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AnHoTanms. B craThe npeyiararoTcst anropuTMBI BBIOOpaA apaMeTpoB JIEKTPOOOOPYLOBAaHHS U ITOMCKA OTKJIOHEHUH 3Ha-
YeHHH TapMOHMYECKHX KOJeOaHWH, a TakKe MEPOIPHUSTHS IO NPEAOTBPAIICHHI0 HEUCIIPAaBHOCTEH 000pyIOBaHUS UL
KOMIUICKCHOTO INarHOCTHPOBAHUS B YCIOBHUSIX MHOXECTBA PAa3HOPOJIHOH MH(OpMayu. ANropuT™M BEIOOpa MapaMeTpoB
3NEKTPOOOOPYAOBAHNS OCHOBAH Ha KJIACCH(HUKAIIMY TapaMeTPOB 10 XapaKTepy U CTENEHH UX BIUAHHUSA Ha 000pyI0OBaHHE
¢ ucrionb3oBanueM b3, coneprkaiei poAyKIMOHHBIE IPaBHIIa O THIAX Y BIMSHUM ITapaMeTpa Ha 000pynoBaHHe (OCHOB-
HOM, OTIOJTHUTEIBHBIN, BCIOMOTaTeNIbHBIH), a Takke b/] (maHHBIE 0 BRIXOIE U3 CTPOSI 000PYIOBAaHUS, JaHHBIE C IPUOOPOB
u nat4aukoB). IIpenmaraemMslii aIropuT™ MO3BOJIAET KIACCU(PUIIMPOBATH U BEIOMPATh HanOoJIee BaXKHbIE JHAarHOCTHIECKHE
TapaMeTpebl, BIMSIONINE Ha COCTOSTHHIE IEKTPOOOOPYIOBAHHS, TEM CaMBbIM OTKJIOHSISI HE3HAUMMBIE TapaMeTphl Oe3 oTepu
nHpopmarmu. AJITOpUTM MTONCKA OTKJIOHEHHH 3HAYCHUH rapMOHUYECKNX KOJIeOaHUH ITO3BOJISIET ONPEAEIUTh He TOJIBKO
BpeMsI BOSHHKHOBEHHUS OTKJIIOHEHHUS ITapaMeTpa, HO U CyMMapHOe BpeMsl OTKJIOHEHHMSI C LeJbI0 BBIIBJICHHS IIPUYNH BO3-
HUKHOBEHHMSI FAPMOHMYECKUX KojiebaHui. PaccmaTpuBaloTest CTpyKTypa HpOrpaMMHOM CHCTEMBI TUarHOCTHKHU DJIEKTPO-
000pyI0BaHUS C OIIMCAHUEM B3aHMOCBSI3aHHBIX MOAYJICH, TI€ CBI3YIOIIME 3BeHbsIMU sBIsIoTCs B/l 1 B3, a Taxoke skpaH-
Hele (opMbl HHTEp(eiica cucremsl. PazpaboTanHas nmporpaMMHas CUCTEMa IO3BOJISIET 10 BRIOPAHHOMY THUITY IapameTpa
NEKTPOOOOPYAOBAHUS TOJOMPATH METOBI €TO THArHOCTHPOBAHMS, MEPOTIPHATHS 110 IPEAOTBPAIICHUIO HEUCIIPAaBHOCTEH
o0opynoBaHHs, OOHAPYKUBATh HEHCIPABHOCTH, HECTAOMIBFHOCT PabOTHl 00OPYIOBAHUS, IPUBOIAIINE K YBEIHUCHHIO,
HarpuMep, TApMOHHK HAIPSDKEHHUS, a TaKKe HU3KOE KauecTBO NIEKTPO’HEPTHU. BHeIpeHne Ha MPOM3BOACTBE MPEIIO-
JKEHHOTO TO/IX0/1a K AMarHOCTUPOBAHHUIO JIEKTPOOOOPYAOBAHHS MO3BOINUT MPUHATH HAYYHO 0OOCHOBAHHOE PEIICHHE OT-
HOCHTENILHO BBIOOPA ITapaMeTpOB Il JAlTbHEHIIIero ANarHOCTUPOBAHHS C y4€TOM MHO)KECTBA PAa3HOTUITHON HH(pOPMAIIUH,
IIpoBeCTH OoJiee TITy00KOe IMarHOCTUPOBAHUE M TEM CaMbIM BBISIBUTH HEUCIIPAaBHOCTH B 000PY/IOBaHHY.

