTyTa 3Hepretriku u cBszu npu KI'TY um. W. Pasz3akoBa u
HAY4YHO - UCCIIEOBATEILCKUMU pab0OTaMH 10 rpaHTaM MuHHCTEPCTBAa 00pa30BaHUs U
Hayku Koipreizckoit PecnyOnuku Ha Temy «MeToauka Mo pacdyeTy HOPMATHBHBIX
TpeOOBaHWN B CTENEHU KOMIICHCAIIMM PEaKTUBHOM MOIIHOCTH Ha TpaHULE
cobctBeHHbIX MekTprueckux cereir OAO «HDOCK» u noiap3oBaTenein.

Hear u 3amauum  wucciaeaoBaHusi. Pa3paborka HHCTpyMEHTapus IS
MOJEJNMPOBAHNS U HCCIIEIOBAHUS, TOKA HEJIMHEWHON HArpy3Ku ¢ TApMOHUYECKUMU U
UHTEPrapMOHUYECKHUMH COCTABISIOMIMMH, C II€JIbI0 OIEHKH J00aBOYHBIX IOTEPHh
ANEKTPOIHEPTUH B TOKOIPOBOISIINX SJIEMEHTAX MPOMBIILICHHOW CETH.

JUist JoCTHKEHUsl IeNd KCCIEOBaHUS B JIMCCEPTAIMOHHOW paboTe HEoOXO0IUMO
pELIUTh CIEAYIONIUE 3a1a4UM:

1. AHanu3 NpuyuH yXyAIIEHUs KauecTBa JIEKTPOIHEPTUH MPU PA3IUUHBIX PEKUMAX
pab6otsr OIT;

2. AHanu3 METOJOB MOJEIHMPOBAHUS, MPOTPAMMHBIX CPEJCTB, MCIOIB3YEMbIX IS
JOCTH>KEHUS TOCTABIICHHOM 11EJIH;

3. Pa3zpaboTanbl KOMIBIOTEPHBIE MOJIETH YYACTKA UCCIIEyEMOM MPOMBIIIIIICHHOW CETH
B cpene Simulink / SimPowerSystems, npeHa3HaueHHBIX 1JISI UCCIICIOBAHMS BIUSHHS
MHTEPrapMOHUKH HANPSHKEHUS U TOKA Ha JOMOJTHUTEIbHBIE TOTEPH



MOIIIHOCTU U 3JIEKTPO’HEPTUU B MPOBOJAIIMX JIEMEHTAX MPOMBIIUICHHBIX CETEH, a
TaK)X€ ISl YCTAHOBJIEHUS KOPPEJIMPOBAHHOCTH MEX]Yy XapaKTepOM BOJIbTAMIIEPHOMN
XapaKTEepUCTUKOW  HEJIMHEWHBIX  3JEMEHTOB M BO3MOMKHOCTBIO  TOSIBICHHS
WHTEPTrapMOHHK;
4. Awnanu3 xapakrepa B3aUMOJEUCTBHS MEXIy OCHOBHOM TapMOHHUKOW U
MHTEPrapMOHUYECKUMHU  COCTABJSIIOLIMMU B TOKOINPOBOJAIIMX  3JIEMEHTax
MIPOMBIIIJIEHHON CETH C MOMOILBIO HHCTPYMEHTApHUS B BUJI€ BUPTYaJIbHOrO Iprbopa B
cpene LabVIEW,;
5. Paspabotka BupTyanmpHOro mnpubopa JUisi aBTOMaTHU3allMd pacyeTa peaabHOTO
KO3 GUITMEHTA aKTUBHBIX MOTEPb BO BHEIIHEH CETH MPOMITPEATIPUSITHS.

Hay4ynasi HoBu3Ha pa0doThI:
1. Ha 6a3ze mnporpammuHoro komriuiekca Matlab/Simulink/SimPowerSystems u
LabVIEW pa3paborana cTpykTypHas cxema B cpeae Simulink u umuTanuonHas
mozaenb (M) uccienyemoit npomebliuieHHOW ceTu B cpede SimPowerSystems. UM
MO3BOJISIET BOCIPOM3BECTH PAOOTy 3JIEKTPOTEXHUUYECKHX YCTPOMCTB BO BPEMEHHOM
00JaCTH, a TaKXe BBINOJHATh PA3JIMYHbIE BHIBl MX aHaJIW3a IO OIPEACICHUIO
N00aBOYHBIX MOTEPh AJIEKTPOIHEPTUU B HCCIEAYEMOW CETH OT TapMOHUYECKUX U
MHTEPrapMOHUYECKUX COCTABJISIONUIMX B HATPY30YHOM TOKE.
2. PazpaboTanHble KOMIBIOTEPHBIC MOJIEIM HEMMHEWHBIX 351IeMeHToB (HD) mo3ponmnun
UCCIIeIOBaTh, BIUSHUWE BHAAa XapakrepucTuk HD Ha coekTpasibHBIA CcOCTaB
CI'CHEpHUPOBAHHBIX UMH BBICIIMX TAPMOHUK BKJIFOYAs ¥ MHTCPTrapMOHHKH.
3. IlpennokeHo aHANMTHYECKOE OMHCAaHUE HECMHYCOMIAIBHOTO TOKAa B COCTaBe
MHTEprapMOHUK. Pe3yipTaT aHAIUTHUYECKOTO OMHMCAHME MOKa3aj, 4To, Ha aMIUTUTYIy
OJIHOM MHTEPrapMOHUKU HAKJIaAbIBAIOTCS CUHYCOMJIaJbHbIE KOJIeOaHusl ¢ yCpeAHEHHON
4acTOTOM MOAYJIMPOBAHHOM aMIUTUTYJOM CMEIIeHUs, 4YTO JaeT 3HAYUTENIbHOE
yBEJIMUEHHUE OOIIeH aMIUTUTYIbl. DTHUM Pe3yJbTaTOM MOKHO OOOCHOBAaTh OJHO W3
BO3MOXXHBIX MPUYUH YBEIUYEHHE IOTEPh B IMPOBOJHUKE 3a CYET BO3HUKHOBEHUS
JOTIOTHUTENBHBIX MOTEPh MOITHOCTH.
4. Ha 6a3e rpaduueckoit cpeasl nporpammupoBanusi LabVIEW, opuentupoBanHoiil Ha
pemenne 3agau u3 obdimactu ACHU, paspaboran mHcTtpymentapuii B Bune BII mns
MOJIETMPOBAHMSI MTHOBEHHBIX 3HAYEHUW TOKAa HArpy3KW C BBICIIMMHU TapMOHUKAMHU U
MHTEPrapMOHUKAMU C BO3MOKHOCTBIO CTATUCTUYECKOM UX 00pabOTKH U OIIEHKU MOTEPh
AJIEKTPOIHEPTUU B TOKOIMPOBOJSIIMX 3JIEMEHTaX MPOMBIIIJIEHHON ceTH. Pe3ynbrarhl
YHUCICHHOIO OJKCIEpUMEHTa W HX Trpaduueckoe MpeICcTaBlICHHE, a TaKxKe
CTaTUCTUYECKass 00paboTKa MOITYYEHHBIX pPEe3yJNbTaTOB IMO3BOJWIM, YCTAHOBUTH €Ille
OJIHY U3 BO3MOKHBIX IPUYMH BO3ZHUKHOBEHHUS JIOMOJIHUTEIbHBIX IOTEPh MOIHOCTH OT
MHTEPrapMOHMYECKUX COCTABIIAIONIIMX B CUTHaJE (TOK, HANpPSKEHHUE) 00YCIOBICHHYIO
HEJIMHEWHOW HArpy3KOHu.
5. Pe3ynbTaThl MpOBEEHHOTO MCCIEIOBAHMS MOKA3aJld, YTO KOT/Ia HA KAHOHUYECKYIO

FapMOHHUKY HaKJIaJAbIBAKOTCA, PSI MHTEPrapMOHUK OJHOM M3 IPUYUH YBEJIUUECHUE



MOTEPb MOILHOCTH, 32 CYET AOOABOYHBIX MOTEPh CBSI3aH C IMOSBICHUEM MOCTOSHHOMN
COCTaBIIAIOIIEH B COCTaBE CUTHANA (TOK, HampsbkeHue). YHCIeHHBIM 3KCIEpPUMEHT
MIPOBOJWIICS Ha MPUMEPE CUTHAJIA COCTOSIIIMX U3 cieayromux yactot (50, 92, 167, 270,
273, 276, 279, 282, 285, 288, 291) [['u] ¢ COOTBETCTBYIOIIMMH aAMIUIUTYIHBIMU
3Hauenusamu (220, 40, 40, 20, 20, 20, 20, 20, 20, 20, 20) [B]. Kak u3BectHO, KOrIa
HECUHYCOUJIAJIbHOCTh O0YCIIOBIIEHA TOJIBKO FrapMOHUKaMHU, KpaTHbie 50 ', mocTostHHAs
COCTaBIIAIOIIASl ~ OTCYTCTBYET, pa3yMeercs, HpH  OTCYTCTBUHM  MOCTOSHHOMU
COCTaBJIAIONIECH B HICXOJHOM HECUHYCOUIAJIbHOM CUTHAJIE.
6. DKCneprUMeHTabHO JOKa3aHO, YTO CyMMa OCHOBHOM T'ApMOHUKH U MHTEPIapMOHUK
BeZieT ce0sl Kak Ciy4ailHbld IMpoliecc, TOrJa Kak KakJas U3 claraeMblX BPEMEHHBIX
GyHKIMN neTepMUHUPOBaHbl. MIHTEpecHbIM sBieTCS TOT (DaKT, UTO MPU OTCYTCTBUM
HEKOTOPbIX MHTEpPrapMoHuK (276 I’ BbIIe NpPUBEICHHOM MpPUMEPE) MPOLECC
npeoOpaszyercsi B yCTOWUUBYIO (PYHKIIMIO CO CIy4alHO M3MEHSIONIEHUCS] aMIUIUTY 10N B
CTOPOHY BO3PACTaHMsI BPEMEHHU U MPEICTABISAIONIEH OJJHY U3 peaju3aluil ciy4ailHoro
nporecca.
7. Pazpabortan BII nns aBromaTtu3anuu pacuera peajbHOro Kodppuimenta akTHBHbBIX
oTepb BO BHEIIHEH CETH MPOMIPEANPHUATHS C YUETOM, YTO B COCTABE HArpy304YHOTO
TOKa BO3MOXHBI HHTEPTapMOHUKH.

IIpakTHyeckasi 3HAYMMOCTb MOJYYECHHBIX Pe3yJIbTaTOB

Pa3pabGoTannble BHpTyalbHbIE MPUOOPHI  MO3BOJISAIOT OOOCHOBATh M HCCIENOBATH
BJIMSTHUE JIOMOJIHUTENBHBIX, PaHee TPYAHO YYUTHIBaeMbIX (AKTOPOB Ha MOTEpHU
MOIIIHOCTH W 3HEPTUHU B MPOBOJAIINX 3JEMEHTAaX IMPOMBILIJIEHHBIX CETEH, 4TO JOJIKHO
UCITIOJIB30BATHCS NP OLIEHKE MOTEPh B MPOLIECCE IKCIUTyaTal[iy IPOMBILIJIEHHBIX CETEH,
COJIEpIKaIlUX HEJTMHEWHbBIEC Harpy3KH.

PesynbpTaThl nuccepTalinoOHHOW paOOThl PEKOMEHIIOBAHBI JJII aHaIM3a BO3MOMHBIX
100aBOYHBIX TMOTEPh B CIYXKOE OHKCIUTyaTallid MPOMBIIUICHHBIX CETeH, a TaKke
UCTIONB3YIOTCST  JJIsl  TPOBEACHHUS  MCCIEAOBATENBCKHX  paboT Ha  Kadenpe
«nektporHepretukay KI'TY wum. M. Pa3zakoBa mnpu aHaau3e CTENECHU BIUSAHUA
Pa3TUYHBIX, TPYJAHO YUYWUTHIBAEMBIX (PAKTOpPOB HA BEIUYMHY TEXHHUYECKUX IOTEPH B
MPOBOSIIINX PJIEMEHTAX MPOMBIIICHHBIX CETEH.

PazpabGoTtannsie Metonasl monenupoBanus ['DOH wucnonb3yiorcs B AUIUIOMHOM U
KypCOBOM IPOCKTUPOBAHUSIX HA BBIIIE YKa3aHHOU Kadenpe.

OcHOBHbBIE N0JIOKEHU S JUCCEPTAIUN, BBIHOCUMbIE HA 3aIIUTY.

