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odiniiiHOro onoHeHTa Ha AUCEpTallifiHy poOOTy
3abuyka Baguma BonoguMupoBrda
Ha TeMy «MaTreMaTuyHe Ta POrpaMHe 3a0e3MeYeHHS 1/ MOC/IOBAHHS
nporecis y 6iora3oBux yCTaHOBKAaX Ha OCHOBI aHAII3y IHTEpBANbHUX NAHHX,
IIpeACTaBNeHy Ha 3000yTTs CTyIeHs JOKTopa (inocodii
B raiy3i 3HaHb 12 Inpopmauiiini TexHomorii

3a crerianpHicTio 121 IHKeHepist mporpaMHOro 3abe3neyeHHs

AKTyaJbHiCTH TEMH AHCepTAaUil.

Ilucepramiiina ~ po6ora  IpUCBAYeHA  po3podLi  Ta  YAOCKOHAJEHHIO
MaTeMaTHYHOrO Ta [POrPaMHOro 3abe3ledeHHst JUisi MOJIEIOBAHHS JAMHAMIKM
KHCJIOTHOCTI cyGceTpaTy y 6iorasoBHX yCTaHOBKAX Ha OCHOBI aHal3y IHTepBAJIbHUX
J@HHX, WO MiABHuIye e]eKTHBHICTh KepyBaHHs IpPOLEcaMu MiKpo6ionoriyHoro
GpOiHHA 6GaraTOKOMIIOHEHTHOTO Cy6cTpaTy Ha OCHOBI yIpaBliHHA [OJAYEr0
CHPOBHHH.

TeMa aqucepTaliifHOl poOOTH € aKTyallbHOIO 3 OIIALY TOro, IO BUPOOHHULITBO
Giorasy y cmoci6 mepepoOKM OpraHiYHHX BiJXOAIB YKUTTEMISIBHOCT] JIIOJUHU Ta
Bi/[XO/liB TBAPUHHMITBA i arpONPOMKCIOBOTO KOMILIEKCY € OIHMM i3 IIPiOPUTETHUX
HAIPAMKiB PO3BUTKY albTEPHATUBHOI (3€JIEHOT) EHePTreTUKM He TineKK B YKpaiHi, a # y
wioMy cBiTi. BojHouac, NifBMINEHHS €(pEKTUBHOCTI (GYHKLIOHYBaHHS LIbOTO
BHPOGHUIITBA BUMArae po3po0KH HOBHX IMi/IXO/IiB yIIPaBIiHHsI IPOLECaMH B 6iorazoBux
YCTAHOBKAX HA OCHOBI 3aCTOCYBaHHs iH(OpMaliiHKX TEXHOJIOTifi Ta METOHIB
MaTEMaTUIHOTO MOJEIIIOBAHHS.

Ouinka OOrpPYHTOBAHOCTI HAYKOBHX  pe3y/bTaTiB  aucepramii, ix
JOCTOBIPHOCTI T2 HOBHU3HH.

HaykoBa HOBU3HA pe3yJbTAaTiB JMCEPTANiHHOTO JOCIIUKEHHsS IOJArae B
HACTYITHOMY.

3anponoHOBaHO Ta OOIDYHTOBAaHO JBOCTAIlHUH  METOX imenTudikamii

MaTeMaTHYHOT MOJe/i IMHAMIKK TOKa3HUKA KHCIOTHOCTI cybcTpaTy y GiopeakTopi Ha



OCHOBI aHaJli3y iHTepBaIbHUX JAHUX, SKUH, HA BIAMiHYy BiJ BIIOMHUX, IPyHTY€TbCS Ha
O3B’ sI3yBaHHi CIOYATKy POCTILIOL 3a1a4i ineHTHdiKalil piBHAHHS B3a€MO3B 3Ky MIX
OCHOBHOIO XapaKTEePHUCTHKOIO MPOLECY Ta YMHHUKAMH, 5Ki Ha Hel BIUTMBAIOTH, | Ha Uil
OCHOBi, Ha JpyroMy erami — ifeHTu(ikalii MaTeMaTHYHOI MOJENi AMHAMIKH LBOrO
MOKa3HWKa y OiopeakTopi, IO y CyKYIHOCTI 3a0e3MedYmNo CIPOLICHHs M00yI0BH
MaTeMaTU4YHOI MOJIEJ 3 rapaHTOBaHUMU IPOrHOCTUYHUMM BIACTUBOCTSIMHU.

