PEILEH3IA
Ha JUCepTaIiiHy poOOTy
Mimenka Muxaitna JIMmutpoBrya

Ha TeMy «KepyBaHHS 3a IPOTHO3HOKO MOJIEIUIIO
y JIIHIMHUX TUCKPETHUX CUCTEMAX)»

MPEICTaBIICHY Ha 3700yTTs CTYIMEHs ToKTopa (inocodii

B raiy3i 3HaHb [HpopMmaIliitHi TeXHOOT1i
3a cnewianpHicTiO 124 — CHucTeMHUI aHaI3
AKTYyaJILHICTh TeMHM JqUCEPTAaLil.

JucepramiitHa po0OoTa TPUCBSYEHA KEPYBAaHHIO 3a JOMOMOTOI0 MPOTHO3HOI
momeni, 6inmbm BimomoMy sik Model Predictive Control (MPC). Ile nan3Budaitno
MOMyJISipHA 1 aKTyallbHa Te€Ma, OCKUIBKUA caMe IIel METOJ KepyBaHHS B Halll 4ac €
OJIHUM 3 HAWIMEPCIEeKTUBHIIINX, HAUTOUHIIINX 1 HAMSIKICHIIITUX. Moro 0coGauBicTIO €
HEOOX1IHICTh PO3B’SI3aHHS CKJIQJHUX MaTEMaTHUYHMX 3aJa4 Ha KOXKHIN iTepallii, 110
noTpedy€e 3HAYHUX OOYHUCITIOBAIBHUX pecypciB. Ajie 3apa3, 3a HasBHOCTI XMapHHUX
CEpEelIOBUII 1 MOTYKHUX OOYMCIIOBAILHUX MAIIMH, 1€ TepecTano OyTH mpoodeMoro,
10 1 MIPU3BEJO JIO CIUIECKY 1HTEpecy J0 JAaHOTO METOJy SIK cepejl HAayKOBIIIB, TaK 1
cepen mpodecioHaiB — MpakTUKiB. BTiM, He3Ba)karoun Ha 3HAYHUM THTEpEC 10 TEMU,
MPC Bce mie JMIIA€TbCS HEJOCTATHBO JOCHIPKEHMM, 30KpeMa, MpodiieMa
TEPMIHAJIBHOTO KEPYBaHHS [JII CHCTEM Yy JHUCKPETHOMY 4Yacl JIMIIAETHCA B
3arajJbHOMY BUMAJKy He BupimeHow. [{iif mpobmemi 1 TPUCBIYEHO JaHY
TUcepTaliiHy podoTy.

Ouinka oOOrpyHTOBAHOCTI HayKOBHX pe3yJbTaTiB  aucepramii, Ix
JAOCTOBIPHOCTI Ta HOBU3HHU.

HaykoBa HOBHM3HA pe3yJIbTAaTIB JUCEPTALIMHOTO JOCHIIKCHHSI TMOJsArae B
HACTYITHOMY:

1. Bmepiie po3poOiieHO MeToj CTaOUI3aliifHOTO KEpyBaHHS JIHIHHOI
aUCKpeTHOi cuctemMu Ha ocHoBi MPC 06e3 BpaxyBaHHS MOpUPOAU
HEBU3HA4YEHOCTI. OOIPYHTOBAHO CTPOTUMH MAaTEMATUYHUMU BUKJIAJIKAMU.

2. Bmepiie 3anpoBajykeHO MpoIEAypy MOOYAOBH IHUIBOBOT (YHKINT 3
rinepJAiiCHUMU BaroBuMu Koediiienramu. [ns 1mporo cpopmyliboBaHO U
noBeneHo crienudiuny Moaudikariro apyroi reopemu BeepiTpacca.

3. Boepiue 3anponoHOBaHO crocid monau@ikaiii METoay HANMMEHIIOro
kBagpaty (MHK) s omiHKM cTaHy CHCTEMH B CHUTYaIlll, KOJIM XapakTep Aii
30BHIIIHIX 30ypeHb Ha IO cUCTeMy € HecTtaHgapTHuMm. Iloka3zaHo Ha
KOHKPETHOMY TTPUKJIAII.



4. JloBeneHO I1liKaBy TEOpEMY IMPO MHOXHUHY 3HAUY€Hb IMITYJIbCHOTO
nporiecy korHiTuBHOI kaptu (KK) Ta Bhepiie 3ampornoHOBAaHO METOJ
KepyBaHHsS 1MM TmpouecoM Ha ocHOoBlI MPC. B momnepenHix ROCTIIKEHHIX
kepyBaHHs iMmybcHuME Tiportecamu KK MPC Hikonu He 3acTOCOBYBaBcCs.