1. Pazpaborana ctpykTypHas cxema B cpeie Simulink u uMuTanMoHHas MOJEINb
uccleyeMol MNpOMBINUIEHHON ceTtu B cpeae SimPowerSystems, ¢ pe3ynbTaTaMu
YUCJIEHHOTO AKCIEPUMEHTA;

2. Pa3zpaboran MHOTrO(YHKIIMOHAIBHBIN BUPTYyaIbHBIN IpuOOp HAa ocHOBe  LabVIEW,
MpEeJHA3HAYCHHBIM  JJIsI MCCIIEIOBAHUS BIMSHUS Pa3IMYHBIX (PAKTOPOB Ha MOTEpH
MOIIHOCTH M 3JIEKTPOIHEPTUU B MPOBOJSAIIMX 3JIEMEHTAaX MPOMBIIIJIEHHBIX CETeH U
MMEIONIMN BO3MOXHOCTb pAacCUMUTATh JJIEKTPUUYECKYIO0 HArpy3Ky HCCIEIyeMOro
AJIEMEHTA CETH;



3. Uuctpymenrtapuii B Bune BII nns MoaenupoBaHusi MTHOBEHHBIX 3HAYEHUH TOKa
Harpy3ku C BBICIIMMM TapMOHUKAMH W HHTEPrapMOHHUKAMU C BO3MOKHOCTBIO
CTaTUCTHUYECKOU UX 00pabOTKU M OLEHKH MOTEPH JIEKTPOIHEPTHUH B TOKOIPOBOIALIUX
3JIEMEHTAaX MPOMBILIEHHOU CETH;

4. PazpaboTan BHUpTyaslbHBIA MNpUOOp I aBTOMATU3ALMHM pacuera peasbHOro
K03 (pUIIEeHTa aKTUBHBIX NMOTEPHh BO BHEIIHEHN CETH MPOMIPEATPUATHS;

5. Pesynbrarhl aHanu3a BAUSHUS Pa3IMyHbIX (AKTOPOB HA IMOTEPH B IPOBOIALIUX
AJIEMEHTaX Ha OCHOBE KOMIIBIOTEPHOTO MOJEJIIMPOBAHUS PEKUMOB C HCIIOJIB30BAHUEM
LabVIEW u Simulink/ SimPowerSystems.

JInunblii BkIag couckaressi. Bece pe3ynabTaThl JUCCEPTALIMOHHOM pPabOTHI
MOJyYeHbl aBTOPOM caMoOCTOsiTeNbHO. W3  paboT, KoTOpble OnmyOJUMKOBaHBI B
COaBTOPCTBE, MCIOJIb30BaHbl TOJIBKO T€ IOJOKEHUS M HJIEH, KOTOPBIE SIBISIOTCS
pPE3yNIbTaTOM COOCTBEHHBIX UCCIIEIOBAHUN COMCKATEIIS.

AnpoGanusa pe3yjabTaToB auccepranmuu. OCHOBHbIE PE3yJbTaThl PAOOTHI
JOKJIaJIbIBATIMCh U 00CYKIaIUCh Ha!

e VII mexnyHapoqHOW HayudyHO-TIpaKTHYEeCKOW KoHGepeHnn «HTerpainoHHbie
Iporpecchl B HAYYHO-TEXHUYECKOM M 00pa3zoBaTeilbHOM IpocTtpaHcTBe» (Mocksa-

bumkex KI'TY-HNY MBOH, 2021 r.);

e MexayHapoaHoi Hay4dHoOM kKoH(pepeHiun «PernoHanbHbI By3 — OCHOBA Pa3BUTHS
peruona» (Toxmok, 2022 r.);

o MexayHapoIHOW HayYHO-NPAKTHUYECKOW KOH(EpPEeHIMH TMOocBAleHHoN 70-1eTuio
u3BectHOro yuenoro M.Jx. />xaman0OaeBa (bumkek, 2022);

e MexayHapoJaHOW  HaydyHO-TIpakTHUecKoW  KoHpepeHmuun  «Pomb  Hayku U
WHHOBAllMOHHBIX TEXHOJIOTMH B YCTOMYMBOM pAa3BUTHH TOPHBIX TEPPUTOPUNA U
skocuctem» (bumkek, 2022);

e 65- Oif MEXIyHApOJTHONW CETEBOM HAyYHO-TEXHUYECKOW KOH(EPEHIIUH MOJIOABIX
YYEHBIX, aCIIMPAHTOB MAaruCTPAHTOB U CTyA€HTOB «COBpEMEHHAasl HaAyKa: aKTyaJbHbIE
BOIIPOCHI, TOCTIOKEHUS U HHHOBaIun» (bumikek, 2023);

e 30-off MeEXIyHApPOJHOHW HAYyYHO-TEXHUYECKOU KOH(EepeHIuu CTyJICHTOB U
acIMpaHTOB. PagonaIeKTpOHUKA, 3JIEKTPOTeXHHKa ¥ dHepreTuka (bumkek, 2024).

IlonmHoTa oOTpameHus pe3yJbTATOB [JHCCEPTALIMH B IMyOJUKaNMAX.
OcHOBHBIE pe3yIbTaThl IUCCEPTAIIUU OMYOJUKOBAaHbBI B 12 Hay4YHBIX U3JAHUSAX, U3 HUX
8 crareii B xypHanax u3 [lepedns pereH3npyeMbIX HAyIHbIX IEPUOANUCCKIX U3TaHUH
JUISL  OMyOJIMKOBaHWS OCHOBHBIX HAy4YHBIX pe3yibTaToB aucceptanuu HAK mnpu
[Mpesunente Koiprezckoii PecyOnuku, 1 — B mpounx m3mganusx. Taxke mMoaydeHo 2
nateHT Keipreickoi PecyOnmku Ha n300peTeHre u 1 maTeHT Ha MOJIE3HY0 MOJICITb.

CTpykrypa M o0bem auccepramum. JluccepranmuonHas padoTa COCTOUT W3
BBEJICHHUS, YE€THIPEX IJ1aB, 3aKIIOYCHUS U 2 TIPUIIOKEHUN; COIepKUT 138 cTp. OCHOBHOTO
TeKcTa, BKIouas 54  pucynka, 13 Tabmum wu OubmmorpaduyecKkuid CHUCOK
UCIIOJIb30BaHHOM UTEepatypsl U3 114 HauMeHoBaHUIA.



OCHOBHOE COJIEP)KAHUE TUCCEPTALIUU

Bo BBegenmu 00OCHOBaHa aKTyaJbHOCTb TEMBI pPadOThHI, CPOPMYIHPOBAHBI
Ledb M 3aJa4d MCCIIEI0OBaHUs, YKa3aHbl METObI HCCIEIOBaHMS, ONPEAEICHbl HayYHas
HOBHU3HA U MpaKTUYEeCKas LIEHHOCTh PE3yJIbTaTOB UCCIIEI0BAaHUSA, U3JI0)KEHbl OCHOBHBIE
MOJIOKEHUSI, BHIHOCUMbIE Ha 3alllUTy, MPUBEAEHBI CBEAEHUs 00 anmpoOanuu OCHOBHBIX
PE3YIBTATOB.

I'maBa 1. O0630p Jureparypbl. AHAJIM3 NPUYUH YXYAILIEHHS] Ka4yecTBA
3JjieKkTpo3Heprun. IlocaeacTBus yxyameHuss B CHCTEMAX 3JIEKTPOCHAOKEHHS.

3HAYUTENbHBIN BKJIaJ B pa3BUTHE METOIOB UCCIIEI0BAHUSA, TEOPUU U MPAKTUUYECKUX

NoJX00B K obecneyeHuto KD BHecnu Takue 3apyOekHbie yueHble kak J[>x. Appuiiiara ,
. bpannu, P. JIpexcnep, M. Macym, 3. ®dykc u ap. B Poccun u ctpanax ObIBIIEro
Coserckoro Coro3a Bonpocamu obecneuenus KO zanumanucs B.3. Bopornuukuii, 1.B.
Kexenenko, FO.C. XKenesko, .U. Kaprames, B.I'. Ky3nenos, JI. . Kosepaukona., FO.K.
Pozanos, B.I. CanphuxoB, A.K. IlIugnockuii, ®.A. 3eikun, B.Sl. Maiiep., B.I.
Kyp6arckuii, JILA. Kyuymos., C.C. Cmupnos, I.I. TpobumoB u ap. B obmactu K3
MHOXKECTBO  HMCCJIIOBAaHUM  BBIMOJIHEHO B  CIEAYIOMIMX  BEAYIIUX  HAy4YHO-
uccnenoparenbckux nHctTuTyTax: BHUND, nactutyt snekrponuHamuku AH Ykpaunsl,
NCSM CO PAH u HIY «M3N».

Paznocroponne o6cyxaatotT nmpobnemsl KO Ha MexayHapoaHoil KoHpEpEeHIHH 1o
cucremaM pacnpeaeneHust anekrposHeprun (CIRED), MexayHapogHOM COBETE I10
6onpmuM  anektpudeckuM cuctemaM (CIGRE), mnpoBoasTcs wuccienoBaHusi O[T
yOpaBICHUEM  KOMHUTETAa Ka4ecTBa DBJEKTPOIHEPTHMH MexAyHapoaHoro HMHctuTyTa
UHXEHEPOB TI0 JJekTporexHuke u paguodtektponuke (IEEE). ITlpu »sToM B
OIMyOJMKOBaHHBIX MaTepHaliax TMEePEeUYNCICHHBIX KOH(PEPEeHIM Ha HEeI0CTaTOYHOM
YPOBHE yIAEJIEHO BHUMAHHE BIUSHUIO TOKOB BBICIINX HWHTEPrapMOHHYECKHUX
COCTAaBIIIOIIMX HA MOTEPU MOIIHOCTH B TOKompoBoasmux sneMentax Il u 20 u
JadbHEUIIEMY pPa3BUTHUIO MHCTPYMEHTOB HcciefoBaHud. [loaTomy naHHash HayuHas
paboTa MOCBsIIEHA UCCIIEIOBAHUSM B 9TOM HAIlpaBICHUH.

[To marepmanam 0030pa M3JIOKEHBI HEKOTOPHIE OCOOCHHOCTH JHEPreTHYECKUX
IPOIIECCOB B CHUCTEMax JJIEKTPOCHAOKEHUSI C HArpy3KaMu, yXyAIIAIOMIUMHU KaueCTBO
ANEKTPO3HEPruu. B HacTodllee BpeMsl TaKME€ Harpy3KH Ha3bIBAIOTCA HCKAKAIOUIUMH.
OHU BKJIIOYAIOT HArpy3KH C HEJIMHEHHBIMU XapaKTEPUCTUKAMH, C HECUMMETPUYHBIMHU
Tpex(a3zHbIMU COMPOTUBICHUAMHU U C CONTPOTUBIICHUSMHU, U3MEHSIOIIMMHUCS BO BPEMEHH.

VYKa3bIBaeTCsl, 4TO MPHU PACCMOTPEHHUM pssia MpoOieM HEydET BBIIIE OTMEUEHHBIX
SHEPreTUYECKUX MPOLECCOB MOXKET IPHUBECTH K HEKOPPEKTHBIM BBIBOJAM WIH K
3HAUUTEJIbHBIM 3aTPYIHEHUSM. XapaKTepHOM OCOOCHHOCTBHIO MCKAXKAIOIIUX HAarpy3oK
ABIISIETCS TO, YTO OHM CHIDKalT KD B cuctemax 31eKTpOCHAOXKEHHSI U SIBISIOTCA
MCTOYHUKAMH BBICIITNX TAPMOHUK, TPeX(ha3HBIX CHMMETPUYHBIX COCTABIISIONMINX



oOpaTHOW W HYyIEBOH mMocienoBareabHOCTeH. VHAa4e TOBOps, MOXHO CUWTaTh, YTO
HCKa)Kalolllue Harpy3kd o0ajgaroT MpeoOpa3oBaTeIbHBIMA CBOMCTBAMU: MOJIydast
SHEPTHIO0 U3 CETH, TAKHE HArPy3KH OOJBIIYIO YaCTh €€ HCIIONB3YIOT, IpeBpalas B Ipyrue
BUJIbl SHEPTUHU, a OCTalbHAas YacTh IMEpeaaeTcss OOpaTHO B CETh B BHJIE MCKaXCHUI,
o0pa3ysi aHOpMaJbHbIE COCTABISIONINE TOKA W HampsDKCHHUS (KpaTHbIE M HEKpaTHBIC
rapMOHUKHU, COCTABJISAIOLIME 00pAaTHOW U HYJEBOM MOCIEA0BATEIbHOCTEN ).

