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PELEH3I
Ha qucepTauiiny poboTty
Owmenpuenka Birtanis BikropoBuya
Ha TeMy «IHdopmarliiina TexHoIoris yrpaBIiHHS 00YHCIIIOBAIEHUMA pecypcamMy B
Kubernetes knactepi»
Npe/CTaBIeHy Ha 3100y TTS cTyneHs JoKTopa (inocodil
B rajty3i 3HaHb 12 [ndopmauiitii TexHosorii
3a crietianbHicTio 126 IHdopManiiHi cHCcTeME Ta TeXHOIOTIT

AKTyanbHicTh TeMH AHcepTAaLil.

CTpiMKH# pO3BUTOK LM(pPOBHX TEXHONOTIH Ta iX IHpPOKe 3aCTOCYBaHH:A y BCIX
chepax JNOICHKOT AiSITBHOCTI 3yMOBJIOIOTH 3HAYHE 3pPOCTAHHS BUMOT 10 apXiTEKTyPH
Ta QyHKUioHyBaHHs iH(popMaliiinux cucteM. KopucryBaui o4ikyroTh Bifl LH(POBHX
CEpBICIB BMCOKOI IIBHAKOCTI OOpOOKH, NOCTYIHOCTI Ta HaJiMHOCTI, 110 CTaBHTh
nepesi KOMepPLiHIME Ta Jep)KaBHUMH KOMIAHIIMM HU3KY CKJIaJHHUX JUIsl BUPiLIEHHS
3aBnaHb. OfHIEI0 3 KPUTHYHMX yMOB 3a0e3NedeHHs BCTAHOBJIEHOIO PiBHS SKOCTI
MOCIYr, L0 HAJAIOThCA UUPPOBHMHU cepBicamu, € e(peKTUBHE YIpaBIiHHA
O0YHCITIOBAIBHUMH pecypcaMu. Tpaauiilini miaxoau Ha OCHOBI peaKTHBHHX METOIB
nependavarOTh NPUHHATTA pillleHh HA OCHOBI IMOTOYHOIO, IO NPHU3BOAMTH [0
THMYACOBHX IOTIpIIEHb IOKA3HHKIB SKOCTI 0OCIyroByBaHHsS IIpH JHHAMIYHHX
HaBaHTAXKEHHSX. [IpoakTHBHI ~ MeToaM  MacmTabyBaHHA  OpIEHTOBaHI  Ha
NPOTHO3YBaHHS HABAHTAXKEHHs Ta IIATOTOBKY IH(PACTPYKTYpH J0 OYIKYBaHOIO
HABAHTAXKEHHs 3a3[ajerib, LIO JO3BOJISE HANaBaTH CTaOiNBHHUH piBeHb SIKOCTI
ceppiciB. TakuM YWHOM, Tema [OUcepTalii € aKTyaJbHOId 3 TOYKH 30py
BIPOBA/UKEHHsI IPOAKTHBHHX METOAIB U1 YIPaBIIHHSA  OOYHMCIIOBaJIbHUMH

pecypcaMu iHQpacTpyKTypH.

Ouinka OOrpyHTOBAHOCTI HAYKOBHX Ppe3yabTaTiB  JAucepTanii, ix
JOCTOBIPHOCTI Ta HOBH3HH.

HaykoBa HOBM3HA pe3yJbTaTiB [IMCEPTALIHHOIO [OCHI/UKEHHSI IOJIArae B
HACTYITHOMY:

- 3aIPOIIOHOBAHO METOJ TPOAKTHBHOIO BEPTHKAJIBHOIO Ta TOPH30HTAJIBHOIO
MaciuTaOyBaHHs OOYMCIIOBAJIBHUX pecypciB, AKMH  BIAPI3HAETBCA  3/ATHICTIO
npamoBaTi 3 pobOUMMH HaBAHTAKEHHSMHU, SKI MICTATh KOMIUIEKCHI CE€30HHOCTI Ta
TeH/IeHIIi1, U0 J03BOJIsI€ 3MEHIIMTH BUKOPUCTAHHS OOUYMCIIIOBAIIBHUX PECYpPCiB IMpU
JIOTPUMaHH| BCTaHOBJIEHOI'O PiBHSA SKOCTI IOCIYT;

