OT3bIB

opuuuansHoro ommnoHeHTa Ilasnepuna Annpes BnaaumupoBuya Ha
nuccepTanmonnyro pabory JlockyToBa AHToHa AnexceeBhda «Paspurue
NMPUHIMUIIOB TTOCTPOEHUs W MpaKTHYecKas pealu3alusi JOIHYeCKOH 4acTu
nmudpoBoil  3amMTHl M ABTOMAaTMKH  CHCTEM  SIIEKTPOCHAOKeHHS
IPOMBIILIEHHBIX OTpeOuTeNei», IPeICTaBIeHHYI0 Ha COMCKaHNe yIeHOH
CTENeHH [OKTOpa TEXHHUYECKHX HayK [0 CcrenuambHoctd 2.4.2 -
«DIEKTPOTEXHHYECKHE KOMITJIEKCBI K CHCTEMBIN.

AKTYaJIbHOCTBH TeMbl JHCCEPTANIHOHHOI PadoThbI

CoBpeMeHHbIE SHEPrOCHCTEMBI — CIIOKHBIE MHOTOKOMIIOHEHTHBIE KOMIIIEKCEI,
TpeGyiolpe ITOBBIIIEHHON HaIeXHOCTH. PacTymMe 3ampocsl notpebureneil u
IPOU3BOJIUTENIEH OHEPrHMH JCNIal0T  COBEPLICHCTBOBAHHE perieiHON  3allMThI
KPUTHYECKH BOXKHbIM HarpasiaeHneM. HecMoTps Ha UM POBH3ALHIO (BHeaperne MOK
61850, pa3BuTHe KaHAJIOB U CPEIACTB CBS3H, POCT BbIYHCIMTENIBHBIX MOILLHOCTEH),
QIrOPUTMBI 3aIIUTHI IO CHUX TOp 06a3UpyrOTCs Ha yCTAPEBLINX /IEKTPOMEXaHNIECKUX
TIPUHIIMIIAX, 4TO OrpaHU4YKBaeT uX 3¢ HEeKTUBHOCTS. Pazpabotka
MHOTONapaMeTpUYecKiX (MIM MHOTOMEPHBIX) AJFOPHTMOB Ha OCHOBE MAIIWHHOIO
oOyuyeHusl, aHanu3a OONBIIMX [JaHHBIX, CTATHCTHYECKHX M ONTHMH3ALMOHHBIX
QITOPUTMOB MOXKET 3HAUUTENIBHO IOBBICHTH TOYHOCTB M CKOPOCTH Pacro3HaBaHU
aBapUIHBIX PEKUMOB, OTpEJEIeHNs MECT H Y4acTKoB nospex/eHns Ha JIOIL 3ro
TIOBBIIIAET BEPOATHOCTh YCIEIIHBIX OTKIIOYEHMH aBapuil M CHHIKAET BEPOATHOCTH
NOKHBIX OTKIIOUEHHil MOTpeOuTeseH, IOBbIIIAs HAJEKHOCTh JNEKTPOCHAOKEeHUs
noTpedutenei (B TOM YMCiIe MPOMBIIIIEHHBIX). COBpEeMEHHbIE MPOLECCOPBI, METO/IE!
06pabOTKH JaHHBIX M KOMILIEKChl WMHMTALHMOHHOIO MOJIENMPOBAHMS MO3BOJSIOT
pean30BaTh CIOKHBIE BBIYMCICHUS B PealbHOM BPEMEHH, YTO JENIaeT Mepexoi Ha
HOBBIE AITOPHTMBI TEXHHYECKH BBHIIOJHHUMBIM. OTO COOTBETCTBYET TpEHIAM
MHTE/VIEKTyaTu3aldii  SHEPrOCHCTeM H DeaNu3alui TEXHONOTUH «UH(POBBIE
IBOMHHUKUY. TakuM 00pa3oM, HCCIIe0BaHUE aKTyallbHO, TaK KaK NIpe/UIaraeT peeHne
KITFOYeBOH TPOGIEMBI  3JIEKTPOIHEPIETHKH — MOJIEPHHM3ALMIO HEI()EKTHBHBIX
AJIFOPUTMOB 3aIUTHl ¥ aBTOMATHKH B CHCTEMaX 3JEKTPOCHAOKEHHUS CO CIIOKHBIMHU
CXEMHO-PEKUMHBIME YCJIOBHAMH pabOThl 33 CYET HCIONB30BAaHUSA COBPEMEHHbIX
LA(POBBIX TEXHOJIOTHIA, YTO [OBBICUT HAJEKHOCTD U QPEKTHBHOCTE SHEPrOCHCTEM.

Crpykrypa pabdoThl

JuccepTanoHHas paboTa COCTOMT W3 BBEICHHUS, CEMH IJIaB, 3aKIFOYCHHUS,
CIIMCKA COKpAILleHHH, CIIUCKa JIMTePaTypbl U TPeX IMPUIIOKESHHH.

Bo BBegeHHH 00OCHOBaHa aKTyalbHOCTh M Pa3pabOTaHHOCTh TEeMbl
uccIefoBanus, COpMyNUpoBaHa ILelb M IPECTaBlICHbl 3aJadd HCCIIEAOBaHUS,
yKa3aHbl METO/bI UCCIIEIOBAHHS, ONMCAHBI HOBU3HA, TEOPETHYECKas U NPAKTHICCKa
3HAUMMOCTh Pe3yJbTaTOB PAabOThI, OCHOBHBIE MOJIOKEHHsS. BHIHOCHMBIC HA 3aIIHUTY,
KpaTKO H3J03KeHbI (haKThI anpobaliuy paboThbl ¥ MPHBEASHA CTPYKTYpa AUCCEPTALMH.