B Hay4HBIX myOnmuKaIus oTMedaeTcs He0OXOIMMOCTh y4eTa 3TUX MPOLECCOB: MPHU
KOHTpPOJIE U y4eTe KadecTBa dekTpudeckoit snepruu (KD); npu u3mepenuu, aHanmusze u
yudeTe AOMOIHUTENBHBIX MOTEPh B CETSIX. BaXXHOCTH ATHX BOMPOCOB OMPEACIIACTCS TEM,
YTO TOTEPU DIEKTPOIHEPTUU SBISIIOTCS BAKHEHIIMM TIOKa3aTeleM SKOHOMHYHOCTHU
pabOThI JJICKTPUYCCKUX CETEH W OJHUM M3 TJIABHBIX WHIUKATOPOB 3(P(HEKTHBHOCTH
JEeSTENbHOCTH SHEPTOCHAOKAIOIIMX OpraHU3aAIM.

Ha ocHOBe BbIllIe OTMEUEHHBIX CBEACHHUI MOXKHO 3aKJIIOYUTh, U4TO: IJs olleHKH KD
M0 CHCTEME B IIEJIOM TPU aHAJIM3€ OCHOBHBIX TPEOOBAaHWN K MOIEJSAM DJIIEKTPHUSCKHUX
CHUCTEM, COAEpKAIIUX paclpelelicHHbIE CMEMIaHHbIe HMCTOYHUKHA  HCKaKEHUS
HanpsHKeHUs, HEOOXOANMO pEIICHHE Psijia 3aa4, KOTOPBIE PEIIAIOTCS TOJIBKO PAaCUeTHBIM
yTeM HMJIU METOJOM KOMITBIOTEPHOTO MOJICIIMPOBAHUS; OJHUM U3 BaApPUAHTOB PEIICHHUS
3aJ]a4d 10 KOHTPOJIO KAuyeCTBa 3JICKTPOIHEPTUH SIBIISCTCS HCIOIH30BAHHE CUCTEMBI
MOHHWTOPWHIA, OCHOBAaHHOH Ha  MeEToJaX  BUPTYaIbHOTO  (KOMIBIOTEPHOTO)
MOJICIMPOBaHUsT (PU3UYECKUX TPOIECCOB, KOTOPHIE HIMPOKO MPUMEHSIOTCS BO BCEX
o0NacTsX HayKH M TPOW3BOACTBA, TaK KAaK OHU IMO3BOJISIIOT OMNEPATUBHO H C
HAaUMEHBIIUMU 3aTpaTaMyd HAWTH OIpeleNieHHbIe MapaMeTphl KOHEYHOTO pPe3yinbrara;
HECOMHEHHBIM  JTOCTOMHCTBOM  KOMITBIOTEPHBIX  OJKCIIEPUMEHTOB Ha  OCHOBE
MOJICTTUPOBAHUS SIBJISIETCSI BO3MOKHOCTh COBMECTHOTO pacyeTa MOTEePH AIIEKTPOIHEPTUU
U PacCYETHOTO 3HAYEHMSI DJIEKTPUUYECKOW HArpy3KH ¢ y4ETOM BO3MOKHOTO YXYAIICHUS
KauecTBa AJIEKTpOodHepruu. [Ipu 3TOM MOXKHO YYHUTHIBATH CKOJb YTOJHO OOJBIIOE
KOJIMYECTBO (PaKTOPOB, OOECHeurnBasi TEM CaMbIM TOJHBIA KOHTPOJIb BIUSHUSA BCEX
BXOJIHBIX MTAPaMETPOB Ha PE3YJIBTAT, YTO HE BCET/Ia BO3MOXKHO B pEaIbHOM IKCIIEPUMEHTE.

I'naBa 2. MaTtepuaJjbl 1 MeTObI UcCae0BaHUA. KoMnbloTepHBIT MeTON pacuer
TENJI0OBOI0 pPe;KUMa 3JIeMEHTOB NMPOMbINLJIeHHOH ceTH. [locBsieHa KOMIBIOTEPHBIM
METOJIaM pacyeTa MoTepb MOITHOCTH B MPOBOSIINX JIEMEHTAX TPOMITPEATPUITHIA.

O0beKTOM HMCCIIeOBAHNS SBISIOTCS CUCTEMBI 3JIEKTPOCHAOKEHUS TTPOMBIIIICHHBIX
npeanpustuii coaeprxkamue 11 ¢ Henuneirtnon BAX.

IIpeanmerom wucciaeao0BaHusl SBISICTCS BIUSHUE TOKOB BBICIIUX TapMOHHUK U
WHTEPTrapMOHHK Ha TTOTEPH AIIEKTPOIHEPTUU B OOBEKTE MUCCIIEIOBAHU.

MeTtoasbl uccjenoBanus. B pabore ucmoab30BaHbl METOABI TEOPUU IIIEKTPUUECKHUX
1ernei ¥ YUCICHHOTO IKCIIEPUMEHTA Ha OCHOBE KOMITBIOTEPHOT'O MOJICTTUPOBAHMS B CPEJIE
LabVIEW u cucremsr Matlab ¢ makerom pacmupenuit Simulink u OuGnmoreku
SimPowerSystems.



B Heil mnpuBeneHbl HEKOTOpBIE pPe3yJbTaThl COOCTBEHHBIX HCCIEAOBaHMM. B
HayaJle TIJIaBbl MPUBEICHBI pe3yibTaThl aHajdu3a 0030pa HAy4YHbIX MyOJIHMKaIUH,
KACAIOIIMXCA METOAOB pacdera IOTepb AIIEKTpodHepruu. OTMEYeHO, 4TO  MHOTHE
y4€Hble 0OpallaloT BHUMAHUE HAa OTCYTCTBHE B HACTOAIIMNA MOMEHT OOIIEHpPUHATON
TEOPUU MOILIHOCTH MPU HECUHYCOMAAIBHBIX HAMPSHKEHUSIX U TOKaX, KOTOpasi MOriia Obl
HCIIOJIB30BATBCA B KA4yeCTBE OCHOBBL: Ul OLIEHKA KayecTBa JJIEKTPOIMUTAHHUS;
ONPEACICHNUs] HCTOYHUKOB TapMOHUYECKUX, HMHTEPrapMOHUYECKUX HCKAKECHUN B
CUCTEMaX OJJIEKTPOCHAOKEHUSI MNPOMIPEANpPUITHI; pacyeTa J00aBOYHBIX MOTEPh B
TOKOIIPOBOISIIUX JIEMEHTAaX CETH.
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Pucynok 1 — a — 6;10k-auarpamma BII o uccnenoBanuio TEII0BOTO pexkuMa pabOThI
TOKOBenymux 35emMeHToB; b — BIIII onpeaeneHus: pacdyeTHOro TokKa

IIpu paszpaborke BII mns mccnemoBaHus TEIUIOBOTO pPeXKMMa pabOThl TOKOBEIYITUX
AJIEMEHTOB JJICKTPUUYECKOM CETH HCIOIb30BaHO Oojiee TouHOE nuddepeHnnanIbHoe
ypaBHeHue (1Y), yuuTeiBaroliee 3aBUCUMOCTH COMTPOTUBJIEHUS U MOCTOSTHHYIO HarpeBa
TOKOIIPOBOJIA OT TEMIIEPATYPHI.

Ha pucynke 1 mnpencraBnena Onok-guarpamma paspaboranHoro BIl s
MCCJIEIOBAaHUS TEIUIOBOTO PEKMMa M BBIOOpA MO HArpeBYy TOKOBEAYIIUX AJIEMEHTOB.
Cama mporpamMma NpeJCTaBJICHHA B BUJIE HKOHOK Tpadwuyeckoro sizpika LabVIEW,
CBSI3aHHBIX MEXIY COO0O0I MPOBOJHUKAMHU, IO KOTOPBIM MEPEAAIOTCS JaHHBIE OT y37a K
y31ny mporpaMmmbl. B Omok-gumarpamme 3aknansiBaeTcs anroputm padotsr BII, BIII u
MOCJIe10BATENIbHOCTh TPOU3BOIUMBIX onepanuil. Mcrionas3oBaHHble TpH pazpadotke BII
u BIIIT snementsr si3bika LabVIEW (koHcTaHTBI, QyHKIINN, TOATIPHOOPHI i CTPYKTYPHI)
B JTUCCEPTAIIMH MMOKa3aHbI B COOTBETCTBYIONIUX TaOIHUIIaX.

B 6nok-guarpamme (pucyHok 1, a) anroputm gynkimonunpoBanus BII peanuzosan ¢
MOMOIIBIO MOANpPOrpaMmM (TTOANPUOOPOB), MPOHYMEPOBaHHbIX Iudpamu 1, 2, 3, 4. Bes
OCTaBIIAsICSI ~ HEMPOHYMEpOBaHHAas  o00JlacTh  OJIOK-AMArpaMMbl  COOTBETCTBYET
MoANIporpaMMe MOACIUPOBAHUS TPYHIIOBOTO Irpaduka Harpy3ku. C moMouisto GyHKIHH,

9



MPOHYMEPOBaHHOU 1UPOIl 5, MOKHO BO3JEUCTBOBATH HA CMOJEIUPOBAHHBIN rpaduk
Harpy3ku C LEIbI0 BO3JEHCTBUA Ha KadecTBo JO. Ha ywactkax 1-3 peanmzoBaHbl
¢yHKuMOHaNbHBIE BO3MOKHOCTH BIIIL, BBINONHSIONIErO OMNEpPaLMI0 YHCIEHHOIO
MHTErpUpOBaHus  HenuHenHoro auddepenumnansHoro ypasHenus (HAY) (2),
orpejienieHre pacueTHOro Toka ot rpymnmsl JI1. [Ipu 3ToM HEnocpeACTBEHHOE YUCTIEHHOE
uHTerpupoBanue npoussoaurcsa B BIIII (mudpa 3).

B pesynabTate BO BTOpO# I1aBe pelleHa 3ajada 1o paspadbotke B cpeae LabVIEW
BUPTyaJbHOTO mpubopa  JJjIsi YUCIECHHOTO WHTErpupoBaHus auddepeHnanIbHoro
ypaBHEHHMsI MEpErpeBa Kujil TOKOMPOBOJIOB OTHOCHUTENBHO TEMIIEPATyphl OKpYKaroen
Cpelibl, MO3BOJISIIOUIETO MPOU3BECTH BHIOOP TOKOBEAYLIUX 3JIEMEHTOB 1O HarpeBy. [lpu
stoM LabVIEW-mporpaMMa B KOMIUIEKCE € COOTBETCTBYIOIIMMHM armapaTHBIMH
CpeJCTBaMHU MO3BOJISIET pa3pabaThIiBaTh CUCTEMbBI U3MEPEHUS, KOHTPOJISL, TMATHOCTUKHU U
yHOpaBJIEHUs MPAKTUYECKH JIF000H CII0KHOCTH.

I'naBa 3. Pe3yabTaThbl COOCTBEHHBIX HCCJe0BaHuii. PasBuTe MareMaTnyeckoi
MoOJeJM HMCHOJAb30BAHHOM B BII as pacyera JONOJHHMTEJIBHBIX IMOTEPh
NPOMBILVICHHON CeTH ¢ HeJUHeNHOM Harpyskou. lcnonb3oBaHa TEXHOIOTHS
KOMITBIOTEPHOTO MOJEIIUPOBAHUS MPU UCCJIEIOBAHUU TIOTEPU MOIIHOCTH B 3JIEMEHTaX
CeTH C Yy4YeTOM KadecTBa 3JeKTposHepruu. HMcmonb3ys moctouuctBo Simulink wu
SimPowerSystems (SPS), koMOMHUpPYST BO3MOKHOCTH, 3aJI0KCHHBIE B JTHX ITaKeTax,
MO>XHO UMHUTHPOBATH pabOTy JIEKTPOTEXHUUYECKUX YCTPOUCTB BO BpeMEHHOM 00J1acTH, a
TaKKe BBINOJHUTH pa3jinuHble BUIBI MX aHanu3a. Kpome Toro, SimPowerSystems (SPS)
MO3BOJISIET MOJEINPOBATH CJIOXKHBIE JJIEKTPOTEXHHUUYECKHE CHCTEMBbI, COYeTas METOIbl
UMUTAIMOHHOTO M CTPYKTYpHOTO MojenupoBaHusi. SPS oOnagaeT MHOTOYMCIECHHOM
OMOTMOTEKOM TOTOBBIX OJIOKOB, HEOOXOIUMBIX JJIsi TOCTPOSHUSI MOJIENIEH UCCIeNyEeMbIX
cucteMm. [Ipu oTCyTCTBUM HEOOXOIUMBIX UCCIEAOBATENIO MOIENICH YCTPOUCTB HUX MOKHO
coznath Ha ocHoBe Simulink u SPS — Gi0k0B. B 3TOM pa3zesne nuccepranuu CO3/1aHbI
MOJIENT HEIMHEHHBIX PE3UCTOPOB U HUHIYKTUBHOCTEH (HACHIIIAIOUIETOCS PEaKTopa),
KOTOPBIE UCTIOIB30BaHbBI IPH pa3pabOoTKe
SPS — mopnenu uccienyeMoit cetu. B xauecTBe Moenu UCHOJIb30BaHa AJIEKTpUUECKas
IIENb C PE3UCTOPOM, UMEIOIAsI HEIMHEWHYIO BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY PUCYHOK
2.

