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「
OpOBИЧa,

KaHДИДaTa фi3ИKO―MaTeiMaTИЧHИX HayK,ДOЦeHTa,

ДOЦCHTa Kaф eДpИ KOMΠ'IOTepHИX TeXHOЛ O「iЙ ДiHiΠpOBCЬKOFO HaЦiOHaЛЬHOrO
yHiBepCИTeTy iMiCHi()Л CCЯ

「
OHЧapa

Ha ДИcepTaЦiЙHy po6oTy

Inxina O;rerccanApa An4piftonr.ra
<<3 acrocyB aHHttr nefi p o ur ep elrceBoro MoAeJrrcB aHHq A.rrs Aiarno crrrKrr

eil"rrencii 3a prrrMaMrr eJreKTpoenqeQaJrorpaM>)

rroAaHy na :4o6yrra cryreHfl AoKropa $iloco(fii
y rany:i 3HaHb 11 Marevrururnara crarr4crvKa
si cueqianrnocri 113 Ilpnrna,uHa MareMarrrKa

,{ucepraqifina po6ora Inrina Orerccan.{pa AnApifioBrlrra rpucBflqena 4ocni4xeHHro
npo6nelan Aiarsocrurn euirencii sa pr4TMaMrr eneKrpoenqeSanorpaM 3a AonoMororc
HoBoro iucrpynaeurapiro, [os's3aHoro 3 Br{KoprrcraHHflM TaK 3BaHr4x cucreM uefipounzx
cv HrynrpHr4x 3BLrq aitsux 4ra @epenqialrnux pinruur (N S ODE systems).

B nepruovry por4i.rri po6orr,r rpoBeAeHo nce6i.rHe locnigxeHHir c)^{acHrax niAxoAie
Ao o6po6rz eneKrpoenqesanorpa$iunwx curHarie (EEf) ra ik r<naczsiraqii 3

BI4KopI4craHH-f,M rr.lero4in rnu6ororo HaBqaHHfl, BKJrroqaroqu Kpr.rrr4qHr4fi ananis flepeBar
ra o6lurexenr icnyroqux iulropzrruie, Aaerbc.a ornflA AocniAxeHb 3a o6panoro reMarr{Koro.

Ocnoeorc Bcboro AocniAxeHH, e MareMaruqHe MoAeJrKlBaHHr EEf curualin, lr
posn'r:rin 4exroi 4Ianair,liuuoi cucrelru, rrlo orrr4cyerbcfl 3a AorroMororo au$sepeqianrnzx
pirnxur. Hafi.racriue [pocrora qx crnaAnicrr raxoi MareMarr{.rHoi rrao4e.ui uon'sgasi g

rNur, crinbKx Ao nei exo4urb [apaMerpin, xri rpaxoByrorb ri .ru inrui oco6nunocri o6'ercra.
3na'reHns rlapaMerpin xaparrepr43yrcTb BJracrLrBocri 4anoro KoHKperHoro o6'er<ra. Vurr,r
6imue rapaMerpin nxo4urb y MoAeJrb, Tr4M AoKJraAnime BAaerbc.fl oxapaKrepzsynaru i
Tr{M ToqHirue otucarr{ rroBeAinrcy cucreuz.



Pos4ir 3aBepryerrcx ui4cyMKoM, rrlo y3araJrbHroe upoauani3oBaHy nireparypy ra
Sopuye 6*y Ans rloAiulbrxoro AocriAxeHHq B rany:i rporHo3yBaHHq Mogrosoi
aKTLIBHocri sa 4ouoMororo NreroAie o6po6r<u czrnaris ra []TyqHoro inreneKTy.

y ApyroMy po:4i"rri 4ocnigNyrorbc.,r srcicri nnacrusocri Ae;rKrrx KoHrperHr,rx
MareMaru.IHlrx uo4erefi: @irq-Xrro-Haryuo (2.1), Jlopeuqa (2.2) ra rconr6inosaHoi
uoAeni (2.3), srci BklKopl4croByrcrbc.fl Anfl ouucy EEf curnanis. Ocrcinrrcn npouec
MoAenIoBaHH-f, cl{rHany e Aranalai.rHr4M rrpoqecoM, txuit ni46yraerbcfl. y peanbHoMy uaci i
Mae, .rIK rIpaBI4JIo, xaor[rlrry none4inry, ro ocHoBHa yBara aBTopoM upugilrerscr
MeroAaM AocniAxenns i uporno3yBaHHr xaorr4qHr4x upoqecie. 3a ocHoBy n po6ori
o6zpaerrcfl MeroA qacoBl4x pxgin. Cyrr rlboro MeroAy floJr-rrrae B ToMy, uro ciloqarKy (B

