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Pedepar:

1. Inceprauist npucBsY€Ha PO3poOLi METOOJIOTIYHOTO MigX0AY IPOEKTYBaHHS POOOTOTEXHIYHUX KOMILJIEKCIB
(opMyBaHHS TPAHCIIOPTHUX MAKETIB i3 XapuOBUMMU MIPOJIYKTaMU, KU 6a3yeTbCsl HA MOPQOJIOTIYHOMY aHaIi3i i
CHHTe3i iX CTPYKTypH Ta 6araToKpuTepialbHOMY CUHTE3I iX PYHKIIOHaTIbHO-MeXaTPOHHUX MOAYJIIB. Y NOCiIKeHHi
IIPOBEJEHO OLIiHKY KOHKYPEHTOCIIPOMOKHOCTI TUIIOBUX 3pa3KiB pOOOTOTEXHIYHUX KOMILIEKCIB (POPMYBaHHS
TPAHCIIOPTHUX TAKeTiB i3 XapuOBMMU MIPOAYKTAMU Ta iX PYHKLIOHAJIBHUX MO/IYJIiB HA OCHOBI BUOGIPKOBOTO aHAMi3y
Ta CUHTE3Y JOIyCTUMMX BapiaHTiB KOMIIOHYBaHb. Ha 0CHOBi MOP(OJIOriYHOTrO aHali3y BUKOHAHO JAEKOMIIO3ULII0
C1yK060BOi (PYyHKIii pOOOTOTEXHIUHUX KOMILJIEKCIB 11711 (POPMYyBaHHS TPAHCIIOPTHUX I1aKeTiB i3 XapuOBUMU
IIPOJYKTaMU Ta BUJIIZIEHO iX XapaKTePHi (PyHKLiOHAJIbHO-MEXaTPOHHI MOy, IOOYAOBAHO iepapXiuHy CTPYKTYpY.
OTpuMaHO MacUBU KOHCTPYKTUBHOTO BUKOHAHHS (PYHKIIOHAJIbHO-MEXaTPOHHUX MOJYJIiB: 10Ja4i OGMHUYHOTO

TApHOTO BAaHTAXXy; TOPU30HTAJILHOTO [IepEMillleHHS CTPYKTYPHUX €JIEMEHTIB TPAaHCIIOPTHOT'O T1aKeTYy;