B ruage 1 BBINOJIHEH aHATN3 aHATU3 COBPEMEHHBIX CHCTEM 3JI€KTPOCHA0KEHHUS
NPOMBIIUIEHHBIX —[OTpeOuTeNeH, aKUEHTHPYs BHUMAaHWe Ha pacHpe/IeeHHOH
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renepauuu (PI') u cBa3aHHBIX ¢ Hel mpobiemax WM TeHIEHLUsX. PaccmarpuBarorcs
COBPEMEHHble  IOAXOAbl K  paclo3HAaBaHHUIO  PEXKUMOB  paboOTBl  CHCTEM
JNMEKTPOCHAOKEHHUA, BKIIOYAasd MHCIIOJB30BaHHE CTATUCTUYECKHX METOJOB U
MAallMHHOTO  00ydeHHa [y pa3paboTku  LUGpPOBOH  pellelHON  3allUTEL
[ToguepxuBaeTcss HEOOXOAUMOCTD afaNTalMK pelieifHOMH 3alIUThl K HOBBIM YCIOBHIM
paboThl, CBA3aHHBIM ¢ HHTerpauueil P, u npeiararotess KOHUEIIHH TS YTy IIe HUs
ee 3(pdexTBHOCTH. ONMCHIBAIOTCSA MEPCIEKTUBBI MPUMEHEHHS HHTEUIEKTYalbHBIX
METOJOB ¥ UMUTALIMOHHOTO MOJEIUPOBAHUSA IS MOBBIILIEHUS] YYBCTBUTEIHOCTH U
ObIcTpomecTBHS peseliHOM 3aIUTHI, a TaKkKe auanTauuk K creuuduke paboTsl
NPOMBILIIEHHBIX NOTpeOuTenell. VYaeneHo BHHMaHHE BaXKHOCTH IPUMEHEHHS
MHOronapaMeTpHuueCcKoM peleHHOM 3alluThl M aBTOMAaTH3alldM, a TakkKe o
HEOOXOJUMOCTH MCMOJIb30BAaHUSI COBPEMEHHBIX BBIYHCIMTENbHBIX TEXHOJOTHH U
METOJOB  HCKYCCTBEHHOIO  HHTEJUIEKTa [JI  IIOBBILIEHHS  HAAE)KHOCTH U
) PEKTHBHOCTH CUCTEM 3TEKTPOCHAOKEHHS.

I'maBa 2 nocesmeHa pazpaboTke, aHAIU3y U Pa3BUTHIO METO/0B IOBBILICHHS
YyBCTBUTEJIBHOCTH M PACllO3HABAEMOCTU aBapUHHBIX PEKUMOB B LU(POBOH 3alIuTe
COBPEMEHHBIX CHCTEM OJIIEKTPOCHAaOXXEHUs IyTeM MHCIIOJNB30BaHUS OWHapHOM
HH(OPMALIUK OT IMyCKOBBIX OpraHoB. OTMeUeHO, YTO yBEIUYEHHE YYBCTBUTEIBEHOCTH
P3A nmocTtraercs 3a CYeT pacUIMpeHHs KoJuuecTBa HaOJMKOJaeMbIX MapaMeTpoB
(Mpu3HAKOB), YTO CBSA3aHO C IIOCTPOEHHEM MHOromnapameTpudeckux 3amur. Ha
MOJENBHBIX TMpHUMepax [I0Ka3aHO YBEIMYEHHE BEPOATHOCTH pacllO3HaBaHHUs
nopexaeHui Ha 8-10% no cpaBHEHUIO ¢ TPaJUMLUOHHBIM IyCKOBBIM OPIraHoOM I10
TOKy. PaccMaTpuBaloTCs pa3nuyHble CTATUCTUYECKHE METO/bl [ paclo3HaBaHUs
aBapUIHBIX PEXHMOB, BKJIIOYAas HCHOJb30BAHUE OJHOMAPAMETPHUYECKUX U
MHOrornapaMeTpHueckux NyckoBelx opraHoB (I1O). OnuceiBaroTcs TUITOTE3Bl A
OLIEHKH peXHMOoB H (opMHUpoBaHHE (YHKUMH IUJIOTHOCTH BEPOSTHOCTH I
HOPMAJIBHBIX M AaBapUHUHBIX pekuMoB. OueHka >(PQOEeKTUBHOCTH alrOpUTMOB
KJTacCCH(HMKAIUH TPOUCXOAHMT C UCIIONb30BAaHHEM MaTPHII ITyTaHULBl, YTO MO3BOJISIET
BU3YaJIU3HPOBATh PACIO3HABAEMOCTh pEXHUMOB W YyBCTBHTEJIBHOCTH 3aLIMTHL
[Ipennaraercsa UCIOIB30BaHUE JIOTHYECKUX Ollepalivi U1sl 00beJUHEHHUSA CUTHAIIOB OT
I1O, a TaK)ke cXeM roJIOCOBaHMS JJis MOBbIIeHUs HanexkHocTH P3A. [lpumeHneHue
npuHOUNa «2 u3 3» U «1 u3 2» M03BOJIAET 3HAYUTE/IBHO YBEJIUYHTH BEPOATHOCTH
Oe30TKa3HOM paboTHI 3alUTHl. PaccmaTpyuBaeTcsi IpUMEHEHHE TeOPHH aBTOMATOB IS
CHHTe3a JIOTHUeCKOH d4acTu P3A, 4TO NO3BOJAET CTPYKTYpUpPOBATH JaHHBIE H
YIYYIIUTh PAcllO3HABAEMOCTh PEeXHUMOB. OTMe4eHBl NEPCIEeKTHBBl NPHUMEHEHHU
CTAaTHUCTUYECKHX METOJIOB U METOJIOB MCKYCCTBEHHOI'O MHTEJUIEKTa ISl MOBBILLIEHHS
YyBCTBUTENBHOCTH M HAJEKHOCTH MHoromapaMmerpuyeckoii P3A, a takxke o
HeOOXOOMMOCTH JAIbHEHIIMX MCCAENOBAaHMM [ YIPOILLUEHUS IPOrpaMMHO-
anmnapaTHON peanH3aluu.