TakoX OTPUMAHO MAaTeMaTHYHy MOJENb JMHAMIKM IOKa3HMKa KHCIOTHOCTI
cyGerpary y GiopeakTopi y BUMIIsAL AudepeHLianbHOro piBHAHHS, KE, HA BIAMIHY BiJ
iCHyIOYMX, HAJAlITOBAHO HA I1apaMeTPH MpOIecy [/ KOHKPETHOI 06iorasosol
YCTAaHOBKM Ha TiJICTaBI NEPeTBOPCHHsS IHTEPBAIbHUX pI3HULEBHX DIBHSIHb, IO
3abe3leuye TapaHTOBAaHI IMPOTHOCTHYHI BIACTHBOCTI MOOYIOBaHOI MaTeMaTHYHOI
Momedi 1 yMOXIMBIIOE 3abe3leveHHs JOMyCTHMHX 3HAYeHb  KUCIOTHOCTI
6araTOKOMIIOHEHTHOTO CcyOCcTpaTy B 6iora3oBMX YCTaHOBKAaX Ha OCHOBI YIIPaBJIiHHS
TI01a4er0 CUPOBUHHU.

VIOCKOHAIEHO BiJKPUTY CEpPBICHO-OPiEHTOBaHY apXiTEKTypy MpOrpaMHOro
3a6e3Meuen s [UIs MOIEJIFOBAHHS IIPOLIECiB y 6i0ra3oBrX yCTaHOBKaX, SIKa, Ha BIAMIHY
BiZ BiZOMHX iHTerpye mporpamHi KOMIIOHEHTH: iHTeprpeTalii iHTepBalbHHUX
JCKPETHHX MoJeNel; inenrudikarii qux Mozeneil; po3s’a3yBaHHs AupepeHLiaIbHIX
piBHSHB, W0 Yy CYKYIHOCTI YMOXIIMBIIOE PpO3POOKY MPOTPaMHHUX CHCTEM Ta
KOMIT'IOTEpHUX CEPEeIOBHIL IS yIIPaBIiHHA MpoliecaMy B 6i0ra3oBUX yCTaHOBKAX.

Ha OCHOBi YZIOCKOHAJIEHOI apXiTeKTypy pO3pOOIEHO KOMIT'IOTEPHI CepeloBUILA
JUTsSI MOJIETIOBAHHS IIPOLECiB y 6i0ra3soBrX yCTaHOBKAX, SIKi, Ha BiIMiHy Bijl ICHYIOUHX,
IPYHTYIOTbCS Ha MPOrpaMHill iHTeprpeTamii iHTepBaNbHUX IUCKPETHHX MOJENEH Ta
BiIKpHTIHl CepBiCHO-OpieHTOBaHiM apXiTeKTypi, IO YMOXIMBIIOE iX iHTerpaliio B
icCHylo4i CHMCTeMM YNpaBIiHHsS GiOras’oBHMH YCTaHOBKAaMM 3 METOK 3abe3NevyeHH:
JOIYCTHMUX 3Ha49€Hb KUCIOTHOCT 6araTOKOMIIOHEHTHOIO CyOCTpary.

Omxe, B [OucepTaliiHii poOOTI IMOCTaBlIe€HE HAyKOBE 3aBIAHHSA BUKOHAHO
MOBHICTIO, 3100yBa4 OBHOIO MipOKO OBOJIOZIB METOOJIOTIEI0 HAYKOBOI isIHOCTI.

VY pe3yibTaTi HayKOBHX JOCIi/UKEHb BHUPILIEHO aKTyalbHe HAayKOBE 3aBIAHHSI

I0JI0 PO3POOKH HOBOTO iHCTPYMEHTApilo Ha OCHOBi iH(OpMaUiHHUX TEXHOJOTIH Ta



METOJIB MaTeMaTHYHOrO MOJEIIOBAHHS IS PO3BUTKY HOBHX MHiJXOZiB YIIPABIiHHS
IIpoliecaMu B 610ra30BUX YCTaHOBKaX.

