O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHH HOMeP: 0824U000605
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamnii: 23-01-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. TJIYIIKO Muxaiino BacuiboBud
2. MYKHAILO HLUSHKO

KBasmigikamis:
InenTudikarop ORCID ID: 0000-0001-6665-9754
Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi ceniaIbHOCTI: 152

Ha3Ba HayKoOBOi CIIENLiaJIbHOCTI: ABTOMaTH3allis Ta MpuUafo6yayBaHHs. MeTposioris Ta iHpopMmariitHo-

BUMIpIOBAaJIbHA TEXHIKA

I‘a.nysb / ra.nysi 3HaHb: aBTOMAaTH3allisl Ta NPUIALO0YyLyBaHHS

OcCBiTHBO-HAayKOBa NMporpama 3i CreniajJbHOCTi: MeTpoJoris Ta inpopmauiiiHO-BUMIpIOBaJIbHA TEXHIKA

Jdara 3axucTy: 20-02-2024

CneniaJbHICTh 3a OCBITOXO: MeTpoJioris Ta iHpopMalifiHo-BUMipIOBaIbHA TeXHiKa

Micue po6oTu 3400yBayva:
Kopg 3a €IPIIOY:
Micue3Haxoa KeHHS:
®opma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleniaai3oBaHoOi BY€HOI pagu). [1d 05.052.029
IToBHe HafIMeHyBaHHH Iopn,zmqﬂoi 0COOM: BiHHUIbKUIT HAI[IOHAJIBHUI TeXHIYHUIL yHiBEpCUTET

Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XMeJIbHUIIbKE 1Ioce, 6yz. 95, Binnuug, BinHuuskuil p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL OCOOH: BiHHUIIbKMII HAIliOHA/IbHUI TEXHIYHUI YHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XMeJIbHUIIpKeE 1I0ce, 6yz. 95, Binnug, Binauupkuit p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi Ipo aucepTailiio
MoBga guceprTallii: Vkpaincoka
Koau TemaTuyHHUX pyOpHK: 71.01.37, 83.77.31, 90.27.37.09, 28.23.29

Tema gucepranii:
1. TligBuIIeHHS SIKOCTi KOJ1IabOpaTUBHOI QinbTpalii B peKOMEHIALiHUX CUCTeMax

2. Enhancing the quality of collaborative filtering in recommendation systems

Pedepar:

1. Lykp. uceprauiiina po6ora: 296 c., 8 Ta6.,97 puc., 6 gox., 77 mxepe. PEKOMEHIALIITHA CUCTEMA,
KOJIABOPATUBHA OIJIBTPALIIA, AITOPUTM, BA3A TIAHUX, API, AKICTb, BIATYK, ITAPCUHT', MIKPOPO3MITKA,
HOAHI, KBAJIIMETPIS, OLIHKA, «ITEM TO ITEM», «USER TO USER», IKJIOTPAMA, METPUKA, TTOKA3HUVIK,
GOOGLE ANALYTICS, ATPAKTOP, ®A30OBUI [TOPTPET, JETEPMIHOBAHUWI XAOC. MeToI0 IOCTIKEHHS €
MOKPAaLIEHHS SIKOCTi peKOMEeHAI[INHNX CUCTEM KOJIab0paTUBHOI ¢inbTpallii Ha OCHOBI KBaJiIMETPUYHUX METO/IiB
BMMipIOBaHHS. HaykoBe OOI'pYHTYBaHHS - IIOKPAlll€HHs SIKOCTi, 32 PaXyHOK BHECEHHSI JOJIaTKOBUX [TapaMeTPiB [0
MeTofIiB GOpMYyBaHHS peKOMEeHallill aHaIi3yI049M “IyMKU KOPHUCTYBaYa, 0 3a6e3Mevy0Th TOKPaleHHS SIKOCTi
peKoMeHaalinHuX cucteM. [Ins peasnizaiii okpecaeHoi MeTu, HeOOXiTHO BUKOHATY TaKi 3aBJJaHHS: ® TPOBECTHU
aHasli3 peKoOMeHJaliiHUX CUCTEeM Ta HayKOBUX ITy0OJliKalliil 1[040 TOCTaBIeHOI METH; ® cPOPMYBATU IPUHLIAININ
BM3HAUEHHSI SIKOCTi PEKOMEHJALITHAX CUCTEM,; ® LOCJIiIUTH OCHOBHI IiAXOX 40 CTPYKTYPYBaHHS XapaKT€PUCTUK
OLiHIOBaHHA AKOCTi pEKOMEHJALIMHUX CUCTEM; ® peali3yBaTy IIPOCTY PEKOMEHJALIIHY CUCTEMY Ta OTPUMATHU