B raaBe 3 mnpejcTaBieHbl NPUHLUIBI (OPMUPOBAHMsA JOIMYECKOH 4YacTu
nu(POBEIX YCTPOHCTB MHOronmapaMeTpHuyecKkod 3allMThl C  HCIOJB30BAHUEM
HH(pOpMalMK OT U3MEpHUTENbHBIX opraHoB. Mcnonssyercs Meton Monre-Kapio ais
TIOJIyYeHHs CTATUCTHYECKOW HHpOpMaLKMH o paboTe CcHUCTeM 3JIeKTPOCHAOXKEHUs
npomeinuieHHBIX notpeduteneid (COC [1II) B HOpMaIBHBIX U aBapUHHBIX PEKHMMAX.
BBeneHbl J0MONHUTENbHBIE KpuTepuu, Takue kak ROC-kpuBasg u Ko3(h¢dULHEHT
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YyBCTBUTEJIBHOCTH, JUIsl Ooliee TOYHOH OLIEHKH Ppacrio3HaBa€MOCTH aBapHHHBIX
pexuMOoB U 3 (HeKTHBHOCTH LU(PPOBOM 3alIMThl. PacCMOTpEHBI pa3inyHble METOJBI
MallMHHOrO 00ydeHHs, BKIrO4as MeTond K-Ommkalimx cocelei, JIOrHCTHYECKYHO
PErpeccHio M MeToJ OIOpPHBIX BekTopoB (SVM). Kaxaeli 3 3THX METOIOB
JIEMOHCTPHPYET CBOIO 3((QeKTHBHOCTh B PpAaclO3HAaBaHWH AaBapUHHBIX DPEXKHUMOB,
npuyeM Meroq SVM  mokaseiBaeT Haumydmiue pesynbTaThl.  OOcyxmaercs
HCII0JIb30BaHKe IPYIIOBEIX aJITOPUTMOB, TAKHX KaK CIy4alHBIH JIeC U FPaJueHTHBIH
OYCTHHT, Ui TIOBBIIIEHHUS BEPOSTHOCTH NPaBUIBHOM KJIACCH(QHUKALIUK DPEXHUMOB
snexTpuueckoit cetu. Ilpemmaraercs nepexol K 0OOOLIEHHBIM IIpHU3HAKaM [JIs
VIIPOIIEHHUSI MHOrONapaMeTPHUYecKOH 3alllUThl M CHHXKEHHMS BBIYHCIUTEIbHOH
Harpysku. MccrneayeTcs IpUMEHEHHE HCKYCCTBEHHBIX HEMPOHHBIX CeTeH s
PACIIO3HABAHUS BUTKOBBIX 3aMbIKaHMH B CHJIOBBIX TpaHchopmaTopax. Iloasomsites
UTOIH O NIEPCIIEKTUBAX TPUMEHEHHs METOI0B MALIMHHOIO 00y4YeHUs U 0000IEHHBIX
TIPU3HAKOB ISl OBBIILEHHS YyBCTBUTEIBHOCTH M HAJEKXHOCTH LHUGPOBON 3aILUTHIL.
Vka3eIBaeTcs MEPCIEKTHBBI JalbHENHIIero HCCaeN0BaHus U pa3BUTHI METOIOB.

B raase 4 npezncrasieHo MpUMEHEHHE ITOCIe10BaTeIbHOM NpoLeaypel Banbaa
B aBromatuke COC IIIT ¢ OPI. OGcyxnmaercs pocT 4yuciaa obObexToB P
MHUKpOreHepallii, WX MHTerpaiys B paclpeleluTeIbHblE CeTH, a TaKke
He0o0XO0JUMOCTh Pa3pabOTKH HOBBIX CPEJCTB aBTOMATHKH JJIS YIIPABICHHS PKUMaMH
B YCIOBHUSAX M3MEHSIOIIUXCA CXEMHO-PEKUMHBIX YCJIOBHHM. VYKa3blBaeTCs Ha
HEJOCTATKH TPAJMIIMOHHBIX YCTPOHCTB aBTOMAaTHKHU. ONMCHIBAETCS HCIOJIb30BaHHE
HoclefoBaTelbHOM Mpolenypbl Banbaa s pacno3HaBaHHs HOPMAJIbHBIX H
aBapUMHBIX PEIKMMOB, BKIIOYas (OPMYJIUPOBKY TUIIOTE€3 U BEPOSTHOCTHbIE OLCHKH
omuOOK pacro3HaBaHus. PaccMmarpuBaeTcs IPUMEHEHHE IOC/IEIOBATENIBHOTO
aHanu3a 1is paspabotku anroputMa AYP. OnuceiBaeTcss MOAM(pHKALMsS alropuTMa
Basnbia ¢ afanTHBHEIME ycTaBkaMu. [IpUBOAUTCA cXema yCTPOHCTBa, peallu3yroIIero
AJITOPUTM TOCIIeI0BaTEIBHOTO aHAIK3a, C ONTMCAHHEM €ro KOMIIOHEHTOB U MPUHLKIA
paboThl. AKIEHTHpPYEeTCSi BHUMaHHE Ha Ba)XKHOCTH alanTallid aBTOMaTHYECKHX
CHCTEM YIIPABIEHHS PEKHMaMH K HOBBIM ycioBusM pabotel ¢ OPT, a rtakike Ha
HEOOXOAUMOCTH MCITOJIB30BAHHS COBPEMEHHBIX CTATHUCTHYECKHMX METON0B M
TIOBBIIIEHHA HAEKHOCTH U OBICTPOAEHCTBUS IM(POBOH 3aILUTHl M aBTOMATHKH.

