OT3bIB
o(ULIHaTBEHOTO ONIIOHEHTA
Ha auccepTaniionHyio paboty Ilonskora Mnsu JIMutpuennda
«AanTanus METOIOB OLEHHBAHMS COCTOSHHA JUIs TpeX(a3HbIX MoIeIeH pacpeae HTebHbIX
ceTel», Mpe/CTABIEHHYIO Ha COMCKAHUE YUEHOH CTENEHH KaH/1/1aTa TEXHHYECKUX HayK
no cnenranbHocTh 05.14.02 — DnexTpu4eckre CTAHUMH U 371EKTPOIHEPreTHUECKHE CHCTEMBI

Ha o13b1B npeacrasiieHbl;

— JauccepralMoHHas paboTa, COCTOsINAs M3 BBEACHHMS, YETHIPEX [JIaB C BBIBOIAMH,
3aKIIIOYEHHs, CITUCKA COKpAllleHHH U cjioBaps TepMHUHOB, dubanorpaduueckoro cnucka u3z 101
HaUMEHOBAHWHI U ABYX npunoxkeHui. [lonnelit o6bem paboTsl cocTaBnseT 159 crpanuir

— aBTopedepar JAUccepTaluu ¢ O0LIeH XapakTepHCTHKOH padoThl, KPATKHM H3JI0KEHHEM
OCHOBHOTO COJIEPIKAHMSA H PE3YIbTaTOB UCCIEI0BAHHSL.

AKTYAJIbHOCTh T€MBI JTHCCEPTAIIHH

B paGore paccmMoTpeHO npHMEHEHHE METOJOB TEOPHHM OLEHHBAHHS COCTOSHHS
NEKTPOIHEpPreTHYeckuXx cHereM (2DC), XOpolo 3apeKOMeHJIOBaBIIMX ce0st NpH pacueTe
pPe’KHMOB pabOTbl MaruCTpajlbHBIX CETeH MO JaHHBIM H3MEPEHHH TeKYLIHX MapamMeTpoB, IS
OLIEHUBAHHS COCTOAHMSA Tpex(dasHeix pacnpenenutensubix cereld (PC) Hanpsbkenuem 6-35 kB.
AKTYalbHOCTL [pobsieMbl oueHHBaHus coctosHuss PC  oOycioBieHa HX  CTPEMHTENBHBIM
Pa3BUTHEM, CBA3AHHBLIM C IOSBICHMEM B HHUX YCTAHOBOK pACIIpPE/Ie]IeHHOH IeHepalluH, CHCTeM
HAKOIICHHs 3JIEKTPOIHEPTHUHM, BHEAPEHHEM TEXHONOTHH «YMHBIX)» JOMOB H YyIIpaBIIEHHS
CHPOCOM Ha 3JIEKTPOIHEPTHIO M T. 1. Bee 3T0 NMPUBOAMT K YBEIMYEHHMIO CXEMHO-PEKHMHOIO
mHoroodpasust PC U HeoOXOAMMOCTH HENpPEPhIBHOM aKTYAIM3alMH MOIETH AIEKTPHUECKOrO
pexXuMa CeTH IIYTEM €ro OLEHHBAHMS MO JaHHBIM HM3MEPEHWH TeKyLIUX IapaMeTpoB JUls
OCYLIECTBIICHAsA ONEPATHBHOIO KOHTposis M ynpasieHus PC. 3710 cTaHOBHTCS BO3MOMKHBIM
Omaronapst noseieHutd B PC HOBBIX H3MEPHTENBHBIX KOMILIEKCOB, OOECIEUMBAIOMIMX B
NepereKkTuBe LEHTpbl ynpaeiaeHus PC  kadyecTBeHHOH H3MepHTenbHOH —uHbOpMaLueii,
JIOCTATOMHOM 1Sl BBIMOJAHEHHS oueHuBaHus coctosuus PC. BocTpe®oBaHHOCTH B pellIeHHH
3a[a4d OllEHWBAHHUS COCTOsIHMS Ha ypoBHe PC oco3naercs Bo BceM Mupe. B noiarBepikieHuu
3TOr0 YMECTHO OTMETHTh, YTO HaubOoJee MonmynspHoi ctarbei B xxypHane IEEE Transactions on
Power Systems ceronus spnsercs o030pHas pabora, MOCBsIUeHHAas Kak pas mpobieme
oueHuBanus cocrtosHud PC. B cBere 3TOro akTyaJbHOCTh TEMBI IHCCEPTAIIMH HE BBI3BIBACT
coMHeHMs. JIOMOIHUTENBHO CllejlyeT OTMETHTh aKTYaJIbHOCTh HCCJIENOBaHHMN aBropa B
HAlpaBJIeHHH YCKOPEHMsI pacyeTHBIX [IPOLEAYP 3a CYET HMCII0Jb30BaHHA BO3MOXKHOCTEH
pacnapanieMBaHis  BBIYUCIHTE/BHBIX  [IPOLECCOB,  NPEAOCTABIAEMBIX  IPOIECCOpaMU
COBPEMEHHOH apXUTEKTYPBL