Ouinka 3micTy auceprauii, ii 3aBepleHicTs Ta JOTPUMAHHS NPHHUMIIIB
aKajeMi4yHoi 1oOpoYecHOCTI.

3a cBOIM 3MiCTOM JucepraliiiHa poGora 3m00yBaua 3abuyka Bamnma
Bonogumuposuya noBHicTIO Bianosinae CTaHaapTy BHINOI OCBITH 3i CriemiagbHOCTI
121 Inxenepis mporpaMHoro 3abe3nedeHHs Ta HampsIMKaM JOCIiKeHb BiAIOBiIHO 10
OCBITHEOI ITporpaMu «IHxeHepist mporpaMHOro 3a6e3nedeHHs .

Aucepraniiiia po6oTa € 3aBepIIEHOI0 HAyKOBOIO MPAIEI0 i CBITYMTH IO
HAsIBHICTb OCOOHMCTOTO BHECKY 3700yBada y HaykoBud HampsaMm 12 Iudopmariiini
TEXHOJIOTII.

PosrisHyBIM 3BiT MOAiGHOCTI 3a pesynbTaramu TepeBipKH aucepTaLiiiHO!
PoOOTH Ha TEKCTOBI CIiBMaiHHs, MOXHA 3pOGHTH BUCHOBOK, IO AMCEpTALiiHA pobota
3abuyka Bamuma BonomumupoBuya € pe3ynpTaTOM CaMOCTIMHHMX —IOCIHiKEeHb
3100yBava i He MiCTUTE eleMeHTiB danbcubikauii, koMmmizauii, hadpukauii, miariary
Ta 3aM03u4eHb. BukopucTaHi inei, pe3yabTaTu i TEKCTH iHIIMX aBTOPIiB MAIOTh HAJIEKHI
TIOCHJIaHHS Ha BIAIIOBIIHE HKEPEIIO.

MoBa Ta cTHJIb BUKJIaleHHS Pe3yJIbTATIiB

HucepTraniiina po6oTta HaricaHa yKpaiHChKOK MOBOIO.

Hucepraniina pobGota Mae JOriyHy CTpyKTypy. OCHOBHI BHCHOBKH i
PeKOMEHJaLil JIOTIYHO BUTIKAIOTE i3 pe3yJIbTaTiB, SKi HABEIEHO Y PO3/iTax poGoTH.

IIo BCbOMY TeKCTy IucepTaLii MPOCTEKY€EThCS aBTOPCHKUl CTHIIb, L€ CBIAIUTH
PO BUCOKY 1HAMBIYalbHICTh POOOTH.

Jlucepramisi CKIaIaeTbesl 3 BCTYIY, YOTHPBOX DPO3MiNiB, BUCHOBKIB, CITHCKY
BUKOPUCTaHUX JDKEPEIT Ta TOAATKIB. 3aranbHuit obcsr auceprauii 188 cTopiHok.

Y BeTymi 06rpyHTOBaHO aKTyalIbHICTh JOCIIIKeHHS Ta chOPMyYIbOBaH] 3a/a4i.

Y IepuIoMy po3Aisi po3ryisSHYTO 0COOIMBOCTI PO3BUTKY JKEPEN albTepPHATHBHO]
CHEPreTHKH, /e BUILIEHO BUPOOHMUTBO Giorady y crociG mepepoGKH OpraHidHMX
BIZXOZIB JKUTTEMISIBHOCT] JTIOAMHU Ta BiAXOMiB TBAPUHHUIITBA i arpoIpoOMUCIIOBOTO

