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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSYE€HO BUPIlIEHHIO aKTyaJlbHOI HayKOBO-TIPUKJIaJIHOI Ip0o6IeMU 3a0e3eyeHHs
TEXHOJIOTIYHOI CTIMKOCTI Ta CTaJIOCTi MaJIMX i cepeiHix MamnHoOyAiBHUX HignpuemcTs (MCII) B yMoBax KpUTAYHO
MaJIOi IUCKPETHO-HECTA0iIbHOI CePifHOCTI BUPDOOHUIITBA Ta Aii I7100aJIbHMX CTPECOBUX (PAKTOPIB MIJIIXOM
BIIPOBAPKeHHSI KOHIEMNii HacKpi3HOoi 3D-1111dpoBoi MiTPUMKH eTalliB >KUTTEBOTO LIUKJITY BUPOOIB. AKTyasIbHICTh
TE€MU 3YMOBJIEHA 3pOCTAHHSIM CKJIaAHOCTI KOHCTPYKLIN i BUMOT [1O0 SIKOCTi MalIMHOOYZiBHUX BUPOOGiB, HEOOXiTHICTIO
3MEHIIEHHS TPUBAJIOCTI KOHCTPYKTOPChbKO-TEXHOJIOTIYHO]I MiiTOTOBKY BUPOOHUIITBA, & TAKOXK HEOOXiJHICTIO
mBuaKoi amanranii MCIT 1o pi3Kux pUHKOBUX KOJIMBAHb MONUTY, TOPYLIEHHS JIAHLIOTIB ITIOCTA4aHHS, PEJIOKALiN Ta

iHIIKX 30BHIIHIX JeCcTabini3yIounx YMHHUKIB. 3aBJlaHHSI 3a0€31eYeHHSs BUCOKOI IIPOyKTUBHOCTI, SIKOCTi Ta



TEXHOJIOTIYHOI THYYKOCTi BUPOOHULITBA 3aBX/IY € BKpail CKJIaJHUM 3 IPUUMHY iCHYBAHHS [iaIeKTUYHOTO
IpoTUpivyus Mk HUMU. TpaguLiiiHi migxoau 0 TeXHOoJIOoriyHoi ninroroBku BupobuunTsa (TTIB), mo po3paxoBaHi Ha
CTabisIbHi yMOBU pOOOTH, BUSIBIISIIOTHCSI Hee(PEKTMBHUMU B Cy4aCHUX peaslisiX, Jie 30BHilIHI 06CTaBUHU JUKTYIOTh
SKOPCTKi BUMOTH [10 THYYKOCTi Ta aalTUBHOCTI. MeTOI0 AUCepTaLiliHOi po60TU € TEXHOJIOTiUHE 3a0€3[1e4YeHHS
IIPOLIECIB BUTOTOBJIEHHS BiITIOBIJAJILHYX E€TaJel MAIlVH HAa OCHOBI BIIPOBAPKEHHS KOHLETIL i HACKPi3HOi 3D