HoBusna nccieNoBaHUil B M0JIY4eHHBIX Pe3yIbTATOB

Haygynas 3acnyra apTopa 3akimiodaercss B ajanTalldid METOJOB TEOPHUH OLCHHBAHHS
COCTOSIHHS  OJHOJIMHEHHBIX MOJENEH JJICKTPOIHEPreTHUECKUX CHCTEM BBICOKOTO —Kjacca
HanpskeHus K TpexdasHbIM MOJACISAM paclpele/uTeNbHbIX cereil W cucrem. HoBu3Ha
UCCJIC/IOBAHWH M TIOJIYYCHHLIX Pe3y/JbTATOB XapaKTEpPH3yeTcs KOMIUIEKCHOCTBIO MOCTaHOBKH
npobJieMbl aJanTalMy, OXBAaThIBAIOLIEH HE TOJILKO YHCIIEHHBIE METO/bI M AJTOPUTMBI pacueTa
OLEHOK [1apaMeTpPOB peXKHMa, HO W METOIbl IOHCKa HEJOCTOBEPHBIX H3MEPEHHH H
TOTOJIOHYECKHUX OIIHOOK. OTIENBHO ClelyeT BBIACIHUTh CJEIYIOIIHEe 3eMEHThl HOBHU3HEIL.
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1. YeranosneHo, 4to mMexaydasHble CBsI3H TpeX(a3HbIX Mojesed 00J1aJaT A0CTaTOYHO
cabbIM B3aUMOBJIHSHHEM, YTOOBI YCIICUIHO BBINOIHATE HISHTH(UKALUIO [PYOLIX OMHOOK Ha
OCHOBE aHa/IM3a HOPMAJIM30BAHHBIX OCTATOUYHBIX HEBSI30K H3MEPEHUH HE3aBHCHMO I10 (hazaMm.

2. Beimonxnena MmoauduKamms MeTOAa TOHCKA TOMOJOHYECKUX OIMHOOK, OCHOBAHHOTO HA
aHalli3e HOPMaJIM30BaHHBIX OCTAaTOYHBIX HEBSI30K HM3MEpPeHHH, ¢ I1eJbI0 BBIABJIECHUS
HEKOPPEKTHOIO COCTOsAHUS (ha3 CEeTEeRBIX 3JIeMEeHTOB Tpex(dasHeix monenei PC.

3. llpemnoxxen ¢dopmar NpeaCTaBIEHHs pa3peXeHHBIX MATPHIl, OPHEHTHPOBAHHBIA Ha
napajinenbHoe  (POPMHpPOBAHHE 3JEMEHTOB MaTpulbl SKoOM ¥ BBIMOJHEHHE OCHOBHBIX
MaTpHYHBIX ONEpallii, CB3aHHBIX C pelIeHHEM 3aja4yd OIeHHBaHHUA cocTosHus PC, Ha
COBPEMEHHBIX IPOIECCopax.