I'naBa 5 gucceprallyy, MOCBSIIEHa pa3pabOTKe HOBLIX METOIOB OMNPEICICHUSA
MecTa noBpesxaenus (OMII) Ha Bo3IyIIHBIX THHUAX dekTponepenadn (BJI) B COC
[II1 OcHoBHOE BHUMaHHe ynensercs MnpoOiaemMaM, CBSA3aHHBIM  KayeCTBOM
5NeKTpOocHAOKEHHs, a TaKKe HeJoCTaTKaM TpaJHLUHOHHBIX MeTtonoB OMIL
PaccMaTpuBalOTCS METOIbI, OCHOBAaHHbIE Ha OLEHKE I[apamMeTpoB TOKOB H
HanpsOKEHMH aBapHHHOTO peXHMa, BOJNHOBBlE MeToAbl. (OTMedeHa TOYHOCTb
BOJIHOBBIX METO/OB, HO BBICOKME 3aTpaThl Ha peanusauuio. ONUCBIBAIOTCS HOBBIE
METO/Ibl PacllO3HaBaHUs IMOBPEXKIEHHOro yyacTka M crnocodsl OMII, 3aiuuiieHHbie
naTeHTaMM. PaccMaTpuBaeTCs MCMOJb30BAHHE METOJA HAJOKEHHUA IJIA YIPOIIEHUS
pacuyeToB M OSKBUBAJIEHTHPOBAHHA JHMHMH dJyeKTporepenadd. lIpuBoaurcs aHaiu3
pE3y/IbTATOB MPUMEHEHHUs! pa3pabOTaHHBIX METOAOB Ha AHATHTHYECKUX MOJEINsX,
BKIIOYAs HMUTALMOHHOE MOJIEIHMPOBaHWE U CpaBHEHHWE C TPaJULMOHHBIMH
anroputMaMu. [IpeacTaBieHO UCIOIb30BaHKHEe aITOPUTMOB TTOKCKA JJIsl COKpallleHUs
Yyclia IAaroB B UTEPALMOHHLIX Mpoueaypax. OTMeueHa BaKHOCTh M HEOOXOAUMOCTh
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paszpaGoTku Gosee TOYHBIX M HaiexHbIX MerTogoB OMII Ha BJI, yduthiBaromux
HEOJHOPOIHOCTH U pa3IUyHble (PaKTOPLI, BIUAIOIINE HA Pe3y/IbTaThl.

I'naBa 6 moceslieHa pa3paboTke M YJIYYLIEHHIO METOJOB paclo3HaBaHUA
TOBPEKJIEHHBIX YYacTKOB Ha JIHHUSX snexTponepenaun (JIOII) ¢ ucrmonssoBaHueM
KOMOMHHPOBAaHHSI BOJIHOBBIX METOJOB H METOJOB MO MapaMerpaM aBapHHHOIO
pexuma. OnucpiBaeTcst HedQGEeKTUBHOCTL CTAHAAPTHBIX CPEACTB PeleHHO 3allUThI
B COBPEMEHHBIX YCJIOBHUSX, KOrga TpeOyeTcs BbICOKas CKOPOCTb U HaJAeKHOCTH.
VoMuHaeTcss He0OXO0IUMOCTh pa3padOTKK HOBBIX aITOPUTMOB, KOTOPEIE He TPeOYyIOT
KAHAJIOB CBSI3M M CHHXpoHH3auun. O6CyKIaloTcs NpeuMyLecTBa KOMOMHUPOBAHHBIX
3aILUT, TAKME KaK paclIdpeHIe 30Hb] 3aLHThl ¥ YMEHBIIEHHE 3aBUCHMOCTH OT PEKHUMA
ceTu. PaccMaTprBarOTCsS OHOCTOPOHHHE BOJTHOBbIE METO/IBI BOJIHOBOT'O ONPE/IE/ICHHUS
mecTa noBpexxaenus (BOMII), xotopsle He TpeOyroT KaHanos cBs3d. Ilpepnaraercs
HOBBI TOAXOJ, OCHOBAaHHBIM Ha pAaclO3HABaHWHM BOJHOBOIO TMOPTpeTa U
MCIOJIb30BAHMH TIPUHIKITA KOPPESLIMOHHOH 00paOb0oTKK CUTHATIOB AJISl ONpeIe/IeHHUs
BpEeMEHH IIpMXOJa BOJH M PacCTOSHUA N0 MecTa MoBpekaeHus. ONHChIBAaeTCA
co3aHMe MakeTHOro obpasna KOMOMHMPOBAaHHOH 3allMTBI W YCTPOWCTBA
aBTOMATHYECKOT0 MOBTOPHOTO BKItoueHus (AIIB) 1 kabenbHO-BO3 MY IIHBIX JTHHHH.

