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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocnimkeHHs TeXHOJIOTii Tpelu3iiHOro po3mMipHOro 06po6eHHsI KOMOIHOBaHMMU €JIeKTPOJIaMH, 1110 BUTOTOBJIEHI

METOOdaMM aJUTUBHOTO BI/IpO6HI/I]_1TBa

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Investigation of the precision dimensional machining technology with combined electrodes manufactured by
additive manufacturing methods

Pedepar yKpaiHCBKOIO:

HaykoBo-pocnigHa po6oTa npucBsideHa JOCIiIPKEHHIO Ta PO3BUTKY TE€XHOJIOTII Ipelu3iiHOro po3mipHoro
€JIEKTPOXiMiYHOro 06pO6JIEHHS JeTajnell CKIaIHOI reoMeTpii i3 3acToCyBaHHSIM KOMOIHOBAaHUX €JIEKTPO/IB,
BUTOTOBJIEHUX METOJAMU aIUTUBHOTO BUPOOHUILITBA. AKTYaJIbHICTb POOOTH 3yMOBJIEHA 3pOCTAI0OYMMU BUMOTaMHU 0
TOYHOCTI, SIKOCTi IIOBEPXHi Ta HAAiHOCTI AeTasnel aBial[ilHO-paKeTHOI TEXHIKK, 036POEHD i BUCOKOTOYHOTO
MalKMHOOYyBaHHSI, @ TAKOK HEOOXIIHICTIO MiJBUIEHHS OIEPaTUBHOCTI (PiHIIIHUX olepalliil y mpouecax
BUTOTOBJIEHHS Ta BiIHOBJIEHHS BUPOOiB. MeTOI0 pOO0TU € (POPMYBaHHSI HAYKOBO OOI'PYHTOBAHOI METOIMYHOI Ta
PO3paxyHKOBOi OCHOBHU [1JIs1 peastizallii Ipo1eciB Mpenn3iiiHOro ea1eKTPOXiMidHOro 06pobJIeHHSI 3 BUKOPUCTaHHSIM
KOMOIHOBaHUX €JIEKTPO/iB, BUTOTOBJIEHUX METOJAMU aIMTUBHOIO BUPOOHUIITBA, i3 3a6e3redeHHsIM CTabiIbHOCTI
IIpoLieCy, KEPOBAHOCTI Ta IPOrHO30BAHOCTI PE3YJIbTATIB OOPOOJIEHHS. Y MeKaxX BUKOHAHHS IPYroro eTamny
y3arajabHEHO Pe3yJIbTaTy NONePeHIX JOCTiIKeHb i 3a6e3MeUeHo iX iHTerpaliio B €4MHY TEXHOJIOTIYHY KOHLEMILIIO.
Y Xogzi 3BITHOrO eTamny yTOYHEeHO Ta pO3BUHEHO MaTeMaTU4YHi MoJeJi polecy eJeKTPOXiMiuHOTo 06pobieHHs 3
yPaxyBaHHSM B33a€MOIIOB S13aHUX TiAPOJMHAMIYHUX, TEIJIOBUX Ta €JIEKTPOXIMIUHUX SBULL, Y MiXKEJIEKTPOLHOMY
3a30pi, a TaKOX JUQPEePeHLiaIbHAX KiHEMAaTUYHUX XapaKTEPUCTHK PYXy B TEXHOJIOTIYHMX CUCTEMAX 3 YACJIOBUM
IIPOrpaMHUM KepyBaHHSIM. Po3po6sieHO Ta (pOpMai3oBaHO METOIMKY PO3PAaXyHKy NapaMeTPiB NPoLeCcy
IIpeLr3iiiHOro e1eKTPOXiMiYHOro 0OpOOJIEHHS], OPiEHTOBAaHY Ha ITPaKTUYHE 3aCTOCYBAHHSI [IPU TEXHOJIOTIYHI
niAroTosLi BUPpOOHULTBA. [IpoBeieHO YUCIOBI Ta NapaMEeTPUYHI JOCIIIIPKEHHS BIZIMBY PEXXUMIB iMITyJIbCHOTO
CTPYMY, IApOANHAMIYHIX YMOB i XapaKTEPUCTUK IIEPEMIIIEHHS €JIEKTPOY Ha OCHOBHI [TOKa3HUKU MIPOLECY
00po6eHHs. OTprUMaHi pe3yabTaTy JO3BOJIUIN YTOYHUTH BUMOTH 10 KOHCTPYKLii KOMOIHOBaHUX €JIeKTPOZIB i
YMOB iX BUKOPUCTaHHS. Pe3ysbTat po60TU MalOTh HAYKOBY Ta NPUKJIAAHY LiHHICTb i CTBOPIOIOTH [T€PEIYyMOBHU 1JIs1
BIIPOBAP)KEHHS BUCOKOTOYHHUX TEXHOJIOTIH €JIEKTPOXiMiUHOTr0 OOpO06JIEHHS Y MAlIMHOOYIyBaHHI Ta CYMDKHUX