VYci pe3ynbTati € MaTeMaTU4HO 1 €KCIEPUMEHTAIbHO OOIPYHTOBAHUMH 1
JTOCTOBIPHUMH.

HayxkoBi gocnimpkenHs: Oy BUKOHaH1 3100yBadeM Ha kadeapi MaTtemaTHaHUX
meroaiB cuctemHoro ananizy KIII im. Iropss Cikopchbkoro mij KepiBHUIITBOM YJICH-
kopecnionnienta HAH Ykpaiawn, 1.1.1., mpod. ['ybapesa B.D.

Otxe, B nuceprailiiiHiii poOOTI MOCTaBJIEHEe HAYKOBE 3aBJIaHHS 11070 PO3POOKHU
1 JTOCHIIJKEHHSI ONTHUMI3alliHOIO aJrOpUTMy BHOOpPY HailKpamioi TpaekTopii s
TEPMIHAJIBHOTO KEPYBAHHS JIIHIMHOK JUCKPETHOK CHUCTEMOIO BUKOHAHO IMOBHICTIO,
3100yBay MOBHOIO MIPOIO OBOJIOJIIB METOI0JIOT1€0 HAYKOBOI JISIIBHOCTI.

Ouinka 3micTy aucepramii, il 3aBeplIEHICTh Ta JOTPUMAHHS TPUHIIMIIB
aKkajaeMivHOI 100pPOYeCHOCTI.

3a cBOiM 3MICTOM JaMceprTalliiiHa pobora 3100yBaya Mimenka M.Jl. moBHICTIO
BiamoBigae CraHmapty BHINOI OCBITH 31 cremiaabHocTi 124 CucremHuii aHam3 Ta
HaIpsMKaM JIOCTiPKEHb BIIMOBIIHO JI0 OCBITHBOI mporpamu « CHCTEMHUN aHAITI3.

Jucepramiitna poOoTa € 3aBEPIICHOI0 HAYKOBOKO MpAIeio 1 CBIMYUTH MPO

HAsBHICTH OCOOMCTOTO BHECKY 3700yBaua y HayKOBI HalpsiIMU CHCTEMHOTO aHaJi3y
Ta TEOpIi KEpyBAHHS.

PosrnsiHyBIIM 3BIT MOAIOHOCTI 3a pe3yibTaTaMu IEPEBIPKH AUCEPTaLliHOI
poOOTH Ha TEKCTOB1 CHIBMAIHHA, MOXHa 3pOOMTH BHUCHOBOK, L0 JAMCEpTallliiHa
pobGoTta Mimenka Muxaitna JIMuTpoBHYa € pe3yibTaTOM CAMOCTIMHMX AOCIIIKEHb
3100yBaya 1 He MICTUTb €JIEMEHTIB Qanbcudikallii, KoMOuIALii, padpukanii, miariary
Ta 3amo3uyeHb. Bukopucrani inei, pe3yiabTaTh 1 TEKCTH IHIIMX aBTOPIB MalOTh
HaJIeXKH1 ITOCUJIaHHS Ha BIJMIOBIIHE JKEPEIO.

MoBa Ta cTH/Ib BUKJIaJeHHA Pe3yJbTaTiB.

Hucepramiitna poOoTa HamucaHa yKpaiHCHKOIO MOBOIO. Matepiall BUKIIAJEHO
MOCJIIIOBHO, JIOCTYIHO, 3pO3YMLJIO, YITKO, 0€3 MpOmycKiB, 0€3 TrpamMaTHIHHX
noMuiok. CTHIIb MOBJICHHSI HAYKOBUH, BIATIOBITHUIN 10 TeMU pOOOTH, TEPMIHOIOTISA
CTaHAapTHA.

Jlucepraiiisi CKJIQJa€eThCsl 3 BCTYIMY, 8 PO3JAUIIB, BACHOBKIB, CIIUCKY JITEPATYpPH
Ta JOJATKIB. 3aranbHuil o0csar auceprauii — 191 cropinka.

Y Berymi  HaBeleHO  OOIpYHTYBaHHS  BUOOpY TeMH  JOCIHIIKECHHS,
chopMyJIbOBAaHO MOT0 METY 1 3aBJaHHS; HABEJACHO IEpeIiK BUKOPUCTAHUX METOJIB



JOCJIJDKCHHS 3 MOCHJIAaHHSAMHU Ha BIJMOBIJIHI YaCTHHU JAUCEPTAIlli; OMMCaHO, B YOMY
MOJIATa€ HayKOBa HOBW3HA JUCEPTAIlii 1 0COOMCTUH BHECOK 3700yBaya; HaBEIACHO
iH(bOopMaIrito mpo ampobarlito MaTepialliB JUCEPTAIlil; OMUCAHO CTPYKTYpPY Ta oOcAr
JMCEepTAIlii; ONMMCAHO IPAKTUYHE 3HAYCHHS OTPUMAHUX PE3yJIbTaTIB.