PEe3YJIbTaTH; ® peaslidyBaTi peKOMEeHALiiHy CUCTEMY Ha OCHOBI aJITOPUTMIB KOJ1abopaTuBHOI (inbTparii; ©



copmMyBaTH IPUHLMIY BU3HAYEHHS SIKOCTI BiITYKiB Ha OCHOBI KBaJIIMETPUYHUX METO/IB; * peasi3yBaTu
PEKOMEHJALilHY CUCTEeMY Ha OCHOBI ajirOpUTMIB Koj1abopaTtuBHOi QinpTpaliii Ta OKpamuTy ii KBaliMeTpUYHUMU
napaMeTpamH SKOCTi, sIKi BpaxoByIOTb “OyMKy” KopuctyBayda - “The Value of Opinion” * 3anpononyBaTu
KBaJIIMETPUYHU METOJL OLIiHKY SIKOCTI PEKOMEHJALIMHUX CUCTEM Ha OCHOBI [IOCJIIJIKEHD; ® TIOKPAIIUTH SIKICTh
PEKOMEHIAMiHOoI cucTeMU KoabopaTuBHOI QinbTpaliii Ha OCHOBI 3aIIPONIOHOBAHUX KBAJIIMETPUYHUX TIOKA3HUKIB
SIKOCTI; ® 3aIIpOIIOHYBaTH KBaJliMeTPUYHi IIOKa3HMKU SIKOCTi Ha OCHOBI Teopii JeTepmiHoBaHOTO xaocy. O6’'eKTOM
JOCJIIZIPKEHHS € TIapaMeTPy SIKOCTi PEKOMEHIALIIMHMX CUCTEM Ha CalTi-arperaropy MouyKy aBTOMOGiIiB
Automoto.ua B poleci NOouyKy OroJjioeHs Ipo Mpojak aBTOMOOiJIB, MOTOLIMKJIIB, CTIELITEXHIKY Ta iHIINX
TPaHCIIOPTHUX 3aCc00iB B YKpaiHi. Automoto.ua Ja€e MOKJIMBICTb 3IilICHIOBATH MIOLIYK IIPOIIO3ULIiH [IPO MPOJAXK aBTO
110 BCii1 YKpaiHi, HaJjalouy MakCMMaJIbHO IOBHI Ta akTyasbHi pe3ysbTrati. CborogHi cailt 06pobssie indpopmatiito 3
noHag 100 aBrocaiTiB Ykpainu. llogHsa B 6a3i 3HaxoguThes 6inpme 500 000 Tucay orosyomeHs, 9-16 ThCad 3 IKUX €
CBDKMMU HAJIXOIKEHHSIMU 32 [IOTOYHUY I€Hb. [IpegMeTOM IOCIiIKEHHS € KBAJIMETPUYHUN METOL OLIIHKY SIKOCTI B
peKOMeHJaliliHuX cucTemMax. MeToau NoCi>keHHs - i yac poO6OTH Ha, fycepTallielo BUKOPHUCTOBYBAINCD
METOJIY AOCJiIPKEHB, 5IKi 6a3yBayMCs: HA CUCTEMHOMY aHali3i, KBaJiMETPUYHUX METOJIaX BUMipIOBaHHSI, METOAX
OLLiHKM SKOCTi IIPOAYKLi, TeOpii HEYITKO] JIOTiKK, TEOPIl IEeTEPMIHOBAHOTO Xa0Cy. BUKOpUCTAaHHS IHCTPYMEHTY
Google Analytics. HaykoBa HOBU3HA Ofiep>KaHUX pe3yJibTaTiB: 1. Briepiie po3po6yieHo KBaliMeTPUYHU METO],