KOMIUIEKCY SIK OAMH i3 ii NpiOopUTeTHHX HampsMKiB. [loka3aHO, WO MiIBHINEHHS



ebexTUBHOCTI (DYHKLIOHYBaHHS LHOrO BHUPOOHMIITBA BHMAra€ pO3POOKHM HOBHX
MiAXONiB ympapliHHA mporecamu B 6iorasoBux ycrtaHoBkax (BI'Y) Ha OCHOBI
3aCTOCYBaHHs iHQOPMALIHIX TEXHONIOT1H Ta METO/IiB MATEMATHYHOTO MOJICITFOBAHHS.
Tako po3rISHYTO MiAXOIM 0 MOJETIOBAHHS NPOIECiB BUPOOHUIITBA Biorasy sk s
(QyHKLIOHYBaHHS €HEPreTHYHOI CHCTEMH, TaK i I ONTUMIi3aLii IpoueciB y 6iorasoBux
ycTaHoBKaxX. Iloka3aHO, IO OAHOIO i3 BHM3HAYAJIBHMX XapaKTEPUCTHK IIPOLECy
MeTaHoBoro 6poxinusa B BI'Y € mokasuuk pH ¢epmeHTaniiiHoro cepenosuina, To0TO
HOro KHCIIOTHICTB. 3alpoOIlOHOBaHO Ta OOIPYHTOBAaHO 3aCTOCYBaHHS METOJIB
MaTEeMAaTUYHOIO MOJEIIOBAHHS JUIS BiOOpaXKeHHS B3a€MO3B’S3KYy MK OCHOBHOIO
XapaKTepPUCTUKOIO IMPOLIECY Ta YMHHHUKAMH, sKi Ha Hel BIUIMBAIOTH, TaK i JMHAMIKH
OCHOBHOI XapaKTEPUCTUKM IPOLECY, sSKa BU3HAYAETHCS KHUCIOTHICTIO CyOcTpaTy y
GiopeakTopi.

V npyromy posmini mis mo0yZOBM MaTeMaTHYHHX Mojeneld 000X BHIIB
3aIIPONIOHOBAHO BHKOPHCTATH METOOM IapaMeTpH4Hoi ileHTHOiKamii Mozjenei
CTATMYHHUX 00’ €KTIB Ta JUCKPETHUX MOJENeil AUHaMiKUd 00’€KTiB Ha OCHOBI aHalli3y
iHTepBaIbHMX maHuX. [ 1x igeHTHdikanii Brepme cHOpMyIbOBaHO —CILUIbHY
ONTHMI3aLiliiHy 3a7ady i 3alpONOHOBAaHO Ta OOIPYHTOBAHO METOJ ii PO3B’s3yBaHHS,
KM IPYHTYEThCS Ha METAeBPUCTHYHUX ITOPUTMAaX ONTHMI3alii 1 AKHA CHMYIIOE
poifoBHil anropuT™M IWTY4HO! GKonMHOI KoioHil. Ha TecroBMX mpuknanax, sKi
CTOCYIOTBCS MOJENIOBAHHS [IWHAMIKA IOKa3HMKa KHCJIOTHOCTI cybcTpaty vy
GiopeakTopi MmiATBEPIHKEHO e(EeKTUBHICTD Ta IIPAKTUYHA 3HAUYIIICTh METO/Y.

V TperhOMy pO3MiNi HaBelEHO NETalbHUN OIMKC apXiTEKTYypH IPOrpaMHOI
CHCTeMH, IPU3HAYEHO]I I MOJEIOBaHHs mpomneciB y BI'Y, sika ckiazaeTses 3 pi3HUX
KOMIIOHEHTIB Ta MOJYJIiB, [0 BUKOHYIOTH II€BHi 3aBJaHHs Ta B3a€MOJIIOTh 3 IHIIUMU
YaCTUHAMH CHCTeMH, 3a0e3ledyrour 11 KOpPEKTHYy poOOTy Ta INpPOMYKTHUBHICTb.
OcobnuBicTio pospobienoro II3 € mporpaMHa iHTepmperalis I1HTEpBaIbHUX
JUCKPETHUX MOJIeJIel Ta BiIKPHUTa CEepBiCHO-OPi€HTOBAaHA apXiTeKTypa, 1o 3abe3meuye
iX iHTerpairo B iCHyro4i cuctemu ynpasiiHHs BI'Y, Ta MOXIIMBICT B peabHOMY 4aci
YOpaBaATH OiOXIMIYHHMH [pOIECAaMH 1 THM CaMHM IiJIBUIIUTH €(QEKTUBHICTH

¢ynkuionysanus BI'Y. JIJist TOBHOLIIHHOTO Bi0OpaXKeHHs apXiTeKTypH 00y J0BaHO Ta



omucano ocaoBHi UML niarpamu.

