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Pedepar:

1. Incepranifina po60TH NIPUCBSIY€HA BUPIIIEHHIO aKTyaJIbHOI Ta BXXJIMBOi HAYKOBO-TIIPUKJIAHO]I 3a1ayi
niABUILEHHS €(PEKTUBHOCTI TEXHOJIOTIYHOI MiATOTOBKY HA IIOYATKOBUX €TaIlax MPOEKTYBAHHS KOJIab0paTUBHUX
POOOTH30BAHNX MEXaHOCKJIANaJIbHUX BUPOOHULITB. 3MiCT AMCEPTALifHOTO [OCIiIP)KeHHS BUKJIAZEHO Y YOTUPbOX
pO3[inax, B IKUX [IpeJiCTaBJleHi Ta OOIPYHTOBAaHI OCHOBHI pe3yJibTaTh poOOTHU. Y BCTYIIi OOI'PYHTOBAHO aKTyaJIbHiCThb
TE€MHU JMCePTaLiiiHOi po60TH, CHOPMYJIBOBAHO METY Ta BKa3aHO [10CTABJIEH] 3aBJIaHHSI IOCIiI>)KEHHSI, OIIMCAaHO
METOM [OCHiIKeHHS, IPeJCTaBlIeHo iHpopmMallilo PO HAYKOBY HOBU3HY Ta MPaKTUYHE 3HAYEHHS OTPUMAaHUX
Pe3yJbTaTiB, ix anpobariiio Ta my6Jikauii o po6ori. Y nepmomy po3ziii npoBeneHo aHajli3 Cy4aCHOTO CTaHy
KOJIabOpaTUBHUX POOOTM30BAHUX TeXHOJIOTIH. [IpoaHanizoBaHo AOCTYNHI iHpopMaLiiiHi Akepesa MoJ0
3aCTOCYBaHHS KOJIAOOPAaTMBHUX POOOTM30BAHUX TEXHOJIOTIN Y BUPDOOHULTBI. BUCBITIIEHO Tapaiurmy pO3BUTKY
POOOTM30BAHMX TEXHOJIOTIH B YACTHHI iX Iepexofy Bifl «KJIACUYHUX» 10 KOJIAOOPATUBHUX. Y IPYrOMY pO31ii

PO3p0o6JIeHO MeTOAMYHE 3a0€e3[1eYeHHs] CUCTEMHU BU3HAUYEHHS PiBHS KoJslabopallii y TEXHOJIOTIYHUX pOOOTHU30BaHUX



CHUCTeMax JIIOANHA-POo0O0T y BUTJIATI TPUPIBHEBOTO MiTXOy, IKUM CKIaa€ThCs 3 CTPATEriyHOro piBHA L1,
TaKTAYHOTO piBHA L2 i BUKOHaBChKOro piBHs L3. [IponoHOBaHUN TPUPiBHEBUH MMiIXi[ ONMCAHO 32 TOTIOMOIOI0
¢opmarnizoBaHoro npencrasaeHHs Ta SADT-giarpam, ski 6;10kaMu MofinieHi Ha BKazaHi Buile piBHi. KoskHuit 610K
IeTaJIbHO OMKCAHO Ta BU3HAYEHO MOro iH(opMaliliHi 38’13KU 3 iHIMMU 6J10KaMU. [IpeicTaBlieHo METOOUKY
NIPUMHATTS TEXHOJIOTIYHMX PilleHb Npu aBaHIIpoekTyBaHHi KPT, a caMe NpoBeeHHs eKCIIepTHOTO ONUTyBaHHA MAI
IIpY BUKOHAHHI (peasisaliii) TpupiBHEBOro Migxony, a came onucadHo MAI Ta 10ro BUKOPUCTaHHS 1151
IIPOIIOHOBAHOrO Niaxony. Po3pobiieHi Ta npeacrasieHi cxeMu iepapxiil ajis peanizatii MAI Ha cTpaTeriyHoMy piBHI
L1 ta TaktTyHOMY piBHi L2. PeanizoBaHo NpOBEAEHHS €KCIIEPTHOTO ONUTYBaHHA MAI 1714: BUSHAYEHHS MOXKJIMBOCTI
BripoBamkeHHs: KPT y BUpoOHULITBO Ha cTpaTerivHoMy piBHi L1; po3nofiny 3aBgaHp MiX JI0AMHOI0, pOGOTOM Ta
00J1aJHAaHHSIM Ha TaKTUYHOMY piBHi L2.1; BUBHaueHHs BUAy B3aeMOZi JI0iMHA poOOT Ha TaKTUYHOMY PiBHI L2.2.
OTtpumani pe3sysbTaT rpadidyHoO IPeICTaBIe€HO CTOBIIUMKOBUMU Ta NEJIIOCTKOBAMM JliarpaMaMy, 1O Bi3yasli3yloThb
indopmalio npo oTpumani peaysnbTaTy. BUCBiTII€HO PO3PO6IEHY METOIMKY aTeCTallii METPUKU SIK HEOOXiTHY
CKJIaJIOBY peaJisaliii BUKOHaBcbKOro piBHs L3. [IporioHOBaHa MeTouKa nepei6adae IOKPOKOBE BUKOHAHHS [T€BHUX
onepauin 3 3D-mopenamu KIIP ta OM y crieniasnizoBaHMX IPOrPaMHUX NPOJOYKTAX, a CaMe MigroToBKa i
HasamTyBaHHsg 3D-Momesi Ta BipTyasibHOrO cepefoBUIa (PO60YOro MpOCTOPY), 6araTopasoBe po3B'sI3yBaHHS
3BOPOTHOI 3a/1aui KiHeMaTUKY, 30epe>KeHHs Ta Bisyasisallis OTpUMyBaHUX Pe3yJbTaTiB AOCHIIKEHHS. Y TPETbOMY
po3naisi po3pobisieHe iHpopmaliliHe 3a6e3neyeHHs 17151 peasnidallii MpOoroHOBAaHOTO B PO3Aii 2 METOJUYHOTO
3a6e3neveHHs. [IpencrasneHo iHpopMaliiiHui 6a3uc Ta ONMCaHO WOTo CKIafoBi. BucsitieHo indpopmaliiline
3abe3reyeHHs 1J1s aTecTallii MeTPUKY MaHIMyJISILifHOI CUCTeMU KOIab0paTUBHUX IPOMUCIIOBUAX POOOTIB. Y
YeTBEPTOMY PO37ijii po3p006JieHO y3arajJbHEeHUN ajJrOpUTM peasisalii MeTOIUKY IPUMHSTTS TEXHOJIOTTYHUX PillleHb
Ha ocHOBi MAI 717151 NpONOHOBAHOTO TPMPIBHEBOTrO MiIXOy IIPYU aBaHIIPOEKTYBaHHI K0OJ1ab0OpaTUBHUX
POOOTM30BAaHNX MEXAHOCKJIALIAJIbHUX TEXHOJIOTIH, SIKUM TONIOBHUB Ta PO3LMINUPUB OMKC PO3POOJIEHOrO Ta
MIPOIMTOHOBAHOTO METOAWYHOTO Ta iHPOPMAILIiFTHOTO 3a6e3NeYeHHs], sIKi BUCBITJIEHi BiIMOBIIHO B PO31Iiji 2 Ta po3misi
3. Buine BKasaHi aJirOpuTMHU BUCBITJ/IIOIOThH pealizallilo cTpaTeriyHoro piBHs L1, Taktuynoro piBHs L2 Ta