Ilepmmii po3min  TPUCBAYEHO TOCTAHOBII 3ajadi, PO3B’S3aHHIO  SKOi
MPUCBSIYCHA JucepTalliifHa pobOoTa. Y HBOMY HABEICHO OIMKMC 3arajlbHOBIIOMHX
MOJIe/IeH, TIOHATh Ta TEPMIHIB, JOBKOJA SKHUX IOOYIOBAHO IOCIIKCHHS, a TaKOX
BIIMIHHOCTEN 3aCTOCOBAHOTO MiIXOy BiJ KIACUYHOTO.

Y apyromy po3aiii npejactaBieHO 0a30By BEpCII0 alrOpUTMY KEpyBaHHS 3a
IPOrHO3HOK0 Mozeito. [lokazaHo, 10 BIOAXWJIEHHS pealbHOI TPA€KTOpii CTaHy
CHUCTEMHU BiJl TPOTHO30BAaHO1 Yepe3 30BHIIIHI 30ypeHHs, 1110 JII0Th HA CHCTEMY, y pasi
3aCTOCYBaHHS BIJMOBITHOI IOCTIIOBHOCTI KepyBaHHS 0€3 3MiH Ma€ JOCTaTHHO
nepenOauyyBaHuil xapakrep. L{luM oOrpyHTOBaHO KOPEKTHICTH 3aCTOCYBaHHS OO
CUCTEMH I1J] BIULIUBOM 30ypEHb KEPYBaHb, 3r€HEPOBAHUX HA OCHOBI MOJIEN1 CUCTEMH,
SIKa MOXJIMBICTh BIUIUBY IIUX 30ypEeHb HE BPAXOBYE.

Y TpeTboMYy PO31iJIi ONUCYIOTHCS JESIKI MOKIIUBI TIPaBUIIa BUOOPY MPOMIKHHUX
UTbOBUX CTaHIB sl CcTa0ULTI3aIlii CHUCTEMH MNpU OOMEXKEHHUX OOYUCIIOBAIBHUX
pecypcax. Jli€eBiCTh HUX MpaBUI BUOOPY OOIPYHTOBYETHCS IUISXOM JIOBEJICHHS
BIJIMOBITHUX TEOPEM.

Y d4erBepTOMY PO3diJi OOTOBOPIOIOTHCS MOKJIIMBI CXEMH OHOBIICHHS
Hallkpamoi NPOrHO30BaHOi TPAEKTOpIi B METIi 3BOPOTHHOTO 3B’SA3KY BIPOAOBXK
(yHKLIOHYBaHHSI CUCTEMH, IO JO3BOJSE pearyBaTH Ha BIAXHWJIEHHS BIJl TPAaeKTOPIi
BHACJIIIOK BIUIMBY 30BHIIIHIX 30ypeHb Ha cucteMy. L1 cxemu dopmanizoBaHo y
BUTJISI/II AJITOPUTMIYHUX OJIOK-CXEM.

Y m’satomy Ppo3aisli TPOBENCHO EKCIEPUMEHTAIbHE JOCHIKEHHS BIUIUBY
CTPYKTYpH CHUCTEMHU Ha JAMHAMIKY ii cTabumi3amii. Pesynpratu poro eKCrepuMeHTy
CTAIM MIATPYHTSAM Uil  TOTJIMOJEHHA TEOPETHUYHOIO  JIOCHIJKEHHS 100
e(heKTUBHOTO crioco0y BUOOPY MPOMIKHOTO IIILOBOTO CTAHY y MIOCTOMY PO3JLII.

IlocTuii po3ain npucBsueHUil po3poOlll CTPYKTYpHO 3yMOBIEHOI 3aadi
onTUMi3auii JUisi MOIIYKY ONTHMAJIbHOI TPAa€EKTOpli Ha OOMEXEHOMY TOPH30HTI
MIPOTHO3YBaHHS. 3aMpoIrOHOBaHA 3/100yBaYeM CTPYKTypa LUIbOBOI (DYHKIIIT I03BOJISIE
JOBUIBHUM YHMHOM BCTAHOBJIIOBAaTH TNPIOPUTETH Yy cTaduIi3amii He3aIeKHHUX
MIJCUCTEM 32 JONOMOTOI0 BaroBux KoedimieHTiB. OpuTriHalbHE 3aCTOCYBaHHS
HECTAHJIAPTHOTO aHaJi3y JO3BOJIMJIO OOIWTH MpoOJIeMHU, SKI BHHUKAIOTh y pasi
HAssBHOCTI y MATPHUIll BHYTPIIIHIX B3a€MO3B’A3KIB CHUCTEMH MPUEIHAHUX BIIACHUX
BEKTODIB.



