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1. [TapaMeTprUYHMI CUHTE3 aAalITUBHOI MEXaTPOHHOI CCTEMU MPOJIYKTOIIPOBO/Iy TPAHCIIOPTYBaHHS XapUYOBUX
IIPOJYKTIB IO 4,03aTOPiB
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Pedepar/anoTamis:

1. Incepranifina po60Ta IPUCBIYEHA BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAIHOI 3a7a4i MiIBUILIEHHS
€(EeKTUBHOCTI IIPOLIECIB O3yBaHHS Xap4OBUX MIPOAYKTIB IISIXOM [1IAPAMETPUYHOTO CUHTE3Y aallTUBHOI
MeXaTPOHHOI CUCTeMH, 1110 3abe3Ieuye aBTOMATU30BaHy 3MiHY pe>KHMiB ITofiadui B yMoBax 3MiHHUX Qi3uKO-
MEXaHiYHUX BJIaCTUBOCTEN NPOAYKTy. OCHOBY JOCJiI)KEHHS CTAaHOBUTD aHaJIi3 AUHAMIYHUX XapaKTEPUCTHUK Ta
IIPOLIECiB KEPYBAHHS IPUBOJAMU IPOAYKTOIPOBOY B O3YBaJIbHUX MOIYJISX 3 YPAXYBAHHSM BILIUBY
KOHCTPYKTUBHUX, THEBMAaTUYHUX Ta MaCOOOMIHHMX (AaKTOPIiB HA TOYHICTB i CTAGINIBHICTD 1TOJAYI.

O6’eKTOM OCIIZPKEHHS € NIPOLieC TPAHCIIOPTYBAHHSI Ta AO3YBAaHHS XapyOBUX IIPOJYKTIB Y MEXaTPOHHUX
[IaKyBaJIbHUX CUCTEMAX i3 MIPOAYKTONPOBOLOM. [IpeIMeTOM NOCIiIKEHHS € NapaMeTpy Ta 3aKOHOMIPHOCTI
(PYHKIIOHYBaHHS aIalITUBHUX MEXAaTPOHHUX CUCTEM [I03yBaHHS 3 IPOJYKTOIIPOBOIOM, MaTEMATU4YHI Mozei