IIpakTiyeckasi 3SHAYUMOCTHL PadoThl M pPeaH3aALHS Pe3y/IbTATOB

[lpakTnyeckas 3Ha4MMOCTE pabOTHI CBA3aHa ¢ MoBbIcHHeM Habmogaemoctu PC 3a cyer
aKTyaln3aluy MOJIE/IH JIEKTPHUECKOrO peXKUMa IIYTEM €0 OLIEHUBAHUS [0 JIAHHBIM H3MEpPEeHHUI
TeKYLIMX OJIEKTPHYECKMX MapameTpoB. Pesymerarel oueHuBanust coctosHust PC  moryt
HCIIONIL30BATHCS HE TOJIBKO 11 00JIee TOYHOrO KOHTPOJIS HAIIPSKEHUH W TOKOBOH HArpys3Ku, HO
 JUTsL PEUIeHNs Pa3/IMYHbIX 3a/1a4 ONTHMAIBHOIO YIIPaBJICHHS B paMKaxX pealu3aliy KOHIEIIHH
“Murennextyansuoit cetu” (Smart Grid). Mertoasl TpexdasHoro oueHuBaHus cocrosaus PC
peannszoBaHbl B Bujae nporpammuoro npororuna “TOCTDP”, Ha KoTOpbIi mnoOMy4eHo
npenacrasiedHoe B IIpunoxkeHuu aucceprauuu  “CBHIETENBCTBO O TOCYJAPCTBEHHOM
perucTpauuy nporpammel st IBM”.

O00CcHOBAHHOCTD U I0CTOBEPHOCTh HAYYHBIX MMOJIOKEHHH, BLIBOJIOB M PEKOMEHIALHI

Beinonnenue TpeGoBaHui 000CHOBAHHOCTH M JOCTOBEPHOCTH BBIBOJOB M PEKOMEH ALK
oDecrieunBaeTcsl TeOpPeTHUECKOH 0a30i  MCIOJIb30BAHHBIX  ABTOPOM  METOJIOB  TEOPHH
MareMaTHyecKoro wmoaenuposanus 2IDC W oueHuBaHus cocTosHUS DDC, COOTBETCTBHEM
pe3yAbTaTOB TEOPETHUECKOr0 aHAIM3a W BBIMMCIMTEIBHBIX IKCIEPHMEHTOB, BBINOJHEHHBIX Ha
pa3JIMYHbIX TeCcTOBbIX cxemax PC.

IoaTBep:xaenne ony0.JHKOBAHHBIX OCHOBHBIX PE3YJbTATOB PAOOTHI

OcHOBHBIE pe3ynbTaThl paboThl M3A0XKEHBI B 11 mevaTHBIX MyOnMKauMsax, 5 M3 KOTOPbIX
0nyOMMKOBAHBI B PELEH3NPYEMbIX M3JaHHAX, B TOM YHCIIE HHICKCHPYEMBIX CHCTEMOH Scopus u
Web of Science, HeOAHOKPaTHO NOKTAIBIBAIKMCH HA POCCHICKHX M MEKIYHAPOAHBIX HAy4HO-
TeXHHYECKHX KOH(pepeHIHsAX. ApTopedepar [uccepralMd B I[IOTHOH Mepe OTpakkaer
COJepIKAHUE JIMCCEPTAIIHH.