KuroueBble ci1oBa: anroputM BeIOOpa IapaMeTpOB, ANTOPUTM IMIOMCKa OTKJIOHEHHH 3HAUEHHI rapMOHHYECKHX Kojeba-
HUiA, 0a3a JaHHBIX, 0a3a 3HAHUI

Baaronapuoctu. Pabora BeimonHena npu noaepxkke rpanra PH® Ne 23-29-00415

BBeaenue. OnHOM U3 cnaboCTpyKTypUpOBaH-
HBIX ¥ TT0XO (popMaM30BaHHBIX 3aqad MpU JHa-
THOCTUPOBAHUU 271ekmpoobopyodosanusi (I0) sB-
JISETCsl OIIEHKAa €ro COCTOSHHUS, KOTopas oOcCy-
HIECTBIISIETCS M0 pe3yabTaTaM JAMarHOCTHYECKUX
u3Mepernid [1-3]. 3To 00YCIIOBICHO OOJBITHM
KOJIM4ecTBOM BiusOmUX Ha D0 mapameTpoB, OT-
CYTCTBHEM MAaTEMaTHYECKUX METOJIOB TIOITYICHUS
JOCTOBEPHBIX PEILIEHUH OTHOCUTEIBHO COCTOSHUS
000pYIOBaHUS 110 COBOKYITHOCTH MCXOTHOH HH-
dbopManuy, HEOOXOAUMOCTHIO HCIOJIB30BAHUS
HH(POPMAIIH, TIOTYYSHHOH OT mepconana. [1oBbI-
LIeHHE TOYHOCTH OIEHKH cocTosiHus D0 BO3-
MO>KHO, OJTHAKO TIPY STOM BO3HUKAET P IPOOIIEM,
a IMEHHO BBIOOp TUArHOCTHIECKUX ITAPaMETPOB U
MEPBUYHOE IUArHOCTUPOBAHUE, BKIIIOYAIOIIEE 110~
HCK OTKJIOHEHUH 3HaueHui napaMeTpos [4].

[TapameTpbl rapMOHHYECKOTO KOJIeOaHUs OKa-
3BIBAIOT CYIIECTBEHHOE BIIMsIHKUE Ha Bce BUIBI DO
1, Hao0opoT, D0 SABISAETCS HICTOUHUKOM TapMOHU-

62

YeCKUX KoJieOaHui, Mo3TOMY 11eJecoo0pa3Ho mpo-
BOJUTH UX aHAIH3. DTO MPUBEIET K YMEHBIICHUIO
YHcia CIy4acB BBIXOJa 0OOpPYIOBAaHUS W3 CTPOS,
MOMOJKET TIOJIIEPKUBATh €T0 CTAOUIIBHYIO paboTy
U obecrieunuT 0€30MacHOCTh PabOTHI AIIEKTpUYe-
CKUX cucTeM [5, 6]. MccrnenoBanue BIAUSHUA rap-
MOHHMYECKUX Koniebanuit Ha DO sBIsIeTCS BeChMa
aKTyaJIbHOW 3a/aued, JJis perieHus KOTOpou cy-
LIECTBYET JOCTATOYHOE KOJIMUYECTBO MOIXOI0B.

Tak, B pabote [7] paccMaTpUBarOTCSl OICHKA
TapMOHHYECKOTO KOJeOaHUsI W BBIOOP MOAXOMs-
LIero MHJEKCa OLEHKH. /[ MOBBILIEHUS TOYHO-
CTH OLICHKH IpeJlaraercsi MeTol, OCHOBaHHbIN Ha
M3MEPEHHUH TIOJ00HSI U TOUKAX YIIOPSIIOYSHUS JIs
UACHTH(HUKAINH CTPYKTYPHI Kiactepusanun. Ma-
JIEKC BCEX rapMOHHYECKUX COCTABJISIOIIMX OCHO-
BaH Ha CyOBEKTHBHO-aHAJMTUYECKOM IpOIecce
JUTSL YIIPOIICHHSI PE3YIbTATOB OICHKH.