B rnaBe 7 [oKa3aHa allapaTHO-MPOrpaMMHAas peanu3als yCTPOHMCTB
11 (ppoBOIt 3aIUTEI B KOHTEKCTe LIUPPOBOH TpaHCPOopMALH IHEPTETHUECKHX CHCTEM.
[TogyepkHyTa KOppewslKs pa3spaboTaHHEIX TEXHHYECKHX PELICHHH C TeXHOJOTrHeH
«{udpoBas TOACTAHLY», a TaKXKe HEOOXOAUMOCTH CO3/laHHA HMHHOBAlMOHHBIX
pelIeHMil [ yNpaBieHusl M 3alluThl LU(POBBIX CeTel, OCOOCHHO B YCIOBHAX
COBPEMEHHBIX BbI30BOB KHOepOesonacHocTH. [lpesicraBneHa HOBas OTCYECTBEHHAS
nnardopMa Ui peau3aliy yCTPOMCTB peNIeHHON 3alllUThl MU MHTEJIEKTYalbHBIX
3NeKTPOHHBIX ycTpoiicTB (MDVY) B snextposHepreTike. OmucaHbl apXHUTEKTYPHBIE
pellleHMs JUiA  anmapaTHOM 4YacTH, BK/KOYas MWCIOIb30BAHME OTCYECTBEHHBIX
IIPOIIECCOPOB M  KOMIIOHEHTOB IPOMBINIIEHHOH —apromartnsauuu. OTMedeHa
HeOoOXOOUMOCTh HCIIONIB30BAaHHs JIOBEPEHHBIX allapaTHbIX MW MPOrpaMMHBIX
mratdopM, a TakKe BHEIPEHHE MHOrO(AKTOPHOH ayTeHTU(HKALHUK ¥ PONEBOro
KOHTposa poctyna. OmuceiBaeTcss paspaboTka KnOeppU3HYECKOro CTeHAa VI
TeCcTUpOBaHHs anroputmoB pabotel MOV, KoTopbll I1103BOJNAET MOICIUPOBATH
pa3IMYHbBIE PeKMMBI paGOThI U IPOBOJUTH HCIIBITAHHSA B YCIIOBUSX, MPHOMIKEHHBIX K
peanbHBIM. [IpHBOAATCS pe3ylIbTaThl BHEAPEHHA pa3spaboTaHHBIX MOAHPUKALIHi oy
Ha pealbHBIX 3JEKTPOCETEeBbIX 00BEKTaX, MOATBEP)KIAOLINE paboTOCIOCOGHOCTE

aJIrOPUTMOB 1 000py TOBaHMS.
B 3akii04eHHH chOpPMYJIHPOBaHbl OCHOBHBIE BBIBOJbI 10 AUCCEPTALMOHHON

pabore.

IpusioskeHHs COAEP)KAT TAGIUIIBI ¥ OCIUIIOTPaMMbI PE3YJIbTATOB HCIIBITAHUH
¥ aKThl BHEIPEHHs Pe3yJIbTaTOB MCCIeI0BAHUH

CreneHb 060CHOBAHHOCTH M JOCTOBEPHOCTh HAYYHBIX M0JIOJKEHH, BHIBOJOB H
peKOMeHIalHi

IIpeacTraBiieHHBIe B JUCCEPTALMOHHOM paboTe MCCIeA0BaHMs BBINOIHEHbI Ha
BBICOKOM HAYYHOM YPOBHE C YKa3aHHEeM HCXOIHBIX IOJIOKEHHH M [PEeNON0oKEHNH,
METOJIOB HMCCIIEIOBaHUsA, BO3MOKHBIX orpaHudeHui. CHOpMyTHPOBaHHBIH aBTOPOM
MOIXOA IO HCIOJIB30BAHUIO Pe3yJbTaTOB MMHMTAllMOHHOIO MOJCIHMPOBAHUA IMPH
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0o0y4YeHHHU 3alMThl U NMPHHATHS PEUICHHS HAa OCHOBE alpUOPHOM, armocTepHOpHOMH
WHGOPMAallMM ¥ CTAaTHCTHYECKHUX JaHHBIX MCIOJNB3YyeTCS B KayecTBe HMHCTPYMEHTa
HaxOXIOeHHs oOJlacTH OIpefeNeHuss METOJOB BO BCeX TIJlaBaX JHCCepTalkH.
Pe3ynpTaThl aHATUTUYECKOIO MCCAEN0BAaHUs B LIEJIOM IOATBEPXKACHBI pacueTaMy Ha
npumMepax ¢parmeHtoB COC ¢ OPI, asnextpuueckux ceTeill ¢ HCIOIB30BaHHUEM
MoJeNeld W3BECTHBIX MOJENUPYIOIIUX KOMIUIEKCOB H IporpaMM coOCTBEHHOMN
pa3paboTku aBTopa. YaCTHYHO ITpeAIoKeHHbIE aBTOPOM CXEMOTEXHHYECKHUE PEIIeHUs
peanu30oBaHbl B almapaTHOM M MPOrpaMMHOM 00€CIIeYeHUH ONBITHHIX 00pa3lioB
3alIATBI W aBTOMATHKH, KOTOpble Mpouuid amnpobauuio B J1a00paTOPHBIX
MIOJIYHATYPHBIX YCJIOBHUAX M ONBITHO-MPOMBIIIEHHOM 3KCIITyaTauuu. JJOCTOBEpHOCTD
pe3yJbTaTOB, TMOJYYEHHBIX B AMCCEPTALMHM, MOATBEP)KACHA JETaJbHbIM AHAIU30M
OIBITa UCTIBITAHUM ¥ (DYHKIIMOHHUPOBAHHUS AITOPUTMOB, Pe3yIbTaTaMU UX CPaBHEHHUs
C HHBIMH TEXHUYECKHMH PELIEHUSIMH OTeUeCTBEHHBIX U 3apyOe)KHBIX aBTOPOB.
Hay4nasi HOBU3HA NOJIOXKEeHHH, BLIBOJOB H PEKOMEH Al

K HanGoJiee CyeCTBEHHBIM HOBBIM ITOJIOKEHHSIM, BEIBOJIAM M PEKOMEHIaLUsIM
MOYKHO OTHECTH CJIeAyIOLIHUE:

1. HoBble MeTOaBI CHHTE3a JIOTHKH 3alUUThl HA OCHOBE OMHApHBIX CHUTHAJOB C
npumenenneMm cratuctukd, MHC, nepeBpeB pelieHuil u OyneBod anreOpel s
Jy4IIEero pacro3HaBaHUs aBapHuil.

