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Jaousceuyn B.IL InresexkTyajbHa cucTEeMA IVIAHYBAHHSA
302JIaHCOBAHOI0 XapuyBaHHA JwAuHu. — KBanidikaiiiina HaykoBa mpaiisi Ha
MpaBax PyKOIIUCY.

HNucepranist Ha 3100yTTS HAyKOBOTO CTyIEeHsI AokTopa ¢inocodii 3a
cnenianbHicTIO 126 «IHbopMmaiiiini cuctemMu Ta TexHonorii». — KuiBchkuii
HalllOHAJIBHUM YHIBEpPCUTET OylIBHHUITBA 1 apxiTekrypu. — Kuis, 2025.

HucepraniitHy poOOTy MPHUCBSIYEHO BUPINICHHIO 3aBJaHHS HaJaHHSA
JTIOASM HaJ1MHOI, HAYKOBO OOIPYHTOBAHOI, €()EKTHUBHOI 1 3arajibHOIOCTYIHO1
CUCTEMH NIEPCOHAIII30BAHOIO TUIaHYBAHHS 30a71aHCOBAHOIO XapYyBaHHS.

HaykoBa HoBH3HAa ojep:kaHuX pe3yJabTariB. HaykoBa HoOBH3Ha
JTUCcepTaliitHOT poOOTH MOJIATAE y TOMY, IIIO:

enepuie po3pooneno:

- METOJ PEKOMEHJaIlll pelemnTiB, 110 J03BOJSE€ BpPaXOBYBAaTH
MepCOHaJbHI BIOAOOAHHS KOPUCTYBaya Ta MOro OOMEKEHHSI 1I0/I0 1HTPE/IIEHTIB
Ta TEXHIK IPUTOTYBaHHS CTPAB;

— IHTEJIEKTyaJIbHy CUCTEMY IUIaHyBaHHS 30aJlaHCOBAHOTO XapyyBaHHS
JIOJIUHU;

YOOCKOHAEHO:

- Mojenb 30aJaHCOBAHOTO XapuyBaHHS JIIOJMHH B  HaIpPSMKY
BpaxyBaHHsI 0OMEXEHb IIOJI0 ITHIPEIIEHTIB Ta TEXHIK MPUTOTYBAHHS CTPAaB;

Habynu no0anbuL020 pO36UMKY:

— TEXHOJIOTisl CTBOPEHHS TOpUIHUX CUCTEM IJIAHYBAaHHS XapuyBaHHS B
HaIpsIMKy TMOKpAaIlIEHHSI aJalTUBHOCTI Ta €(EKTUBHOCTI POOOTH 3 BEIIHMKOIO
KUIBKICTIO IaHUX B PEKUMI PEaIbHOIO Yacy 3a paxXyHOK OOTpyHTOBAHOTO BUOOPY
1 OKPEMOTO TPEHYBaHHS MOJIeJIe MAIIMHHOTO HaBYAHHSI, SIKI BUKOPUCTOBYIOTHCS

1u1st GOpMYBaHHS PELIETITIB CTPAB;



— KOHIEMIIS CTBOPEHHS TIOPUIHUX CHUCTEM IUIaHYBaHHS XapuyBaHHS,
[0 Ha BIAMIHY BiJ ICHYHOUHMX, (OKYCYIOTbCSI Ha pEKOMEHJallli IJIaHy

XapuyyBaHHSI, a HE MPOIO3HUIIii PEIEITIB OJIHIE€T CTPABH.

OcHOBHMHE 3MICT JUcCepTaliiiHOI pO0OTH.

JuceprariiitHa poOoTa TpHUCBSYEHA 3a0BOJIEHHIO MOTpeOM Oararbox
Jro7iel B HaJIIMHUX CUCTEMAX, 1110 3a0€e3Meuy0Th epCcoHaIi30BaHe 30alaHCOBaHE
MJIAaHYBaHHS XapuyBaHHS 3 ypaxXyBaHHSAM TaKUX 1HJIUBIAyaJIbHUX 0COOIUBOCTEMN
KOPHUCTYBauiB, SIK JIIETUYHI OOMEXKEHHS, ajeprii, Iijed MoA0 KalopiiiHOCTI Ta
OanaHCy MOXUBHUX PEYOBUH.