Bo BHyTpeHHE# 0051aCcTH NPSAMOYTOIBHUKA, OTPAHUYEHHOTO MYHKTUPHBIMU JTUHUS MU,
pacmoyiokeHa cxema OJioka HeIMHEHHOTO pe3uctopa. KpoMe Toro, Ha cxeMe MmoKa3aHbI
puOOPHI H3MEPEHUS TOKA U HANPSDKEHU, Tpadomnoctpoutesb XY -Graph.
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Pucynok 2 - Cxema ¢ HETMHEWHBIM PE3UCTOPOM

Scope

[IpoBeneHo wuccineqoBaHUE BIUSHUA HEJIMHEHHOro pPe3ucTopa Ha TapMOHUYECKUU
COCTaB TOKa B CETH, SIBISIOLIMKCA OJHMM U3 MapaMeTpOB, OLEHUBAIOIIUX KaueCTBO
ANEKTPOIHEPTUH, TOTEPH MOIIHOCTH M IHEPTUU B PJIEMEHTE ITOU CETH, C MOMOIIbo SPS
— MOJIEJIN UCCIEAYEMON CETH, KOTOpasi COCTOUT U3 CIAEAYIOMUX OJOKOB (Ha pUCYHKE 3

5
-

Pucynox 3 — SPS — Mozenp y4acTka UcCiie1yeMoi ceTu

11



Ha3nauenue 3Tux OJIOKOB 3aKito4aeTcss B cieayroniem: 1— ¢gopmupyer curHat
ympasiieHus, (pUCyHOK 3, a), KOTOpbIi siBisiercss 0e3pazmepHbiM Simulink — curaasom,
3aKOH HM3MEHEHUS KOTOPOTO COOTBETCTBYET pabOTe HENMHEHHOTro pe3nucropa; 2 —
conepkanue 0Onoka Ry,_,, NPEICTABISIONIEIO HENIMHEHHBIH pesuctop (Oaok 3),

myHTupoBaHHbll RLC —BetBhlo. LIIyHT 0OecnieunBaeT ycToiiunBoe (GyHKIIMOHUPOBAHHE
HEJIMHEWHOIO0 PE3UCTOpa, T.€. YCTOMUMBOCTH ero BAX; 3 — cxema, mpeacTaBisromast
MOJIeNIb HEeJIMHeWHoro pesucropa; 4 — cxema, Qopmupyomas B Harpyske 9
ANEKTPUYECKHUI TOK B COOTBETCTBUU C CUTHAJIOM YIIpaBieHUsl (PUCYHOK O, ), IpU 3TOM
WCIIOJIb30BaH YIPaBJISIEMbII HICTOUHHUK TOKA 8, KOTOPBIN IIIYHTUPOBAH PE3UCTOPOM 7; 5 —
ociuiorpad; 6 — rpadonoctpoutensb; 10 - uU3MepUTENbHBIN OJIOK, COJEpKaliui
ocuwuiorpag, Ha 3KpaHe KOTOPOrO BbICBEUMBAETCS BPEMEHHAas 3aBUCHMOCTBH MOTEPH
MOIIIHOCTU TIpU R — L Harpyske. biok COOep KUT U AUCIUIEN, MOKA3BIBAKOIIUN IMOTEPU
SHEPI'UH 3a MEPUOJ MPOIOIKUTEIIBHOCTH MOAECIIUPOBAHMS.

JIns OLEHKM CTENEHHW YPOBHSA KOPPESALMH KAadyecTBa AJIEKTPOIHEPTUM C NOTEpPEH
MOIIHOCTA B JJIEMEHTE JJeKTpuueckoil cetn (R — L) mpoBeneHBI BBIYUCIUTEIHHBIC
skcriepuMenTsl (BD) mpu cieayromux YUCIEHHBIX 3HAYEHUSX MapaMeTpoB MO
HenuHeiHoTo pesuctopa logi = logly + a(logu —logUy): Uy = 110 KB; I, = 500 A;
a = 25.

x 105 XY Plot
3
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undamental (50Hz) = 5 2056+009 , THD= 115.45%
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=

=

PucyHok 4 — Pe3ynbTaThl YUCIEHHOTO SKCIIEPUMEHTA

Ha pucynke 4 mpeactaBieHbl pe3yJbTaThl YMCIEHHOIO 3KcrnepumeHTa: a — BAX
HEJIMHEWHOTO pe3nucTopa, IryHTHpoBaHHOro RLC — BeTBBIO; D, C — COOTBETCTBEHHO,
BPCMCHHAsT 3aBUCUMOCTh M CIIEKTPAJIbHBIN cocTaB Toka B Harpy3ske (R —1L); d —
BPEMEHHAS 3aBUCUMOCTh MIOTEPU MOLIHOCTH B Harpy3ke R.

Jls1 conoctaBieHust noBTopeHsl BO npu a = 24 npu npoyux paBHBIX MMapaMeTpax.
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— FFT analysis

x 1pFundamental (50Hz) = 1.091e+005 , THD= 3234247.00%

25

Mag (% of Fundamental)

0 200 400 600 800 1000
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Pucynok 5 - CriekTpanbHbIii cocTaB Toka B Harpy3ke (R — L) npu a = 24

CpaBHeHHE pe3yJbTaTOB HKCIIEPUMEHTA IOKA3aJI0, YTO M3MEHEHUE XapakTepa
HenMHeMHoCTH HP CyliecTBEHHO M3MEHWIO CIIEKTPaIbHbIM COCTAaB TOKAa B PE3UCTOPE
PUCYHOK 5 W BEIMYMHBI MOTEPb MOLIHOCTH M dHepruu. llomydeHHbIE pe3yibTaThl
UMEIOT Ba)XXKHOE IMpaKTUYeCKoe 3HaueHue. B 3ToMm ke pazgene pabOThl IPOBEAECHO
UCCJIeIOBaHNE BIUSHUS U3MEHEHHS CTETICHH HeJduHeiHocTH nHaykTtuBHocTy (HU) Ha
KA4eCTBO U IOTEPU DJIEKTPOIHEPIMU B djeKTpudeckou cetu. Ilpu aTtom ypaBHEHUs,
CBA3bIBAIOIINE MTHOBEHHbBIC 3HAUEHHUS TOKA [, HAPSDKEHUS U U MOTOKOCLEIUIEHUS
HU npencrasnens! popmynamu:

Ay
u=Ri+—; i =ay + by3, (1)
rIie a, b — mapaMeTphl MOJENH, CBS3BIBAIOIIME 3aBHCUMOCTH  MEXIY
TIOTOKOCIENIEHHEM M TOKOM  ONpEENIAIOIMe CTENeHb HEITMHEHHOCTH KaTyIIKHU
VHIyKTUBHOCTH. IlepBoe  BepakeHme -  jauddepeHInanTbHOe  ypaBHEHHE,

OnpeAesoNiee HaNpsKEHNE Ha UHAYKTUBHOCTHA, BTOPOE — YPAaBHEHUE, CBA3BIBAIOIIECE
TOK peakTopa ¢ norokocuemieHueM. CTpyKTypa BTOPOTO YpaBHEHHUS OIPENEIISIETCS, B
3aBUCHUMOCTH OT TpeOOBaHHUS K TOYHOCTH AaNIPOKCHMAIMU  HEJIUHEHHOCTH
WHIYKTHUBHOCTH: OHO MOYKET OBITh U APYTHUM.

C ucnonb3oBanueM SPS — MoeNu HEIMHEHHON WHYKTHBHOCTH (HACHIIIAOIIETOCS
peakTopa) MPOBEICHBI YUCICHHBIC SKCIIEPUMEHTHI.

ComnocTtaBieHusl pe3yJIbTaTOB YUCIEHHOTO AKCIIEPUMEHTA MOKa3aly CYIIECTBEHHOE
BJIUSIHAE CTENEHU HEJIMHEHHOCTH HACHIIIAIOIIEroCs peakTopa Ha BCE IPOIECCHI,
MpOUCXOJAIIKE B 1Ienu, coaepxaiieit HH, B ToM uncie u Ha moTepu, 00yCIOBICHHBIE
rapMOHUKAaMH U UHTEPrapMOHUKAMHU.

OtMeTuM, 4TO, MO MHEHHIO MHOTMX BEAyIIMX cHenuaiucToB P®, B cucremax
AIEKTPOCHAOKCHUSI COBPEMCHHBIX IPOMBINIJICHHBIX MPEANPUATHN IMPHUCYTCTBYET
JIOCTATOYHO OOJIbINAs JIOJs HEJIMHEWHBIX M PE3KONMEpPEeMEHHBIX Harpy3ok. Ilpu
(YHKIIMOHUPOBAHUHU PE3KOTIEPEMEHHBIX Harpy30K, a TaAKXKE Harpy30K, MOJyJaronuX
MUTaHUE OT MpeoOpa3oBaTesieil YacTOThl, B aAMIUIMTYJHOM CIIEKTPE CETEBOr0 TOKa
Hapsay C BBICHIMMHA TapMOHHMKAMH TPUCYTCTBYET CYIIECTBEHHBIN  CIIEKTP
WHTEPrapMOHHUK, KOTOpPbIC SBISIOTCS MPUYMHAMH BO3ZHUKHOBEHMS JOMOJIHUTEIBHBIX
MOTEPb MOIITHOCTH U AJIEKTPOIHEPTUHU B AJIEMEHTAX dJIEKTpuueckux ceteit. [Ipu aTom B
Hay4YHBIX MyOJUKAIUsIX  OTMEUYAEeTCA, YTO IIOJHOTO TOHMMAHUA  IPUPOIBI
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AIEKTPOMArHUTHBIX BO3MYIIICHUH, aCCOIUUPYIONTUXCS C MTHTEPrapMOHUKAMU, €IIe HET,
U B HACTOSIIIEE BPEMS K DTOMY SIBJICHUIO HE yracaeT MOBBIIICHHBIN HHTEpEC.

Pa3paborannbiii B atoit rimaBe BIT B cpege LabVIEW pucynox 6 mo3Bomwn
MPOSICHUTH OJTHY W3 BO3MOKHBIX MPUYUH BO3SHUKHOBEHUS JIOMOJHUTEIBHBIX MOTEPh
MOIITHOCTH OT MHTEPrapMOHUYECKUX COCTABJISIONIMX B CUTHaNE (TOK, HaNpsiKEHUeE),
00yCJIOBJIEHHBIM HEJIMHEWHON Harpy3kou. Pe3ynapTaThl YUCIEHHOIO SKCIIEPUMEHTA Ha
npuMepe ¢ YacToTHeIMU KommioHeHTamu (50, 92, 167, 270, 273, 276, 279, 282, 285, 288,
291) [T'u] u coorBercTBeHHO amruutyaubiMu (220, 40, 40, 20, 20, 20, 20, 20, 20, 20,
20) [B] mnokazamu, YTO TakOWM NPUYUHON SBIISICTCS TOSBJICHUE TOCTOSHHOM
COCTaBJISIONIE B cocTaBe curHaiga (Tok, HampsbkeHue). Kak wu3BecTHO, Korjaa
HECUHYCOUJIAJTLHOCTh OOYCJIOBJIEHA TOJBKO TapMOHMKamH, KpaTHeiMu 50 I,
MOCTOSTHHAS COCTaBJIAIONIAs OTCYTCTBYET, pa3yMeeTcsl, P OTCYTCTBUMU IMOCTOSHHOMU
COCTABJISIIOIIECH B UCXOTHOM HECUHYCOUIAILHOM CUTHAJIE.