2. YcoBeplIeHCTBOBaHHbIE METONBl CHHTE3a JIOTMKH 3allUThl Ha OCHOBE
H3MepeHuH, uernoap3yroimue anroput™el (k-NN, noructuueckas perpeccust, SVM u
ap.) ast Gosiee TouHOro BhIsABAeHUA K3.

3. HoBeiii MeTOx paHHEro OOHapy)KEHUSI BHTKOBBIX 3aMBIKaHWHA B
tpancopmaropax 110-220 xB ¢ wucnonezoBanveM HMHC g1  moBblLeHHs
YyBCTBUTEIHHOCTH 3aLLUTHI.

4. Ipumenenue meto 0B riaBHbIX KoMoHeHT (MI'K (anrn. PCA) u nuneiHoro
auckpumunanTa @uepa (JIAD (aurn. LDA)) s cozganus 00001EHHOT0 IpU3HaKa
3aIUTHI, YIPOIIAIOWIEro YCTPOHCTBO M YJIyYLIAIOLIEro paclo3HaBaHUE PEXHMOB

CETH.
5. YckopeHHBIe METOJbl NPUHATHSA PELUeHHUH Ha OCHOBE IOCIIEN0BATENBHOTO

aHanusa Banpga, CHIDKAIOIIHE JIOKHbIE cpadaTblBaHUA NPH OLIMOKAax H3MEpeHHH

yactoTsl H [TKD.
6. HoBele MeTOMBI OnpeenieHrs MecT noBpexaenui Ha JIDII, ocHoBaHHBIE Ha

ONTUMHU3ALUU M 00eClIeYHBaIOlIHe IMOBBILIEHHYI0 TOYHOCThH OIpeleIeHHs MecCTa
(yuactka) K3.

7. KomOuHMpOBaHHBIM MMOAX0x (BOMHOBOM + napaMeTpuyeckmil) mans
TMOBBILIEHHUS HAJEKHOCTH UISHTH(DUKALIMK TOBPEXKAeHHBIX yuacTKoB JIDIL

8. Paspaboranbl kuOep3allMIEHHBIE YCTPOMCTBA Ha OTEYECTBEHHBIX
KOMITOHEHTaX JUIS aHal|3a CI0XKHBIX PEeXKHMOB B CETAX.

CooTBeTCTBHE JHCCEPTALIHH 00J1aCTH HCCJIeJOBAHHA Hay‘-lHOﬁ CNIeHaAJbHOCTH
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HayuHple  TONOXEHHsS  AMCCEPTaLMOHHOH  pabOTBl  COOTBETCTBYIOT
HaTpaBIeHUSIM WCCIIeIOBAaHUN Hay4HOH CIeLUaIbHOCTH 24.2 -
«DINEKTPOTEXHUYECKHE KOMIUIEKChl U CUCTEMBI»:

- 1o 1.1 - BBIMOJIHEHBI MCCIEIOBAaHHUsS CHUCTEMHBIX CBOWCTB U PEXKHUMOB
paboThl cucreM anekrpocHadxkenus: (COC) nmpombinuieHHsIx notpedbuteneit (I1IT),
BKJIIOYasd OOBEKTHl paclpeleseHHONH TIeHepalMH KakK 3JIeKTPOTEXHHYECKOro
KOMILIEKCa B COCTaBe YHepropaioHa, peAcTaBIeHbl HOBBIE METOIBI HMUTALIHOHHOTO
1 aITOPUTMHUYECKOTO MOJAETMPOBAaHUS HECTALIUOHAPHBIX U NIEPEXOIHBIX MPOLECCOB B
CoC;

- MO 1.2 - MpeACTaBlIeHbl Pe3yJIbTaThl IPOEKTUPOBAHMS CHUCTEM 3alHTHI,
AaBTOMATH3aLMH K YIpaBJieHus snektporexHuuyeckoro kommiekca COC IIII, B Tom
YHCcJle CXEMOTEXHHYECKHE pellleHHs B 00JIaCTH HCIIOIb30BaHUA JAaHHBIX ITyCKOBBIX U
H3MEPUTENIbHBIX OPTraHOB M MOJyYEeHUs JaHHBIX 10 pe3yJbTaTaM IpeaBapHTebHOTrO
UMuTalMoHHoro moxenupoBanus (['maBel  2-4), cHCTEM ONpeNeNeHHs MecCT
nospexaenus Ha JIDII, ¢ ucronb3oBaHUEM psia HOBEIX MeTo0B (I'1aBel 5,0), a Takke
pe3yJabTaToB ~ TECTUPOBAaHHS W ONBITHO-NMPOMBILIUIEHHOH IKCILIyaTalluu
paspaboTaHHbIX ycTpokcTs (I'nasa 7);

- no m.3 - MpeaIo)KeHbl HOBBIE METOIbl paCllO3HAaBaHHS AaBapHMHBIX
pEeKUMOB U 000CHOBaHA BO3MOXKHOCTb MX Peaju3allii B COBPEMEHHBIX YCTPOHCTBAX
3alUThl U aBTOMATUKH;

- no m4 - BBHIOJHEH aHanu3 paboToCNOCOOHOCTHM W KavyecTsa
(byHKIMOHAPOBAHUS TIPEATIOKEHHBIX METOIOB U aJITOPUTMOB B Pa3IUYHBIX PeXXUMaX
1 CXEMHO-PeXXUMHBIX cuTyauusx (I'1assl 1-6).