OLIiHIOBaHHS SIKOCTi peKOMEHJIaLlifHUX CUCTeM KoslabopaTtuBHOi QinbTpalii B cdpepi HafjaHUX iHTEPHET-TIOCIIYT,
SKUI Ha BiIMiHY Bif BiflOMMX BiIpi3HsSIETbCS TUM, KW 3aKpUBa€ NI0Tpebu 6i3HeCy B po3pisi IKOCTi peKOMeHallii Ta
OLIiHKM BiIXWJIEHb Pe3yJIbTaTiB OGHOYACHO, IO AO3BOIWIO COOPMYBATU KOMILJIEKCHU MiAXiA 70 OLiHKY SIKOCTI i3
BpPaxyBaHHSIM «JIyMOK » Ha OCHOBI aHaJli3y BiAryKiB. 2. OTpMMaB NOJA/IbIINNA PO3BUTOK KBAJIMETPUYHUN METOT,
OLiHIOBaHHA IKOCTi pEKOMEHIALIIMHUX CUCTEM 32 PAXYHOK PO3LIMPEHHS CYKYITHOCTI [I0Ka3HUKIB, IIOPIiBHSHO i3
BiJOMHMH, IO JO3BOJIUJIO B P€3YJIbTaTi iX KOMIIJIEKCHOTO 3aCTOCYBaHHS MOKPAIIUTHU SIKiCTb pEKOMEH AN
KoJlabopaTuBHOI QinbTpaliii B cepi HafaHHs NOCAyT KOpUCTyBayaM. 3. Briepie B peKOMeHAALIHUX CUCTeMax
BAKOPHMCTAHO TEOPII0 AETEPMIiHOBAHOIO Xa0CY, IO JO3BOJIUJIO MiJBULINUTY TOYHICTb IPOTHO3YBAHHS B3a€MOZ]
KOPUCTYBAaUiB i3 pEKOMEHIALIITHOIO CUCTEMOIO HAa OCHOBI aHaJli3y 4acOBUX PALIB 3a JoroMoromw monesnen ARIMA ta
LSTM. Onep>kaHi pe3ybTaTy He TiJIbKY TPAKTUYHO 3aCTOCOBAHi, ajie i IPMHOCSATh KOPUCTD Gi3HECY Ta 0ro
KJlieHTaM. 3a nepiof NpoBeeHUX NOCIiIKeHb i3 2016 poKy JaHUM NPOINYKTOM cKopucTasnucs 6inbie 2 000 000
pasiB. 3apONIOHOBAHMI aJITOPUTM K0JIab0OpaTHUBHOI (inbTpallii HA OCHOBI KBaJiMETPUYHUX METO/IiB BUMIPIOBAaHHS
Ta «lluknorpama SIKOCTi peKOMeHAaLifHUX CUCTEM» MOKe€ BUKOPUCTOBYBATHUCD 1714 JIIOOMX 6i3HEC-3a71a4 B
iHTepHeTi, a TaKOX OyJIb-SIKUX TOBAapiB, a OTXKE € YHiBepCAJIbHUMU JJ151 BAKOPUCTAHHS, Ta MOXYTb OyTU
MacumraboBaHUMU. Ha ocHOBI Teopii JeTepMiHOBaHOT0 XaocCy, MiIBUILIEHA TOYHICTb IIPOrHO3Y B3a€MO[Iil
KOPUCTYBAaUiB i3 pEKOMEHALiITHOI0 CUCTEMOIO HAa OCHOBI aHaJIi3y 4aCOBUX PALIB 3a JoroMorow mogeni LSTM Ha
1.5%, y nopiBHsaHHI ARIMA.