ranyssx

Pedepar aHI1iliChKOIO:

The research project is focused on the development and investigation of precision dimensional electrochemical
machining technology for complex-shaped parts using combined electrodes manufactured by additive
technologies. The relevance of the study is determined by the increasing requirements for dimensional accuracy,
surface quality, and reliability of components used in aerospace engineering, defense-related applications, and
high-precision mechanical engineering, as well as by the need to improve the efficiency of finishing operations
during manufacturing and repair processes. The aim of the research is to establish a scientifically grounded
methodological and computational framework for the implementation of precision electrochemical machining
processes employing combined electrodes produced by additive manufacturing methods, ensuring process
stability, controllability, and predictability of machining results. Within the second stage of the project, the results
obtained at previous stages were summarized and consistently integrated into a unified technological concept.
During the reporting stage, mathematical models of the electrochemical machining process were refined to
account for the coupled hydrodynamic, thermal, and electrochemical phenomena occurring in the interelectrode
gap, as well as the differential kinematic characteristics of motion in CNC-based technological systems. A
calculation methodology for determining the parameters of precision electrochemical machining was developed



and formalized for practical application in technological process planning Numerical and parametric studies were
carried out to evaluate the influence of pulsed current parameters, hydrodynamic conditions, and electrode
motion characteristics on the key performance indicators of the machining process The obtained results made it
possible to refine the requirements for the design of combined electrodes and their operating conditions T
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII ykpaiHCBKOIO: MeToguKa po3paxyHKy NapamMeTpiB IPOLECy MPELUiIHOTO €EeKTPOXIMIYHOTO

06pO6JIeHHH 3 BUKOPDUCTAHHAM KOMOiHOBaHMX eJ'IeKTpOILiB, BUTOTOBJIEHUX METOOAMU aAUTHUBHOTO BI/IPOGHI/IU,TBa

Haszga HTII anrJificbKo10: Methodology for Calculating Parameters of Precision Electrochemical Machining
Using Combined Electrodes Manufactured by Additive Technologies

HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMaHi pe3yJIbTaTH: MeTOANYHI JOKYMEHTH
l'asy3p 3aCTOCYBaHHS: MamHOGYJiBHA rajy3b
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Meroauka chopmoBana B Mexax BUKOHAHHS [[PYrOro eTary HayKOBO-I0CIIHOI po60TH Ta
0a3yeTbCs Ha y3arajabHEHHI Pe3yJbTaTiB aHAITUYHUX, YMCIIOBUX i IapaMeTPUYHUX AOCJiIKEHD IPOLIECIB
€JIEKTPOXiMIYHOTrO 06p06JIeHHS. Y MesKax MeTOIUKY (pOpMasTi30BaHO MiAX0AU 4O BU3HAYEHHS PaL[iOHAIbHUX
IapaMeTpiB eJIeKTPOXiMiUHOro 06pO6IIEHHS 3 ypaxyBaHHSIM B3a€MOIIOB SI3aHUX IipOAMHAMIYHYX, TEIIJIOBUX Ta
€JIEKTPOXIMIYHUX SIBUIIL Y MDKEJIEKTPOJHOMY 3a30Pi, a TAaKOX Ju(epeHLiaIbHUX KIHEMaTUYHUX XapaKTE€PUCTUK
PYXy BUKOHABUMX OPraHiB TexHosOriyHuX cuctem 3 UINTK. MeTonuka nepenbadae BUKOPUCTAHHS aHAITUYHNX
3aJIEXKHOCTEH i pe3y/IbTaTiB YK CI0BOTO MOJIEJIIOBAHHSI [1Jis [IPM3HAUYEHHS PEXXUMIB 00pOOJIeHHS leTanell CKIagHOol
IIPOCTOPOBOi (POPMHU 3 YpPaxyBaHHSIM KOHCTPYKTUBHUX OCOOJIMBOCTEN KOMOIHOBAaHUX €J1IeKTPOIiB. Po3pobieHa
IIPOAYKLis 3abe3Ievye NiiBUILEHHS IPOrHO30BaHOCTI, CTabiIbHOCTI Ta KEPOBAHOCTI IPOLECY NPELU3iIHOrO
€JIEKTPOXiMiYHOTO 0OPOOGJIEHHS], 3MEHIIYIOYH [TOTPeOy B 6araTopasoBUX €KCIIEPUMEHTAIbHUX HA/IAMITYBAHHSIX i
KOPUTYBaHHSX PeKUMiB. Ii 3acTOCYBaHHS 103BOJISIE Y3rOAUTHU NTapaMeTpU iMITyJIbCHOTO CTPYMY, Ti/IpOIMHAMIYHi
YMOBHU Ta KiHEMaTU4Hi XapaKTE€PUCTUKU [1IePEMIILIEHHSI €JIEKTPOAY 3 BUMOTaMH 10 TOYHOCTi POPMOYTBOPEHHS i
SIKOCTi 06p006.II0BaHOI MOBEPXHIi. MeTonuKa Mo>ke OyTH BUKOPUCTaHa Ha eTarax TEeXHOJIOTIYHOI MiArOTOBKU
BUPOOHULITBA, IPY ITPOEKTYBAaHHI Ta MOJIepHi3allii IpoLeciB Mpenu3iiHOro eJeKTPOXiMiuHOro 06pO6IEHHS, a TAKOX
y IPUKJIaHUX JOCiIKEHHSIX i HaBYaJIbHOMY IIpolieci. BoHa cTBOpIo€ HAyKOBO OOI'PYHTOBAaHY OCHOBY [1JIS
[IPaKTUYHOTO BIIPOBAIPKEHHSI KOMOIHOBAHUX €JIEKTPO/IiB, BATOTOBJIEHUX METOJAMU aJUTUBHOTO BUPDOOHULITBA, Y

BUCOKOTOYHOMY MALIMHOOYIyBaHHI Ta CYMIKHUX Tays3six.

ConianbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Cteopenns npuHumnoBo HOBOI mpoAyKiii (Matepiasis,
TEXHOJIOTI} TOIO) AJ1s1 3a0€3MeYeHHs] eKCIIOPTHOIO IIOTEeHIialy Ta 3aMillleHHIO iIMIIOPTY, 3MEHILEHHSI 3HOCY

006J1aqHaHHS

BrsiuB HTII Ha mOBKJIJISL: Pospo6ieHa HayKOBO-TeXHIYHA MPO/IyKIlisl CIPSAMOBAHA Ha Mi/[BULIEHHS
€KOJIOTiYHOI e(PeKTUBHOCTI TeXHOJIOTIYHUX MPOIECiB MPENU3iTHOTO eJIeKTPOXiMiYHOTO 0OPOGIEHHS HIISIXOM
onTuMizallii pe>xxuMiB 06p06JIEHHS Ta 3MEHIIEHHS] PECYPCHUX BUTPAT. 3aCTOCYBaHHS METOUKU PO3PAXYHKY
IIapaMeTpiB NIPOLECY €JIEKTPOXiMIUHOTO OOPOO6JIEHHS 3 BUKOPHMCTAHHSIM KOMOIHOBAHUX €JIEKTPOJiB, BUTOTOBJIEHNX
MEeTOJlaMU aITHBHOTIO BUPOOHUIITBA, 3abe3mevye 6ibll cTabinbHNN i KepOBaHUI NTepebir TEXHOIOTiYHOTO
IIpolLiecy, 11O CIIpHse 3HUKEHHIO 00CsAriB OpaKy Ta IOBTOPHUX 00pobsieHb. ONTHMI3allisi TapaMeTpiB
€JIEKTPOXiMIYHOr0 06pO6JIEHHS [03BOJISIE 3MEHIINTH €HEPrOCIIOKMBAHHS 32 PAXYHOK PalliOHAJIbHOTO
BUKOPUCTAHHS IMITyJIbCHUX PEXKUMIB CTPYMY Ta Y3rOIKE€HHS TripOAMHaMIYHUX YMOB Y MIXKEJIEKTPOLHOMY 3a30pPi.
Lle cripusie 3HUKEHHIO BUKUIIB 3a0PYAHIOIOUMX PEYOBUH, TIOB'SI3aHUX i3 BUPOOHULITBOM €JIEKTPOEHePTii, Ta
3MEHIIEHHIO BYIJIELeBOro CJIily BUPOOHUYHUX [IPOLeCiB. BUKOpUCTaHHS aAUTUBHUX TEXHOJIOTIH [17151 BUATOTOBJIEHHS
KOMOIHOBAaHMX €JIEKTPOJIiB TaKOX 3a6e31edye CKOPOYEHHS BiIXOMiB MaTepiaJliB MOPIBHSHO 3 TPAAULIIAHUMUI
METO/IAMU BUTOTOBJIEHHS iHCTPYMEHTY. 3aCTOCYBaHHS pO3p06JI€HOI METOMKY CIIPUSIE MiABUIEHHIO TOBrOBiYHOCTI