neeui MoMeHTI4 uacy) Sirccyroucx crocrepeNyrani suiuni, 3a AorroMororo flKr4x

onucyerbcfl 4znauirca 4ocni4xyBaHoro rrpoqecy. flone4inr<a B 'aaci raKrrx svriHHrax
yrBoproe ei4uori4ni .racoei pr^4u.

3a:ru.rafi AocniAxeHHfl rloBe4inxra qacoBr4x px4in 6asyeucx Ha MeroAax reopii
firraonipnocri Ta MareMarr4.rHoi crarucrr4Krr. flpore rexnolorii ana:risy la:a:ax, sri
Bl4Kopl4croBylorb crarucru.tri ni4xoALr, Marorb psA neAoniKie. 3orperua, rar<i MeroAlr, rK
rIpaBuJIo, rpyHTylorbcfl Ha ycepeAHeHr4x rroKa3Hr{Kax, 3a fl:rlavr:a BaxKo s'xcyraru peanbHy
uoneAiuxy cl{creM B oKpeMo egsri MoMeHTrr qacy. Kpivr roro, craHAaprni crarzcrz.rHi
MeroAI4 sa3eu\ait HexryrcTb ctlocrepexeHHflMr{, xri Br4xoAflTb 3a paMKr4 crarr4crr4qHo
ua4ifiuux: nirauu, aHopManbHI4MI4 ni4xranennflMvr i r. rr. Pasorr,r 3 Tr4M, caMe raKa
uoeeAiHxa qacoBl4x pr4ir Moxe 6yru nupiuranrHorc AJrf, rrporHo3yBaHH-,r uo4alruroi
4Iauauircn eneKTpHqHI4x cl4rHanis s ropi roroBHoro Mo3Ky. Buxo4xurl 3 HaBe.4eHoro,

aBrop HaAa€ repeBary 3iuryqeHHlo HoBrrx \aeroAie AocniAxeunx, lri 6 6asyeanvtcfl Ha
Heninifinifi 4Ianauiqi, reopii raracrpo$ ra insopiraaqifisux rexsonorisx
inrenercryiurbHoro aHanisy AaHr4x (D ata Mining).

3ayraxravro, Iqo n sa4aui BHBqeHH.rr 3axBoproBaHb Mo3Ky EEl-purnar4 onr4cyrorb
.Iaconufi psI, sxttit Mae xaoruqHy uone4inrcy. floruzpeHoro [paKTHKoro B ananisi
xaoruqHl4x qacoBl4x px4in e peKoHcrpyxqix $asoeoro rpocropy 3a AorroMororc MeroAy
u6y4onyeaHruI KoopArrHar 3arpI,IMKr4, a uorivr o6.rucrenHfl AHHaMi.rHHx innapiaurnrax
BeJII{qHH, raKl4x -aK Hecra6inrni nepio4zuHi op6iru, SpaxrarbHa po3Mipnicm 6a:oeoi
xaoruqHoi unoxnnz ra fi creKrp Jlxnynona. OcrcinrrcrE icnye BeJrLrKa rcilrricrr
uy6niraqifi u1oAo sacrocyBaHHfl MeroAy rracoBrrx px4in Anfl Br4BqeHH.fl xaorr{qHr,rx
upoqecin, ni,4uocuo HeBIlBrreHprM rrHTaHHflM e fioro 3acrocyBaHHfl Ao cr4creM

Iu$epenqianrnux pienxnr, r{o 3irJrexarr eiA rapaMerpin. Haura yBara 6ya. 3ocepeAxeHa
Ha ananisi BrInI4By uaparraerpia sHafiAeHoi 4unaui.rHoi cucreMr4 Ha uore4inry ii
poan'xsrcin. IIi rapaMerpl4 Bl43Haqarorbcfl crpyKryporc qacoBoro pflAy ra eu6opovr
arlpoKcl{Myloql4x $ynrcqifi y rpaBl{x qacrlrHax orpr4MaHoi cucreun 4u$epenqia;rrnux
pinnxns. ,{n-a crnopeHHfl rvroAeni rrrJrflxoM nravriproeanns sldiHHr4x, rqo xapaKTepu3yrorb
6y4r-xruir l.u:rraxri,ruuia rpoqec, neo6xiAno nupiurzrr4 Hacryrrni rpu ocnosHi npo6.rrervrra.