[To TeMaTHKe AMCCEPTALIMOHHOMN paboTh! omy6aHKoBaHO He MeHee 125 pabort, B
TOM 4YHMcie ABe MOHorpaduu, 28 maTeHTOB Ha M300peTeHHs, 4 CBUIETENBCTBA Ha
nporpamMmbl 1 OBM, Oonee 52 crareli B Hay4YHBIX W HAay4YHO-TIPAKTHYECKHX
MepUOAMYECKHX H3JaHusAX. B KypHanax, Bxoasmux B nepeyeHs BAK PO,
onybnukoBaHo 26 pabGor. Marepuanel [JOKIaAbIBaJIHCh HA MHOIOYHCICHHBIX
MEXIYHApOIHBIX U BCEPOCCHICKHX Hay4YHO-MPAKTUUECKUX KOH(epeHuusx B Poccun

U 3a pyOexoM.
Bonpochbl 1 3aMe4aHHs MO JHCCEPTALHH

1. PesynbTaThl AMCCEPTALIMOHHOH paboOTEl IOJYy4YeHbl HA HMHUTALMOHHBIX
Mozmensx 6e3 ydera ocobeHHocTedl peanpHbIX ycrpoiicts MIT P3A  (yrmosbie
cMelleHus (UIBTPOB, HEJIMHEHHOCTh LENeH BBOJA, KOPPEKIHS OpPTOrOHAIBHBIX
COCTABIIIOLIHUX U JIP.). DTO MOXKET IPUBOJUTB K 3aBBILICHHOMH OlIeHKe ) HEKTHBHOCTH
TPE/IOKEHHBIX AITOPUTMOB M UX HEKOPPEKTHOMY CPABHEHHIO C KJIACCHYECKHUMH,
0COGEHHO ¢ y4EeTOM JOTOJTHUTENBHBIX ObICTPOACHCTBYIOLMX MOIYJICH B IIOCIEHUX.
TpebyeTcst YTOYHUTH, KaKUe PEXUMBI KIACCH(QUIUPOBATUCE: pacCcMaTpUBAIUCh JIH
Hacoiienue TT, gBoiiHble moBpexaeHus, K3 mnpy acCHHXpPOHHOM XOJ€ HIIH
CHHXPOHHBIX Ka4aHHX.

2. Heo0xomuMo NOSICHUTH, 4YeM TMpeaJIoKEeHHass MHorornapaMeTpuyecKas
3amuTa (HCIONB3YIoIas Bee JOCTYMHblE AaHHble LHGPOBOH 00pabOTKH CHIHAIOB)
OTIMYaeTCd OT TPaAUIHOHHOrO KoMiuekca P3 npHcoeIMHEHHs, BKIIOYAIOILEro
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OCHOBHYIO, NyOIMPYIOLIYI0 M pPEe3ePBHBIE 3ALIUTHI, KOTOPhIC TaKKE HCIOJB3YIOT
pa3IHYHble MTAPAMETPhl PeXXHMA U PearkpyroT Ha pasHble BUIbI [IOBPEKICHUH.

3. DieMeHThl HCKYCCTBEHHOTO HHTEIIeKTa IOKa He HaXOIST IIHMPOKOTo
npumenenuss B MIT P3A u3-3a CI0XKHOCTH HMHTEPNPETalMH HX BEPOSTHOCTHBIX
pemmenuit. OGyyeHe MHOTONapaMeTPUYECKHX 3allUT MPOBOIUTCS HA CHHTETHYCCKUX
NaHHBIX, CMOJENMPOBAHHBIX JUIi OIHOM CXEMBI, 4YTO 3aTPyAHACT alanTaluio
aITOPUTMOB K JAPYTHM 3JIEMEHTaM CETH C MHBIMH NapaMeTpaMH (OK3, HanpsbkeHue,
vHepIuA ¥ T. /1.). Kak mnanupyercs MaciiraGupoBaTh alnropuTMbl i KOPPEKTUPOBATh
HX B y’Ke YCTaHOBJIEHHOe Ha 00beKT ycTporictBo MIT P3A?

4, TIpu HAcTpOMKe yCTABOK KJIACCHYECKUX 3ALUT YYUTBIBAIOTCA YCTaBKH 3aLLIUT
CMEXXHBIX 3JJeMEHTOB CEeTH. B Marepuanax JMCCepTallid OTCYTCTBYET HH(pOpMALHs
TTOSICHSIOIAs IIPOLIECC COrJIACOBaHHs 3AlIUT, BBIIOJHEHHBIX Ha OCHOBE METOZOB
MAaIIMHHOIO 00y4YEeHHs U JPYTUX ONTUMHU3AIIMOHHBIX METOIOB.

5. Cucrtema AUP 1Mo cBOMM 4YacTOTHHIM yCTaBKaM, 0oObeMaM OTKJIIOUCHHS H
BBIZEPXKKAM BPEMEHH MOXET COINacoBBIBaThCs ¢ moxcucremamu JIAP u LSS (Load
Shedding System), paGotatommir Ge3 BblIEPKEK BPEMEHH MO (aKTy OTKIHOHUCHHS
KOMMYTAIIHOHHOTO armnapara. [loBbiiieHre OBICTPOACHCTBUS OTHOCHTE/LHO Oonee
6s1cTpoii cuctembl JJAP/LSS MOxeT HapyIIMTh COTIacOBaHUE MOACUCTEM U IIPUBECTH
K HeKOPPEKTHOMY PacyeTy H BblIaye yIpas/sioliX BO3IEHCTBUH C HEBO3MOKHOCTBIO
HCIOJIB30BaHMs  JOCTYIIHBIX PE3epBOB HA  3arpys3Ky/pasrpysky —HMeoLlerocs
reHepupytomero o6opynosausd. C  y4eToM HCIOJB30BAHUA  MPEIOKCHHBIM
aIrOPUTMOM YaCTOTHOH pasrpy3KH PacyeTHBIX OLEHOK HacTOThI, 3HAYEHHS KOTOPBIX
OTCTAIOT OT TeMma mpouecca B cpefHeM Ha 100 Mc., 0 KaKoH BelIHMYMHE CHIKEHUS
BpEMEHH peaKL{y alropuTMa Ha H3MEHEHHE YacTOThI UACT peub?