MIPOLECIB OJAavi, a TAKOK METOIY NapaMeTPUYHOTO CUHTE3Y CUCTEM KEPYBaHHS, 1110 BU3HAYAIOTh TOYHICTD i



CTabiNbHICTb JO3YBAaHHS PIIKUX i CUIIKMX XapYOBUX MTPOJYKTIB. MeTOl0 nucepraliiiHoi po60THU € BCTAaHOBJIEHHS
3aKOHOMIPHOCTEN BIUIMBY NIapaMETPiB aAalITUBHOI MEXaTPOHHOI CUCTEMU MIPOLYKTOIIPOBOAY 103YBaJILHUX MOJYJIiB
L7151 CUTIKUX 1 PiKUX Xap4yOBUX IIPOJYKTIB HA TOUHICTb Ta €(PEKTUBHICTb NPOLECIB J03yBaHHSI, & TAKOXK PO3POOJIEHHS
IiAXO0/IiB IapaMeTPUYHOTrO CUHTE3Y [J1s1 YIOCKOHAJIEHHS CTPYKTYPHO-KEPYIOUMX PillleHb IUX CUCTEM Y CKJIaJi
(dacyBasbHO-TIaKyBaJIbHOTO O6IafiHaHHS. [I7151 IOCSITHEeHHS METH OCJIiIP)KeHHSI BUKOPHUCTAaHO CYKYIIHiCTb
TEOPETUYHUX | EKCIIEPUMEHTAIIBHUX METO/IiB, 30KPEMA METOIU MAaTEMATUYHOTO MOJEJIIOBAHHS MIPOLIECIB
IIO3yBaHHS 3 ypaxyBaHHIM HeJIiHiIHOI AuHaMiK1 00'€KTiB KEPYBaHHS], @ TAKOK METOAU CTPYKTYPHOI i
nnapameTpUyHoi ineHTudikalii cucrem; iMiTaliline MOJIe/II0BaHHS aJalITUBHOI MEXaTPOHHOI CUCTEMU JO3YBAHHS
peasizoBaHo B cepenoBuili Matlab /Simulink. 3arrpononoBano metrogu ¢popmarizarii BUMOr 10 GyHKI[IOHYBaHHS
CHACTEMHU Y BUIJISIIi KpUTEPialbHUX (PYHKLIN TOYHOCTI, IBUAKOAII Ta €eHeproedeKTUBHOCTI, Ha OCHOBI SIKUX
[IPOBEEHO ONTUMI3alilo ii TapaMeTpiB i3 3aCTOCYBaHHAM IHCTPYMEHTIB YMCEJILHOTO MOJIE/IIOBAHHS, MAIIMHHOTO
HaBYaHHS Ta CUMYJILINAHOI onTuMi3allii. BUKOHaHO aHasi3 BIVIMBY POOOYMX KOJIMBAHb TUCKY, 3MiHU B'SI3KOCTi 260
CHUIIKOCTi IIPOJIYKTY Ha XapaKTePUCTUKY JO3YBAaHHSI, PO3PO0JIEHO aJlallTHBHI aJITOPUTMU KOMIIEeHcallii TakKux
30ypeHb. [IpoBeieHO eKCllepUMeHTaIbHY Bepu@ikaliiio Moesi Ta niaTeepaxKeHo ii 3naTHICTb 3abe3nevyBaTu
CTabiJIbHY SIKiCTb JO3YBAaHHS SIK [JIs1 PiIKUX, TaK i 151 CUIIKAX Xap4OBUX NPOAYKTiB. OTpUMaHi pe3yJibTaTu
320€3Me4yIoTh [MiIIPYHTS JJ1s1 CTBOPEHHS PECYypPCOOIATHOTO Ta BUCOKOTOYHOI0 00JIalHaHHSI 103yBaIbHO~
(dacyBasIbHOTO TUIY 3 pO3MMPEHUM (PYHKIIOHATIOM CaMOHaIalITyBaHHs. [JuceprauiiiHa poboTa CKIaaeTbCs 3i
BCTYIIy, IT'SITU PO3[IiJIiB, BACHOBKIB, CIIUCKY JIiTEPAaTypHUX JKEPesl Ta JoAaTKiB. OTpUMaHi pe3yabTatd GOPpMYIOTh
niaxin no nobynoBU BUCOKOTOYHOI ajaliTUBHOI MEXaTPOHHOI CHCTEMHU [IO3YBaHHS PiIKUX i CUIIKMX XapuyOBUX
IIPOJYKTIB i3 BUKOPHUCTAHHSIM METO/iB MalllMHHOT'O HaBYaHHS Ta CTAaTUCTUYHOIO MoZestoBaHH y Simulink.
3oxpema, po3pobJieHO MiAxin fo onTuMizalii napameTpiB KEpyBaHHS J03yBaJIbHUMU MEXaHi3MaMU , Peajli3oBaHOTO
B cepenoBuli Simulink sk nifcucrema HaBYaHHS 3 MiAKPINJIEHHSIM, 10 3a6e3nevye afanTallilo CUCTeMH [0 3MiH
XapaKTepUCTUK IPOLYKTY Ta poboyoro cepenosuila . s Bepudikaliii Mogesi Ta MiABUILEHHS TOYHOCTI OLIiHOK
3MiHHUX BIipoBaakeHo Metoh Control Variates (CV), peanizoBanuii uepe3 MATLAB Function Block y moneni
Simulink, 10 703BOINIO 3MEHIIUTY CTAaTUCTUYHY AUCIIEPCi0 BUXiIHUX apameTpiB. OTprMaHi pe3yabTaTu
BUKOPMCTAHO JJ151 CTBOPEHHS IPOrPaMHO-aNapaTHUX PillleHb y CKiafi MaKyBaJbHUX MAIIMH, 1€ TOYHE JO3YBaHHS
BU3HAyae SKiCTb MPOAYKLii Ta EKOHOMII0 CUPOBUHU. AnTpo6aliilo i BIpOBaKeHHsI 37iliICHEHO Ha