CoorsercreHe padoThl HAYYHOIH CIIENHATBHOCTH

Tematnka wu  conepxaHWe  MCCNETOBAaHHS  COOTBETCTBYIOT — IIACTIOPTY  HAY4HOIl
cneunanbHocTH 05.14.02 - DnexkTpuyecKkne CTaHLUHUH U JJIEKTPOIHEPreTHYECKHE CHCTEMBI, a
HMEHHO nyHKTam 6 (PaspaboTka METOZ0OB MaTeMaTHUeCKOro U GH3MYEeCKOro MOIEIMPOBAHUS B
sneKTposHepreTuke), 7 (PaspaboTka MeToa0B pacyeTa YCTAHOBHBILHXCS PEIKHMOB, [EPEXOAHBIX
NPOLECCOB W YCTOMYMBOCTH 3NIEKTPOIHEpreTHUeckux cucteM) u 13 (Paspaborka MeTon0B
uCnojib3oBanus DBM s pemeHus 3a1a4 B 3J1€KTPO3HEPreTHKE ).

Bonpockbl 1 3ameyaHust M0 COAEPKAHMIO IHCCEPTALMOHHOI padoTe

1. XapaxkTepucTHKa THIIOB H3MEPEHHH H HM3MEPUTETBHBIX KOMIUIEKCOB, NMPUBEIEHHAS B
pasznene 1.1, CBHOETENLCTBYET O CHIIBHOH Pa3sHOBPEMEHHOCTH MOCTYIUIEHHS pa3jIHYHBIX
M3MepeHUH B UeHTp ynpasiedus PC. Eciu noka3aHHsi BEKTOPHBIX HM3MEPEHHH MOTYT



[Iepe1aBaTeCs ¢ YaCTOTOHM HECKOJIBKO pa3 B CEKYHIY, TO Ilepeaada JaHHBIX YMHBIX CUETHHKOB
OCyLICCTBAsAETCA ¢ MHTepBasoM oT 5 no 60 mMuHyT. Ha ctp. 23 ormeuaercs BakKHOCTh
npopabOTKK BOMpoca ydeTa JHCKPETHOCTH H3MEPEHHH, NepHoga UX CHSATHS M IIOCTYIUIEHHS B
LEHTPBI YNpaBJIEHUA, HO NpH 3TOM INpodsiemMa CAMSAHHA TaKUX pPasHOBPEMEHHLIX JaHHBIX B
3a71a4e OLCHUBAHMS COCTOSIHUSA B padoTe HUKAK HE OCBELICHA.

2. KoMIJIeKCHOCTh MOCTaHOBKH MPOOJIEMBI afanTallil METOAOB OLIEHUBAHHS COCTOSHUS
D0C He Bcerna HaXOIUT OTPAXKEHHE B COTIACOBAHHOCTH NMpUMEHAeMbIX pemenuii. Torma kak
METO BBIYMC/ICHHS KJIACCHUECKHMX KBaJpaTHYHBEIX OLEHOK pacCMaTpHBAaeTCd C YUeTOM
OrpaHMYeHHH THIIA PABEHCTB, NIPEICTABIAIOIMX HYIEBble HHBEKIIMA MOIIHOCTH B TPAH3HUTHBIX
y3aax (pasaen 2.4), METObl HEKBAJIPATUYHOTO OLEHUBAHHS COCTOSHUA (paszzen 2.5), a Tak ke
pacyeTHbIC BBIPAKCHHSA JJIs METOJ0B [MOMCKA HENOCTOBEPHBIX M3MepeHHil ((popmyna (3.1)) u
TOMOJOTHYECKHX OIHOOK (Popmyna (3.4)) mpusoaares O6e3 ux ydera. He scHo, kakum oGpaszom
obecreynBaeTCs1 YHCICHHAS YCTONYHBOCTE MOCIENHUX B IporpaMmMHoM komiiekee « TOCTOP».
HMcnonp3oBanue DaHHBIX 10 TPAH3UTHBIM Y3j1aM ¢ OOJIBIIMM BECOM H, KaK CIEICTBUE, I110Xast
00YCJIOBNIEHHOCTh PACYETHBIX MATPHIl MOXKET HPHBOAWTL K OTKA3y MPOLEAYD BHIYHC/IECHHS
HOPMATH30BaHHbIX HEBSI30K MpH pacueTax PC 6onpioit pazmepHocTH.

