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Pedepar:

1. Inceprauis npucBgYeHa po3po61i METO0IOTIYHOr0 MigX04y IPOEKTYBaHHS POOOTOTEXHIYHMX KOMIIJIEKCIB
(opMyBaHHS TPAHCIIOPTHUX MAKETIB i3 XapUOBUMU IIPOLYKTaMHU, SIKUI 6a3yeTbCsl HA MOPQOJIOTiYHOMY aHali3i i
CHHTe3i iX CTPYKTypH Ta 6araToOKpUTepialIbHOMY CUHTE3] iX (PYHKIIOHAIbBHO-MEXaTPOHHUX MOAYJIIB. Y NOCHiIKeHHI
IIPOBEJIEHO OL{HKY KOHKYPEHTOCIIPOMOXKHOCT] TUTIOBUX 3Pa3KiB POOOTOTEXHIYHUX KOMILTIEKCIB (POPMYBAHHS
TPAHCIIOPTHUX IAKEeTiB i3 XapuOBMMU [IPOAYKTAMU Ta iX QYHKIIOHATIBHUX MOIYJIiB HA OCHOBI BUOGIPKOBOTO aHAi3y
Ta CUHTE3Y JOMyCTUMUX BapiaHTiB KOMIIOHYBaHb. Ha 0CHOBI MOP(OJIOTiYHOr0 aHaji3y BUKOHAHO [1€KOMIIO3ULIiI0