B paGore [8] onucaHo BiusiHME BTOPOW rapMo-
HUYECKON COCTaBJISIONIEH Ha MOIYJIbHBIE MHOTO-
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ypoBHeBbIe npeobpasoBatenu. [Ipemaraercs omn-
TUMaJIbHAsI CXeMa BBOZAA TOKA BTOPO TapMOHUKU
JUIL YMEHBIICHHUS KOJeOaHWH HaNpsDKCHHS Ha
KOHJICHCATOPE B THUOPHUIHOM MHOTOYPOBHEBOM
npeoOpazoBaree nmpu coosix SLG Ha cTOpoHE CeTH.
Pa3paboTanbl MaTeMaTUYeCKHE MOJIEITH  KOJie-
0aHUi MOIHOCTH KaK MPH YCTAaHOBUBIIUXCS pe-
JKIMaX, Tak ¥ mpu cb6osx Ha cropoHe cetu. [lpu
3TOM OTCYTCTBYIOT UCCJIEIOBAHUS IO CMITYCHUIO
KOJICOaHMIl HaNpsDKEHHUs Ha KOHIEHCATOpE IpHU
c6osix SLG Ha CcTOpOHE ceTH Ui THOPHIHOTO
MHOTOYPOBHEBOTO ITpeoOpazoBaTes.

B paborte [9] paccmarpuBaroTcsi KojeOaHUs
TApPMOHHYECKHUX COCTABJISIONINX OT JACHCTBUSA UM-
MYJIbCHBIX MCTOYHHUKOB NMUTAaHUS. OMHUCHIBAIOTCS
IKCIEPUMEHTATIbHBIC KCCIICAOBAHUA KO3 dUIm-
€HTOB TOJIBKO TPEThEH M MATON rapMOHHYECKHX
COCTABIISIOIINX, KOTOPBIE BOSHUKAIOT IpH paboTe
UMITyJILCHOTO TipeoOpa3oBaTens. CTEneHb BiHs-
HUSI BBICUIMX TapMOHMK Ha paboty D0 oleHMBa-
eTcs ¢ TMOMOINBI0 NBYX ITOKa3zaTeled KadecTBa
JIEKTPHUYCCKON 3HEPTUU — K03 duImeHTa ucka-
JKEHUSI CHHYCOUIATbHOCTH KPUBOM HATIPSKCHUS U
Kod(puIMeHTa N-i rapMOHHYECKOW COCTaBIISIO-
e HaMpSKEHUSI.

B pab6ore [10] uccrnenyercs BIMsSHUE YaCTOT-
HOTO0 Ipeo0pa3oBaTelis Ha rapMOHUYECKUE COCTaB-
msorue. C moMomisio prdopa «Pecype-ITKD» n3-
MEPAIOTCA 3HAYCHNUA CYMMApPHBIX TAPMOHUYCCKUX
COCTABJISIOIINX HANPSDKEHUsT M Kod(duimeHTta
N-ii TApMOHUYECKON COCTABJISIONICH HAMPSYKECHHUS.
IIpuBeneHs! 3kpaHHbBIE (POPMBI C OTKIOHEHUSIMHU
TFapMOHHUYCCKUX KOHG6aHHI71 OT HOpMATUBHBIX 3HA-
YEHHM.

OpmHaKo CyIIeCTBYIONIME MOAXOIBI K aHAIN3Y
BJIMSIHUA TapMOHUYCCKUX KOJ'IB6aHPII71 HUMCKOT HE-
KOTOpBIE HENOCTAaTKU. Bo-NepBbIX, HE B MOJIHOU
Mepe HCCIENyeTCs] 3aBUCHMOCTD BITMSIHUS TapMO-
HUYeCKux KosebaHuii oT D0 (paccMaTpuBalOTCA
HE BCE FApPMOHHMYECKHE COCTABJISIONINE); BO-BTO-
PBIX, IOKa3aTeIbCTBA TOTO, YTO OOOpYHOBaHHE
BJIMSICT Ha MOKA3aTeM KayeCTBa JICKTPHUECKOMN
SHEPTuH, MPUBOAATCS 0€3 BBITAYM KaKOTOo-INOO
TIEPEYHs MEPOTIPHSTHI TSI CHIDKSHHS CTCTICHU BITH-
STHWSI TAPMOHMYECKHX Kojiebanuii Ha DO; B-TPEThHUX,
rapMOHHYECKHE KOJeOaHNsi HCKYCCTBEHHO pasjie-
JSIIOT HA TapMOHUYECKUE COCTABISIONINE, IPH
9TOM HE YYUTBIBACTCS TO, YTO OHU MOTYT OBITh
pasaMYHOro MOpsAKa U BIUATH APYr HA Ipyra;
B-4ETBEPTHIX, OOLIENPUHATO BbIAENATH 40 rapmo-
HUYECKUX COCTABILIIOIINX, HO JJs aHaim3a Oe-
PeTCA JIMIb 4YacTb TAapMOHHUK, YTO CBA3aHO CO
CJIO’)KHBIMH MaTEMaTHIECKUMHU BBIYHCICHUSMH.