3asnz.Iafi, HerlepepsHl,Ifi 4znanriunufi npoqec orurcyerbc, 3a AorroMororc cr4creMrr

4ra$epenqialrnux pinHanr. I{e saynaxeHHfl rrpr,r3BoAr4rb Ao uepuroi npo6leuu.
1. Heo6xiruro BcraHoBvtrvt run Synrqifi y rpaBr,rx qacrr4Hax 4usepenqianrnrax

pirrunr, sri safi6inrme ri4uoei4alorr orurcy upoqecin, rpeAcraBJreHux Ha

eneKrp oenqe S anorpaMax.
Bi4orrao, trlo 6yas-xrcuir 4unauiuHrafi rpoqec 3iurexr{rb eil 6ararsox sNaiHHNx.

Bimuricrb IIkIx gtuinnux e QynrqiflMr{ AeflKoi neserraroi xinrrcocri HesanexHrurx sNaiHHux.

I4eurraSiraqis qrx He3aJrexHr{x sMiHHHx rrpr43BoAr4rb Ao 4pyroi gaAa.ri.

2. BusHaquru posrr,ripnicrr Sasoeoro rpocropy, B .f,KoMy ni46ynaerscx
go cni4xy sauwir rp oqec.

I, naperuri, saluttaerbcfl Tperr upo6nenra.
3. flicns roro, .flK BcraHoBJIeHo crpyKrypy 4z$epenqianrnux pinnxnr, qo

orllacyrorb 4unauiunufi, rrpouec, ueo6xi4no Brr3Haqr4Tra qr,rcroBe 3HaqeHH.fl

xoe$iqieurin qux pinnmr.
[o ocHoBHIax pesynrrarin Apyroro posginy Bapro ni4necrz 3anporoHoBaHy

aBTopoM MareMarl4qHy MoAenb y $opnri uesHoi cr4creMkr gnu.rafiHzx 4zSepenqia-nrnzx
pinnxnr, a raKox BlrKopllcra;anfl KBaAparrlqHnx ra ry6i.rur4x aKrr4Barlifinux Syuxqifi 4na
MoAenIoBaHH{ [poUecy uone4iHtcl4 eneKTpldqHoro crrrH€LJry. Anropolr raKox orprrMaHo
HIr3Ky HoBI{x pe3ynbraris crocosno AocniAxeHH.rr sricsoi uoee4inr<H 3arrponoHoBaHoro
Knacy Aunauiquux cLrcreM.

y TperboMy pos4ini 4ocri4xyrorbcf, eracrunocri ronrpernoi crlcreMr4
4uSepeHqianrnux pienxur (3.10) (qe NSODE czcreua). Tyr BcraHoBJrroK)rbc.r Aocrarui
yMoBIr icnyrannr o6uexenux posn'-asrcin qiel crrcreM npr4 6yAr-xlcrax roqarKoBlrx
yMoBax. B uo4alsuroMy cl4creMa (3.10) 3Bolr4rbcx 4o 6inrru npocroi cracrel,ru (3.34), sa

AorroMororo xxoi i uporo4arbcfl rrporHo3rr uore4iur<u prarnain EEf.
Pos4in po3Kpl4Bae Irrero4onoriro rporHo3yBaHHf, Ta Krracvrsircaqii pisnux cranis