CIIyk00BOi (PYHKIii pOOOTOTEXHIYHUX KOMILJIEKCIB 11711 (POPMYyBaHHS TPAHCIOPTHUX MAKETIB i3 XapuYOBUMU



IIPOJYKTaMU Ta BUAIJIEHO iX XapaKTepHi PyHKI[iOHAIbHO-MEXaTPOHHI MOYJIi, TOOYI0OBAaHO iepapXiuHy CTPYKTYpY.
OTpuMaHO MacCUBY KOHCTPYKTHBHOI'O BUKOHAHHS (PYHKILIOHAJIPHO-MEXaTPOHHUX MOZYJIIB: 10Jla4di OAMHUYHOTO
TapHOT0 BaHTaXXy; TOPU30HTAJILHOTIO NIE€PEMILIEHHS CTPYKTYPHUX €JIEMEHTIB TPAHCIIOPTHOTO IIAKETY;
BEPTHKAIBHOIO IIEPEMIIIEHHS] TAPHOTO BAHTAXY a00 CTPYKTYPHOTO €JIEMEHTY TPAHCIIOPTHOTIO MaKeTy; NoJayi
OJVHUYHOIO MiJJ0HY, AKi pEKOMEHI0BAHO BUKOPUCTOBYBATH [1J151 CTBOPEHHS NTapaMEeTPUYHUX PALiB KOHCTPYKIH,
1110 BUKOHYIOTb OJHOTUIIHY TEXHOJIOTiYHY ornepaiiio. Ha ocHOBi MOp(OJIOTiYHOrO CHHTE3Yy BCTAHOBJIEHO Baromi
napaMeTpu Ta KpUTePii TeXHIYHOI e(PEKTUBHOCTI SIK /1J151 POOOTOTEXHIYHOTIO KOMIIJIEKCY 3arajioM, Tax i Jj1st 1oro
(PYHKLiOHAJIBbHO-MEXaTPOHHUX MOJYJIIB,  CAaM€ — MAaKCUMaJIbHE HaBaHTAXXEHHS; MaKCUMaJlbHa WBUJKICTb PYXy
pObOYNX OPraHiB; TOUYHICTb MO3ULII0BAHHS POOOYUX JIAHOK; €HEPrOBUTPATH Ha BUKOHAHHS CITYX00BOi DYHKILI;
MOXJIMBICTb MIBUJIKOTO NIEPEHAJIAITYBaHHS. 32 UMY NTapaMeTpaMU i KpUTEPisSIMU BUKOHAHO OLiHKY e(EeKTHUBHOCTI
CTPYKTYpHY (PYHKLiOHAJIbHO-MEXAaTPOHHUX MO[IYJIiB TOPU30OHTAIbHOT'O Ta BEPTUKAJIBHOTO IIE€PEMIIIEHHS TAPHOTO
BaHTAXY Ta OTPMMAHO IOIIYKOBY MHOXKHMHY B MEXKax aHasli3y YOTUPbOX TUMiB (QYHKLiIOHATBHUAX MOJYJIB IS
BEpPTUKAJIBHOIO IIEPEMIllleHHS Ta B MeXKax aHaslizy I'sITU TUIMIB (PYHKLIOHATIbHUX MOAYJIiB J1s1 TOPU30HTAJIbHOTO
nepemimeHHs. TeopeTHYHO O6I'PYHTOBAHO PalliOHAJIbHI pyXU pOO0YUX OPraHiB POOOTOTEXHIYHMX KOMILJIEKCIB [IpU
BMKOHAHHI YMOBHU €HEPro30epesKeHHs il 4ac (OpMyBaHHS TPAHCIIOPTHOTO MAKETy. BCTaHOBJIEHO, O Pi3HULS MK
CIIO)KMBAHHSM eHeprii Ha GOpMyBaHHS TPAHCIIOPTHOIO IIAKeTy 32 TUIIOBOIO CXEMOIO Ta 3aIIPOIIOHOBAHOIO CXEMOIO
CcTaHOBUTB 140 %. 3anpOIIOHOBAHO KOHCTPYKILiI0 PYHKIIOHAJIbHO-MEXaTPOHHOTO MOJIYJIsl TIOKPO-KOBOT'O
nepemileHHs M1aTGOpMHU 3 MHEBMATUYHUM NIPUBOJOM Ta (PYHKLi€IO PeKynepalii eHeprii A1 popMyBaHHS
CTPYKTYPHUX €JIEMEHTIB TPAHCIIOPTHOTI'O [1AKETY. BCTAHOBJIEHO 3aJI€KHICTh MK MACOI0 CTPYKTYPHUX €JIEMEHTIB
TPaHCIIOPTHOTO IaKeTy, PYIiiHUM 3yCUIIJISIM IIJIaTHOPMHU MEXaTPOHHOTO MOJIYJISl IOKPOKOBOTO IepeMillleHHS
n1aT$OpMHU 3 THEBMATUYHUM NIPUBOJOM Ta 3HAUEHHSIM KEPYIOUOTO CUTHAJTY 3 METOI0 3a0€3I1e4eHHs TOYHOCTI
MO3MLII0BAHHS IIAT(GOPMU. Pe3ynbTaTamMy eKCliepUMEHTAIbHUX AOCIIIPKEHb BU3HAYEHO, 110 3alIPOIIOHOBAHA
cxema KepyBaHHS (YHKIIOHaJIbHO-MeXaTPOHHUM MOZYJIEM IIOKPOKOBOT'O IlepeMilleHHs M1aTdopMu 3
ITHEBMAaTUYHUM IIPUBOJOM 32011a1Kye 110 40 % eHeprii CTUCHEHOro NIOBITps B IIpolieci popMyBaHHS
TPAHCIIOPTHOTO MAKETY, 5IKa MOXE [IOBTOPHO BUKOPUCTOBYBATUCS B IIOBTOPHUX LJMKJIAX TEXHOJIOTIYHOTO IIPOLIECY
dhopMyBaHHS TPAHCIIOPTHOIO NIaKeTy. PO3po6yieHO aHaliTHYHI 3aJ1€5KHOCTI [ BU3HAYEHHS TPUBAJIOCTI BUKOHAHHS
TEXHOJIOTIYHOI onepallii nepeMilieHHs TAPHOTO BaHTaXXy B TOPU3OHTAJIbHIN IJIOMHI 32 3aJaHUM 3aKOHOM PyXy Ta
BMKOHAHO OLIiHKYy pallioHaJIbHUX NIapaMeTpiB (QyHKIiOHaJIbHO-MEeXaTPOHHOTO MOyJIs JIiHIITHOTO NepeMillieHHs 3
€JIEKTPOMEXaHIYHUM IIPUBOJOM, IO [aJI0 3MOT'y 3MEHIIATHA CyMapHY NOTYXXHICTb IPUBOJA. 3alIPOIIOHOBAHO
KOMIUIEKCHU MiAXin 17151 BUBHaYeHHS MiHIMaJIbHOTO Ta MaKCHMMaJIbHOTO 3HaY€Hb BaKyymMa 3 YMOBH 6€311€4HOr0
YTPUMaHHS TAPHOTO BAHTAKY BaKyYMHUM IIPUCTPOEM 3aXOIUIIOBAHHS 32 TPbOMA IIOKa3HUKAMHU €KCIUTyaTaliiHUX
BMMOT IIifl YaC BUKOHAHH4 onepallii nepemileHHs. Po3po61eHo MaTeMaTUYHY MOJIeJIb 1J1s1 BUBHAYEHHS
€HepreTUYHMX [N0Ka3HUKIB BAKYyMHUX I'€HEpaTOPiB 3 PYHKIIi€l0 eHepro3bepeskeHHs. Pe3yibTaT KOMIIIEKCHUX
HayKOBUX JIOCJITKEHb € HAYKOBOK OCHOBOIO JI51 TPAaKTUYHUX PEKOMEHIALIiM 110 YJOCKOHAJIEHHIO BilOMUX Ta
CTBOPEHHIO iHHOBAIliTHMX KOHCTPYKLill MEXaTPOHHUX MOAYJIB, 11J0 BUKOHYIOTb MaKCUMAaJIbHY KiJIbKiCTb KOPUCHUX
(YHKLIl Ta BiTIOBIIAIOTh KPUTEPiSIM TEXHIYHOI €(PEKTMBHOCTI: PO3PO6JIEHO Ta 3alIPONIOHOBAHO MiJIOTHI 3pa3Ku
HOBUX QYHKI[iOHAIBHO-MEXaTPOHHUX MOJIYJIiB i3 THEBMaTUYHUM IIPUBOIOM Ta QYHKIi€I0 peKkynepalii eneprii ays
BEPTUKAJILHOTO [IEPEMILIIEHHS TAPHUX BAaHTAXIB 1 [J11 CTPYKTYPHUX €JIEMEHTIB TPAHCIIOPTHOTO I1AaKETy Ta
(PYHKLiOHAJIBHO-MEXaTPOHHOTO MOAYJIS i3 BAKYYMHMM 3aXOIJIIOBAJIbHUM ITPUCTPOEM 3 PYHKILi€I0