6. U3 TexcTa IiaBbl 4 He SICHO Ha OCHOBAHMH 4Yero OMMOKHU 1epBOro H BTOPOro
pona B3sT cooTBeTcTBeHHO 00=0,01 1 $=0,03.

7. Kakum o6pasom B mnpemiaraeMom anroputme OMIT  nocturaercs
rojuepKyBaeMas yCTOMYHMBOCTh K HECHHYCOUAIbHOCTH 3JICKTPHYECKHUX CUTHAJIOB C
Y4eTOM BEPOSATHOIO HCIOIB30BaHKs B IU(PPOBOH 00pabOTKe CHTHANOB PA3NOKCHHUA
®ypbe C BbljleJleHHEM KOHKPETHOH IapMOHHKH (4acTOTBI HECYILIETO CUrHana) A
BBIIIOJIHEHHSI TIPOLIEAYPhI [TOCIIE0BATENBHOTO aHaIM3a IIOBPEXKAEHHOTO yuyacTka?

8. Jlns OIEHKHA CKOPOCTH paclpoCTpaHEHHs BOJHBI M PacCTOAHHA IO
MOBPEK/JEHUs OOBIYHO HUCIONB3yeTCs WHQOpMauus bakTe M MOMEHTE €ro
BOSHMKHOBEHHs. YUMTBIBas pasHylo vactory auckpetusauuu ALl 3amutel 1
BostHOBOro OMII, KTO M3 HUX JOJKEH ABIATHCS HCTOYHUKOM JaHHOW MH(pOPMALMH 1
KaK COINACyIOTCSl MOJCHCTEMBI MPH PasiMYHOM BPEMEHHOH IIOrPEIIHOCTH H3-3a
pa3HOi YaCTOTHI JUCKPETHU3ALUU?

3aky04eHue

JucceprauyionHas pabota «Pa3Butre IPUHIMIIOB ITOCTPOCHUS U IPAKTHYECKAA
peanuszalus JIOTHYeCKOH uacTH OM(POBOM 3alMThl U aBTOMATHUKH CHCTEM
3IEKTpOCHA0KEeHUs IPOMBIILIEHHBIX —MOTpeOUTENeH»  SABIAETCA 3aBepILIEHHON
HAyYHO-KBAM(UKAIUOHHOH paboTOH, B KOTOPOH H3JI0)KEHBl HOBBIC HAYHHO
00OCHOBAHHbIE MCCIEIOBAHUAMH M IPAKTHUKOHW TEeXHHYECKHe pelIeHHs, BHEIPECHHE
KOTODbIX BHOCMT 3HAUMTENbHBIH BKIaJl B pasBuTMe CTpaHbl. /Jluccepranms
TpeACTaBaseT co0oil OPUIMHANBHBIA TpyA, OOnajaeT BHYTPEHHAM €IMHCTBOM H
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COJCP)KUT HOBBIE Hay4YHble pe3yJbTaThbl H ONMCHLIBAET 3HAUMUTENBHBIA OOBEM HUX
HCNOJNIb30BaHUsA, a Takke MepcrneKkTHsbl BHeJApeHus. OCHOBHbIE HayyHblE M
NPaKTHYECKHE Pe3yJIbTAaThl B JOCTATOYHOH Mepe OCBELUEHbl B MyOIHKALUIX aBTOpa.
[lepeuriciieHHBle 3aMeYaHMs] HE CHHXKAIOT LIEHHOCTh paboThl, a YKa3blBAOT Ha
BO3MOXXHOE I[TPOROIDKEHHE HCCAeNOBAHMHN MM HOCAT PEeKOMEHAATENbHbIN Xapakrep.
Taxum o6pa3om, paboTa yaoBneTBopseT MyHKTaM 9-14 «IlonoxeHust 0 NpUCYKASHUM
YYEHBIX CTyNeHeH», IIPeabIBIAEMbIM K JUCCEPTALIUIM Ha COUCKAHUE YUEHOM CTereHH
JOKTOpa TEXHHYECKHX HayK, a ee aBTop JIOCKyTOB AHTOH AJeKCeeBHY 3aC/yKHUBAET
NPUCYXACHUS YUEHOH CTEeleHH JOKTOpa TEXHUUYECKUX HAyK IO crelHaabHoCTH 2.4.2
- «OJIEKTPOTEXHHYECKHE KOMILTEKCHI H CUCTEMBI».

OduupansHeId ONIIOHEHT: JOKTOP TEXHHYECKHX HayK, mpodeccop, 3aBenylOLUHi
xadenpoll «ABTOMAaTH3MPOBaHHBIE DJJEKTPUYECKHE CHUCTEMbI», DenepalbHoe
rocyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE YUpeKIEHHE BhICLIero 06pa3oBaHus
«Ypanbckuil ¢enepanbHbeId YHUBEpCUTET UMEHH nepsoro [Ipesunenta Poccuu B.H.

Enpruuay

I[Taznepun Annpeit Braaumuposuy

4 {J/
«14 » o& 2025r.

OnekTpoHHas rmoyTta: a.v.pazderin@urfu.ru
Tenedoun: +7 (343) 375-48-75.

QdenepanbHOEe TOCYAapCTBEHHOE AaBTOHOMHOE o0Opa3oBaTeNbHOE — yuypeXxIeHHe
BeICIIero 0o0pa3oBaHMs «YpaibCKUH ¢enepatbHBIH YHHBEPCHTET HMEHH NEPBOIO
IIpesupenta Poccuu b.H. Enpunna»

Anpec: 620002, r. Exatepunbypr, yi. Mupa, a. 19, 9-309;

JneKTpoHHas moyTa: contact@urfu.ru

Tenegon: 8-800-100-50-44 == -
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