BMKOHABCbKOTO piBHA L3.

2. The dissertation is devoted to solving an urgent and important scientific and applied problem of increasing the
efficiency of technological training at the initial stages of designing collaborative robotic mechanical assembly
facilities. The content of the dissertation research is outlined in four chapters, in which the main results of the
work are presented and substantiated. The introduction substantiates the relevance of the dissertation topic,
formulates the purpose and objectives of the study, describes the research methods, provides information on the
scientific novelty and practical significance of the results, their testing and publications. The first section analyses
the current state of collaborative robotic technologies. The available information sources on the application of
collaborative robotic technologies in production are analysed. The paradigm of development of robotic
technologies in terms of their transition from "classical" to collaborative ones is highlighted. The second section
develops a methodological support for the system for determining the level of collaboration in technological
robotic systems of human-robot in the form of a three-level approach, consisting of the strategic level L1, the
tactical level L2 and the executive level L3. The proposed three-level approach is described using a formalised
representation and SADT diagrams, which are divided into the above levels by blocks. Each block is described in
detail and its information links with other blocks are identified. The methodology for making technological
decisions in the advance design of CRT, namely, conducting an expert survey of MAI in the implementation of the
three-level approach, is presented, namely, MAI and its use for the proposed approach are described. The
hierarchy diagrams for the implementation of MAI at the strategic level L1 and the tactical level L2 are developed
and presented. An expert survey of MAI was carried out to: determine the possibility of introducing CRT into
production at the strategic level L1; distribute tasks between humans, robots and equipment at the tactical level
L2.1; determine the type of human-robot interaction at the tactical level L2.2. The obtained results are graphically
represented by bar and pie charts that visualise information about the results obtained. The article highlights the
developed methodology for metric certification as a necessary component of the implementation of the L3
executive level. The proposed methodology involves the step-by-step performance of certain operations with 3D



models of CRC and OM in specialised software products, namely, preparation and configuration of the 3D model
and virtual environment (workspace), repeated solution of the inverse kinematics problem, saving and visualisation
of the obtained research results. The third section develops information support for the implementation of the
methodological support proposed in section 2. The information base is presented and its components are
described. The information support for the certification of the metric of the manipulation system of collaborative
industrial robots is highlighted. Chapter 4 develops a generalised algorithm for implementing the methodology for
making technological decisions based on MAI for the proposed three-level approach to the advance design of
collaborative robotic mechanical assembly technologies, which complements and expands the description of the
developed and proposed methodological and information support, which are covered in Chapter 2 and Chapter 3,
respectively. The above algorithms cover the implementation of the strategic level L1, tactical level L2 and
executive level L3. A generalised algorithm of MAI operation for making technological decisions in the advance
design of collaborative robotic mechanical assembly technologies is presented on the basis of existing
methodological developments described in Section 2.2.1. On the basis of the proposed methodological support
described in Section 2, the general algorithm of the process of certification of the manipulation system metric of
collaborative industrial robots as a meaningful and necessary component of the implementation of the L3
performance level is highlighted.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. KpmkaHiBcbKa [1oHa BosiogumupiBHa

2. ILONA KRYZHANIVSKA
KBasigikanis: . . 1., go., 05.13.07
InenTudikarop ORCID ID: He zacrocoyerbcs

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: JlepkaBuuii yHiBepcuteT "YKutomupchbka nosirexHika"

Kopg 3a €IPIIOY: 05407870

Micue3HaxoaKeHHS: ByJ1. UynHiBceka, 6yz. 103, JKuromup, Kutomupcekuii p-H., 10005, Ykpaina

dopma BracHOCTI: JlepxasHa
Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi

TOJIOBYIOYOTO Ha 3acCiiaHHi

[Mununenko Onexkcangp MukonanoBruy

[Tnnunenko Onekcangp Muxainjaosuy



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Josraiok Bita BaneHTHHiBHA

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



