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AHOTALUS

llenszes 11.C. KOHCTPYKTOPCHKO-TEXHOJIOTIYHE MPOEKTYBAaHHSA  CKJIQJHUX
KOPITYCHUX  BWJIMBKIB 3 MOMJIUBICTIO KEpPYBaHHS CTPYKTypaMu 1 MEXaHIYHUMHU
BJIACTUBOCTAMHU cIuiaBy. KBamigikaniliHa HayKkoBa Ipails Ha npaBax pPyKONHKCY.

Huceprariist Ha 3A00yTTS HAYKOBOTro cTymneHs Joktopa ¢inocodii (PhD) 3a
cnenianbHicTIO 136 — Metanypris. (13 — Mexaniuna iHxeHepisi). — HarionanbHuii
TEXHIYHUI YHIBEpCHUTET “XapKiBCbKHUI MOTITEXHIYHUM IHCTUTYT , XapKiB, 2026.

Hucepraniitna poOoTa TPUCBSIUYEHA BUPINIEHHIO aKTyalbHOI HAYKOBO-TEXHIYHOL
3a/1adi, TOB'A3aHOT 3 KOHCTPYKTOPCHKO-TEXHOJIOTIYHUM MPOEKTYBAHHAM CKJIQJHUX
KOPITYCHUX  BWJIMBKIB 3 MOJMJIUBICTIO KEpPYBaHHS CTPYKTypaMU 1 MEXaHIYHUMHU
BJIACTUBOCTSIMHU CILIIABY.

Memoto oucepmayitinoi po6omu € HayKOBE OOTPYHTYBaHHS Ta CTBOPEHHS M1X01y
10 KOMII'FOTEPHO-IHTETPOBAHOIO MMPOEKTYBAaHHS CKJIAJHUX KOPIYCHUX BUJIMBKIB 13
KOMIUIEKCHUM 3aCTOCYBaHHSM IHCTPYMEHTIB KOMIT IOTEPHOTO Ta MaTEMaTHYHOTO
MOJICTIOBaHHS JIJIsl YIPABIIHHS CTPYKTYPaMHU 1 MEXaHIYHUMHU BJIACTUBOCTSMH CILIABY.

06 ’exm 00ocnioxiceH s — IPOEKTYBAHHS CKJIATHUX KOPIYCHUX BUJIMBKIB Ha OCHOBI
BUKOPUCTAaHHA B TMpoOleci JOCHIPKEHb CyYacHUX TMIAXOMIB  KOMII IOTEPHOIO
MOJIECITFOBAHHS.

llpeomem o0ocnioxcenns — KOHIIENIISI Ta HANPSMKU BU3HAYEHHS ONTHUMAIbHOI
cTpaTerii KOHCTPYKTOPCHKO-TEXHOJIOTIYHOTO TMPOEKTYBAHHS CKJIAJHUX KOPITYCHHUX
BUJIMBKIB 3 MOXJIMBICTIO KEpPYBaHHS CTPYKTYypaMH 1MEXaHIYHUMH BJIACTHUBOCTIMHU
CILIaBY.

Y 6cmyni OOIrpyHTOBaHO aKTYyaJbHICTb MPOOJEMH, MOB’A3aHOI 3 THM, LIO HE
BpaxyBaHHs Ha eTaml TMPOEKTYBAaHHS  TEXHOJIOTIYHUX  AaCMEKTIB, a TaKOX
OaratoBapiaTUBHICTh TEXHOJOTIYHHUX pIIIEHb MIOJI0 KOHKPETHUX BWJIMBKIB, MOXKE
MPUBOJUTH J0 3aBHUIIIEHHS COOIBapTOCTI BUPOOHHUIITBA, 1[0, CBOEIO YEProl0, HETAaTUBHO
BILUIMBA€ HA KOHKYPEHTHI MOKJIHMBOCTI BUpOOHMITBA. lle moTpedye KOMILIEKCHOTO
MIIXOAY JO CTBOPEHHS KOMM'IOTEPHO-IHTETPOBAHOTO TMPOEKTYBaHHS CKJIQJHUX

KOPITYCHUX BUJIMBKIB 13 CYMICHUM KOMII FOTEPHUM MOJICTIOBAHHSM PI13HUX MapaMeTpiB
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JUTTA, 110 BIUIMBAIOTh HA MOKAa3HUKHU BUJIMBKIB. EXCiEepMEHTH MPOBOIUIUCH Ha 0asi
JIT «XapkiBcbKe KOHCTPYKTOPCHKE OIOpPO 3 ABUTYHOOYTyBaHHS».