Mosxonoi aKTnBHocri na ocnosi EEf cr,rrnalin, olr4cye MareMarr4uni uepeAyMoBu Ta
Teoperzrlni ocnosu 3arlporloHoBaHoro uigxo4y. Oco6nueayBata npra4inxerbc.fi MeroAaM
KopLIryBaHHs rlapavrerpin uo4eni qepe3 MoAenroBaHHfl qacoBr.rx pr4in, orpr{MaHr{x Ha
ocnosi eKcrIepIlMeHTzLrIbHI4x EEf AaHLtx, rqo Ao3BoJr.rre aAarrryBarkr MoAenb Ao pezrnbHLrx
xapaKTepHcruK neftponnoi arcrunnocri. ,{eraJrbHo rrpeAcraBneHo €urropuTM oururr,risaqii
uoAelefi EEf, sxuit sa6esueuye uiAnIaulenns ro.rHocri nporHo3yBaHHrr, a raKox
pe3ynbrarrr rlucnoBoro eKcleplrMeHTy, rqo AeMoHcrpyrorb eSerrznnicru pospo6nenoro
ui4xo4y. 3arepruyerbc, po:4in rpaKrrlqHkrMyt rrpkrr{naAaMu 3acrocyBaHHf, MoAeni 4na
nporHo3yBaHHf, euineutztlHl4x naua.4in Ha ocHoBi in(popuaqii, rqo uicrurrcs n EEf
CHTHIUIAX.

lo ocuoeHl{x pe3ymrarie Aauoi Ar4ceprarlifiuoi po6orz x 6rz ni4nic raxi:



1. 3aupouonoBaHa HoBa MoAenb Anfl anpor<cunaqii Ta rrporHo3yBaHHfl
oAHoBI{Mipnux necraqionapHllx qacoBrax pr4in 3a AorroMororo cr{creMu
nefipounzx crrHryrulpHl{x 4r.rSepeuqia.nrnux piruxnr (3.34), a raKox reopeMr{
npo o6laexenicru posr'xsxiB raKnx crrcreM. flpn qroMy Bra3yrorbc.f, o6nacri
3HaqeHb ocHoBHIrx [apaMerpin, n.axux B ckrcreMi sraHr,Irae xaoruqHa uoneAinxa.

2. loctuAxeHo 3anporroHoBaHy crrcreMy nefiponnzx 4x@epenqianrunx pinnxnr i
[oKa3aHo ii cyrreey ni4vrinuicrr niA KJracr4qHux l,ro,4enefi. Canre qr o6craBr4Ha

Ao3Bonl4na BkrflBLrrra icnyrannr 4oci neni4ol,roi xaoruqsoi uone4iHKr{ cr,rcreMr{,
flKa He MorJra 6yrn 3reHepoBaHoro 3a AorroMororo Kracr4qHHx uogenefi.

3. Pospo6nena MoAeJIb rlporHo3yBaHHf, euinenrnqHzx naua4in AeMoHcrpye uirry
4IaQepenqiauiro uapauerpin An.t rpbox rnini.rHrax cqenapiie, Ao ocnosHi
roe$iqienru guinrorcucs eil cra6inrno HH3bKr4x 3HaqeHb y 3AopoBrax
naqienrir go npouixHl{x 3HaqeHb ui4 uac rporHosyBaHH.rr Haua4in ra KpHTuqHo
guinnux ui4 uac irranruoro eniso4y, ulo eiAo6paxae uepexi4 ni4 uoprr,ranrnoi
nefiponnoi arrunnocri go BrrcoKoqacrouroi enileuruquoi Ae3opraHisarlii.

Bnaxaro, ulo sci orpuuani r po6ori pe3ynbrarlr € HoBLrMrl Ta opr{rinanrnuuu. Bonu
Moxyrb uaircu cBoe 3acrocyBaHHf, He JII4rrre s upo6nevri 4iarnocrkrnvr, ane i s 6ararrox
inmux 3aAaqax (naupzr<rap,, rrpv MoAenroBanni svriHr4 rroroAr4 qt4 rrpoqecie enomoqii
6ionori'rHl4x rloryn-f,Ilifi), Ae ananis ra AocniAxeHH.,r qacoBr{x px4in e repruoqeproBxM
sin4aHuxra. fononni pesynsrutkr Ar4ceprarlifinoi po6oru 6ytu ouy6nirconaui y $axonouy
MareMarkIqHoMy Nypnari <<Journal of Optimization, Differential Equations and Their
Applications) (rraprunr Q3l. Pesynrraru po6oru HeoAHopasoBo 4ouoni4arracr Ha
cerr,riuapax i non$epenqisx. lracepraqix oQoprraneua y ni4noni4nocri 4o Br4Mor, qrci

Bl4cyBamrbcs Ao po6ir na s4o6yrrfl cryrreHr AoKropa SinocoSii. flopyureHb aKaAerr,ri.rHoi

4o6poueurocri y Al,Icepraqii ra HayKoBr4x rrparlflx O.A. Inxiua fl He Br4flBr4B.