HecmoTpst Ha Oomnblioe KOIMYECTBO pPadoT,
MOCBSIIEHHBIX AUATHOCTHPOBAHUIO IPOMBIIIICH-

HOTO 00OpyIOBaHHUS Ha JTalle JKCIUTyaTallid B
YCIIOBUSX MHOXeCTBa (haKTOpPOB, ITpodIieMa B -
HUSl TapMOHMYecKuX KojeOanuit Ha D0 10 cux
TIOp OCTAaeTCsl OTKPBITON. BhIpakeHHBIN cUCTEM-
HBI XapakTep JaHHOW MpOoOJIEMBbI ONpenesseT
HEOOXOAMMOCTh B pPa3paboTKe KOMIUIEKCHOTO
noaxojga k auarHoctupoBanuiro D0O. Houzna
OIIMCAHHOTO B JAHHOU PadOTe IMOAX0Aa 3aKIF0Ya-
eTcs B KOMIUIEKCHOM HCIONB30BaHHUU IapaMeT-
POB, KJIaCCHU(DUIIMPOBAHHBIX IO XapaKTepy U CTe-
IIEHH MX BIISIHUS Ha 000pYyJOBaHHE C HUCIIONB30-
panueM b3 m BJI, a Takke momcka OTKJIOHCHHM
3HAYEHUH TapMOHUYECKHX KOJIeOaHUH C ydeToM
CJIOKHBIX B3aUMOCBSI3€H MEXKly HUMHU.

AuaroputM Bbi6opa napamerpos 0

JaHHBIN anrOpUTM OCHOBAaH Ha KJIACCH(HKA-
IIMM [IapaMeTpoB IO XapaKTepy U CTEHNECHU BIHUS-
HUsI Ha 00OpyJdOBaHHE C HCIOJb30BaHHEM b3,
collepKalllell NPOXyKLHOHHBIE NpaBUia O THIIE
mapamerpa (OCHOBHOW, JOTONHUTEIHHBINA, BCIIO-
MoraTtesbHbIl) (puc. 1). B anroputM BX0oIuT Takke
BJ1, coneprkariias JaHHbIC O BBIXOJIE M3 CTPOs 000-
pYIOOBaHUS, IaHHBIE C TPHOOPOB M IATIYNKOB
(BpeMsi MeXIy CUNTHIBAHWEM 3HAYCHUH IapameT-
POB ¢ ipubOpa cocTaBisieT 3 cek.).

Illae 1. Bvibop suda obopyooeanust, isl KOTO-
poro OyJeT OCYIIECTBISATHCS IUArHOCTHPOBAHHE
(acHHXpOHHBIE DIEKTPOBUrATEH, TpaHchopma-
TOPBI, HACOCHI, CAHXPOHHbBIC ABUTATEIH H JP.).

Llaz 2. Boibop napamempos. ONTAMAIbHBIN
Ha0Op MapaMeTpoB ONPEAEISIETCS] HA OCHOBE TOJI-
HOTO aHajM3a JJIEKTPUUYECKUX, MEXaHWYECKHUX,
TETUIOBBIX, BUOPALIMOHHBIX U IPYTUX MMApaMeTPOB.
C 01HOI1 CTOPOHBI, 3TO MPUBOAUT K MPABUILHOMY
PEIICHHI0 OTHOCHUTENBHO cocTostHu D0, Ooree
TOYHOMY U JOCTOBEPHOMY MPOTHO3Y, a C IPYroii,
HCIIOJIb30BaHUE OOJIBIIONO KOJHMYECTBA Mapamer-
POB MOJKET BBI3BaTh CHIDKEHHE 3(dekTuBHOCTH
rpoLuecca MPUHATUS IUarHOCTUYECKUX PELICHUH.

Llae 3. Onpedenenue muna napamempos. J{ns
OTIPEIENICHNS TUIIA ITAPaMETPOB U MX BIHSIHUS Ha
obopynoBanue ucnonb3yercss b3, copepikaias
IPOIyKINOHHBIE TIPaBUIA, HAIPUMED:

ECJIN i o6opymoBaHyis = aCHHXPOHHBIHN JIBH-
rarenb, TO HanpsbkeHre = OCHOBHOM Iapamerp;

ECJIN Tun o6opynoBaHust = CHHXPOHHBIN JABU-
ratenb, TO HampspKeHWe = JAOMOJHUTEIbHBIA Ma-
pamerp;

ECJIM Ttun ob6opynoBaHUs = aCHHXPOHHEIH
Jasurarens, TO rapMOHUKY HapsKEHUs = JOIOJI-
HUTEJIbHBIA TapaMeTp.