€Hepro3depesKeHHsI.

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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/ Skumuyk B.M., SIkumuyk M.B. 3asBHUK HanioHanpHUM yHiBEpCUTET XapyoBUX TexHOJIOTiN. — N2 u201906057;
3asBi. 31.05.2019; ony6.1. 10.01.2020, 61011. 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
MO/IyJIb 3 CUHXPOHI3alli€lo JiHiIHUX NepeMillleHb ITOKIB B mpoTu@dasi Ta PpyHKIieo peKynepatlii eHeprii /
SIkumuyk B.M., SIkumuyk M.B. 3asiBHuK HanjioHanbHMI yHIBEPCUTET XapuoBUX Te€XHOJIOTIHN. — N2 a201906054;
ony6s. 21.04.2021, 61041. N2 16 /2021. https:/ /sis.nipo.gov.ua/uk/search/detail /1589370 /

BrnipoBag>keHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U100057, 01170001249, 0120U102557

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. 'aBBa OsnekcaHgp MuKoJaiioB1Y

2. Oleksandr Gavva

KBasigikamis: n. 1. 1., npodecop, 05.18.12

InenTudirkarop ORCHID ID: He 3actocoyerscs

HoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HarjioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

MicueSHaXO,ll)KeHHﬂ: ByJI. Bosmogumupcska, 6yz. 68, Kuis, 01601, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

VII. BizomocTi npo odiliiHUuX OTIOHEHTIB Ta pelleH3€eHTiB



OdiuiiiHi OTIOHEHTH

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Mlonosii Opii1 [TeTpoBuy

2. Yurii Sholovii

KBasigikanis: . . u., gor., 05.13.07

InenTudgikarop ORCHID ID: 0000-0003-0154-7983

JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OTIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesﬂaxo,rm(eHHﬂ: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH:. YHIBEpPCUTETCHKUI

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Peren IBaH IBaHOBUY

2. Ivan Regey

KBasigikanis: x. 1. u., npodecop, 05.05.01

Imentudikarop ORCHID ID: 0000-0002-3395-2994

JonaTkoBa iHdopmanist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: YKpaiHChKa akafeMis ApyKapcTBa
Kopg 3a €IPIIOY: 02071004

Micue3HaxoaKeHHS: ByJ1. I1ig Tonockom, 6yg. 19, JIeBiB, 79020, YkpaiHna
dopma BiracHOCTI: JlepxaBHa

Cdepa ynpasiriHHS:

InenTudikarop ROR:

CekTop HayKH:

Penensentu

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Yenemok Onekcanap Mukosanosuy

2. Oleksandr Chepeliuk

KBasigikanis: k.1.u., nouenr, 05.18.12

InenTudikarop ORCHID ID: He sactocoyerbcs



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUl yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a € IPIIOY: 02070938

Micue3HaxoaKeHHS: ByJI. Bosmonumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUIL

BiacHe IIpizBuiue Im'sa ITo-6aThKOBI:
1. BacunpkiBcbKkuil KOCTAHTUH BikTOpOBUY

2. Kostyantyn Vasylkivsky

KBasigikamis: . . 1., gou., 05.05.10

ImenTudikarop ORCHID ID: 0000-0002-5843-9177

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIiA
Kopg 3a €IPIIOY: 02070938

Micuesnaxo,u)KeHHﬂ: ByJI. Bomonumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

VIII. 3aKkJII04Hi BiZoOMOCTi
BaacHe IlpizBuie Im's [10-6aTbKOBI Muponuyk Banepiit I'puroposuy

TOJIOBH pajgu

BaacHe IlpizBume Im's I10-6aTbKOBI Mupownyyk Banepiit I'puroposiy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignosigasbHUIH 3a HiATOTOBKY MesnpHuK Haramis

00JIiKOBUX JOKYMEHTIB

PeecTparop VYkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