111 POBOI NiITPUMKU KUTTEBOTO LUKy BUPOOIB (B nepiy yepry uuisxom iHterpauii CAD /CAE /CAM /CAPP /ERP
CHCTEM uepe3 BiJI[IOBiHI IepeTBOPEHHS FTeOMETPUYHUX Ta Pi3UYHUX MOZEeN), gKa nigpuinye edpexruBHicTs TIIB B
YMOBaxX MaJIoi AUCKPETHO-HECTA0IIbHOI CEPIHOCTI, CTaJIOCTi Ta KOHKYPEHTOCIIPOMOXKHOCTI MaJInX i cepenHix
MalMHOOYIiBHUX MiANPUEMCTB B yMOBax CTpecy. MeTon0JI0Ti4Hy OCHOBY OCIIiIKEHHS CTAHOBJISATh METOAU
CHACTEMHOTO aHaJli3y, KJIACUYHi [10JI0’KeHHSI MeXaHiKU, Teopii 06po6IeHHsT MaTepiaiB, Tensonepenayi Ta
Marepiaso3HaBCTBa. [1J1s1 aHali3y (POPMYBaHHS TOYHOCTI 1 IKOCTi MOBEPXOHb 3aCTOCOBAHO aHAJITUYHI METOIH,
30Kp€eMa TeOPilo KOJIMBaHb MIPYKHUX CUCTEM. UUCII0BI JOCIIIKEHHS BUKOHAHO i3 BAKOPUCTAHHAM METOLY
CKIHUEHHUX €JIEMEHTIB, MOJIJIBHOT'O Ta FaPMOHIYHOTO aHasi3y, a TaKO>XX METOLIB ONTUMi3allii mapameTpis
(dpesepyBaHHs. MozeI0BaHHS [IPOTPECUBHUX TEXHOJIOTIUHUX MIPOLECIB 3]ilICHIOBaTIOCS HA OCHOBI LU(PPOBUX
IBIMHUKIB, iIMiTalliiHOrO MOJEJIIOBAHHS TA IHTEJIEKTYaJIbHOTO aHaJli3y JaHUX. EKClIepUMEHTAaIbHI JOCIII)KEHHS
IIPOBEJIEHO 3 BUKOPUCTAHHSM IIPEeLU3iiHOT0 BUMIPIOBAJIbHOTO 00J1aJHAHHS Ta LU(PPOBUX CUCTEM KOHTPOJIIO, a
IOCTOBIpHICTb pPe3yJbTaTiB NI TBEpIyKeHO Bepudikallieto Mozereil i ix anpobaiiieto y BUpoOHUYMX yMoBax. HaykoBa
HOBH3HA OJleP>KaHMX PE3yJIbTAaTiB N10JIIra€e y po3po6JieHHi Ta OO PyHTYBaHHI KOHLENii HacKpi3HOoi 3D-1udpoBoi
MiATPUMKY €JIEMEHTIB XXUTTEBOTO LIMKITy MAIIMHOOYIiBHOI MpOAyKii, Ka 3a6e3neuye iHTerpatito 6araTopiBHeBOi
3D-indopmanii Ha HaHO-, MiKPO-, M€30-, MaKpO- Ta IJ1I000PIBHIX i peasizyeTbCsl uepe3 BePTUKAJIbHY Ta
ropusoHTanbHy 3D-iHTerpauio 1u@poBux i ounppoBaHUX JaHuX. Briepiie BCTaHOBIEHO BU3HAYa/IbHY POJIb Yacy
IIPUIHATTS TEXHOJIOTIYHUX PillleHb K KJII0Y0BOro (paktopy ruydkocTi MCII B yMOBax XBUJIbOBUX KOJIMBAaHb PUHKY
Ta pO3pO06JIeHO iHTerpasbHUM PYHKLUiIOHAT 'HYYKOCTI AJIs1 OL[iHKY aJalTUBHOCTI MiJIIPUEMCTB Y CTPECOBUX YMOBAX.
3anpornoHOBaHO HAYKOBO OOI'PYHTOBaHY METOM0JIOTII0 iHTerpanii QR-kony 3 3D-iHdopmaliieto 1 afanTUBHOTO
KEPYBaHHS TE€XHOJIOTIYHOIO MiATOTOBKOK BUPOOHULTBA. CTBOPEHO NIPHMHLMIIOBO HOBUH aIalITUBHUI BUPOOHUYNN
JIQHIIOT POPMYBAHHS BUCOKOTEXHOJIOTIYHOI MAalIMHOOYAiBHOI MPOAYKLii HA OCHOBI IM(POBUX [IBITHUKIB i
KibepQisMuHUX CUCTEM Ha PiBHI «u(POBUX pillleHb». [I[pakTUyHe 3HaYeHHSI OJep>XKaHuX Pe3yJbTaTiB I10JIrae y
BIIPOBA/’)KEHHI KOMIIJIEKCHOI LU POBi3allii TEXHOJIOT{YHOI MiirOTOBKY BUPOOHULITBA 3 BUKOPHUCTAHHIM
6aratopiBHeBOi 3D-iHdopmallii, mo 3abe3nedye CKOPOYEHHS TEPMiHIB pO3pO0OJIEHHS, MiBUILIEHHS SIKOCTI Ta
THYYKOCTi TEXHOJIOTIYHUX i BUpOOHNYMX IIpoueciB y MamunHo6yziBHMX MCII. Po3po6:eni nudposi monei Ta
TEXHOJIOTIYHI IiAXony anrpo6oBaHO Ha MiANpUeEMCTBAaX MalIMHOOYAiBHOI ranysi Ykpainu. E¢exrusnicts 3D-
KOHLeNLii miATBepaKeHO Ha NIPUKJIA/li BATOTOBJIEHHS Ta OOPOOGJIEHHS By3JliB TYPOOKOMIIPECOPIB, @ TAKOXK
PO3pO6JIeHHI Ta peasidalii TexHOosorii 10BroBiyHOro QR-MapKyBaHHSI METaJI€BUX 1I0BEPXOHb (PEMTOCEKYHAHUM
J1a3epom, 1110 3abe3levye HOBUM piBeHb B3aeMoflii pisnyHoro Ta 1udpoBOro cepeosull, yepes iHrerpauio QR-kony
3 3D- reomeTpuyHOIO iHpOpMallielo PO MaINHOOYAiBHUI BUPi6. Pe3ynbTaTtu 0oCIiIKeHHS BIPOBAI)KEHO Y

Bupo6HULTBO MCII Ta HaBYanpHUi npouec HTY “XIII".