Y cboMOMY poO3ALTI NPOJEMOHCTPOBAHO BUKOPHCTAHHS METONY HAMMEHIIUX
KBaIpaTiB JIJIsl IHTEPBAJILHOT OIIIHKM CTaHy CUCTEMU 33 HEMPSIMUMHU BUMIPIOBAaHHSIMHU.
3anponoHOBaHO CMOCIO y3aradbHEHHS METOJy HAWMEHINHUX KBaJpaTiB HA OCHOBI ii
MPEACTABICHHS Yy BHIVISAL  3a7a4l  KBaJpaTUYHOTO TMPOTpaMyBaHHS  3aJis
IHTepBaIbHOI OIIIHKM CTaHy CHCTEMH, Ha SIKy BIUIMBAIOTh 30BHIIIHI 30ypeHHS 3a
HECTAHJIAPTHOIO CXEMOIO.

Y BocbMOMY PpO3AJIi Ha OCHOBI pe3yJbTaTiB, OTPUMAHUX Yy TMOMEPEIHIX
pO3/AiIax, 3ampoNOHOBAHO OCTATOYHWIN BapiaHT AJITOPUTMY KEPYBAHHS JIHIAHOIO
CHUCTEMOIO 3a TMPOTHO3HOI MojAeTo. [IpogeMOHCTPOBaHO MOXKIUBICTE HMOTO
3aCTOCYBaHHs 30KpeMa Uil craluri3anii  IMIOYJbCHUX KOTHITUBHMX KapT Y
3a3gasieriib oOpaHoMmy cTaHl. Sk NOOIYHUN pe3ynbTaT JOBEIEHO TEOPEMY PO
ICHYBaHHS T1IIEPIUIONIMHM JTIOCSKHUX CTaHIB CIIOKOIO IMITYJIbCHOI KOTHITUBHO1 KapTH.

Jucepramiitna po6ota oopmiieHa BianoBigHo 10 BuMor Hakasy MOH VYkpainu
BiJ 12 ciyns 2017 p. Ne 40 «IIpo 3aTBepakeHHS BUMOT A0 0(OPMIICHHS JUCepTalii».

OnpusrogHeHHs pe3yJbTATiB JUCEPTALIMHOI po0OTH.

HaykoBi pesynapTatu aucepraiiii BHUCBITIEHI Yy 6 HayKOBUX MyOJiKaIlisx
3mo0yBava, cepen SIKMX: 3 CTaTTi y HAYKOBHX BHJIAHHSX, BKJIIOUEHUX Ha JaTy
onyOJIIKyBaHHSl J0 NEpesiKky HayKoBMX (paXxOBHUX BHJaHb YKpaiHu; 1 crarrs y
NEepIOAMYHUX HAYKOBHUX BHUJIAHHSX, MPOIHAEKCOBAaHUX y 0a3l JaHUX Scopus, 3 SKHX |
CTaTTs y BHJAHHSX, BIJIHECEHHMX O Mepmoro — Tperboro kBapTwiiB (Q1—Q3)
BiamoBigHo no kimacudikaiii SClmago Journal and Country Rank a6o Journal
Citation Reports. Takoxx pesynpTaTél nucepTariii Oyiau anmpoOoBaHI Ha 2 HAYKOBUX
cemiHapax. HaykoBuii piBeHb myOiikamiii — BUCOKHH, mpu myOiKamisx MOBHICTIO
AOTPUMAHO TPHUHIMIM aKageMiuHoi goOpouyecHocTi. B poboTi 4iTKO BKa3aHO
0COOMCTHI BHECOK 3100yBaya B YCiX CIUIBHHMX IyOJIKallfX, HA MOK JYMKY, BiH €
CYTTEBUM 1 HaBIThb BH3HAUaJbHUM. YCI HAyKOBI pe3yJibTaTd, OIMCaHI B
AaUcepTaliifHiil poOOTi, MOBHICTIO BUCBITJIEH]1 Y HAyKOBHUX MyOJikaiisax 3100yBaya.

Hepnoniku Ta 3ayBa:keHHs 10 AMCePTALiiiHOI pOOOTH.