3. B paznene 2.5 nmpuBenensl TpH HekBaaparHuHble GYHKUMHM HeBA30K (M-OLEHKH).
CreayeT yTOUHMTB, Kakas M3 HEX HCIOIB30BANACH B BBIYHCIIUTENILHBIX JKCIepuMeHTax. He
MOHATHO, KAKHM 00pa3oM B 3THX JKCIIEpUMEHTax oOecneyuBaiach CXOIMMOCTh HTEPALIHOHHOIO
nporecca BelYMCIeHUs M-OLIEHOK, npeacTaBleHHoOro tam ke dopmynoi (2.44). O6nacTth ero
NPUMEHEHHs OrpaHnyeHa OnmKkaiiiell OKpeCTHOCTBIO TOYKH pelIeHHs, 3a TpeaeiaMu KOTopoii
Marpula VY JerKO CTAHOBHMTCS CHHIYISAPHOH, Kak B CIydae HCIIOJIb30BAHHS KBaIpaTHUHO-
[IOCTOSIHHOH, TaKk W  Cly4ae HCHOJb30BAHMA KBaJApPAaTHUHO-THHEHHON (YHKIHH HEBA30K.
W3bexars 3T0ro MoKHO THOO 3a7aHHeM HAYa bHOTO IIPHOIIKECHHUS OIH3KOTO K HCKOMOMY, UTO B
pealIbHBIX YCNOBHAX MOXKET ObIThb MpoOneMaTHyHBIM, THO0 YBENIHYCHHEM 3HAYE€HHS TOUYKH
neperuda a ¢ COOTBETCTBYIOIIEH MoTepei poOacTHBIX CBOWCTB M-OIEHKH.

4. B moaudpuuumpoBaHHOM MeTOlE MOHCKA TOIOJIOTHYECKHX OIIMOOK HCIIONB3yeTes
CHeLHaIbHbIH MacIITaOMpyIOWKui KkodQ(QHIHEHT, BblUMCIseMbli 10 dopmyae Ha crp. 101
Mnmeetcs nu Teopetnueckoe ob6ocHoBanue TOH GopMybI?

5. Ha ctp. 97 Ge3 nosicHenuit yreepiknaercs, 4to Ha ydyactkax PC, HMEIOLIMX paanalbHyio
CTPYKTYPY, OLIHOKH B COCTOSIHMM IEMEHTOB, T. €. KPUTHYECKHX BETBEH, JIEIKO BbIABIISEMLL
Bri3biBaeT cOMHEHHE M BO3MOXKHOCTbH OIpENEICHHS aKTYalbHOM TONONOTHH IpH OMHOKE B
COCTOSHUH (asel BeTBEH KPHTHYECKOH mapbl myTeMm Hepe0opa BO3MOMKHBIX CXEM COeJHHEeHHMi
(cTp. 103). CnoKHOCTE MPUHATHS PELIEHHA B TAKOM CUTyallMH 0OYCIOBIEHA TEM, Y4TO [OSBICHHE
OOJIBIIMX OCTATOUHBIX HEBSI30K MOKET ObITh BBI3BAHO HE TOMOJOTHUECKOH OIIHOKOH, a O1HOKOi
MHUMICHTHOIO BETBH H3MepeHHs. KakuMm o0pa3oM COrNacyroTcst MOMCK aHalOrOBBIX OLIMOOK H
MOHCK OHOOK B TOMOJOTHH CETH?