BE€PTHKAIBHOIO NIEPEMILIEHHS] TADHOTO BAHTAXY a60 CTPYKTYPHOTO €JIEMEHTY TPAHCIIOPTHOTIO MaKeTy; N0Jadi
OJVHMYHOTO MiAJIOHY, SKi PEKOMEHO0BAaHO BUKOPUCTOBYBATH [IJIs1 CTBOPEHHS ITAPAMETPUYHUX PSIZiB KOHCTPYKIIiH,
1110 BUKOHYIOTb OJHOTUIIHY TEXHOJIOTIYHY onepaliiio. Ha ocHOBi MOp(OJIOTiYHOrO CHHTE3Yy BCTAHOBJIEHO Baromi
napaMeTpu Ta KPUTEPii TEXHIYHOI €(PEKTUBHOCTI SIK /1151 POOOTOTEXHIYHOTO KOMILJIEKCY 3arajloM, TaK i Jj1sl 1oro
(yHKIiIOHAIbHO-MEXAaTPOHHUX MOJIYJIiB, @ CAaM€ — MaKCHMaJlbHe HaBaHTAKE€HHS; MaKCMMaJbHA MBUAKICTb PyXy
po60YKX OPraHiB; TOUHICTb NIO3ULIIIOBAHHS POOOYUX JIAHOK; €HEPrOBUTPATH Ha BUKOHAHHS CITYX00BOi PYHKILI;
MOXJIMBICTb MIBUJIKOTO NIEPEHAIATYBAHHS. 32 UMY NapaMeTPaMU i KpUTEPisSIMYU BUKOHAHO OLiHKY €(PEeKTUBHOCTI
CTPYKTYpHY (PYHKLiOHAJIbHO-MEXAaTPOHHUX MO[IYJIiB TOPU30HTAIbHOTO Ta BEPTUKAJIBHOTO IE€PEMIIIEHHS TAPHOTO
BaHTAXy Ta OTPMMAHO OIIYKOBY MHOKHHY B MEXKax aHasli3y YOTUPbOX TUMiB (QYHKLIOHATBHUAX MOJYJIB IS
BEPTUKAIBHOIO IIEPEMIlIEHHS Ta B MEXKax aHasli3y II'sITU TUIMIB (PYHKLIOHATIbHUX MOAYJIiB J151 TOPU30HTAJIbHOTO
nepemimeHHs. TeopeTHYHO OOI'PYHTOBAHO PALliOHAJIbHI PyXU POO0YUX OPraHiB POOOTOTEXHIYHMX KOMILJIEKCIB [IpU
BUKOHaHHI YMOBU €Hepro3bepeskeHHs! Mif, yac (pOpMyBaHHS TPAHCIIOPTHOTO NAKeTy. BCTaHOBJIEHO, 110 Pi3HULS MK
CIIO’KMBAHHSIM €Heprii Ha GOpMyBaHHS TPAHCIIOPTHOTO MAKETY 3a TUIIOBOIO CXEMOIO Ta 3aIIPOMIOHOBAHOIO CXEMOIO
CcTaHOBUTb 140 %. 3anpONIOHOBAHO KOHCTPYKILi0 PYHKIIOHAJIbHO-MEXaTPOHHOTO MOJIYJIsl TOKPO-KOBOTO
nepemileHHs M1aTGOpMHU 3 MHEBMATUYHUM NIPUBOJOM Ta (PYHKLi€EIO PeKynepalii eHeprii Ayt popMyBaHHS
CTPYKTYPHUX €JIEMEHTIB TPAHCIIOPTHOTO MTaKeTy. BCTaHOBIEHO 3aJIEXKHICTD MK MaCOI0 CTPYKTYPHUX €JIEMEHTIB
TPAHCIIOPTHOTO MAKETY, PYWiNHAM 3yCUJIJISIM T1aTMOPMU MEXaTPOHHOTO MOJLYJIS TIOKPOKOBOTO NIE€PEMIILIEHHS
n1aTGOpMHU 3 THEBMATUYHUM NIPUBOJOM Ta 3HAYEHHSIM KEPYIOUOT'O CUTHAJTY 3 METOI0 3a0€31e4€HHs TOYHOCTI