[IponykunonHsle npaBuia GOpMHUPYIOTCA MEP-
COHAJIOM Ha OCHOBE OIIbITa, HAKOIJIEHHOI'O B Ile-
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Bei6op Buza 30
Bri6op napamerpos

Onpenenenne
THIIA TTApaMETpPOB

Bri6op napamerpos
C HYKHBIM THTIOM

L

3arpy3ka 3Ha4YeHH it
TapameTpoB

Y

Bce Bpibpannbie
napameTpbl UMEIOT
3HAY eHHA?

Hysxuo i
JI0OABIATH
napameTps?

OxoHyaHue BbIOOpa
TapamMerpos

Puc. 1. Aneopumm evibopa napamempos 30

Fig. 1. Algorithm for selecting electrical
equipment parameters

puox muarnoctuposanust 0. Cozgeprkarasi mpo-
IyKIMOHHBIE ipaBuiia b3 mposepsieTcst Ha Ha4uKe
CTPYKTYPHBIX OMIMOOK (M30BITOYHOCTD, ITHKIIHY-
HOCTb, IPOTUBOPEUYNBOCTD, HEMOIHOTA). ABTOPHI
MpejiaraloT KIacCu(UIMPOBATh MapaMeTpbl Ha
ocHOBHBIE (kiacc 1), gomomHuTeNBHBIE (KIacc 2)
U BcioMoraTenbHble (Kacc 3), 4To CBSI3aHO C MX
0O0JIBITUM KOJMYECTBOM U PA3IMYHBIM BIIMSTHHEM
Ha obopynoBanue. Kiaccudukamnus mapameTpoB
IO OLICHKE XapaKTepa M CTCIICHH BIIHSHUS Ha 000-
pyJIOBaHHE TIpECTABIICHA B TAOIHIIC.

lae 4. Ecnn BceM BBIOpaHHBIM IIapaMeTpam
MPUCBOEH THII, TO OCYIIECTBISIETCS MEPEexXo] K
mary 5, uHaue — epexo/ K mary 3.

lae 5. Bvibop napamempos HyjiCHO20 muna.
[TepcoHnai Ha CBOEM OIIBITE caM PEIaeT, KaKkue na-
pamMeTpel M Kakoro THIIa BBIOpaTh HJIs Jaib-
HEWIero JUarHOCTHPOBAaHHS O0OpYAOBaHUS.
Illaz 6. Ecnmu Bce BBIOpaHHBIC MapamMeTpPBl HMe-
10T 3HaUEHMA, TO MPOUCXOIUT MEePeXo] K mary 8,
WHaye — Mepexos K mary 7.
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OneHka XxapakTepa M CTelleHH BJIUSIHUS
napamMeTpoB Ha 000py/0BaHHe

Assessing parameter nature and degree
of impact on equipment

Bepbaasnoe | CreneHb Tun napamerpa
onucaHue BJIMSTHUS
[0, 0,3] Cnaboe BcrnomorarenbHbIi
(kmace 3)
[0,31,0,7] | Ymepennoe | JlOMOMHUTEIBHBIH
(xnacc 2)
[0,71, 1] CunprHoe | OcHoBHOI (Kimacc 1)

Llae 7. 3aepyska 3Hauenuii napamempos ocy-
MIECTBISIETCS] ¢ WCToNb3oBanueM bJl, xpansmei
JaHHBIE O BBIXOJIE U3 CTPOsi 00OPYIOBaHUs, JaH-
HbIe C MpHOOPOB M JaTuukoB B ¢opmarte Excel
(*.xls).

Llae 8. Ecnu y1a nansHEHIero 1MarnocTupo-
BaHUS HY)XHO N0OAaBJATH elle mapameTphl (BbI-
OpaHHBIX TIAPaMETPOB MOXKET OBITh HEIOCTa-
TOYHO), TO OCYIIECTBISIETCS MEPEXO0] K mary 2,
WHaYe — Mepexo] K mary 9.