PasoN,I3 TI4M sa uarepiaJraMvr Alrceprarlii e uerni 3ayBaxeHtflTauo6axanus.

1. IIpu poapo6qi nefipolaepexeBr4x uoAelefi BaroMy ponb ei4irpae
runu4ricrb HarlaruryBaHHfl (a6o rpenyrannx) raKux vrogelefi. flpore s
Avceprarliirlrriir po6ori aBrop Hi4e ne HaBoArrrb xoAHr4x Aalvrx IrIoAo
sra4anoi rnBHAKo cri nanaurryB aHHf 3 arrp oloHoBaHr4x uro4enefi .

2. fx ni4orrao, upu no6y4ori 6y4r-.aKoI iuogeni, BH3HarraJrbHr4M Saxropovr e

1l uepenipr<a Ha a4ernauricrr ra ro.rHicrr ei4rnopennx 6axanoro
czrHany. .{nx qroro icnye 6araro HanparlboBaHr4x Merpr{K TaKr{x .rrK

HapaxyBannx rcoeSiqieura flipcona, MerprlKa PSNR qu rorynflpHa uuni
MerpprKa crpyrrypnoi uo4i6nocri ssIM. y Br4rraAKy uo4eni, {Ky
rpotroHye aBrop Aanoi po6orz, ii a4exrauricrr cyrreBo sanexurr niA
6arauox Sarropin, BKJrrotraroqr4 nz6ip naparr,rerpin BrrJrr4By, ix
HiurarrrryBaHHs ra KoHcrpyroBaHHfl rr,roAeni cr{Hfynflpsocri B



3HaMeHHr4Kax cr4creMr4 (3.34) (a6o B 3HaMeHHrrKax cr4creMr4 (3.10)).
flpore AocniAxennro upo6nerr,ru aAeKBaruocri, BKrroqalorrr4 auanig

uyrnranocri nao4eli Ao o6panux uapalaerpin BrrJrr4By, npra4ineno

HeAOCTaTHbO yBafr{.

3. Xorinocs 6 uo6a.rurz B po6ori 6inru .{eraJrbHe o6rpynryBaHHfl
MeroAonorii nu6opy B 3anporroHoBaHr4x MoAenf,x inuux ar<runaqifinux

SyHnqifi, rpiu ninifinrnx, KBaAparr4qHrrx ra xy6iunux.

floupn nane4eni 3ayBaxeHnfl, fl. BBaxaro, tr1o AaHa Ar.rceprauix niguoei4ae
aciM su\,IoraM, .arci sareep4xeHi HaKa3oM Minicrepcma ocnirn i uayxrz Yrcpainu
sil72 ci.{H.f, 2017 p. J',lb 40. Ocuonni pesynbrarra upofiurnu AocrarHro aupo6aqiro,
a orpl4Mani n 4ucepraqifinifi po6ori nayrconi pe3ynbrarrr e HoBr4Mv\ ra Marorb
BaxJrLrBe [paKTr4qHe 3HaqeHHq.

Buxolxvu s HaBeAeHoro, BBaxaro, ruo Azcepraqifine AocliAxenns IHrdHa

O.A. ni4uoni4a€ BI4Morau "flopx4Ky rpr4cyAxeHH.,r cryreHfl AoKropa $inocoSii ra
cKacyBaHHfl piuenur pasonoi cueqiarisosaHoi eqeHoi pa2Lu 3aKnaAy nrarqoi

ocnirz, uayronoi ycraHoBr4 npo rpucyAxeHH.rr cryneHf, AoKropa Qinoco$ii",
3arBepAxeHoro Ilocranoeoro Ka6inery Miuicrpin Yrpainra sil 72 ciqnq 2022 p.,
J& 44, a ii arrop -- Inrcin O.A. 3acnyroBye Ha rrpt4cyAxeHHfl HayKoBoro cryneH.rr

AoKropa $inoco$ii.

Peqensenr,

KaHAr4Aar S isr,mo-naareMarr4qHr{x HayK, AoueHT

rca(pe4pra ronn' rorepHr{x rexHonorifi

flniuponcbKoro naqiouanbHoro

iu. O. fou.rapa BaДИM 3AИЦEB

IIiДΠИc ДoЦ。3aЙЦcBa BaДИIMa l「 pИFOpOBИЧa 3aCBiДЧyIO:
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