N03M1iI0BaHHA N1aTGopMuU. Pe3ybTaTaMu eKCIIEPUMEHTAIBHUX AOCiI)KEHb BU3HAYEHO, 1[0 3alIPOIIOHOBAHA
CX€Ma KepyBaHHs (QyHKIiOHaIbHO-MEXaTPOHHMM MOJyJIEM TIOKPOKOBOTO MepeMillleHHs I1aTHOPMU 3
ITHEBMAaTUYHUM IIPUBOJOM 32011a1Kye 10 40 % eHeprii CTUCHEHOr o NIOBITPpA B IIpolieci popMyBaHHS
TPAHCIIOPTHOTO MAKETY, IKa MOXE [IOBTOPHO BUKOPUCTOBYBATUCS B IIOBTOPHUX LIMKJIAX TEXHOJIOTIYHOTO IIPOLIECY
$hopMyBaHHS TPAHCIIOPTHOI'O IIaKkeTy. Po3po6sieHo aHaliTHYHI 3aJ1€5KHOCTI [1J1s1 BUBHAUYEHHS TPUBAJIOCTi BUKOHAHHS
TEXHOJIOTIYHOI onepallii nepeMilieHHs TAPHOTO BaHTaXXy B TOPU3OHTAJIbHIN IVIOLMHI 32 3aJaHUM 3aKOHOM PyXy Ta
BMKOHAHO OLIiHKY pallioHaJIbHUX NIapaMeTpiB (QyHKIIOHATIbHO-MEXaTPOHHOTO MOJyJId JIiHITHOTO NepeMillleHHs 3
€JIEKTPOMEXaHIYHMM IIPUBOJOM, IO OaJI0 3MOT'y 3MEHIINTHA CyMapHY IIOTYXXHICTb IPUBOZA. 3alIPOIIOHOBAHO
KOMILJIEKCHUY MiJXif AJ15 BU3HAYEHHS] MiHiIMaJIbHOTO Ta MAaKCUMAaJIbHOTO 3HaY€Hb BaKyyma 3 YMOBU 6€311€YHOTO
yTPUMaHHS TAPHOTO BAaHTaXXy BaKyyMHUM IIPUCTPOEM 3aXOIIIOBAaHHS 32 TPbOMA ITOKa3HUKAMM €KCILTyaTalifHuX
BUMOT I1if] YaC BUKOHAHHS omepallii nepeMimieHHs. PO3po61eHO MaTeMaTUYHY MOJIeJIb [71s1 BU3HAUYEHHSI
€HepreTUYHMX [T0Ka3HUKIB BaKYyMHUX T'€HEPATOPIB 3 PYHKIIi€I0 eHepro3bepeskeHHs. Pe3yibTaT KOMIIEKCHUX
HayKOBUX JIOCJI/IKEHb € HAYKOBOIO OCHOBOIO JIJIsl [IPAKTUYHMX PEKOMEH/ALIiN 10 YIOCKOHAJIEHHIO BilOMUX Ta
CTBOPEHHIO iHHOBALliTHMX KOHCTPYKLill MEXaTPOHHUX MOAYJIB, 1IJ0 BUKOHYIOTb MAaKCUMAJIbHY KiJIbKiCTb KOPUCHUX
(yHKLi Ta BiANOBiIAI0Th KpUTEPISIM TEXHIYHOI €(PEKTUBHOCTI: pO3PO6JIEHO Ta 3alIPOIIOHOBAHO MiJIOTHI 3pa3Ku
HOBUX QYHKIiOHAJIbHO-MEXaTPOHHUX MOJIYJIiB i3 THEBMaTUYHUM IIPUBOIOM Ta QYyHKIIi€l0 peKkynepalii eneprii gs
BEPTUKAJIBHOIO NIEPEMIllEHHS] TADHUX BAHTAXIB I 1711 CTPYKTYPHUX €JIEMEHTIB TPAHCIIOPTHOT'O NIaKeTy Ta
(PYHKLiOHAJIBHO-MEXaTPOHHOTO MOAYJIS i3 BAKYYMHMM 3aXOIJIIOBAJIbHUM IIPUCTPOEM 3 PYHKILE€I0