- 3alpONOHOBaHO METOJ| IPOAKTHBHO-PEAKTHBHOIO MaciuTabyBaHHsA, SKHH

BiIPI3HAETHCS TIEPEPO3NOALIOM YIPABIiHHAM OOYMCIIOBAIBHUMH PECYpCaMHu Mixk
KOMITOHEHTAMH BEPTHKAJIBHOIO Ta TOPU3OHTAILHOIO MacluTadyBaHHs, 1O JO3BOJISE




3a0e3medyBaTH BCTAHOBNICHHH PiBEHb AKOCTI MOCHYT ¥ pasi BiACYTHOCTI iCTOPHUHHX
JIaHUX, HENOCTATHbOI TOYHOCTI OTPHMMAHHUX MPOTHO3iB ab0 HEKOPEKTHOI pPOOOTH
NPOAKTUBHOI'O KOMIIOHEHTA,

- 3aNPONOHOBAHO METOJ FOPU30HTAIBHO-BEPTHKAILHOTO MaciTabyBaHHs, KA
BIIPI3HAECTBCS HASBHICTIO KOOpJAMHATOpA /Il Y3rOMUKEHHS Kepyroumx [idf MK
KOMIOHEHTaMH MaciuTabyBaHHs, 110 JO3BOJISIE 3MEHLIMTH 30MTKOBE pe3epByBaHHS
OOYMCITIOBANBHUX PECYpCiB MPH BUKOPHCTAHHI TOPH3OHTAIBHOIO MAcIuTaOyBaHHS
JUISL IPOAKTHBHOTO Ta PEAKTHBHOTO YIIPABJIiHHS;

- Halyna NOJANBIIOr0 pO3BHTKY iH(OpMALiiHA TEXHOJNOTIs YIpaBiliHHS
obyucoBanbHUM pecypeamu IT-iH(pPacTpyKTypH, siKa BiIpi3HSEThCS HAsBHICTIO
NPOaKTHBHOrO Ta  TiOpujHOro MaciuTadyBaHHs, 110 J03BOJs€  HaJaBaTH
KOHCHUCTEHTHHH piBEHb SKOCTI MOCIYT.

JlocTOBIpHICTE Ta OOIPYHTOBAHICTh HAYKOBHX pE3yJIBTATIB AHCEpPTaLiHHOI
poboTH 3abe3mneuyioThCs BHKOPHCTAHHAM MAaTeMAaTHYHOTO MOIENIOBaHHs, a TaKOXK
MiATBEP/UKYIOTBCS  €KCIIEPUMEHTAILHUME JIOCIIUKEHHAME PO3POOJIEHHX METOIB,
NIPOBEICHUMH Ha pealibHill iHppacTpyKTypi.

Haykosi mocnimpkenns Oyiau BUkoHaHi 3100yBavem Ha Kadeapi iHpopmaLiHHUX
cuctem ta TexHonorii KIII im. Iropst Cikopeskoro B pamkax HJIP mix kepiBHHLITBOM
npodecopa, 1.1.H., Ponika Onexcanpa IBanoBuya.

Omxe, B auceprauifiHiii poOOTI mMocTaBlieHe HAayKOBe 3aBHAaHHSA BHKOHAHO
TIOBHICTIO, 3100yBay MOBHOIO MipOIO OBOJIO/IiB METO/IOJIOTIEI0 HAYKOBOI JIiS/TBHOCTI.

Ouinka 3micTy auceprauii, ii 3aBeplIeHicTL Ta AOTPHMAHHSI NPHHUHIIB
aKa/ieMivHol 100poYecHOCTI.

3a cBOIM 3MiCTOM aucepTalliiiHa po6oTa 3100yBaya Omenbuenka B.B. nosHicTO
Bianosigae CtanaapTy BHLIOL OCBITH 31 creniansHocti 126 Indopmaniiini cucremu
Ta TEXHOJOril Ta HampsAMKaM JOCIIDKEHb BIITIOBIJHO 10 OCBITHBOI MpOrpaMu
«IHopMaliifHi cHCTEMU Ta TEXHOJIOTIT».

Hucepraniina poboTa € 3aBepLIEHOI0 HAayKOBOI MPALed i CBITYHUTH PO
HasBHICTE OCOOMCTOro BHECKy 3700yBaua y HayKoBHi Hanpsm «lubopmartiiini Ta
KOMYHIKaIlIHHI TEXHOJIOTI».