UuceHHBIN SKCIIEPUMEHT TaK»Ke MoKa3ajl, YTO0 CyMMa OCHOBHOM TrapMOHUKH U
WHTEPrapMOHHK BeJIET ce0s KaK CIy4alHbIN MPOIECe , TOTa Kak Kaxaas U3 cliaraéMbIX
BPEMEHHBIX (DYHKIIUN JeTepMUHUpOBaHa. IHTEepecHbIM siBIISETCS TOT (pakT, 4TO TPHU
OTCYTCTBUU HHTEPrapMOHMKH 4YacToTOM 276 I'll B cocTaBe BBIIIE IMEPEUMCICHHBIX
WHTEPTapMOHUK TMpoIlecc Mpeoldpasyercsi B YCTOWUYMBYHO (PYHKIHUIO CO CIy4aiHO
M3MEHSIONICICSl aMITUTYIOW B CTOPOHY BO3pPAcTaHUsI BPEMEHHU U MPEICTABISIONIYIO
OJIHY M3 peayin3alliii CIIy4aifHOTO TpoIiiecca.

Arit Mean
165183 — 4

“fom fom frm oew |
an e W e
S omComf N

e ey e '[
- 1 L — ——————: &0 —

PucyHnok 6 - JlunieBast manens - a u 010k-auarpamma b BIT
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WNurepdeiicnas yacte (mepennsii manenb) BII nokazana Ha pucyHke 6, a
(yHKIMOHAJIbHAS - HA PUCYHKE 6, D.

Ha pucynke 6, a npencrasnensl: 1, 2, 3 rpaguueckue HHIUKATOPBI, B BUJIE
ociuiorpadga Ha SKpaHE KOTOPBIX H300paxkaroTcss pe3yiabTaThl MOJEIUPOBAHUSA,
COOTBETCTBEHHO CHUTHaJla B BHUJE CIy4ailHOro mporecca M €ro BepOSATHOCTHBIE
xapakTepucTuku (Tuctorpammsl - Arit Mean u RMS); 12 — nynsT ynpasnenus. [lynbt
yHOpaBJIE€HUS COCTOUT W3 KHOIMOK: BKJIIOYEHHUS /OTKIIOYEHHUS 3KpaHa ocuusuiorpada
(mepBasi cBepxy); BbIBOJIa rpadvka MepBOd rapMOHUKU HA HKpaH (CPeAHssl KHOIMKA);
BKJItOUeHHs /oTkiatoueHust BIl; 6 — oOnacth nMueBOM maHenu, Tie pacioyiOkKeHbI
CpelCcTBa BBOJAA MApaMeTPOB MOJACIHUPYEMBIX TapMOHUK/MHTeprapmMoHuk. K
napaMeTpaM OTHOCSTCS BeIMYMHBL: amiummryaa A;, ¢aza @®; u wactora Y;, i - oi
rapMOHUKH/MHTEPTrapMOHUKH.

Ha pucynke 5, b mpencraBieHn cootBeTcTBeHHO: 14- Dxcmpecc-BIT  (Statistics)
BO3BpallaeT BEIOpaHHbIE MTapaMeTphl IEPBOT0 CUTHAJIA ocLuUIorpammel, 13 — Dkcnpecce-
BIl pang umuTanuu cursan€a, KOTOPbIH MOXET BOCHPOM3BOJIUTH CHHYCOUAAIBHOE,
OpSIMOYTOJIbHOE, TPEYTOoJIbHOE, MUI000pa3Hoe KoneOaHus WM IyMOBOW CUTHAN; [ —
YeTbIpe TPYMIbl U3 IIECTH JIOTHUYECKHX OJJIEMEHTOB B BHUJAE KHOIOK, 8 — TATh
Okcmnpecc-BIT ®opmyna i mMatrematuueckor 0O0paOOTKM BXOJHBIX JaHHBIX.
Bxopsmue u Beixoasimue qaHasie B Dxcnpecc-BIl umeror auHaMuydeckuil T, JaHHbIE
JIpyroro Tuma mnpeoOpa3ytorcs B auHamuyeckuid. Jlormueckue anementsl 9, 10 Ha
nepenHel maHely NpeICTaBICHHbIE KHONMKAMU yIPaBIEHUs SKPaHOM ocuusuiorpada u
BBOJIOM / BBIBOJIOM Tpadpuka rmepBoi rapMOHMKH Ha 3kpaH; 1, 2, 3 — Ha OJI0K-THarpaMme
npenctapisioT ocumwuiorpadei; 11 — xHomka Bruirouenus / otkmoueHus BK, Ha
nepeHel MaHenu MpeicTaBlieHa n300paxKeHueM KHOMKH Stop; 12 — UK 10 YCIOBHIO
OCYUIECTBIISIET UTEPAIIMOHHOE BHITIOJIHEHHE MPOTrpaMMbl BHYTPH JIaHHON CTPYKTYPHI 10
Ha)kaTHsi KHOTKU Stop.

I'naBa 4. CpaBHMTE/ILHBII aHAJIU3 Pe3yJbTATOB pacuyera Ha ocHoBe BII.

PaccmarpuBaioTcsi  BONPOCHI, CBSI3AHHBIE C aBTOMATHU3AIlMEH  OMpeaeseHus
Ko3(pUIMeHTa aKTHUBHBIX IIOTEPh B CHCTEME BHEIIHErO JJICKTPOCHAOKEHUS
OTpeOUTEIIS.

B BBOAHOM yacTH TJ1aBbl OTMEYEHO, YTO rpaduku dnekTpudeckux Harpy3ok (I'OH):
akTiBHON P = P(t); peakrusnoit Q = Q(t); monnoit MomHocTH S = S(t); Toka [ =
[(t) MWHPOKO WCHONB3YIOTCS TMPH PEIICHHH BAKHBIX 3a1a4 MPOCKTHPOBAHMS
OIpe/IeNICHNE pAallOHANbHBIX MapaMeTpPOB CUCTEM 3JIEKTPOCHAOXKEeHHUsS (CedeHUi
mpoBoioB JIDII, MomHOCTEH TpaHC(HOPMATOPOB U T.J.), paCUeT MOTEPH NEKTPUIECKOMN
SHEpruu. A Takke 3aJad BO3HHUKAIOUIUMX IPU SKCIUTyaTalUu >3JIEKTPOYCTAHOBOK,
HalpuMep pPETyJUpOBaHUE HANPSKEHUS] B DJIEKTPUUECKUX CETAX,  YIpaBICHHE
pexuMaMu  paboThl dJIeKTpuuecKux cucreM. Ilpm stom Benumumusl (P,Q,S,I) B
YCIIOBUSIX IKCILTyaTalluy ONPEAEISIOTCS MO MOKAa3aHUsIM COOTBETCTBYIOIINUX MPUOOPOB
Y IIPEJICTABISIOTCS YCPEAHEHHBIMU 32 IPOMEKYTKH BPEMEHMU.
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B coBpeMEHHBIX yCHOBUSAX IIPM NPOECKTUPOBAHMU HOBBIX IPOMBIIIIEHHBIX
NPEANPUATUN, TIA€ IUIAHUPYETCS BBINYCK M3JEIUHA, OCHOBAaHHBIX Ha HOBBIX
TEXHOJOTUYECKUX ONEepalUsX, A pelIeHUs] HEOOXOIUMBIX MPOEKTHBIX 3a]1a4 IIHPOKO
UCIIONB3YETCSl TEXHOJOTUS KOMIIBIOTEPHOTO MOJEIMPOBAHUSA, HAIpUMEp, IIpH
3aJlaHHBIX MCXOAHBIX JaHHBIX O pexuMax padorel DIl rpaduku >3aeKTpUUYECKUX
Harpy3oK IOJIy4arT METOIOM UMUTAMOHHOI'O MOJIEIIMPOBAHUS .

B rnaBe oOpamieHo BHUMaHuE Ha TO, YTO BAXKHBIM  COCTABIISIIOLIUM
AHEProcOeperalomux MEPONPHUITHI  MPOMBIIUIEHHOTO MPEANpUATHS  SIBISIETCS
CHI)KEHHE MOTePh 3JIeKTporHeprun AW Bo BHEUTHEH CETH €ro 3JIEKTPOCHA0KEHHUS.

[Ipoananu3upoBaHbl CyUIECTBYIOIIAs METOAMKA U (OPMYJIbI ONpEAeNeHus] NoTeph
AIIEKTPOIHEPT UM BO BHEIIHEN CETH NPeANpUATUS. OrpaHUYEHHOCTHIO pACCMOTPEHHOTO
METO]1a «PYUYHOT0» pacyeTa sBJIIEeTCs TO, YTO Kod(hpuieHTs! 3anoaHeHus K; u Gopmsl
K4 rpaduka nosHON MOIIHOCTH B OOIIEM CIIyYae U3MEHSIOTCS. BO BPEMEHH CITyYaiHbIM

oOpa3oMm, a Tak kKak 3HaueHue AW 3aBucutr ot 3THX KOID(PUIMEHTOB, TO MpHU
POBECHUHU YTOUHSIONIUX pacueToB AW Bo BHEITHEN CeTH MPEANPUITHS HEOOXO0IUMO
YYHUTBIBATh ATU BIUSIONIUE (DAKTOPHI.

B nanHO# rinaBe 1151 CHATHSI OTMEUYEHHOTO BBIIIE OTPAHUYEHUS MPEAJIOKEHBI 1Ba:
nytemM mojaenupoBanus ['OH, 4ToObl 0H ObLT OJMM30K K peasibHOMY T'paduKy; MyTeM
KOHTPOJISI TOKA Harpy3KH C HCIOJIb30BAaHUEM BHEIIHETO MOJyJisi coopa nanHbeix USB
6009 u pazpabotkoii cooTBeTcTBYIOIIEH BII.

Pesynbrar mepBoro nmoaxojaa npeacTaBieH Ha PUCYHKE / B BUJE KOMITBIOTEPHON

nporpammsl (BUpTyaibpHOro npudopa B cpeae LabVIEW).

Ha munesoit manenu BII pucyHok 7, a moka3aHbl 3JeMEHTHl HHTep(eiica,
npoHymepoBaHHble mudppamu 1, ..., 8. OHU mnpeaHa3HAYEHBI JUIsI OTOOpaKEHHS
HOJYUYCHHBIX Pe3yIbTaTOB MoaeaupoBanusi (1, 2, 3) — rpadudeckre HHAUKATOPEI, (4, 5)
— OJIHOMEpHBIE MAaCCUBbl MHIAWKAIIMU YHUCIIOBBIX PE3YyJbTaTOB MOJAEIUpOBaHus, (6) —
1OJISL JU1s1 BBOJIA UCXOJIHBIX JAHHBIX, (7) — MOJIs MHAUKALIMY MTOJTYYEHHBIX PE3YyJIbTaTOB
MozaenupoBanus, (8) — »anemeHT ympaBineHuss paboroirt BIL. Tlpm »tom: 1 -
cmoaenupoBanHeii 'OH; 2 - ructorpamma AW - mokaspiBaeT 4acTOTy MOSIBICHUS
(BBICOTA Ka)KJIOT'O CTOJIOIIA) CMOJICIMPOBAHHBIX 3HaUeHUH AW B BEIOpaHHOM JHaIia3oHe
ero wu3MeHeHusa. KoinyecTBO CTONOIOB — YHUCIO BBIOPAHHBIX JIHANAa30HOB.
[IyHKTUpHBIMM  JUHUSIMH  TOKa3aHO  pacmpeneneHue [aycca  (HopmaibHOE
pactupeaenenue); 3- rucrorpamma ['DH. IIyHKTUpPHBIMH JIMHUSMH OTMEUYEHA
JBYXCTYNEHYATOCTh PaBHOMEPHOTO PACIPECICHHs] YacTOThI CJIEIOBAHUS CTOJIOIIOB
ructorpamMmbl, Tak kak ['OH coctouT u3 0a30BOM (HEM3MEHHOW) COCTaBISIONMICH U
MEPEMEHON COCTABIISIONICH, MOJYMHEHHOW PAaBHOMEPHOMY 3aKOHY paclpeeneHus; 4-
OJTHOMEPHBI MacCHB MHIWKAIMU 30HBI paccesHus 3HaueHuid AW; 5- ogHOMEpHBIN
MacCUB WHIWKAIIMK 30HBI paccesHus 3HadueHud K®; 6- mons BBOja 3HAYCHHM IS
MoxaenupoBanusi: nT — koiamdectBo TpaHchopmatopoB; Uy, U, — HampsokeHUs
TpaHcPpopMaTopa BHICOKON M HU3KOU CTOPOH; Py, Py, - TOTEPU KOPOTKOTO 3aMBIKAHUS
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u xonocroro xona; WPS,WQS - cymmapHble MecsiuyHble NOTpeOJICHUS] 3aBOJOM
AKTHBHOW U PEaKTHBHOM 3JIeKTpodHeprum; S, [MB - A] — MomHOCTS Tpanchopmaropa;
Ry, [OM/kM] - moronnsiit mapametp JIOIL; L[kM] — nnuna Bo3ymiHOM muHEM;