Ulae 9. Oxonuanue gvibopa napamempos. llpn
BBIOOpE MmapameTpa 90O MOXKET BOSHUKHYTD CIIeTy-
Iolasi CUTyalusa: paccMaTpUBaeMblil MapaMeTp
HECYyIIeCTBEHHO BiusieT Ha D0, HO MPH STOM OKa-
3BIBaCT CHJIBHOE BIMSHUE HAa OPYrod ImapaMmerp,
KOTOPBIN CYIIECTBEHHO BIUsiET Ha paboTy o0opy-
JOBaHUS U ABJISICTCA OCHOBHBIM. Toma paccmar-
pHUBAEMBIN MMapaMeTp HEOOXOAMMO OTHECTH K JI0-
TMOJIHUTEJIbHBIM, MMOCKOJIBKY OH JIMIIb JOMOJHACT
OCHOBHOM IIapaMeTp.

AJITOPUTM NMOUCKA OTKJIOHEHN I 3HAYeHU
rapMOHHYECKUX KOJeOaHui

OnwuceIBaeMbIil aITOPUTM TIPENCTABICH HA PH-
CYHKE 2. 3aMeTHM, YTO KaX/10e 3HaueHHue HoMepa
TapMOHHUKH JIOJIXKHO MTPOBEPSITHCS Ha BXOXKICHUE B
npenenbHbli nHTepBat. [Ipu 3ToM HOpMabHO A0-
MyCTUMBIe 3HAUCHHs KOd(pHUIUeHTa N-H rapMo-
HUYECKON COCTaBJISIOLIEH HAINpsKEHUS OIpeje-
nstotes o Tabmune (IOCT 32144-2013). IMocie
3aBepIIeHUsT 00pabOTKH BCeX 3HAUEHUI Ni TapMo-
HUKHU OCYIIECTBIISICTCS MEPEeXo]l K CIEAYIOIEMY
MOPSIIKOBOMY HOMEPY Ni+1 TAPMOHHUKH C COOTBET-
CTBYIOIIUMH i1 3HAYCHUSIMU.

ITo oxoHyanun pabOTHI CO BCEMH HMEOIIU-
MHCS TIOPSIIKAMH TapMOHHUK, MIPEIOCTABICHHBIMH
Ha HCCIIEOBAHUE, OCYIIECTBISIETCS aHalIU3 OT-
KJIOHEHHBIX 3HaUeHH aj1s onpeaenerus 0 u ero
pabotocriocobHoctu. [lepron BpemeHu ais aHa-
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Homep rapmonnkn
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TaPMOHUKH BXOJUT
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TapMOHUKH BXOJUT
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TapMOHHK?

»

Homep rapmMoHHKH
HEYCTHBIN?
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YeTHBII?

3HayeHne
TapMOHUKH BXOJIHUT
B NpeJie/IbHBIH NHTepBal
JUISL YETHBIX
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i

3amuch B (aiin OTKIOHEHHS
rapMoHuKH (hasa, Homep,
3HAYCHHE, JaTa, BpeMs)

!

AHaImM3 OTKIOHEHHBIX
3HAYEHHI
Juist onpenesneHus D0

BriBoj coobIieHus
00 omnudKe JaHHBIX

C )

Konen

Puc. 2. Aneopumm noucka omrioHenull 3HAYeHUll 2apMOHUYECKUX Korebanui no gase A

Fig. 2. Algorithm of searching deviations of harmonic oscillation values in phase A

JIM3a TApMOHMYECKHX KOJIeOaHHiT COCTaBIsET ycpes-
HEHHOE 3Ha4yeHHe 3 CeK. C MHTEPBAJIOM B TEUCHHUE
168 gacoB paboTEl 00OPYIOBAHMS B IITATHOM pe-
JKUMe. AHAJIOTHYHBIA TOUCK OCYILIECTBIISIETCS JUISL
(a3 B u C, a Takxe 171 BCEX HOMEPOB F'apMOHUIK.

ITpumep BHIOOpa MApaMETPOB U MONCKA
OTKJIOHECHHM I 3HAYEHMII TADMOHMYECKHX
KO0JIeOaHWI 1JIs1 ACHHXPOHHOTO IBUTaTeJIsI

IIporpamMmHasi cucrema BBIOOpa TapaMeTpoOB
JUTSL TaJbHEWIero JUarHOCTHPOBAaHUS 000py/I0-
BaHMSI ¥ TIOMCKA OTKJIOHEHHWI 3HAYEHUI TapMOHU-
YeCKHX KOJIeOaHUH, IIpOM KOTOPOH SIBISTFOTCS BJ]
u b3, cocrout u3 mectu Mmomayneit (puc. 3). Boine-
JIEHBI CIIEYIOINE MOAYJIU: MOAYJIb UMIIOPTA JIaH-
HBIX/3HAHUI, OTBEYAIOLIHH 33 HX Tiepenady B op-