Y 4eTBepTOMY PO3/iJi OMHUCAHO 0COGIMBOCTI IIPOrPaMHOL peaizalii CHCTEMH 3
BHKODHCTAHHAM TapajiirMi 00’ €KTHO-OPi€HTOBAHOTO MNpOrpaMyBaHHA Ha 0asi
BiZIKPHTOI CEPBiCHO-OPi€HTOBAHOI apXiTEeKTypU 3 BUKOPUCTAHHAM texHoorii Spring
Framework Ha MOBi IporpamyBaHHs Java, a TaKOX IHTEpIIPETaTOPOM Python. B sikocTi
Python inTepmperaropa 6yno obpaso Jython, a B sxocti CYB]] Bukopuctano MySQL.
Tako)X BHKOHAHO Ta OIKMCAHO IHTerpaliliHe TECTYBaHHS Ta TECTyBaHHI
TIPOIYKTUBHOCTI CEepelOBHUIIA il MOJENIOBAHHS npouecis 'y BI'Y. Cdopmosano
Bi/mOBiMHI TecToBi cueHapii s mepesipku kopekTHOCTi pobotn API. Ommcano
rpadiynuii iHTepdeiic mMporpaMHOro cepeoBHIa I MOAEIFOBAHHS nporeciB y BI'Y.
OnucaHo GyHKI[IOHYBaHHS OCHOBHHX IIZICHCTEM 3 TOUKH 30pY B3aEMOZII MiXk 00010,
DIi3HMMHM TUIIAMH KOPHCTYBadiB, 8 TAKOX MOXIIHBICTE 30BHIIIHKOI iHTErpauii B Airoui
Oiora3oBi yCTaHOBKH.

Y BHCHOBKaX c)OpMyYJIbOBaHI OCHOBHI Pe3yJIbTaTd POOOTH.

Jucepraniiina po6oTa opopMIeHa BiIMOBIAHO JO BUMOT HaKa3y MOH VYkpaiau
Bi 12 ciunst 2017 p. Ne 40 «IIpo 3aTBepKeHHsS BUMOT 10 O(QOPMIICHHS aEcepTaLiim.

Onpu/IIoHeHHs pe3y/I1bTaTiB JucepTauiiinoi podoTu

HaykoBi pesynbTaTd [ucepTalii BUCBiTIeHI y 4 HayKOBHX My OJTiKaIisaX
3100yBaya, cepel AKUX: 4 CTaTTi y (paxoBUX NEPiOANYHAX HAYKOBUX BUAAHHSAX, 3 AKUX
1 crarTst y BHJAHHI, IpOiHAEKcOBaHOMY y 0a3ax HaHuX Scopus Ta BiZIMTOBITHO 10
knacudikanii SCImago Journal and Country Rank BigHeceHOMy 10 KBapTHIIO Q4.

TakoX pe3ynbTaTd aucepraiii Oymu ampoOoBaHi Ha 5 HAyKOBHX daxoBux
KOH(bEPEHIIisX, 3 3 SIKUX BXOAATH 10 MKHAPOJHOT HayKOMeTpU4YHOI 6a3u Scopus.

TaKuM YMHOM, HayKOBi pe3yJIbTaTH, OIKCaH] B AUCepTallilfHiA pooTi, IIOBHICTIO
BUCBITJIEH] y HAYKOBHUX IyOJIiKalifax 3100yBaya.

Hepnosiku Ta 3ayBajkeHHsI 10 AHcepTalliiHOT po0doTH.

1) Aropom poGoTu NOOYNOBaHO MaTeMaTHYHY MOIENb JUHAMIK{ TOKa3HHUKa

KHCIOTHOCTI cyGeTpaTy y 6iopeakTopi y BUMTISIA AM(EpeHIianbHOro PIBHAHHS,

SIKy, SK 3a3HadeHo y poboti (maparpad 2.4) — HajallTOBaHO Ha napameTpu

Tporecy 6poIiHHS 11 KOHKPETHOI 610ra3oBol yCTaHOBKH, aJle HE 3a3HAYCHO K



BOHA TaKOXX HaJalITOBaHA Ha KOHKPETHUH THM i ckiay GiocupoBuHu? Yu npu

3MiHi TUITY, cKJ1agy OiocMpOBUHM MOTpeOye BOHA JOJATKOBOIO HAJIALITYBaHHS, i

SKIIIO TaK — TO SIKUM YHHOM?