FPAOUK DNEKTPUUYECKOM HATPY3KMU /@

-------------------------------------------------
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Pucynok 7 - a - nepennsis manens; b — 6nok-guarpamma BII Ha rpaduyeckom
s3bIKe TporpamMmupoBanus (G) B cpene LabVIEW

T = 744 4. — pnutenbHOCTh Mecsina B yacax; [loctCocrt, [IepCocT — COOTBETCTBEHHO
0a3oBasi (HEM3MEHHAas) M TEpPEeMEHHas COCTABISIONIME HATPY3KH; /- TIOJS BBIBOJA
3HAYEHUM pe3yIbTaTOB MOJeIupoBaHusi: Mak, MUH MaKCUMaJIbHbIM, MUHUMAJIbHbBIN
3HayeHHUs Toka Harpy3ku; KP — koadpdunuent paBHomepHocTH; CpKB3H —
3HAYEHHUE CPEOHEKBAAPATUYHOTO ToKa; Cp — 3HaueHue cpennero toka; CpKBOTKI -
CpeIHEKBaJpaTuyHOEe OTKIOHeHHWe Toka; K3 - kosddumument zamonnenus; KO -
kod(ppuuuent Qopmser; IMotepHarp — narpy3ounsie notepu; IloTepuXX — morepu
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ANEKTPOIHEPTUU XOJIOCTOrO X0Ja B TpaHc(popmaropax; Ilpol HeydT cyeTY NIOTEPD -
MPOLEHT HEYYTEHHbIX CUETYMKOM TOT€pbh  AKTUBHOW  B3JEKTPOSHEPIHMH B
tpancopmaropax I'TII u BozaymHbix JIDII. 8- kHOMKA yripaBiIeHHUS.
bnok-nuarpamma BII (pucynok 7, b), kak U3BECTHO, TpeAHA3HAUCHA ISl CO3/IaHUS
nporpammbl pabotel BII, mpuuem Bce KOMaH[bI, ONEpaTopbl LHUKIOB U CpPaBHEHUS
n300paxkaroTcs rpadpuyeckuMu 0003HaueHUSIMU. KOMITIOHEHTBI, U3 KOTOPBIX CTPOSITCS
BUPTYaJIbHbIE IPUOOPHI, CAMU TaKKe SBJSIOTCA BUPTYyaIbHBIMU IPUOOpPaMHU.

Ha pucynke 7, b Bblie/IeHbl MYHKTUPHBIMU JIMHUSIMU U TIPOHYMEPOBAHBI OOBEKTHI
OJIOK-AuarpaMMbl, HUMEIOLIME ONpeleNieHHble  (YHKUMOHAIbHBIE  Ha3HAYECHUS.
Hanpumep, 1 — mna monenuposanus ['OH; 2 — mMoaenupyer ciaydailHOE W3MEHEHHE
mupuHbl cToao1oB 'OH; 3 - Moaenupyer ciayyaiiHoe U3MEHEHHE YacTOThI CJIeIOBAaHUS
cton61oB ['OH; 4 - mpoBOJHUK JaHHBIX, IO KOTOPOMY MEpPENaeTCs MACCUB JaHHBIX B
Bujie cmozaenupoBaHHbix ['OH u3 1 B 5, rae npousBoauTcs cratucTueckas o0paboTka
ancam6Oust I'OH, BbrumcigoTCs OCHOBHbIE 4HciiOBble mapamerpel 'DOH u crposrtes
rucrorpammsr 2, 3 (pucyHok 7, b); 6 - TPOBOJHUK JaHHBIX JUJIS TIEpEadd TEKYIIETo
3Hauenus K® B 7, rae onpenensitorcs Harpy304Hble MOTEPU; TOTEPU DIIEKTPOIHEPTUU
XOJIOCTOTO X0/Aa B TpaHchopmaTopax; MPOIEHT HEYYTEHHBIX CYETUYUKOM TOTEPb
aKTUBHOM 31eKTposHepruu B Tpanchopmaropax [T u Bo3aymneix JIOIT; 8 -anemenTs
IporpaMMmel Juis yrpasiieHus BIIL

Jlns aBToMartu3anuu pacuera koddduiMeHTa akTHUBHBIX moTepb AW B cucteme
BHEITHETO 3JEKTPOCHAOKEHHUSI MOTPEOUTENs IpeajaraeTcsi UCIoJib30BaTh JKCIpecc-
BIT DAQ Assistant pucyHok 8, o0ecrneunBaroIyi MporpaMMHBIH HHTEpPEHC MEXK Y
armapaTHoO# 4acTeio u3meputesbHoro Moayiast USB 6009 noakiroueHHOTo ¢ TOMOIIBIO
USB — ka6ens x [1IK pucynok 9, u BuptyanbHbM npubopom (BIT).

DAQ Assistant

Pucynok 8 - Dkcnpecc-BIT DAQ Assistant

AnmapatHasi 4acThb CXE€Mbl KOHTPOJII TOKa Harpy3Kd MOKET ObITh peain30BaHa C
MIOMOIITHI0 COOTBETCTBYIONINX ATYMKOB TOKA (M3MEPUTENBHBIN IIYHT), pUCyHOK 9. Ha
pucyHke 9, mIpOHyMEpOBaHHBIEC JIEMEHTHI UMEIOT cienytoniue HasHaueHnus: 1-DAQ
MOJIyJIb; 2 - KJIEMMHBIE KOJIOJIKH; 3 - dTHUKETKH ¢ oOo3HaueHueM curHaioB. DAQ
MOJyJIb MOAKIIOUEH K nepcoHanbHoMy KoMmmbiotepy (IIK) - 5 ¢ momompsio USB —
kabens — 4. Unpopmarust o noTpedieHHOM 351eKTposHeprun oopadarsiBaetcs B I1K ¢
nomombsio BIL

Ha pucynxke 10: 1 - sxcripecc-BIT DAQ Assistant; 2 — mpou3BOAUT CTATUCTHIECCKYTO
00paboTKy cHrHaja, MOCTYMAaoIIero U3 3jeMeHTa l; 3 - MpOBOJHUK JAHHBIX IS
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nepenaun Tekyuero 3HaueHus K@ B 4; 5 — Bupryansusiid noanputdop (BIIII), rae
CUTHaJ, MOJydYeHHbId W3 1, oOpabatbiBaetcs mis nonydeHuss aktuBHo (WPS) u
peaktuBHOi (WQS) moTpeOieHHON AHEpPruM B TEKyUIMH MOMEHT HU3MEpEeHHs; 6 —
CUTHAJI, TOCTYNAIOIIUK OT TpaHc(hopMaTopa HanpsbkeHus ; 7 — 010k ynpasnenue BIL

H3MepHTeNbHBIH WYHT

1(t)
_—

/ u(t) — nponopLHOHaA0 TOKY HarpyskH I(t)

Pucynok 9 - CxeMa aBTOMaTHYECKOTO yueTa MOTpeOJCHHOMN IJIEKTPOIHEPTUU
C OMOILBIO n3MepuTenbHoro moayist USB 6009, nosmyvaronuii CUTHaI CO CTOPOHBI
Tpanchopmaropa Toka (TT)

DAQ Assistant ;
data b
error out Mo
task out ¥ — :
’ error in
[2}— number of samples | !
» rate :
’ stop (T)
» ai=Tal T :
/
i DBl -> & +* 114
i B> = T B> >4
' _|_| LT L
m ~ sop [ @

Pucynok 9 - brnok — nuarpamma BII ¢ pactumpeHHbIME
(GYHKIIMOHATBHBIMUA BO3MOKHOCTSIMU
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SAKVIIOYEHUE

1. Ha 06a3e mnporpammuoro xkomruiekca Matlab/Simulink/SimPowerSystems
pa3paboTaHa CcTpykTypHas cxema B cpeie Simulink u umurtanuonnas wognens (M)
uccieayeMon mpombiiieHHOM cetu B cpere SimPowerSystems. MM mo3Bossier
BOCIIPOM3BECTH pabOTy 3JEKTPOTEXHUYECKUX YCTPOUCTB BO BPEMEHHOM 00J1aCTH, a TAaKKe
BBITIOJIHATh Pa3IMUHble BUABI HMX aHaln3a IO ONpeNeNIeHUI0 J00aBOYHBIX TMOTEPh
AJIEKTPOIHEPTUM B HCCIEIYEeMONW CETH OT TapMOHUYECKUX W HWHTEPrapMOHUUYECKUX
COCTaBJIAIOIIMX B HArPY30YHOM TOKE.

2. Pa3paboTaHHblE KOMIBIOTEPHBIE MOJENIN HEIMHEHHbIX 3jemeHToB (HD)
MO3BOJIUJIM UCCIIEI0BATh, BIUSHHUE BUIA XapakTepUCTUK HD Ha crnexTpanbHBIM cOCTaB
Cr€HEPUPOBAHHBIX UMM BBICITUX TAPMOHHUK BKJIFOYAsl U HHTEPTrapMOHUKH.

3. IlpennoxkeHO aHAIUTUYECKOE OMHCAHHE HECHMHYCOMJAJIBbHOTO TOKa B COCTaBe
WHTEpPrapMOHUK. Pe3ynbTaT aHAIUTUYECKOTO OMHMCAHUsSl MOKa3all, YTO Ha aMIUIUTYIy
OJIHOW WHTEPrapMOHMKU HAKJIAJbIBAIOTCS CHUHYCOUJAIbHBIC KoJieOaHUs yCpeaHEHHOU
4acTOTON MOAYJIUPOBAHHON AMIUIUTYAOW CMEIICHHMS, YTO JIA€T 3HAUUTEIbHOE YBEIMUECHHE
00111eH aMIUTUTYbI. DTUM PE3YJbTaTOM MOXKHO OOOCHOBATH OJTHO U3 BO3MOYKHBIX TPUYNH
yBEJIMYCHUE MOTEPh B MPOBOJHHUKE 3a CUET BOSHUKHOBEHHUS JOIMOJIHUTEIBHBIX MOTEPh
MOIIHOCTH.

4. Ha 6aze rpaduueckoit cpeasl mporpammupoBanus LabVIEW, paspaboran
WHCTPYMEHTAPUH JIJI1 MOJICIIMPOBAHUSI MTHOBEHHBIX 3HAUCHU W TOKA HArpy3KH C BBICIIIMMU
rapMOHUKAMH ¥ UHTEPTapMOHUKAMU C BO3MOXKHOCTBIO CTATUCTUYECKON UX 00pabOTKHU U
OLIEHKHU NOTEPh AJIEKTPOIHEPTUH B TOKOIMPOBOISALIMX 3JIEMEHTaX MPOMBIIUIEHHON CETH.
Pe3ynbpTaThl YMCIEHHOTO IKCIIEPUMEHTAa U HMX TpaduyecKkoe MpeCTaBIECHUE, a TaKKe
cTaThcTHYecKas 00paboTKa MOIYYEHHBIX Pe3yJbTaTOB MO3BOJIUIIN, YCTAHOBUTD €IIIe OHY
U3 BO3MOXHBIX NPUYMH BO3HUKHOBEHHS JIONOJIHUTEIBHBIX IIOTEPh MOIIHOCTH OT
MHTEPrapMOHMYECKUX COCTABIAIONIMX B CHUTHaNE (TOK, HampspKeHHE) OOYCIOBIEHHYIO
HEJIMHEWHON HATrpy3KOH.

5. Pe3ynbpTaThl UMCIEHHOTO SKCIIEPUMEHTA MTOKAa3aIH, YTO KOrJa HA KAHOHUYECKY O
rapMOHHUKY HaKJIaIbIBAIOTCA, PSIi MHTEPrapMOHUK OJHOM M3 MPUYNH YBEJIHMYECHHUE TOTEPh
MOIIIHOCTH, 3a CYeT J100aBOYHBIX TIOTEPh CBSI3aH C TIOSIBJICHHEM IIOCTOSTHHOU
COCTaBJISIIOIIEN B cocTaBe curHaiga (TOK, HampsbkeHue). YMCIEHHBIA SKCIEPUMEHT
MPOBOJWJICS Ha MPUMEpPE CUTHAJIa COCTOSIIIUX U3 cieayronmx gactoT (50, 92, 167, 270,
273, 276, 279, 282, 285, 288, 291) [I'm] ¢ COOTBETCTBYIOIIMMHU aMILUIUTYIHBIMU
3HaueHusimu (220, 40, 40, 20, 20, 20, 20, 20, 20, 20, 20) [B]. Kak u3zBecTHO, KOrjaa
HECHUHYCOUIAJIbHOCTh 00YCIIOBJIEHA TOJIBKO TapMOHUKaMH, kpaTtHbie 50 [, mocTosHHAS
COCTaBJISIOIIAs] OTCYTCTBYET, Pa3yMEETCsl, IPU OTCYTCTBUU MTOCTOSIHHON COCTABJISIONIEH B
HCXOJHOM HECUHYCOUJAIBHOM CUTHAJIE.