6.  YBelIMYEHHE CKOPOCTH BBLINOMHEHHs Jaleko He CaMblX TPYIOEMKHX OMepariiii
BbIYUCIICHHs MaTpuibl SIKoOH MM mepeMHOKEHHUs BYX MarTpHil B 3-4 pasa, mpejuiaraemoe B
[71aBe 4, TOCTUIAETCS 3a CYET MOJHOIO OTKa3a OT KOMIIAKTHOTO XPAHEHHS Pa3spekeHHbIX MaTpHIL
B namsati OBM. Tpyano cormnacutbes ¢ 3)(EKTHBHOCTBIO JaHHOrO pemneHus. [IpoBeneHHbIe
ONIIOHEHTOM OLCHOYHbBIE pacyeThl NOKa3alH, 4To Marpuua AkoOu Uis OJHONIMHEHHOH CXeMbl
99C, cocrosweit u3 9 THICSY y37I0B, 3aHUMAET OKOJIO 4 MO NaMATH IPH KOMIAKTHOM XpaHEHHH
B Qopmare CSC, u tpebyer 12 ['6 mamsaTH O XpaHEeHWs BCEX OIEMEHTOB MATPHILI B
COOTBETCTBHM ¢ rMpe/ularaemslM  ¢GopMaroM. OdYeBHAHO, 4YTO Ul Tpex(asHBIX CHCTEM
noTpeOHOCTH B NMamsATH eme Goee BospacTaioT. [Ipu 9ToM Haubosee TpymoeMKHe Olepalii,



CBA3AHHBIE C  BBIYMCIEHWEM HOPMAIM30BAaHHBIX HEBA30K, OKa3bIBAIOTCS 3a paMKaMu
obcyxnenusn. PaccmarpuBan u aBrop Apyrue (opmarbl XpaHeHHS pa3pelKeHHBIX MAaTpHIL,
COYETAIOIIME KAaK KOMIIAKTHOE XpAaHEHWE, TaK M OPHEHTHPOBAHHOCTH HA COBPEMEHHLIC
nponeccopsl, Takue kak ELLPACK?

3ak/ueHue

B nenom npejicrainennyro auccepranuonnyio padory M.J1. TlonskoBa MOKHO CUYHTATh
CaMOCTOATENILHOH ~ 3aKOHYEHHOH  HayuyHo-KBalH(UKAUMOHHOH  pabotoii,  obOnanarorei
MPH3HAKAMH aKTYaJbHOCTH, HOBH3HbBI M IPAKTHYECKOH 3HAYUMOCTH, B KOTOPOH Ha OCHOBAaHHH
BBLINIOJIHEHHBIX aBTOPOM HCCIEIOBAHUH OCYIIECTBIEHA aJanTallls METONOB OHCHHBAHMS
COCTOAHMA JUlst TpeX(a3HbIX MOJeTIel paclpeleTUTeNLHEIX ceTell. PaboTa Hammucana J0CTymHBIM
IPaMOTHBIM S3bIKOM, KOPPEKTHBIM B HAYUHOM K TEXHHYECKOM OTHOIIEHHUSAX.

[To comepxkanuto u no opme auccepraldonHas padbora cooTBeTCTBYET TpeboBaHHIM 1.9
[Tonoxenus o npucyxaeHun yueHsix creneneit B Yp®V, a ee asrop [Nonskos Mnbs JIMHTpHeBHU
3aCIyKHBACT [MPUCYKICHHA €My YYEHOH CTeNeHH KaHJuJara TEeXHHYECKUX HayK [0
crnenuanbHocTy 05.14.02 - DnekTpuyecKHe CTAHUMH H 3JIEKTPOIHEPreTHUECKHE CHCTEMEI.

O¢uunanbHLIH OMMOHEHT, K. T.H., JOLIEHT,

3aBe/IyIOUIMH Tadopatopueit IHepreTHYeCKUX CHCTEM
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MHCTHTYT CcOLMaNbHO-3KOHOMHYECKHX M 3HepreTHyeckux npodiaem Cesepa Komu HayuHoro
lleHTpa Ypasbckoro otaenenus Poccuiickoi akaneMun Hayk DenepanbHOro rocyaapcTBEHHOTO
OIOIDKETHOro yupexIeHus Hayku DeaepartbHOr0 MCCIEA0BATEIBCKOTO HeHTpa «KoMH HayuHbIH
LEHTP YpaabCcKoro otaeneHus Poccuiickoil akageMun Hayk»
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