2. 2.auri. Ph.D. thesis: 296 p., 8 tables, 97 figures, 6 appendixes, 77 references. RECOMMENDATION SYSTEM,
COLLABORATIVE FILTERING, ALGORITHM, DATABASE, API, QUALITY, REVIEW, PARSING, MICRO-MARKUP,
DATA, QUALIMETRY, EVALUATION, "ITEM TO ITEM", "USER TO USER", CYCLOGRAM, METRIC, INDICATOR,
GOOGLE ANALYTICS, ATTRACTOR, PHASE PORTRAIT, DETERMINED CHAOS. The aim of the research is to
improve the quality of recommendation systems with collaborative filtering based on qualimetric methods of
measurement. The scientific justification is to improve quality by introducing additional parameters into the
methods of forming recommendations by analyzing the “opinions” of users, which ensures an improvement in the
quality of recommendation systems. To achieve the outlined goal, the following tasks need to be accomplished: ¢
Analyze recommendation systems and scientific publications regarding the set goal; * Formulate principles for
determining the quality of recommendation systems; * Investigate the main approaches to structuring
characteristics for evaluating the quality of recommendation systems; * Implement a simple recommendation
system and obtain results; * Implement a recommendation system based on collaborative filtering algorithms; *
Formulate principles for determining the quality of reviews based on qualimetric methods; * Implement a
recommendation system based on collaborative filtering algorithms and improve it with qualimetric quality
parameters that take into account the user's "opinion" - "The Value of Opinion"; * Propose a qualimetric method for



evaluating the quality of recommendation systems based on research; * Improve the quality of the collaborative
filtering recommendation system based on the proposed qualimetric quality metrics; * Propose qualimetric quality
metrics based on the theory of deterministic chaos. The object of the study is the quality parameters of
recommendation systems on the car search aggregator website Automoto.ua in the process of searching for car,
motorcycle, special equipment, and other vehicle sales ads in Ukraine. Automoto.ua enables search for car sale
offers throughout Ukraine, providing the most comprehensive and up-to-date results. Currently, the site
processes information from over 100 Ukrainian car websites. Each day, the database contains more than 500,000
ads, 9-16 thousand of which are fresh arrivals for the current day. The subject of the research is the qualimetric
method of quality evaluation in recommendation systems. Research methods - during the dissertation work,
research methods based on system analysis, qualimetric measurement methods, quality evaluation methods of
products, fuzzy logic theory, and deterministic chaos theory were used. Google Analytics tool was utilized. The
scientific novelty of the obtained results: 1. For the first time, a qualimetric method for evaluating the quality of
collaborative filtering recommendation systems in the sphere of provided internet services was developed, which,
unlike known methods, covers business needs in terms of quality of recommendation and evaluation of result
deviations simultaneously, allowing to form a comprehensive approach to quality assessment considering
"opinions" based on review analysis. 2. The qualimetric method for evaluating the quality of recommendation
systems has further developed by expanding the set of indicators compared to known ones, ultimately improving
the quality of collaborative filtering recommendations in service provision to users. 3. For the first time in
recommendation systems, the theory of deterministic chaos was used, which increased the accuracy of predicting
user interaction with the recommendation system based on time series analysis using ARIMA and LSTM models. 4.
The obtained results have not only been practically applied but also bring benefits to the business and its clients.
During the research period since 2016, this product has been used over 2,000,000 times. The proposed
collaborative filtering algorithm based on qualimetric measurement methods and the "Cyclogram of Quality of
Recommendation Systems" can be used for any business tasks on the internet and for any goods, therefore they
are universal for use and scalable. Based on the theory of deterministic chaos, the accuracy of predicting user
interaction with the recommendation system was increased by 1.5% using the LSTM model compared to ARIMA.
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