3anpornoHOBAHO KOHIIENTYaJIbHY MOJENb 1HTENEKTyalbHOI CUCTEMHU
IUIaHYBAaHHS XapyyBaHHS JIIOAMHU 1 METOJ PEKOMEHJallli peuenTiB CTpas.
3anpornoHOBaHO 1 MPOTECTOBAHO CUCTEMHU PEKOMEH/allli, 1110 MpU3HAYCH] IS
BUpIIICHHS 3a7a4l POpMyBaHHS MEHIO ONIOA PI3HUX KaTreropiil mpuiiomy ixi B
CUCTEMI IUIaHYBaHHS TNEPCOHATI30BaHOrO0 MeHIo. g cucTteM pekoMeHalii
OOTpyHTOBaHO BHUOIp TakUX MOJEJIe MAIIMHHOTO HAaBYAaHHS, SK MOJEIb
CUHTYJSIDHOTO PO3KJaJaHHA MaTpHUll 1 MOJAENb IIUPOKOTO Ta MIHUOOKOTO
HaBuYaHHs. Pe3ynbraTu HaBYaHHS KOXKHOI 3 IIMX CHUCTEM PEKOMEHJAIlll CTpaB
KOXKHOTO TMpPUHOMY TKI MOKa3ald, 0 BUKOPUCTAHHS OKPEMUX MOJAENEH ISt
PI3HUX KaTeropiii mpuioMiB 1i MiABUILY€E TOYHICTh PEKOMEHAAIIH.

3a pe3yapTaTaMu JOCTIKEHHS PO3pOOIEHO:

- METOJ PEeKOMEHJaIlll pelemnTiB, 110 J03BOJsE€ BpPaXOBYBAaTH
MepCOHaJbHI BIIOAOOAHHS KOPUCTYBaya Ta MOro OOMEKEHHSI 1I0JI0 1HTPEIEHTIB
Ta TEXHIK IPUTOTYBaHHS CTPAB;

— IHTEJIEKTyaJIbHy CUCTEMY IUIaHyBaHHS 30aJlaHCOBAHOTO XapyyBaHHSI
JIOJIUHU.

Y nepumiomy po3miji «AHaNI3 Cy4yacCHHX CHCTEM pEKOMEHAAIld 1
IJIAaHYBAaHHS XapyyBaHHS JIOJUHW» BHUCBITIEHO OCHOBHI HIOAHCH TOHSITTS

«PEKOMEH/1alliitHa CUCTEMAaY; MPOBEJEHO aHAIII3 CYYaCHUX CUCTEM PEKOMEHIallli



1 MUIaHYBaHHS XapyyBaHHS JIIOAWHM; MPOAHANII30BAaHO Cy4acHI MIIXOAH [0
noOy/1I0BU CUCTEM, SIK1 3[aTHI MOJETTIUTH BUOIp MEHIO 1 IJIAHYBAHHS XapuyBaHHS
JIOJWHU; MOKAa3aHo, 10 Cy4YacHl CUCTEMU IUTaHYBaHHS XapuyBaHHS MEPEBAXKHO
OpPIEHTOBAH1 Ha yHIBEpCAJIbHI PIIIEHHS 1 4YaCTO HE BPaxOBYIOTh 1HIUBIAyaJbHI
0COOJMBOCTI KOPUCTYBadiB, IO MPU3BOAUTH JO HEIOCTATHBOI €(EKTHUBHOCTI
TaKUX CHUCTEM; 3’sICOBaHO, MO0 €(QEeKTUBHE IUUIaHyBaHHS 30a71aHCOBAHOIO
XapuyyBaHHS JIIOJUHU CTA€ JeAail aKkTyaIbHIIIIOK Mpo0IeMOor0 0araThox JIFOIeH B
YMOBax Cy4acCHOTO crocoOy KUTTs; oOrpyHTOBaHO BUKopucTaHHs Precision@K
JUIsL OI[IHKM €(EeKTUBHOCTI CHUCTEM DPEKOMEHJAIlll; 3a pe3ysibTaTaMH aHaji3y
po0JIeM 1 HeJIOJIKIB ICHYIOUUX CUCTEM PEKOMEH AN 1 IJTAHYBAHHS XapuyBaHHS
BU3HAYEHO HANpsIMU  iX  TOKpAalIEHHS, BHU3HAYEHO IUUIaH  PO3POOKHU
1HTENIEeKTyaJIbHOI CUCTEMH IIJIAHYBAaHHS 30a71aHCOBAHOTO Xap4yyBaHHS JIOANHU Ha
OCHOBI CY4YaCHHUX METO/[IB MAaIlIMHHOTO HaBYaHHSI.