2) 3no0yBavyeM 3aleKiapoBaHo, o peanizauis [13 mis MomentoBaHHS IMPOLECIB y
BI'Y BukoHaHa Ha 0a3i BiIKpUTOI CEpPBICHO-OPIEHTOBAHOI apXiTEKTypU 3
BHKOPHUCTaHHSM TexHouorii Spring Framework Ha MoOBi mporpamyBaHHs Java.
[Ipore, Hemae oOrpyHTYBaHHs YOMY came 1ii 3aco0u o6paHo.

3) BucHOBKY 10 po3iity 2 y IyHKTI 1 4aCTKOBO MOBTOPIOIOTH BUCHOBKH J10 PO3JILITY
|1 myHnkTy 3.

4) ExpanHa ¢opma BimoOpaxkeHHs pe3yJsbTariB MojaenroBaHHs (puc. 4.21), ska €
OJIHI€IO 3 KITFOYOBHX €KpaHHUX (POpM, BUIIISAAE HE JOCTATHHO iHPOPMATHBHOIO,
30KpeMa BiJICYyTHI MiAIUCH A0 CTOBIILIB TaOJHULI JaHUX, OJUHUI BUMIPY Ha OCAX
rpadika.

5) V tekcTi auceprarii 3yCTpi4atOThCs OTEYATKH.

OpnHax BUCIIOBIIEH] 3ayBa)K€HHsI HE € BU3HAYAJIILHUMU 1 HE 3MEHIIYIOTh 3arajibHy
HAyKOBY HOBHM3HY Ta MpPaKTUYHY 3HAYUMICTh pe3yJbTaTiB Ta He BIUIMBAIOTH Ha
TIO3UTHUBHY OLIHKY AUCepTaliiHOl poOOTH.

BucHoBok npo auceprauiiiny po6oTy

BBaxaro, 1o aucepraniiina poGorta 3m00yBauda cTymeHs AoKTopa (imocodii
3abuyka Banuma BomonumupoBnua Ha Temy «MaTemaTHyHe Ta IIpOrpamMHe
3a0e3neueHHs Uil MOJEJIOBaHHS IpOLeCiB y 0iorasoBHX yCTaHOBKaX Ha OCHOBI
aHaJli3y iHTEepBaAJIbHUX JaHUX» BUKOHAaHA HAa BUCOKOMY HayKOBOMY piBHi, HE IMOPYIILyE
NPUHLMIIB aKageMidyHOl TOOpOYECHOCTI Ta € 3aKiHYeHUM HAyKOBHM JIOCIiIKEHHSM,
CYKYIIHICTh TEOPETHYHHMX Ta IPAKTUYHUX pe3yJIbTATiB SKOro pO3B'SA3y€ HayKOBE
3aBJlaHHS, 1[0 Ma€ iCTOTHE 3HA4YeHHs AN raixysi 3HaHb 12 [HdopmamiitHi TexHOmOrII.
HucepTtauiiiHa poboTa 3a aKTYalbHICTIO, NPAaKTHYHOI IIIHHICTIO Ta HAyKOBOIO
HOBU3HOIO IIOBHICTIO BIJIOBiJa€ BUMOraM YHWHHOTO 3aKOHOJABCTBA YKpaiHH, IO
nepenbavyeni B 1m.6-9 «llopsaky mnpucymkeHHS cTymeHs AokTtopa dimocodii Ta
CKacyBaHHsI pIIIEHHsI pa30oBOi CIelialli30BaHOl BYEHOI paay 3aKjaay BHINOI OCBITH,

HayKOBOI YCTaHOBHU PO NPUCYXKEHHS CTyINeHs AoKTopa ¢inocodii», 3aTBEpaKeHOr0



[Toctanosoro Ka6inery MiHicTpiB Ykpainu Bix 12 ciuns 2022 p. Ne 44,
3mo6yBay 3abuyk Bamum BonomumupoBHY 3aciyroBy€ Ha IPUCYIKEHHS
cTyneHs nokropa Ginmocodii B ramysi 3HaHp 12 IHdopmamiini TexHonorii 3a

crnenjanpHicTiO 121 [HXXeHepis mporpaMHOro 3a0e3rne4eHHsl.
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