€JIEKTPOJiB i CTabiZIbHOCTI IX eKCIITyaTalifHUX XapaKTePUCTHK, 110 3MEHIIY€E YaCTOTy 3aMiHM IHCTPYMEHTY Ta



KUJIbKiCTh TEXHOJIOTIYHUX BigxoiB. Kpim TOro, mifgBuileHHs TOYHOCTI Ta KEPOBAHOCTI IIPOLIECY IO3BOJISIE 3MEHIIUTHU
00CSIT BUKOPUCTOBYBAHHUX €JIEKTPOJIITIB i BTpaTy po60YMX CepeloBUll, 110 TO3UTUBHO BIIJIMBA€E HA €KOJIOTIYHY

6e31eKy BUPDOOHUIITBA.

BnposagskeHHst HTII: Briposamkeno

ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 01.2025
3akiHyeHHs eTamy: 12.2025

Crnio>KHuBavi NPOAYKILii: LleHTpasbHi OpraHn BUKOHABYOI Blafy y cepi IPOMUCIOBOCTI, 060POHHO-
[IPOMHUCJIOBOTO KOMIIJIEKCY Ta iHHOBALIIITHOTO PO3BUTKY, MiAIIPUEMCTBA aBialiliHOI, pAKETHO-KOCMIYHOI Ta
MamMKUHOOYiBHOI raymy3ei, HayKOBO-IOCJIiIHI Ta IPOEKTHO-TEXHOJIOTIYHI OpraHisauii, MignpueMcTBa 3 pEMOHTY Ta
BiZJHOBJIEHHSI BUCOKOTOYHMX JE€TaJIeH, 3aKJIaJli BULIOI OCBITY Ta HAYKOBi YCTAHOBY, 110 3[iMCHIOIOTH MiATOTOBKY
iH>)KEHEepHUX KaJIpiB i MPUKJIa[HI JOCTiIKEHHS

IlepcrieKTHBHI PUHKH: Punok Ykpainu, punku kpain €sponeiicbkoro Corosy, punku kpain OECP,
Mi’KHAPOJIHUM PUHOK BUCOKOTOYHUX TEXHOJIOTIN 06PO6IEHHS, aiUTUBHOIO BUPOOHMIITBA IHCTPYMEHTY Ta

iHXUHIpUHTOBUX pillleHb 11715 aBialiliHoi, pakeTHO-KOCMIYHOI Ta MaIMHOOYAiBHOI IPOMUCIIOBOCTI
XapakTep criBpOOIiTHHIITBA 3 iHBECTOPOM

IloTpiOHMI 06GCAT iHBECTHLLiM, THC. TPH.:

IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MicCJIsA 3aBEPIIEHHSI POGOTH:

HasaBHicTb Oi3Hec-IJIaHY:

TexHiKO-€eKOHOMiYHEe OOrpyHTYBaHHSI.

IToTeH1iaIbHUIE 00CAT IIPOJASKY, THUC. TPH..
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