Y napyromy posnpini «Mogeni Ta Meroau NOOYIOBH 1HTENEKTYalbHOI
CUCTEMH IUIAHYBaHHS  XapuyyBaHHs» [OKa3aHO y3arajbHEHY  MOJEIb
IHTENEKTyaJbHOI CUCTEMU NEPCOHATI30BAHOIO IUIaHYBaHHS 30allaHCOBAHOTO
palioHy XapyyBaHHs, Mpu po3poOill sSKOoi OCHOBHA YyBara MpUAUISIACH
MOCHI0BHOMY (DOpMYBaHHIO 1 aganTauii 1HAUBIAYAJbHOIO IUIAHY Xap4yyBaHHS
KOPHUCTYBaua; JE€TallbHO OINKCAHO 1 MPOAHANII30BaHO TMPOIEC IIJIaHYyBaHHS
30alaHCOBaHOTO  XapuyBaHHsS; (opMmamnizoBaHO MoOJEeIb 30aJIaHCOBAHOTO
XapuyBaHHS JIIOJUHU, SIKa BPaxOBY€ IHAMBIAyaJbHI JIETUYHI Ta Xap4doBi
0OMEXXEeHHSI KOPUCTYBauiB; MOJENb MOOy0BaHa SIK MpaBUiI0-0a30BaHa JIOTIKA 1
OMHUCY€ JOMYyCTUMY MHOXUHY peLenTiB, 1o (OpMyIOTh MEHIO Ha JICHb;
3aMpONOHOBAHO KPUTEPli BU3HAYEHHSI BIAMOBIAHOCTI pEUENTY MIETHYHUM
OOMEXEHSIM KOPHCTYyBaua; 3alpOlOHOBAHO 1 JETaJbHO OMHCAHO KOXKEH eTarl
METOY PEKOMEH Il pelenTiB, 0 0a3y€eThbCs Ha TIOPUAHOMY MIJIXOA1, IHTETPY€E
MEPCOHAJIbHI BMOAOOAHHS 1 N1€TUYHI OOMEXEHHS KOPUCTYBayiB Ta BPaXOBYE

0COOJMBOCTI MPUTOTYBAHHS CTPaB PI3HUX KATEropidl mpouMy 1Ki; TOCTIIKEHO



ICHYIO4l MOJIEl IUTYYHOTO IHTENEKTy Ta METOAY MAIIMHHOTO HaBYaHHS, IIO
MOXYTh OyTH BUKOPUCTAHI B CUCTEMI JIJIs1 PEKOMEHAIIi PELIETTIB.