6. UnCleHHbII AKCIIEPUMEHT TaKXKe MOKa3all, YTO CyMMa OCHOBHOW TapMOHHUKH H
WHTEPrapMOHHUK BEJET ce0sl KaK CIydalHbIA MPOIECC, TOT/Ia KaK Kaxaas U3 CliaraeMbIX
BpPEMEHHBIX (DYHKIINI TeTepMUHUPOBaHbL. THTEpECHBIM SBISETCS TOT (haKT, YTO MPHU
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OTCYTCTBUHU HEKOTOPBIX HHTEPrapMOHUK (276 I'11 BbIllle TPUBEICHHOM MIPUMEPE) TIPOLIECC
npeodpazyeTcsi B yCTOMUMBYIO (DYHKIIMIO CO CIyYalHO M3MEHSIONIEHCS aMIUITUTY0N B
CTOPOHY BO3pacTaHUsl BPEMEHU W IPEICTABIIIOLIEHA OJHY M3 peajv3alui CIIy4alHOIO
mporecca.

7. CormocTaBlieHHE PE3yIbTATOB HSKCIEPUMEHTA W3 HAy4YHBIX MyOJuKanui c
pe3ynbTaToM MojenupoBaHusi pazpadoranHoro BII mokaszano ux yJoBIE€TBOPUTEIBbHOE
(KauecTBEHHOE) COBMaJICHUE, YTO MOATBEPKAaeT paboTocnocooHocTh BII.

8. Pazpaboran BII nans aBToMatuzanuu pacuera peanbHOro Kod(pQuinueHTa
AKTUBHBIX IOTEPb BO BHEIIHEW CETH MPOMIPEANPUATHS, C YUYETOM, YTO B COCTaBE
Harpy304YHOr0 TOKa BO3MOKHbI HHTEPrapMOHUKH.

Pazpaborannsie B Bujge BIl uHCTpyMeHTallbHBIE CpEICTBA HUCCIICIOBAHUS
JOTOJTHUTENIbHBIX TOTEPh MOIIHOCTH B 3JEMEHTaX JJICKTPUUECKOW CETH HMEIOT
NOTEHIMATbHBIE BO3MOXHOCTH JaJbHEUIEro pa3BuTud. HampaBieHue uX pa3BUTHUA
3aBUCUT OT T€X BO3MOXKHBIX MOTPEOUTENICH PIIEKTPOIHEPTUU, KOTOPHIE MOTYT yXY/IIATh
KaueCTBO AJICKTPOIHEPTUU. DTU TOTPEOUTENH, KaK MPABUIIO, SBISIOTCS UCTOYHHKAMHU
BBICIIIUX TAPMOHMK WJIA UHTEPTapMOHUK.

CIIMCOK OITIYBJIMKOBAHHBIX PABOT

1. By3sypmankyJaoBa, U.M. U3 ucropun tapudos [Tekct]| / Byzypmankynosa, U.M. —
b.: —U3B. KI'TY um. . PazzakoBa Ne 17 .— bumkek, 2009.-C. 29-31. DnekTpoHHbIH
pecypc:https://www.elibrary.ru/item.asp?id=26298731
2. BbysypmankyiaoBa, U.M. OcHOBHbIC BUJIBI Tapu(oB Ha deKTpodHepruto [Tekct] /
bysypmankymnora, U.M. — b.: — 13B. KI'TY um. U. PazzakoBa Ne 19 .— bumkek, 2010.-C.
118-120. DnexTpoHHbIH pecypc: https://www.elibrary.ru/item.asp?id=26696710

3. Bysypmankyaosa, U.M. Bo3aMoxHbIe IMyTH CIUIaKMBaHUS TpaduKa IIEKTPUUIECKUX
Harpy3ok T. bumikek [Tekcr] / BysypmankynoBa, U.M.. — b.: CoBpeMeHHbIE TCHACHIINH
pasBuTHs Hayku u TexHosoruii Ne 1-2 .— benropon, 2016.-C. 8-11 DnexTpoHHBIH pecypc:
https://www.elibrary.ru/item.asp?id=25431035

4, bysypmankyJoBa, U.M. Ilpumenenue cpen matlab u labview nius nemoncTparuu
JTMHAMHYECKOTO TOBEJIeHUs ruapoarperata Hoporo tuna [Tekcr] / A.b. bakacosa , I'.H.
Huszosa, T.K. Catapkynos,Y.K. diomeesa . — b.: [IpoGiemMbl aBTOMAaTUKH U YIIPABICHUS.
Wu-tyTt aBT. U nnd-ueix tex-ruit HAH KP, - 2019. — No 1(36). - C. 30-39 . DnexTpoHHbI!
pecypc:_https://www.elibrary.ru/item.asp?id=39323422

5. bysypmankyiaoBa, UYU.M. MojgenupoBaHue HECHHYCOUIAIbHBIX  PEKUMOB
BO3IYIIHBIX JTUHUH JUIsl pacdyeTa moreps MomrHoctu B HuX [Tekct] / A.P.Aiinaposa, D.b.
Ucakeena, XX.K.AGasi0aeBa. — b.: [Ipo6Gnemsr aBTOMaTuku u ynpasnenus. MH-TyT aBT. U
uH-ueIX Tex-ruii HAH KP, - 2019. — Ne 2(37). - C. 117-125. DnexTpoHHBIA pecypc:
https://www.elibrary.ru/item.asp?id=39323425

21


https://www.elibrary.ru/item.asp?id=26298731
https://www.elibrary.ru/item.asp?id=26696710
https://www.elibrary.ru/item.asp?id=25431035
https://www.elibrary.ru/item.asp?id=39323422
https://www.elibrary.ru/item.asp?id=39323425

6. Bysypmankyaoa, U.M. OrieHka BIUSHUS KadyecTBa JJICKTPOIHEPTUU HaA MOTEPHU
MOIIIHOCTH B 3JIEMEHTAX 3JEKTPUUECKOM CETH HA OCHOBE KOMITBIOTEPHOTO MOJECIUPOBAHUS
[Tekct] / A.K.Kanuesa, 9.b.Ucakeesa, U.K. [Jromeena, XK.K. A6aridaeBa— b.: [Ipo6Giaembl
aBToMaTHKu U ynpasienus. UH-TyT aBT. I un@-ub1x Tex-ruit HAH KP, - 2019. — Ne 1(36).
- C. 58-64. DnekrponHbIi pecypc: https: https://www.elibrary.ru/item.asp?id=42835223

7. BysypmankyaoBa, Y.M. JlabopaTopHas yCTaHOBKAa JJisi M3MEPEHHUS MOTEpPb
MOIIIHOCTH B JJIEMEHTAaX »JJEKTPOCETH NPH CTOXAaCTUYECKOM pEeXHME pPaOOTHI
anexktponpueMHukoB [Tekcr] / A.P.Aitnaposa, A.b.Kainmypzaes, H.A. CytrontoexkoBa— b.:
[Ipo6nemsbl aBTOMaTHKU U yripaBieHusi. Uu-tyt aBt. M ung-ueix rex-ruit HAH KP, - 2020.
— No 2(39). - C. 33-42. DneKTpOHHBIN pecypc:
https://www.elibrary.ru/item.asp?id=44592344

8. bysypmankyiaoBa, UY.M. UYwucnenHoe wuHrerpupoBanue auddepeHuaibrHoro
ypaBHEHHMsI MEpPErpeBa >KMJl TOKOMPOBOJAOB OTHOCUTEIBHO TEMIEPATYPhl OKPYKAIOIIETO
mupa B cpene labview [Tekcr] / U.M.by3ypmankynosa. — b.: [Ipo6iembl aBTOMaTHKH 1
ynpasnenus. UH-TyT aBT. U und-ueix tex-ruit HAH KP, - 2021. — Ne 2(41). - C. 11-17.
DekTpoHHBIN pecypce: https://www.elibrary.ru/item.asp?id=46337821

9. Byzypmankyaosa, Y.M. KoMnbloTepHBIi METO OLIEHKH TUHAMHYECKOTO
TEIUIOBOTO peXrMa MPOBOAHMKA pacnpenenuTenbubix ceter [Tekct] / A.b. Kanmyp3saes,
XK.K. A0asibaeBa, K. A. Cynaitmanosa - b.: [Ipo6iiembl aBToMaTHKu 1 ynpasienus. Un-
TyT aBT. U und-ueix tex-ruit HAH KP, - 2024. — No 1(49). - C. 122-129. DneKTpoHHBI
pecypc: https://www.elibrary.ru/item.asp?id=67210025

10. [larent Ha momne3nyro Mmozaenb Ne 285, Ne 3asgsku 20190023.2, Keipreizckas
Pecny6nuka, KG285, HO2H 6/00 (2020.01). YcTpoiicTBO KOHTPOIIS TEMIOBOTO
COCTOSIHUS CUJIOBOTO MaciisHoro TpaHchopmartopa [Teker] / V.A. Kanmatos,

Apdan Xakam,X.C. Imanakynosa, H.T. Huszo, H.A. Cyront6ekoBa; — burikexk.
KsIp. Toc. TexH. yH-T um U. Pazzakosa. 2020, - 3aaBi1. 06.05.2019 1. omry6u1. 30.04.2020 r.

11. Tlatent Ne 2370, Ne 3asku 20220057.1, Keipreizckas Pecnyonuka, (19) KG (11)
2370 (13) C1 (46) 30.03.2023 (51) CO8L 53/02 (2012.01) A43B 13/00 (2012.01).
YCTpoHCTBO  MUArHOCTHPOBAHUS CHJIOBOTO  MACISHHOTO — TpaHcopmaropa s
oOHapyxeHus BHyTpeHHUX noBpexaenuit [Texct] / T. Kabaes, V.A. Kanmaros, I'.I11.
Opanuea, H.A. CyrontoexkoBa, M.T. A6apuinaesa, XK.K. CynaiimanoBa; — bumkek. Koip.
roc. TexH. yH-T uM U. Pa3zzakosa. 2023, - 3asaBi. 24.10.22 r. omy6a. 30.03.23 1.

12. Tlarent Ne 2380, Ne 3assku 20230017.1, Keiprezckas Pecnybnuka, (19) KG (11)
2380 (13) C1 (46) 29.03.2024 (51) HO2H 6/00 (2024.01) .YcTpo#cTBO I ONIEpaTHBHOMN
PErUCTpalliy MOSIBICHUS Ta30BbIX MYy3bIPHKOB B CHUJIOBOM MAaciIIHOM TpaHchopmarope
[Tekct] / T. KabGae, Y.A. Kammaros, I'.Ill. DpamueBa, H.A. CyronrtoekoBa, XK.K.
AGnpibaeBa, 3.A. Y3aranues; — bumkek. Keip. roc. Texs. yu-T um U. Pazzakosa. 2024,—
3asBi. 01.03.23 1. omy6:1. 29.02.24 .

22


https://www.elibrary.ru/item.asp?id=42835223
https://www.elibrary.ru/item.asp?id=44592344
https://www.elibrary.ru/item.asp?id=46337821
https://www.elibrary.ru/item.asp?id=67210025

Bysypmankyaosa Honnon MeiiMaHa/IbleBHAHBIH
05.14.02 — 371eKTPYOPAOHAOP KAHA FJIEKTPIHEPreTUKAIBIK TYTYMAAP aAUCTUTH
00I0HYA TEXHUKA WJIMMJACPUHHH TAJANKEPH OKYMYIUTYYJAYK JapaacblHA U3ACHYYIO
apHAJIraH “JJIeKTP JHEPIrUusiHbIH CAaNlaTbIHbIH OHAYPYLI TAPMAKTAPBIHBIH
3JIeMEHTTEPUH/IETH KOT0TYYJIapPblHA THHTU3IeH TAACHPHH KOMIIbIOTEPAUK
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PE3IOMECH

Herusru ce3mep: »dJ1EKTp DSHEPrUSHBIH camatbl; KyOaTTYJIYKTYH aHa JJICKTP
SHEPTUSHBIH JKOTOTYYJIaphl; OHOP-Kall TapMarblHBIH AJIEMEHTTEPH; MaTeMaTHUKAJIbIK YKaHa
KOMITBIOTEPAUK MOJCIJIEP; CBI3BIKTYY AMeEC JJIEMEHTTep; uHTeprapmoHukanap; MUAT
anemeHTTepu; Tok naruury; LabView; Simulink; SimPowerSystems.