eHepro3bepeskeHHsI.

2. The dissertation is devoted to the development of a methodological approach to the design of robotic complexes
for the formation of transport packages with food products, which is based on morphological analysis and
synthesis of their structure and multi-criteria synthesis of their functional-mechatronic modules. The study
evaluated the competitiveness of typical samples of robotic complexes for the formation of transport packages
with food products and their functional modules on the basis of a selective analysis and synthesis of admissible
layout options. On the basis of morphological analysis, the service function of robotic complexes for the formation
of transport packages with food products was decomposed and their characteristic functional-mechatronic
modules were selected, and a hierarchical structure was built. The arrays of constructive implementation of
functional-mechatronic modules have been obtained: feeding of unitary cargo; horizontal movement of structural
elements of the transport package; vertical movement of a container load or a structural element of a transport
package; feeding of a single pallet, which are recommended to be used to create parametric series of designs that



perform the same type of technological operation. On the basis of the morphological synthesis, important
parameters and criteria of technical efficiency were established both for the robotic complex in general and for its
functional-mechatronic modules, namely, the maximum load; the maximum speed of movement of working bodies;
accuracy of positioning of work links; energy costs for the performance of official functions; possibility of quick
reconfiguration. According to these parameters and criteria, an evaluation of the effectiveness of the structure of
functional mechatronic modules for horizontal and vertical movement of packaged cargo was performed and a
search set was obtained within the analysis of four types of functional modules for vertical movement and within
the analysis of five types of functional modules for horizontal movement. The rational movements of the working
bodies of robotic complexes are theoretically substantiated when the condition of energy conservation is met
during the formation of a transport package. It was found that the difference between the energy consumption for
the formation of the transport package according to the typical scheme and the proposed scheme is 140%. The
construction of a functional-mechatronic module for step-by-step movement of a platform with a pneumatic drive
and an energy recovery function for the formation of structural elements of a transport package is proposed. The
relationship between the mass of the structural elements of the transport package, the driving force of the
platform of the mechatronic module of the step-by-step movement of the platform with a pneumatic drive and the
value of the control signal was established in order to ensure the accuracy of the positioning of the platform. The
results of experimental studies determined that the proposed control scheme of the functional-mechatronic
module of the step-by-step movement of the platform with a pneumatic drive saves up to 40% of compressed air
energy in the process of forming a transport package, which can be reused in repeated cycles of the technological
process of forming a transport package. Analytical dependencies have been developed to determine the duration
of the technological operation of moving a container load in a horizontal plane according to a given law of motion,
and the rational parameters of the functional-mechatronic module of linear movement with an electromechanical
drive have been evaluated, which made it possible to reduce the total power of the drive. A comprehensive
approach is proposed for determining the minimum and maximum values of the vacuum under the condition of
safe holding of the container cargo by the vacuum gripping device according to three indicators of operational
requirements during the transfer operation. A mathematical model has been developed to determine the energy
performance of vacuum generators with the energy saving function. The results of comprehensive scientific
research are the scientific basis for practical recommendations for improving known and creating innovative
designs of mechatronic modules that perform the maximum number of useful functions and meet the criteria of
technical efficiency: pilot samples of new functional mechatronic modules with a pneumatic drive and energy
recovery function have been developed and proposed for vertical movement of packaged goods and for structural
elements of the transport package and a functional-mechatronic module with a vacuum gripping device with an
energy-saving function.
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3asBi. 31.05.2019; ony6a1. 10.01.2020, 6101. N2 1/2020. https: / /sis.nipo.gov.ua/uk /search /detail /1400632 /
I[TareHT Ha BuHaxizg UA 123561, MIIK F15B 11,/06 (2006.01), F15B 11 /22 (2006.01). MexaTpoHHUI THEBMaTUYHUI
MOJYJIb 3 CUHXPOHI3alli€lo JiHIMHYX [IepeMillleHb ITOKIB B MpoTU(asi Ta QyHKILi€eo pekynepatii eHeprii /
SIkumuyk B.M., SIkumayk M.B. 3asiBHuK HarjioHanbHMM yHIBEPCUTET XapuOBUX Te€XHOJIOTIHN. — N2 a201906054;
omny6s. 21.04.2021, 61041. N2 16 /2021. https:/ /sis.nipo.gov.ua/uk/search/detail /1589370 /

BrnipoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: 0121U100057, 01170001249, 0120U102557

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. 'aBBa OsnekcaHzp MuKoJ1aioB1Y

2. Oleksandr Gavva

KBasigikawis: n. 1. u., npodecop, 05.18.12

InenTudikarop ORCID ID: He 3acrocosyetses

JopaTrkoBa indpopmamnis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaljioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

Micuesuaxo,r.pKeHHﬂ: ByJI. Boslomumupceska, 6yz. 68, Kuis, 01601, Yxkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. IHonosgin IOpii [leTrpoBuy



2. Yurii Sholovii

KBasigikanis: . . 1., gow., 05.13.07

ImenTudikarop ORCID ID: 0000-0003-0154-7983

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aTbKOBI:

1. Pereti IBaH IBaHOBUY

2. Ivan Regey

KBasigikamis: n. 1. ., npodecop, 05.05.01

InenTudikarop ORCID ID: 0000-0002-3395-2994

JopaTrkoBa indpopmanis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: VKpaiHChKa aKaeMist IpyKapCcTBa
Kopg 3a €IPIIOY: 02071004

Micue3HaxoaKeHH: By’ I1ig Tonockom, 6yx. 19, JIbBiB, 79020, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpasiiHHS:

InmenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Yenemok OnekcaHgp MUKoIaioBrY

2. Oleksandr Chepeliuk

KBasigikanis: k.r.u., nouenr, 05.18.12

InenTudikarop ORCID ID: He 3acrocosyerscs

JopaTrkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl yHIBEPCUTET XapYOBUX TEXHOJIOTIH
Kopg 3a €IPIIOY: 02070938

Micueanaxonmennﬂ: ByJI. Bonmogumupcska, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. BacunpkiBcbkuil KOCTSIHTUH BikTOpOBUY

2. Kostyantyn Vasylkivsky

KBasigikamis: . t. 1., gou., 05.05.10

Imentudikarop ORCID ID: 0000-0002-5843-9177

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

Micqesﬂaxon)KeHHﬂ: ByJI. Bononumupceka, 6ya. 68, Kuis, 01601, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

BaacHe IlpizBume Im's I10-6aTbKOBI Mupowntyyk Banepiit I'puroposiy
rOJIOBH paau

BaacHe IlpizBume Im's I10-6aTbKOBI Mwuponuyk Banepiti ['puroposiy
TOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigaibHUH 32 MiZITOTOBKY MenbHyK HaTtanis

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBnHuKk Bigginy YKpIHTEI, mpo €
BiAIIOBiZaJILHUM 32 peecrpauiro HayKOBO'l' Opuenko TerssiHa AHaTOJIiBHA

OisiILHOCTI