mate Excel (*.xIsx) win B BHIIe MPOTYKIIMOHHBIX
MIPpaBUJI 7S AajibHelInei o6paboTKH; MOIYNb 00-
pabOTKH JaHHbBIX, MO3BOJISIOIINN PEAAKTHPOBATH
(moGagisiTh, ynamsits) napopmarmo B bJ] u B3, a
TaKKe OCYHICCTBIATH MPOoBepKy b3 Ha Hammume
CTPYKTYpHBIX omm6oK [11]; mogymns matemarnde-
CKOTO amrapara, pemaronii 3a1aqi THarHoCTh-
POBaHUsI ¥ 00ECIICUNBAIOIIIIA 00pabOTKY TaHHBIX/
3HAHMH C MOMOIIIBIO MPEAJIOKEHHBIX aJITOPUTMOB;
MOIYJIb SKCIOPTa JaHHBIX/3HAHUHA, OTBEYAIOIINN
3a ux mpeobpasosanue B (opmar Excel (*.xIsx)
71100 TEKCTOBBIN U Nepe/ady; MOIyJb BU3yasH3a-
1M1, OCYILECTBIISIONINI MPEICTaBICHHE TTOJTyYeH-
HBIX Pe3yJbTaToOB B TEKCTOBOM (hOopMarte; IOJIb30-
BaTEJILCKUI MHTEp(EIiC, IPeaCTaBICHHBIA B BUC
TJIABHBIX OKOH (BBOJZIAa MCXOIHBIX JAHHBIX M BBI-
BOJIa PE3YyJIbTaTOB) MPOrPAMMHOMN CHCTEMBI.
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Monynb 06paboTKH

JIaHHBIX/3HAHHM i

Moaynb umnopTa I
JlaHHBIX/3HAHK I >
| B3 <
ITonb3oBaTenbCkuii
untepdeiic <

Puc. 3. Cmpykmyphas cxema npozpammHol cucmemsl 8bl60pa napamempos
U NOUCKA OMKIOHEeHUl 3HauYeHutl napamempog 30

Fig. 3. Structural diagram of the program system for parameter selection and search
for deviations of electrical equipment parameter values
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Jns peanuzanuu NpeIOKEHHOM mporpam-
MHOM CHCTEMBI ObLT BHIOPaH 00BEKTHO-OPHEHTH-
POBaHHBIN A3bIK IporpamMMupoBanus C#.

Ha pucynke 4 mokaszaHbl uHTEp(QEIHCH BBOAA
HCXOIHBIX JaHHBIX. BUIHO, 9TO TIEpCOHAa caM BBI-
OupaeT BUJ, MOJIeNb O0OPYZIOBaHMs, a TAKXKE THII
mapamMerpa Uil JAUATHOCTHPOBaHHS HA OCHOBE
CBOMX 3HaHUH H ombITa. Jlagee HEOOXOIUMO KIIHK-
HYTh «AHAJIN3 BHIOPAHHBIX MTApaMeTpoBy (puc. 4a).

U3 coBOKyIHOCTH BCeX JOTIONHUTENHHBIX TTapa-
MeTpoB (puc. 40), BIMAIOMNX HAa ACHHXPOHHBI
JBUraTesb, TEpPCOHAN BBIOMPAET TOT, KOTOPBIH
HEOOXOIUMO TPOBEPHUTH HA HANUYHE OTKIOHEHHN
(B KauecTBE MPUMEPA BEIOMPAIOTCS TAPMOHUUECKUE
koneOanust). [lajgee HakUMaeTcsl KHOIKa «3arry-
CTUTh aHAJIW3 BBIOpaHHBIX NapamerpoB». OTYET O
TIOUCKE OTKJIOHEHUH, a TaKkKe Pe3yJbTaThl aHAJIM3a
coxpansrorcs B popmare Excel (* xIsx), pekoMeH-
JyeMbIe MEPOIIPUATHS — B TEKCTOBOM (hopMare txt.

Ha pucynke 5 mpencraBieHsl pe3yiabTaThl MO-
WCKa OTKJIOHEHUH 3HaYeHUH rapMOHUYECKHX KO-
nebaHui, [IBETOM BBIJENEHBl BBIXOJbl 3HAUEHHI
TFapMOHHYECKUX KOIEeOaHUI 32 MpeAeiIbHBIH HH-
TepBaJl, KOTOPbIE yYacCTBYIOT B aHAJIM3€ MPUUYHH
WX BOSHUKHOBEHUSI.