N3uaneenyH o0bexkTHCH 60y1 ChI3BIKTYY SMec BAM (BAX) menen OKHbI kamThIran
OHOp Kall UITKaHAIAPBIH AJIEKTP MEHEH kab/1yy cucTeManapsl

N3uageenyH npeamMeTu 00J1yn U3UI00 O0BEKTUCUHE YHEPTUSHBIH )KOTOTYyYyJIapbiHA
KOTOPKY TapMOHMKAJIAPAbIH )KaHa HHTEPrapMOHUKAIBIKTAPABIH arbIMJAPhIHBIH TaaCUPH

Nmtun makcatbsl 0oNyn, ©HOp-)Kail TapMarblHBIH OTKOPIYY DSJIEMEHTTCPUH]IC
SHEPIUSHBIH KOIIyM4Ya >KOTOTYyJapbhlH 0aajoo MaKcaThlHJa TapMOHUKAIBIK JKaHa
WHTEPTapMOHUKAJIBIK KOMIIOHEHTTEPH 0ap CBI3BIKTYY 3MeEC JKYK TOTYH MOJIEI0e KaHa
U3WIJI06 YUYH Kypasiap bl UIITEN YbITYY.

N3uageeHyH bIKMaJapbl KaHa KapaxkaTtrapbl. HMiiTte KOJIOHYJITY:JIEKTP
YBIHKBIPIAPBbIHBIH TEOPHUSCHIHBIH BIKManapbl SimPowerSystems KUTenmKaHACHIHBIH >KaHa
Matlab cucremacsina, Simulink keHelTyynepynyH naketu kana LabVIEW wueiipecynne
KOMIBIOTEPAUK MOJENAO0OHYH HErM3JENreH CaHIBIK TaXphliida BIKMaNaphl, aJbIHTaH
MaajbIMaTTap/Ibl Kaiipa UIITETYY MEHEH TaKPbIHOABIK U3WII06JI0pIYH METOIOIOTUSICHI.

AJIBIHTaH HATBIHKAJAPAbIH WIIMMHFI KaHbIYBLIABITBL: Matlab/Simulin/Sim
Power/Systems xana LabVIEW mnporpammanbik mnakeTHHHH Herusuuze Simulink
4OUPOCYHI® CTPYKTYpalIbIK Auarpamma skana SimPowerSystems 4elpecyH1e W3HIIECHUT
KaTKaH ©Hep >Kall TapMarblHbIH MMMHTalUaiblk Mojenu (MM) wuimrenun 4YbIKKaH.
ChI3BIKTYY 3Mec 35ieMeHTTepIuH (CD) KOMIBIOTEPAUK MOJEINIEPU UIITEIUN YbIKKaH, ajap
CD myHe3neMenepyHYH TYPYHYH allap TapaObIlHaH TY3YJITeH KOTOpPKY TrapMOHUKAIAP/IbIH,
aHBIH MYUH]IE UHTEPTapMOHUKAJIBIKTAPAbIH CIEKTPAIIBIK KypaMblHA TUHTH3T€H TaaCUPUH
U3UJII06Te MYMKYHAYK OepeT. UHTeprapMoHUsIHBIH Oup O6JyTy KaTtapbl CUHYCOHMIAIIBIK
AMeC TOKTYH aHAJIMTHKaJbIK cypertenyumy cyHymranraH. ACHU 4eiipecynaery
Macenenepau yeuyyre Oarsirtanran LabVIEW rpadukanbik nporpamMmmanoo 4edpecyHyH
HETM3WHJE WHCTPYMEHTAIABIK KOMIUIEKT ©HOp J>Kali TapMarblHBIH TOK OTKOpPYYYY
AIIEMEHTTEPUHE CTATHUCTUKAIBIK HWINTETYY »JKaHAa OJHEPrusi KOTOTYyJaphlH 0aajoo
MYMKYHYYJYTY MEHEH >KOTOpKY TapMOHHKA KaHAa WHTEPTapMOHHUKAIBIK YK arbIMbIHBIH
KO3 MPMEMJHMK MAaaHWUJEPHH MOJIETA06 YUYH BHPTYAIIBIK TY3YJIYII TYPYHAO® HINTEIUI
YbIKKaH. OHOp-Kail WINKAHACKIHBIH THIIIKBI TapMAarblHIArkl aKTHBAYY >KOTOTYYJapAblH
peanayy Ko3(pPUUIHEHTHH 3CENTeeHYy aBTOMATTAIITBHIPYY YuyH BT KyKTenreH TOKTYyH
KypambIH]1a MHTEPTapMOHUKAHBIH OOTYyIITy MYMKYH SKSHIUTHH CKE allyy MEHEH HIITEIHUIT
YBIKKaH.

Koumonyy wueiipecy: MaanbIMaTTblK TEXHOJOTHUSIAPABIH  KETUIIKECHIUKTEPUH
KOJIZIOHYY MEHEH OHep-Kall TapMaKTapblH J0J1000pJI00.
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PE3IOME
Jucceprauuu bysypmankyiosoin Honnon MeiliMaHa/IbIeBHBI HA TEMY:
«HMccnenoBanue BIMAHUA Ka4eCTBA JIEKTPUYECKOM IJHEPTrUM HA NIOTEPH B
3JIeMEHTaX NMPOMBILLJICHHBIX CeTell ¢ HCIO0/1b30BAHHEM KOMIILIOTEPHOI0
MOJEeIMPOBAHUA», HA COMCKAHME YYEHOM CTeNEeHH KAaHANAATa TEXHUYECKHUX
HayK 1o cnenuaabHoctu 05.14.02 — 3siekTpocTaHuu 1
3JIEKTPOIHEPreTHYeCKUe CUCTEMbI

KiroueBble c¢J10Ba: KayecTBO JJIEKTPOIHEPTHM; IOTEPU MOIIHOCTH M DHEPIUU;
AJIEMEHTHI MPOMBIILICHHOU CETH; MaTeMaTUUeCKasi 1 KOMIIbIOTEpHAst MOJIEIIN; HETMHECUHBIM
anieMeHT; uHTeprapmonnku; LabView; Simulink; SimPowerSystems.

O0beKTOM HCCAeI0BAHUS SIBJISIIOTCS CUCTEMBI AJIEKTPOCHAOKEHUSI MPOMBIIICHHBIX
npeanpustuil conepxkamue JI1 ¢ HenuHelHO BAX

IlpeamMeToM wWcCCIeNOBAHUA SIBISETCS BIUSHUE TOKOB BBICIIUX TApMOHHUK U
UHTEPrapMOHUK Ha TIOTEPH DJIEKTPOIHEPTUU B 0OBEKTE HCCIIEOBAHUS.

Heas wuccaenoBanusi. Pa3paboTka WHCTpyMEHTapusi i MOJICIMPOBAHUS U
UCCJICJIOBAHMS, TOKA HETMHEWHOU HArPy3KHU C TAPMOHUYECKUMU ¥ MHTEPTAPMOHUYECKUMHU
COCTaBIIIONIMMH, C IEJbI0 OLEHKH J00aBOYHBIX TMOTEPHh DJIEKTPOIHEPTUH B
TOKOIPOBOISIIIIUX 3JIEMEHTAX NPOMBIIICHHON CETH.

Mertoasl U cpeacTBa ucciaeaoBanmii. B paGore HCmoiab30BaHbI: METOIBI  TEOPUHU
ANEKTPUUYECKUX LIENE; METOAbl YHUCIECHHOTO 3KCIEPUMEHTa Ha OCHOBE KOMIIBIOTEPHOTO
moenupoBanus B cpene LabVIEW u cuctemsr Matlab ¢ maketom paciiupenunii Simulink u
oubaroTekoit SimPowerSystems.

Hayynasi HOBH3HA NOJIyYeHHBIX pe3yJabTaTOB COCTOMT B TOM, 4To: Ha O0asze
nporpaMMHoro komiiekca Matlab/Simulink/SimPowerSystems u LabVIEW pa3pa6orana
CTpykTypHas cxema B cpeae Simulink u umuranumonnas wmoxens (MM) uccnenyemoi
IPOMBIILIEHHOM ceTu B cpeae SimPowerSystems. PazpaboTaHHbl KOMIIBIOTEPHBIE MOIEIN
HEJIMHENHBIX 371eMeHTOB (HD) mo3Bossioue ucciie10BaTh, BIUSHUE BUA XaPAKTEPUCTUK
HD Ha cnekrpanbHbId COCTaB Cr€HEPUPOBAHHBIX MMH BBICIIMX TapMOHHUK BKJIIOYas U
UHTEPrapMOHUKHU. [IpeasiokeHO aHATUTUYECKOE ONMCAHME HECHHYCOWJAJbHOIO TOKA B
cocraBe wuHTeprapmMoHuk. Ha ©0a3e rpaduueckoit cpeapl MPOrpaMMHUPOBAHUS
LabVIEW, opueHTHpoBaHHON Ha pemieHue 3amad u3 obmactu ACHU, paspaboran
MHCTpyMeHTapuii B Buae BII 11 MogennpoBaHuss MTHOBEHHBIX 3HAYEHUN TOKA HATPY3KH C
BBICIIMMHU TapMOHUKaMU U HHTEPrapMOHHUKAMU C BO3MOXHOCTHbIO CTAaTUCTHUYECKOW HX
00pabOTKH ¥ OIICHKM TMOTEPh DJIEKTPOIHEPTHH B TOKOMPOBOJAIINX DIIEMEHTaX
MIPOMBIIIJIEHHON CETH. DKCIEPUMEHTAIBHO JOKAa3aHO, YTO CyMMa OCHOBHOW FapMOHUKH U
WHTEPrapMOHHK BEAET Ce0sl KaK CIyYallHBbIA MPOIECC, TOT/a KaK KakJas M3 ClIaracMbIX
BpeMEHHBIX (YHKIUNA AeTepMuHUpOBaHbl. Pa3zpaboran BII anms aBromaTtmzanuu pacuera
peanbHOTO KO3 (PUIMEHTa aKTUBHBIX MOTEPh BO BHEUIHEHW CETH MNPOMIPEANPUSITUS C
Y4E€TOM, UYTO B COCTABE HAIPY30YHOTO TOKA BO3MOKHBI HHTEPrapMOHHUKHU.

Oobaacth npumenenusi: [IpoexkTupoBaHre NPOMBILUICHHBIX CETEW C UCITOIb30BAHUEM
JOCTH>KEHUH MH(POPMAIIMOHHBIX TEXHOJIOTUH.
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ABSTRACT W

of Buzurmankulova Cholpon Meimanalyevna dissertation on the topic: ""Research of
the influence of electric energy quality on losses in elements of industrial networks
using computer modeling™, for the degree of Candidate of Technical Sciences in the
specialty 05.14.02 — Power plants and electric power systems

Keywords: power quality; power and energy losses; industrial network elements;
mathematical and computer models; nonlinear element; interharmonics; LabVIEW;
Simulink; SimPowerSystems.

The object of the study are power supply systems of industrial enterprises containing
EP with nonlinear VAC

The subject of the study is the influence of currents of higher harmonics and
interharmonics on the loss of electricity in the object of study.

The purpose of the study. Development of tools for modeling and research of
nonlinear load current with harmonic and interharmonic components, with the aim of
assessing additional energy losses in conductive elements of an industrial network.

Research methods and tools. The work uses: methods of electrical circuit theory;
methods of numerical experiment based on computer modeling in the LabVIEW
environment and the Matlab system with the Simulink extension package and the
SimPowerSystems library.

The scientific novelty of the obtained results consists in the fact that: Based on the
Matlab/Simulink/SimPowerSystems and LabVIEW software package, a structural diagram
in the Simulink environment and a simulation model (IM) of the industrial network under
study in the SimPowerSystems environment have been developed. Computer models of
nonlinear elements (NE) have been developed that allow investigating the influence of the
type of NE characteristics on the spectral composition of the higher harmonics generated by
them, including interharmonics. An analytical description of non-sinusoidal current in the
composition of interharmonics is proposed. Based on the LabVIEW graphical programming
environment, oriented towards solving problems in the field of ASNI, A toolkit has been
developed in the form of a virtual program for modeling instantaneous values of load current
with higher harmonics and interharmonics with the possibility of their statistical processing
and assessment of energy losses in current-carrying elements of an industrial network.

It has been experimentally proven that the sum of the fundamental harmonic and
interharmonics behaves as a random process, while each of the components of the time
functions is deterministic. A virtual machine has been developed to automate the calculation
of the real coefficient of active losses in the external network of an industrial enterprise,
taking into account that interharmonics are possible in the composition of the load current.

Application area: Design of industrial networks using achievements of information
technologies.
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