2. The dissertation is devoted to solving a relevant scientific and applied problem of ensuring the technological
robustness and sustainability of small and medium-sized mechanical engineering enterprises (SMEs) under
conditions of critically low discrete-unstable production batch sizes and the impact of global stress factors
through the implementation of the concept of end-to-end 3D digital support of product life cycle stages. The
relevance of the topic is determined by the increasing complexity of designs and quality requirements for
mechanical engineering products, the need to reduce the duration of design and technological preparation of
production, as well as the necessity for rapid adaptation of SMEs to sharp market fluctuations in demand,
disruptions of supply chains, relocations, and other external destabilizing factors. Ensuring high productivity,
quality, and technological flexibility of production has always been an extremely complex task due to the existence
of a dialectical contradiction between these objectives. Traditional approaches to technological preparation of
production (TPP), designed for stable operating conditions, prove to be ineffective in modern realities, where
external circumstances impose strict requirements for flexibility and adaptability. The purpose of the dissertation



is to provide technological support for the manufacturing processes of critical machine parts based on the
implementation of the concept of end-to-end 3D digital support of the product life cycle (primarily through the
integration of CAD /CAE /CAM /CAPP /ERP systems via appropriate transformations of geometric and physical
models), which increases the efficiency of TPP under conditions of low discrete-unstable batch production, and
enhances the sustainability and competitiveness of small and medium-sized mechanical engineering enterprises
under stress. The methodological basis of the research consists of methods of systems analysis, classical principles
of mechanics, theories of materials processing, heat transfer, and materials science. Analytical methods, in
particular the theory of vibrations of elastic systems, were used to analyze the formation of surface accuracy and
quality. Numerical studies were carried out using the finite element method, modal and harmonic analysis, as well
as methods for optimizing milling parameters. The modeling of advanced technological manufacturing processes
was performed based on digital twins, simulation modeling, and intelligent data analysis. Experimental studies
were conducted using precision measuring equipment and digital control systems, and the reliability of the results
was confirmed by verification of the models and their validation under industrial conditions. The scientific novelty
of the obtained results lies in the development and substantiation of the concept of end-to-end 3D digital support
of the elements of the life cycle of mechanical engineering products, which ensures the integration of multilevel
3D information at the nano-, micro-, meso-, macro-, and global levels and is implemented through vertical and
horizontal 3D integration of digital and digitized data. For the first time, the decisive role of technological
decision-making time as a key factor of SME flexibility under conditions of wave-like market fluctuations has been
established, and an integral flexibility functional has been developed to assess enterprise adaptability under stress
conditions. A scientifically grounded methodology for integrating QR codes with 3D information to facilitate
adaptive control of technological preparation for production has been proposed. A fundamentally new adaptive
production chain for the formation of high-tech mechanical engineering products has been created based on
digital twins and cyber-physical systems at the level of “digital solutions”. The practical significance of the
obtained results consists in the implementation of comprehensive digitalization of technological preparation of
production using multilevel 3D information, which ensures a reduction in development time and an increase in the
quality and flexibility of technological and manufacturing processes in mechanical engineering SMEs. The
developed digital models and technological approaches have been tested at enterprises of the mechanical
engineering industry of Ukraine. The effectiveness of the 3D concept has been confirmed by the example of
manufacturing and machining turbocharger units, as well as by the development and implementation of a
technology for durable QR marking of metal surfaces using a femtosecond laser, which provides a new level of
interaction between the physical and digital environments through the integration of QR codes with 3D geometric
information about a mechanical engineering product. The research results have been implemented in SME
production and in the educational process of NTU “KhPI".
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Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. TapameHko fIpocyiaB MyKoIanoBruy

2. Yaroslav M. Garashchenko

KBasigikanis: n. 1. ., nouenr, 05.02.08
Imentudikarop ORCID ID: 0000-0003-2568-4763
HoparkoBa iHpopmamist: https://scholar.google.com.ua/citations?user=FEPqXQsAAAAJ&hl=uk

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. [lToHomapenko Osbra IBaHiBHA

2. Olga I. Ponomarenko

KBasigikamis: x. 1. u., npodecop, 05.16.04

ImenTudikarop ORCID ID: 0000-0002-3043-4497

HoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=6701632885

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBepCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoO KeHHS: By Kupnuyosa, Xapkis, XapKiBCcbKuii p-H., 61002, Ykpaina
dopma BiracHOCTI: lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aThKOBI:
1. Cy66oTiHa Banepis BanepiiBHa
2. Valeriia V. Subbotina

KBasigikanis: 1. 1. n., npodecop, 05.02.01
Imentudikarop ORCID ID: 0000-0002-3882-0368

JoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=14066691200



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKMit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

CrenanoB Muxaino CepriioBuy

CrenanoB Muxaino CepriioBrny

Bacosa €BreHis BosogumupiBHa

Opuenko TersiHa AHaToJIiBHA

Opuenko Tetsana AHaTosiiBHa