Ha ocHoBaHMM TMOJy4YEHHBIX pPE3yJIbTATOB
MOXXHO MOPEKOMEHI0BATh CIIEAYIOIINE MEPONpH-
SITAS 11 acHHXpoHHOTo jnBurarens BAOSK-450,
560, HeoOX0oAUMBIE TSI CHYDKEHUS BIUSHUS Tap-
MOHHMYECKUX KOJeOaHUil: ycTaHOBKAa YCTPOMCTB
IUTABHOTO IyCKa/mpeodpa3oBaTenei 4acToTsl (110
COTJIACOBAHMIO C TIPOU3BOJHUTENEM), yCTaHOBKA

66

(MIBTPOKOMIIEHCUPYIOILIETO YCTpoiicTBa, ycTa-
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Fig. 4. Interfaces of raw data input:
a) system startup window;
6) window of analyzing selected parameters
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3akiaiouenue

B pesynpraTe MpOBENECHHOTO MCCIEIOBAHUS
ObL1a pa3paboTaHa mporpaMMHasi CUCTEMa, pealu-
3yIoIIasl ajJropuTMBI BBIOOpa MapamMeTpoB U MO-
UCKa OTKJIOHEHMH MX 3HAYEHUH U MO3BOJIAIOIIAs
mpoBecT AuarHoctupoBanue 0 c ydeToM Buaa
00opynoBaHusl, XapaKTepa U CTEIICHH BIMSHUS Na-
pameTpoB Ha Hero. Pa3zpaboTanHas cuctema mMo3-
BOJISIET, BO-TIEPBBIX, HA OCHOBE KJIacCHU(HKAIUU
BBIOpaTh BaXKHbIE MMapaMeTpbl JJs JalbHEHIIero
JIUAaTHOCTUPOBAHUS, TEM CaMbIM OTCEHBas HE3Ha-
YUMBIE TapaMeTphl (CHMKas pPa3MepHOCThH (hax-
TOPHOTO MPOCTPAHCTBA) U COKpAIllasi BpEMEHHBIE
3aTparbl Ha TIOCTPOCHHUE MOJIeNIel U MPUMEHEHHE
METO/IOB IHAarHOCTUPOBAHUS, H, BO-BTOPHIX, BBI-

75 15 I 9 | 0,78 | 7.5 0,75 228 0,75
as | oss | 547 JEEEEM 261 | o3 | oas | oos

51 06 614 0,69 327 0,38 064 0,09

Puc. 5. Unmepgbetic 8vi600a pe3ynsmamos noucka
OMKIOHEHUI 3HAYEHUL 2APMOHUYECKUX KOJIeOaHull

Fig. 5. Output interface of the results of searching
for deviations of harmonic oscillation values

SIBUTH OTKJIOHEHUS 3HaYeHHH apameTpos D0, Ko-
TOPBIE MOT'YT IIPHUBECTH K €TO ITOJIOMKE JTHOO K BBI-
XOJy U3 CTpOS.
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Abstract. The paper proposes an algorithm for selecting electrical equipment parameters, an algorithm for searching devi-
ations of harmonic oscillation values, as well as measures for preventing equipment malfunctions in complex diagnostics
under conditions of multiple heterogeneous information. The algorithm for selecting electrical equipment parameters is
based on classifying parameters by a character and degree of their impact on the equipment using a knowledge base con-
taining product rules about the types and impact of a parameter on the equipment (basic, additional, auxiliary), as well as
a database (equipment failure data, data from devices and sensors). The proposed algorithm allows classifying and selecting
the most important diagnostic parameters affecting the state of electrical equipment; thus, it rejects insignificant parameters
without information loss. The algorithm for searching deviations of harmonic oscillation values allows not only determining
the time of a parameter deviation occurrence, but also the total deviation time in order to identify the causes of harmonic
oscillations. The authors consider the structure of the program system of electrical equipment diagnostics with the descrip-
tion of interconnected modules, which have a database, a knowledge base and system interface screen forms as connecting
links. The developed software system allows selecting methods of electrical equipment diagnostics, measures to prevent
equipment malfunctions according to the selected type of its parameter; detecting malfunction, instability of equipment
operation that results in an increase in voltage harmonics, for example, as well as poor power quality. Implementing the
proposed approach to diagnostics of electrical equipment in production will allow making a scientifically sound decision
regarding the choice of parameters for further diagnostics taking into account a variety of different information types.
It will allow conducting deeper diagnostics and thereby identifying equipment failure.

Keywords: parameter selection algorithm, algorithm for searching deviations of harmonic oscillation values, database,
knowledge base
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