nignpuemctsax [IpAT «Ykpananit», TOB «IIM YITAKOBKH», TOB «KAMOILILI», TOB «KoHCcepBHUI 3aBO[ «TA-
JIA-MAKU» ta TOB «AVC-KPIM CEPBIC», ie po3po6JieHi aropuTMu, aialiTUBHi €JIEMEHTH KEPYBAaHHS Ta
CHUMYyJISILiHI MOTesli peai3oBaHO SIK eKCIIepUMEHTAIbHUI TTaKeT J1s1 KaliOpyBaHHS i HaylalTyBaHHS CUCTEM
TOYHOTO I03yBaHHA. Pe3ysbTaTi TakoX BrpoBamkeHo B [THIJI HYXT i ocBiTHiN npouec creyianpHoCcTi G9
«[IpukagHa MEXaHiKa» 3a OCBITHBOIO NIPOrPaMol0 «POGOTOTEXHIYHI KOMIIJIEKCH NIaKyBAJIbLHUX BUPOOHULTB» Y
IucuuIUliHax «MexaTpoHika» Ta «OCHOBU POOOTOTEXHIKMY; (aKT BIIPOBAIKEHHS MiJTBEPAKEHO aKTaMU anpoobariii

Ta BUPOOHWYUMHU 3BiTaMU.

2. The dissertation addresses an important scientific and applied problem of improving the efficiency of food
product dosing processes through the parametric synthesis of an adaptive mechatronic system capable of
automatically adjusting feeding modes under varying physical and mechanical properties of the product. The study
is based on an analysis of the dynamic characteristics and control processes of product-pipeline drives in dosing
modules, taking into account the influence of structural, pneumatic, and mass-transfer factors on feeding
accuracy and stability. The object of the research is the process of transporting and dosing food products in
mechatronic packaging systems equipped with a product pipeline. The subject of the study encompasses the
parameters and operating principles of adaptive mechatronic dosing systems equipped with a product pipeline,
mathematical models of product feeding processes, and methods for the parametric synthesis of control systems
that govern the accuracy and stability of dosing liquid and bulk food products. The aim of the dissertation is to
establish the relationships governing the influence of the parameters of adaptive mechatronic product-pipeline
systems in dosing modules for bulk and liquid food products on the accuracy and efficiency of dosing processes, as
well as to develop approaches to parametric synthesis for improving the structural and control solutions of these
systems as components of filling and packaging equipment. To achieve this aim, a combination of theoretical and



experimental methods was employed, including mathematical modeling of dosing processes with consideration of
the nonlinear dynamics of control objects, as well as methods of structural and parametric system identification.
Simulation modeling of the adaptive mechatronic dosing system was carried out using the Matlab /Simulink
environment. Methods for formalizing system performance requirements as objective functions that account for
accuracy, response time, and energy efficiency have been developed. Based on these functions, the system
parameters were optimized using numerical modeling, machine learning techniques, and simulation-based
optimization tools. The impact of pressure fluctuations and changes in product viscosity or bulk powder flow
properties on dosing performance was investigated, and adaptive algorithms were developed to compensate for
these disturbances. Experimental validation of the proposed model was conducted, confirming its ability to ensure
stable dosing quality for both liquid and bulk food products. The obtained results provide a foundation for the
development of resource-efficient, high-precision filling and dosing equipment with enhanced self-tuning
capabilities. The dissertation consists of an introduction, five chapters, conclusions, a list of references, and
appendices. The results obtained establish a methodological framework for the development of a high-precision
adaptive mechatronic dosing system for liquid and bulk food products based on machine learning methods and
statistical modeling in the Simulink environment. In particular, an approach to optimizing the control parameters
of dosing mechanisms was developed and implemented in the Simulink environment as a reinforcement learning
subsystem, enabling the system to adapt to changes in product characteristics and operating conditions. To
validate the model and improve the accuracy of variable estimates, the Control Variates (CV) method was
introduced and implemented through a MATLAB Function Block within the Simulink model, which reduced the
statistical variance of the output parameters. The obtained results were used to develop software and hardware
solutions for integration into packaging machines, where precise dosing directly determines product quality and
raw material efficiency. The developed approaches were tested and implemented at the enterprises PrJSC
Ukranalit, LLC PACKING HOUSE (TOB «JIM YITAKOBKI»), LLC CAMOZZI, ASSOCIATION WITH LIMITED
RESPONSIBILITY TINNED FOOD FACTORY GAY-DA-MAKY, and LLC ICE-CREAM SERVICE, where the developed
algorithms, adaptive control elements, and simulation models were implemented as an experimental package for
calibration and adjustment of precision dosing systems. The results were also adopted in the activities of the NUFT
research laboratory and introduced into the G9 “Applied Mechanics” field of study as a part of “Robotic Systems
for Packaging Production” educational program, including
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