1. Y poGoTi He BUCTaya€e MOPIBHSAHD SKOCTI PO3POOJIECHUX METO/IB KEPyBaHHS 3
ICHyIOYMMH METOJaMH KEpyBaHHS 3a TMPOTHO3HOK MoJeuno. YacTKoBO 1€
MOSICHIOETHCSA CKJIQIHICTIO 3 TOIIYKOM METOJIB, sIKi Oynu O 3acTOCOBHUMHU U
MOPIBHSHUMU TIPU THX K€ MOCTAaHOBKAX 3ajad, 110 i y 37100yBava, TUM HE MEHIIIE, Ha
MOIO JYMKY, BapTo Oyno OM IiJIeCHpsSMOBAHO AOCIIJIUTH HASBHICTh Y HAyKOBIH
JTEpaTypl METOJIB TEPMIHATBHOTO KEPYBAHHS Ha OCHOBI MPOTHO3HUX MOJENEH IS
JTHIAHAX JTUCKPETHUX CHUCTEM Ta BUSBUTH TEPEBAard 1 HEIONIKH IMX METOJIB
MOPIBHSHO 13 3aIIPONIOHOBAHUMH.



2. YV neskuxX HaBeICHUX DPE3yJIbTaTax MOJEIIOBAaHHS HE BHUCTA4ya€e MOJPOOHIIb
JUISL PO3YMIHHS JeTalIel ajJrOpUTMY 1 BXITHUX JIaHUX, 110 POOUTH MPOOIEeMaTUYHUM
BIITBOPEHHSI OTPUMAHUX PE3YJNbTATIB 1 PO3YMIHHS OCOOJMBOCTEH MPAKTHUYHOTO
3aCTOCYBaHHS PO3POOJICHIX METO/IB.

BBakato, 1110 BHCIIOBJICHI 3ayBa)KCHHSI HE € BH3HAYAJIBHUMU 1 HE 3MEHIIYIOTb
3arajbHy HAYKOBY HOBH3HY Ta MPAKTUYHY 3HAYMMICTh PE3YJIbTATIB Ta HE BIUIUBAIOTH
Ha NO3UTUBHY OLIIHKY JAMCEPTaLIiHOI POOOTH.

BucHoBOK npo auceprauiiHy pooory.

Braxaro, mo auceprtaiiiiHa pobota 3a00yBaua cTyreHs aokTopa (imocodii
Mimenka Muxaiina JImutpoBuua Ha Temy «KepyBaHHS 3a IMPOTHO3HOIO MOJEILIIO
y JIHIMHUX JUCKPETHHX CHUCTEMax» BHKOHAHA Ha BHUCOKOMY HAYKOBOMY piBHi, HE
MOPYIIy€e TPUHIUINB aKaJaeMidHOT JOOpPOYECHOCTI Ta € 3aKIHYEHUM HayKOBUM
JOCTIKEHHSIM, CYKYIIHICTh TEOPETUYHUX Ta TMPAKTHUYHUX PE3yJIbTaTIiB SKOTO
pO3B'A3y€ HAayKOBE 3aBJaHHS, II0 Ma€ ICTOTHE 3HAYCHHS I Trajiy3l 3HaHb
12 «Indopmariitai  TexHonorii». JlucepramiitHa poboTa 3a  aKTyaJbHICTIO,
NPAaKTHYHOIO IIHHICTIO Ta HAayKOBOIO HOBU3HOIO TOBHICTIO BIJINOBIa€ BUMOTaM
YUHHOTO 3aKOHOJAaBCTBAa YKpaiHu, 1m0 nepeadadeni B 1.6 — 9 «llopsaky
NPUCYJDKEHHSI CTyNeHs JOKTopa ¢iinocodii Ta CKacyBaHHS pIIIEHHS pPa30BOi
CHelialdi30BaHOl BYEHOI pajJy 3aKjaJy BHUIIOI OCBITH, HAYKOBOi YCTaHOBU IIPO
NPUCYJKEHHS CTyIEHs J0KTopa (dhiocodiin, 3arBepxeHoro [loctanoBoro Kabdinery
MinictpiB Ykpainu Big 12 ciunst 2022 p. Ne 44.

3n00yBau Mimenko Muxaitiio JIMUTPOBHY 3aciyroBY€ Ha TMPUCYIHKCHHS
cTyneHss Joktopa ¢inocodii B ramy3l 3HaHb «lHpoOpMaIliiHI TEXHOJOTi» 3a
crermanpHIcTIO 124 «CucTEMHUN aHAII3Y.
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