Y Tperbomy po3aini «Po3poOka KOHIIENTyalbHOI MOJIEN Ta apXITEKTypH
CUCTEMH TUIAaHYBaHHS 30a7]aHCOBAHOIO XapuyyBaHHs JIIOAMHWY 3alPONOHOBAHO
KOHIENTyaJlbHy MOJEJIb 3arajbHOJOCTYIHOI IHTEJIEKTYallbHOI  CHUCTEMU
MJIaHyBaHHs 30aJIaHCOBAHOTO XapyyBaHHS JIIOAMHH, 1[0 BUKOPUCTOBYE OKPEMO
HaBYCHI MOJIeJIl MAalTMHHOTO HaBYaHHS, CITEI[lali30BaHl JUIS CHIJAHKIB, 0011IB,
MEePEKYCiB 1 BEUEPh; OMUCAHO aPXITEKTYPy CUCTEMU; PO3IIISTHYTO KUTTEBUM LIUKJIT
MOJIeJIe CHCTEM pEKOMEHJAIllid; OOrpyHTOBaHO BHOIp IHCTPYMEHTIB ISt
pO3pOOKH CHCTEMH 1 TMPOBEACHO aHal3 HEOOXITHMX [JIsd peamizari
3aMpOINOHOBAHOI CUCTEMU KOMIIOHEHT; OMUCAHO CXeMy 0a3u JaHUX CHUCTEMH,
Moaynb (GOpPMYBaHHS IUIaHY XapyyBaHHS, 110 MEPETBOPIOE BUXiJ METOLY
pEeKOMEHAII pelenTiB Ha LUIICHUN MEHIO TUlaH JUIs 3aJaHOro Mepioay yacy,
MEXaHI3MHU 3BOPOTHOTO 3B’SI3Ky BiJ] KOpUCTyBada 1 BHUpILIEHHS MOpoOIeMu
XOJIOTHOTO CTapTy.

Y derBepromMy po3aini  «ExcriepuMeHTandbHE — JOCHIKEHHS 1
BIPOBA/KEHHSI MOJEJ€ll MAallMHOTO HaBYaHHS B CUCTEMY IUJIAHYBaHHS
XapuyBaHHS» ONUCaHO JaHl [fd eKCHepUMEHTAJIBHOTO  JOCIHIIKEHHS,
METO/IOJIOTII0 1 CEepPEeIOBUILE EKCIEPUMEHTIB; MPOAHANI30BaHO PpPE3yabTaTh
€KCIIEPUMEHTABHOTO JIOCTIKEHHS MEPEeBIPKH TIMNOTE3U IIOAO0 JOIIIBHOCTI
BUKOPUCTAHHS OKPEMO HABYEHUX MOJeNIed MAIIMHHOTO HaBYaHHS IS
peKoMeHaIli pPI3HUX KaTeropid mnpuiloMiB 1ki; OOIPYHTOBAHO JOUUIBHICTh
BUKOPUCTAHHS MOJIEJ1 CUHHTYJISIPHOTO PO3KJIaJJaHHs MaTPUIIL JJisl TeHepallli MEHIO
CHIJIaHKIB 1 MOJENI IHMPOKOTO0 Ta IMHMOOKOTO HaBYAHHS JJIs TeHepallli MEHIO
nepekycis, 0011118 | BEUEPD; npencrasiieni onuc po6oTu po3poodieHOi CUCTEMU
IUIaHYBAaHHS XapuyyBaHHs Ta HaJaH1 1HCTPYKIII OO0 B3a€MOJIIi KOPUCTyBaya 3
CUCTEMOIO.

KuarwuoBi cioBa: OararoBumipHa MoOJeidb JaHUX, TIOpUIHA MOJENb,
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MalllMHHE HAaBYaHHS, MIKPOCEpPBICHA apXITEKTypa, HEMpOHHA Mepexka, 00poOKa
JaHUX, TEepPCOHANI30BaHE IUIAHYBaHHS, NPOTpaMHE 3a0e3MeUYeHHs, CHUCTEMa

MIITPUMKH PillIEHb, CUCTEMA PEKOMEH/Ialll1, IITYYHUN 1HTEJIEKT.



ABSTRACT

Ladyzhets V.I. Intelligent system for planning a balanced human diet.
— Qualifying scientific work presented as a manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 126 "Information systems and technologies". — Kyiv National
University of Construction and Architecture. — Kyiv, 2025.

The dissertation is focused on solving the problem of providing people
with a reliable, scientifically sound, effective, and universally accessible system
for personalized balanced nutrition planning.

Scientific novelty of the obtained results. The scientific novelty of the
dissertation consists in the fact that:

developed for the first time:

- The method for recommending recipes that takes into account the user's
personal preferences and restrictions on ingredients and cooking techniques;

- The intelligent system for planning a balanced diet for humans;
improved;

improved:

- The model of a balanced diet for humans that takes into account
restrictions on ingredients and cooking techniques;

further advanced:

- The technology for creating hybrid diet planning systems aimed at
improving adaptability and efficiency when working with large amounts of data
in real time through the informed selection and separate training of machine
learning models used to generate recipes;

- The concept for creating hybrid diet planning systems which, unlike
existing ones, focus on meal plan recommendations rather than single dish
recipes;

Main content of the dissertation.