PosrnanyBimn 3BiT mopibHOCTI 3a pesynbTaTaMu NepeBipKH AMCepTaliiiHol
pofOTH Ha TEKCTOBI CIHIBMAAIHHA, MOXKHAa 3pOOMTH BHCHOBOK, WO JMCepTalliiiHa
poborta OmenbueHka Bitanisa BikTopoBuya € pe3ynbTaToM caMOCTIMHUX JOCIIKEHB
3100yBaya i He MICTHTB eleMeHTIB (Ganbcudikartii, koMminsuii, pabpukarii, miariaty
Ta 3ano3WyYeHb. BHUKopHCcTaHi iJiel, pe3yJbTaTH 1 TEKCTH IHIIMX aBTOPIB MalOTh
HaJIeXKHI TOCHJIAaHHS Ha BIJIOBIJHE JKepeno. BusBleHHH BiJICOTOK CHiBIAIiHb
MOSICHIOETBCA ~ CTaHJapTaMH  OQOpMIIeHHs jauceprauiiinux pobit. [luceprauis
HalMcaHa 3 JOTPUMaHHIM NPUHLHUIIIB aKaaeMiuyHo1 JJoOpoYeCHOCTI.




MoBa Ta CTHJIb BHKJIAeHHS pPe3yJIbTaTiB.

Huceprauiiina pobota HanmKMcaHa yKpaiHCBKOK MOBOIO.

TekcT auceprauii BHKIaJeHH#l JIOTIYHO 1 IOCIIZOBHO, Horo oQpopmIeHH:
BIZMOBIMa€ YWHHHM BHUMOraM. ABTOp JOTPHMYEThCA HAayKOBOTO CTHIKO Ta
BUKOPHCTOBYE 3arajbHONPUHHATY TEPMiHOIOTIIO.

Jlucepranisi CKIanaeThes 3 BCTYITy, YOTHPBOX PO3AiTiB, BUCHOBKIB, CITHCKY
JiTepaTypH Ta J0AaTKiB. 3aranbHuil o6csar quceprarii 154 cTOpIHKH.

BCTyn NpHCBSMEHO OOGIPYHTYBAHHIO aKTyalbHOCTI TeMH JHCEPTaLlifHOro
NOCTi/KEeH S, cOPMYIIOBAaHO METy Ta 3aBJaHHs HayKoBOi poOOTH, BH3HA4YCHO
npeamer i 06’eKT poGOTH, OKPECJeHO HayKOBY HOBHM3HY 1 NpaKkTHYHE 3HAYCHHA
OJiep)KaHUX pe3yJIbTaTiB.

B rmepuioMy po3aini MPOBOMTBCS aHaJi3y CYy4acHOro CTaHy Ta TEHICHLIMH
ynpasiinns 1 T-indpactpykrypoio. OGIPYHTOBYETbCS BHKOPHCTAHHS TEXHOJOTIT
KoHTeliHepu3anii. HaBOAWThCA MaTemaTwyHa Mojens knactepy. — Ommcano i
IIPOaHaNli30BaHO ICHYIOYI MiAXOAH MO YINPAaBIIHHS pecypcaMH, 30Kpema METOIH
TOPH30HTAILHOIO 1 BEPTHKaJIbHOrO MacuTaOyBaHHsA. Bu3HayeHo BHMOIM Ta
3aBJaHHS JUIs TIOAANBIINX JOCIiIKEHb.

B jpyromy po3ziini po3riSIaOTBCS MPOAKTHBHI METOAH MaciuTadyBaHHS.
[IpoBOAMTECS aHAN3 METOAIB IPOTHO3YBaHHS MU poOOTH 3 CE30HHUMH
HaBaHTa)KeHHAMH.  [IpormoHyeTbcs ~ KOMOIHALisE ~ KOPOTKOCTPOKOBOrO  Ta
JIOBFOCTPOKOBOTO TPOTHO3YBAHHS Ul [JBHINCHHS CTilikocTi 10 aHomanid B
HABAHTAXKEHHAX. 3alpOIIOHOBAHO METOJ TOPH30HTAIBHOrO Ta BEPTHKAJIBHOI'O
macitabyBadHs. [IpoBe/ieHO eKcliepHMeHTa bHI JOCHiZKEHHS 3alIpONIOHOBAHOTO, B
AKUX IPO/IEMOHCTPOBAHO i IBHILIEHHS eeKTHBHOCTI YIIpaBIIHHS
OOYMCITIOBAIEHMME PECypcaMH Yy TIODIBHAHHI 3 PEAaKTUBHHM Ta CTATUYHUM
YIPaBIiHHAM.

Tpertiii pO3ALI TNPUCBIYEHUH riGpuiHUM MeToJaMm, 30KpeMa
PO3MIAAAIOTECS [IPOAKTHBHO-PEAKTHBHUH Ta BEPTHKAIbHO-TOPU3OHTAIBHI METO/IH
yOpaBiiHHA ~ OOYMCIIOBAIBHMMU — pecypcamu. IlpoBeseHo — eKcrepuMeHTalbHI
JIOCIIPKEHHS JUIs TIepeBipKH e()eKTUBHOCTI 3alPONOHOBAHKX PIIlIEHb.

B uerBeproMy po3aiii copMyToBaHO iH(pOPMaNiliHy TEXHOJIOTIIO yIpaBiliHHS
004MCIIIOBAIbHUMH pecypcaMu. OmucaHo CTPYKTYpy TeXHOJIOrl, (yHKIIOHAJbHI
MOAyJi Ta B3aemodil0 Mk HumH. Haseneo MPaKTHYHI ACMEeKTH peani3awlii
indopmauiiinol Texsosorii B Kubernetes.

Juceprauiiina po6ora oopmiera BinnosigHo 1o sumor Hakasy MOH Ykpainu

Big 12 ciunst 2017 p. Ne 40 «IIpo 3aTBep/UKEHHST BAMOT 110 0(QOpMJICHHS JUCEPTALLD).




Onpuioanenns pesyabratis aucepraniiinoi poGors.

HaykoBi pesynbTatu jmuceprauii Bucsitieni y 3 HaykoBux myGikaiisx
3100yBaya, cepell SKMX 3 CTaTTi y HAYKOBMX BMJAHHAX, BKJIIOYEHHX Ha 4Ty
ony6iiKyBaHHs JI0 Mepeniky HayKoBuX (paxoBHX BUIAHb YKpaiHA.

Takox pesynsrati aumceprauii Gyim anmpoGoBaHi Ha 3 HayKoBMX (HaxOBHX
KOH(epeHLisx.

Ilpencrapneni myGmikauii HaneXHMM YHHOM BiZOOpaXaloTh pe3yJbTaTH
MPOBENCHUX [OCIIIKEHb Yy MeXaxX AucepTauiiHoi pofoTH i He MICTATh HKOMHHX
NOpYIIeHb aKkajeMiuHoi yecHocTi. OcobucTHil BHECOK 3100yBaya, 110 Bi00paskeHH i
y WX myOuiKauisx i IeTajbHO ONMCAHUMN y McepTallil, HiATBepKy€ HOro aBTOpCTBO
Bi/IMOBITHHX HayKOBHMX BHCHOBKIB.

Taxum yuHOM, HayKOBI pe3yJsibTaTH ONMUCaHi B AMcepTalliiiHiil po6oTi MOBHICTIO
BUCBIT/IEH] y HAyKOBHX IyOJikawisax 3106yBaya.

Hepnoumiku Ta 3ayBaskeHHs 10 qucepTaLiiinol po6oTH.

1. B ngpyromy po3mini NpoBOAMTHECS —aHali3 MEPCHEKTHBHHUX — METOMIB
IIPOTHO3YBAHHS, MPOTE 11033 YBAroK JHIUUBCS IMHPOKHH KiIac Cy4acHUX MoJeseH
MAlllMHHOTO HaBYaHHs — PEKypeHTHI HelpoHHI Mepexi, 30Kkpema Mojeni Ha 0a3i
nosroi  koporkouacHoi mam’sti (LSTM). BpaxoByroud JAHHAMIYHICTE Ta
HETOCTiHHICT HaBaHTaXKeHHA Ha IT-iHdpacTpykrypy, iges BukopucranHs LSTM
abo 11 cyyacHHX peatizalliii BUIIIAAA€E AOLILHOIO.

2. Ha c. 84 BkazaHo, 10 rpaHHYHA TOYHICTH MOJEJi MPOTHO3YBAHHS Mae
nepesuuryBati 80% ans Toro, mo6 BBaxaTH il 3aCTOCYBaHHsA B Ipolecax
MaciuTaOyBaHHS JouiNbHUM. [IpoTe HaBe/eHe 3HAYeHHS HE CYMPOBOIKYETHCS
TEOPETHYHUM ab0 eMITIPUIHUM OOIPYHTYBaHHSIM.