The dissertation is dedicated to meeting the needs of many people for
reliable systems that provide personalized balanced meal planning, taking into
account such individual characteristics of users as dietary restrictions, allergies,
calorie and nutrient balance goals.

The conceptual model of an intelligent human nutrition planning system
and a method for recommending recipes are proposed. Recommendation systems
designed to solve the problem of forming menus of different food categories in a
personalized menu planning system are proposed and tested. For
recommendation systems, the choice of machine learning models such as the
singular matrix decomposition model and the broad and deep learning model is
justified. The results of training each of these meal recommendation systems for
each meal type showed that using separate models for different meal categories
improves the accuracy of recommendations.

Based on the research results, the following were developed:

- The recipe recommendation method that allows for the user's personal
preferences and restrictions on ingredients and cooking techniques to be taken
1nto account;

- The intelligent system for planning a balanced diet for humans.

The first chapter “Analysis of modern diet nutrition recommendation and
planning systems” highlights the main nuances of the concept of a
“recommendation system”; analyzes modern human diet recommendation and
planning systems; analyzes modern approaches to building systems that can
facilitate menu selection and human diet planning; it is shown that modern diet
planning systems are mainly focused on universal solutions and often do not take
into account the individual characteristics of users, which leads to the insufficient
effectiveness of such systems; it is found that effective planning of a balanced
human diet is becoming an increasingly pressing issue for many people in the
context of modern lifestyles; the use of Precision@K for evaluating the

effectiveness of recommendation systems has been justified; based on the



analysis of problems and shortcomings of existing recommendation and meal
planning systems, directions for their improvement have been identified; a plan
for developing an intelligent system for planning a balanced human diet based on
modern machine learning methods has been defined.

The second chapter «Models and methods for developing an intelligent
meal planning system» presents a generalized model of an intelligent system for
personalized balanced diet planning, which was developed with a focus on the
sequential formation and adaptation of an individual user diet plan. The process
of balanced diet planning is described and analyzed in detail, and a formalized
model of a balanced human diet is presented, which takes into account the
individual dietary and nutritional restrictions of users; the model is built as rule-
based logic and describes the permissible set of recipes that form the daily menu;
criteria for determining the compliance of a recipe with the user's dietary
restrictions are proposed; each stage of the recipe recommendation method is
proposed and described in detail, based on a hybrid approach, integrating personal
preferences and dietary restrictions of users and taking into account the
peculiarities of cooking dishes of different food categories; existing artificial
intelligence models and machine learning methods that can be used in the system
for recipe recommendation have been investigated.

The third chapter “Development of Conceptual Model and Architecture
of a System for Planning a Balanced Human Diet,” proposes a conceptual model
of a publicly available intelligent system for planning a balanced human diet that
uses separately trained machine learning models specialized for breakfast, lunch,
snacks, and dinner; describes the system architecture; considers the life cycle of
recommendation system models; justifies the choice of tools for developing the
system and analyzes the proposals necessary for implementation; the database
scheme, the module for generating a meal plan that transforms the output of the

recipe recommendation method into a complete menu plan for a given period,



user feedback mechanisms and solutions to the problem of cold start are
described.

The fourth chapter “Experimental research and implementation of
machine learning models in the meal planning system,” describes the data for the
experimental research, the methodology, and the experimental environment;
analyzes the results of the experimental research to test the hypothesis regarding
the feasibility of using separately trained machine learning models to recommend
different categories of meals; justifies the feasibility of using a singular matrix
decomposition model to generate breakfast menus and a broad and deep learning
model to generate snack, lunch, and dinner menus; describes the operation of the
developed meal planning system and provides instructions for user interaction
with the system.

Keywords: artificial intelligence, data processing, decision support
system, hybrid model, information support, information system, information
technology, machine learning, microservice architecture, multidimensional data
model, neural network, personalized planning, recommendation system,

software.