3. Y 3anpornoHOBaHOMY IIPOAKTMBHOMY MeTOJi MaclutaOyBaHHS  yBara
30cepe/PKeHa Ha yIpaBlliHHI MacmTa0yBaHHSIM 3aCTOCYHKIB, alle He PO3IJIsIAl0ThCS
CUTyalll, KOJM HasBHI pecypcu KiacTepy € BHYEpPIaHUMH 1 I1OJaJIbIIe
MacitaOyBaHHS 3aCTOCYHKY HEMOXJIMBe 0e3 po3LIMpeHHs caMol iHppacTpykTypu. Y
TaKMX CLEHapiixX BIACYTHICTP MOXUJIMBOCTI MAaclUTa0yBaHHS IPU3BOJUTL [0
Hepexoly CHCTEMH B PEaKTHBHUHM peXHM, IO HIBEJIIOE IepeBard 3acTOCyBaHHS
3aIpONIOHOBAHOI0 METO/TY.

4, He po3rnsHyTO clieHapii OJHOYacHOro MaciitabyBaHHS  JEKiJIBKOX
3acTocyHKiB. IIpoakTHBHI MeToAM B pOOOTI OMHCAHO B KOHTEKCTI YIIPaBIIiHHS
pecypcaMH OJHOTO 3aCTOCYHKY, ajlé He BPaXOBaHO MOXJIMBICTH TOrO, IO KiJIbKa
3aCTOCYHKIB OJHOYAcHO NOTpeOyBaTUMYTh MaclITabyBaHHS, 110 MOXE NPH3BOAUTH
JI0 KOHKYpEeHIIii 3a pecypcH.

5. B TekcTi gucepTallii NPHCYTHI HE3HAYHI rpaMaTHYHI TOMUIIKH.




BBakato, 1110 BUCIIOB/IEHI 3ayBa)kKeHHs He € BU3HAYAIbHUMH 1 He 3MEHIUYIOTh
3arajbHy HayKOBY HOBHM3HY Ta MPAKTHYHY 3HAYUMICTh Pe3yJIbTATIB Ta HE BIJIMBAIOThH
Ha [O3UTHUBHY OLIHKY AUCepTaLiiiHOl poboTH.

BucnoBok npo auceprauiiiny podory.

Beaxcaro, 1o auceprauiiina po6ora 3m00yBavya cTymeHst AOKTOpa dinocodii
Owmenpyenka Biranis Bikroposuua Ha Temy «[HOpMaLliiiHa TeXHOIOTIsA yNpaBIiHH
obyucmoBanbHUME pecypcamu B Kubernetes kiactepi» BUKOHaHa Ha BHCOKOMY
HayKOBOMY piBHI, He TMOpYIIy€ NPHHIMIIB aKaaeMidHoi AoOpodecHOCTI Ta €
3aKIHY€HHM HAyKOBHUM JOCHIDKEHHSIM, CYKYIHICTh TEOPETHYHMX Ta MPAKTHYHHUX
pe3yJbTaTiB SKOrO0 PO3B'SA3y€ HAyKOBE 3aBAaHHA, IO Mae ICTOTHE 3HAYEHHsS A
ramy3i 3Hans 12 Iupopmaniiini Texuosnorii. JIuceprauiiiaa po6oTa 3a akTyalbHICTO,
MPaKTUYHOIO IIHHICTIO Ta HAYKOBOIO HOBHM3HOIO TOBHICTIO BiJIOBIJa€ BHMOIaM
YHHHOrO 3aKOHONABCTBAa YKpainu, mo mepenbadeni B m6 — 9 «llopsaaky
TIPUCYDKEHHS. CTymeHsi Jokropa ¢inocodii Ta ckacyBaHHsA pilleHHs pa30BOl
crieniagizoBaHoi BuYeHOI paid 3aKiagy BHINOI OCBITH, HAyKOBOI YCTaHOBH IIPO
TIPHCYDKEHHS CTYIeHs JoKTopa dinocodiin, 3atBepmkeroro [Tocranooro Kabinery
MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44.

3n06yBau OmenbyeHko Bitaniit BikToOpoBHY 3aCIyroBy€ NMPUCYKEHHS CTYIIEHs
noktopa dinocodii B ramysi 3naub 12 Iadopmariitii TexHOMOrIT 3a crienianbHICTIO
126 Indopmariiidi cHCTEMH Ta TEXHOJIOTII.
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