VY nepwiomy po30ini TOCHIIKEHO aKTyadbHI HAYKOBO-TEXHIUHI 3aBJIaHHs, TTOB'A3aH1
3 3araJIbHUMU MIJIX0JaMU 10 KOMI IOTEPHO-IHTErPOBAHOTO MPOEKTYBAHHS KOHCTPYKIIii
BUJIMBKIB, BU3HAYEHHSIM POJIi BUOOPY MaTepialiB B KOHCTPYKTOPCHKO-TEXHOJOTTYHOMY
MPOEKTYBAHHI BWJIMBKIB Ta TEXHOJIOTIYHUMU OCOOJUBOCTSAMU B KOHCTPYKTOPCHKO-
TEXHOJIOTTYHOMY MPOEKTYBAaHH1 BUJIMBKIB.

Y opyzomy po30ini 3aipONOHOBAHO CXEMY MPOEKTYBAHHS BHJIMBKIB, OCOOJIUBICTIO
AKO1 € BUKOPUCTAHHS 3BOPOTHUX 3B’SI3KIB €TallB MPOEKTYBAHHS, a TaKOX MIAX1J 0
MPOEKTYBAHHS TEXHOJIOrIi BHUJIMBKY Ha OCHOBI TeOpli CTaTUCTUYHUX 1rop, Ta
MPECTABICHO MPOLIEAYPY BU3HAUCHHS BXIIHUX JAHUX JJI1 MPOEKTYBAHHS TEXHOJOTIi
nuBapHOi popMu, 110 Oa3y€eTHCA HA MPOTHO3YBAHHI TPOTrpaMu BUPOOHUIITBA.

Y mpemvomy po30ini hpopmanizoBaHa 3ajaya BU3BHAUCHHS TUITY BUPOOHUIITBA, IKUN
€ B YMCJI BXIJIHUX JAaHUX JJIsI TMPOEKTYBAHHS TEXHOJOTIl BUJIMBKIB, IO OCOOJMBO
BAXKJIIMBUM € JUISI KOPIYCHUX BWJIMBKIB, 3BaKal0UM Ha 1iX Maco-rabapuTHi
xapaktepuctuku. L popmanizaiiis 3acHOBaHa Ha TOOY/I0OB1 CXEMU €TaIliB BUTOTOBJICHHS
BWIMBKY Ta BHKOPUCTAaHHI JIHIMHMX TPEHAIB MPOrHO3Y BiANmoBiAHO 10 MRP-
IJIaHyBaHHS. 3alpoNOHOBAaHO MPUHLMN KiIacu(ikaiii CKIaJoBUX, 10 (HOPMYIOThH
CTpaTerito po3poOKU TEXHOJOTIl BUJIMBKY Ta TMPOEKTYBaHHS OCHACTKU. BoHu
y3arajlbHEHO TPEACTaBISAIOTHCA y BUIJIAAL TPhOX KOMIIOHEHTIB 13 BBEICHHAM
BIAMOBIIHUX TMO3HA4Y€Hb: CKJIaJ0Ba TEXHOJOTrIi, CKJIaJoBa MarepiaiiB, CKJIagoBa
KOHCTpyKIlii. Ha mnpuknaal KopmyCHMX BWJIMBKIB MPOAEMOHCTPOBAHO peasi3alliio
npuHUOUMy Kaacudikaiii Ta GopmyBaHHs (POPMATBHOTO OMUCY 71l BUBHAUYEHHS CTpATerii
palllOHAIbHOTO ~ KOHCTPYKTOPCHKO-TEXHOJIOTIYHOTO  MpOoeKTyBaHHSA. Ha  ocHOBI
CTPYKTYpPHUX CXEM KOMIIOHEHTIB Jyisi (opmaiizalii Omucy crpaTerii po3poOKu
TEXHOJIOT1i BUJIMBKY Ta MPOEKTYBAHHS OCHACTKU MPOMO/JIETLOBAHI 3 BapiaHTH CTpaTerii
BUOOPY TEXHOJIOT1] BWIUBKY. BiAMOBIIHO 1IbOMY MMOOYyAOBaHAa MaTpULSl TEXHOJOTTYHOL
IpU [ BU3HAYEHHSI ONTUMATIbHOI 3MIIIAHOI CTpATErii MO0 TEXHOJOT1i BUJIMBKY Ta
MPOJIEMOHCTPOBAHO HA OCHOBI NPHUHIMIYY MIHIMAKCY BH3HAY€HHS ONTHUMAJIbHOI

ctpaterii. [HTepnpeToBaHo (pakTOp HEBU3HAUECHOCTI Y 3a/1aHH] 30BHIIIHIX YMOB.
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Y uemeepmomy po30ini omnucaHi pe3yJabTaTH KOMI IOTEPHO-IHTEIPOBAHOIO
MPOEKTYBAHHS TEXHOJOTII Kopmycy Onok-kaptepy [AB3 3 amtomiHieBoro cmiaBy, 3
YaByHy Ta 31 cTaji. BU3HaueHi ToJIOBHI MPOOJIEMH BUTOTOBJICHHS IILOTO BUJIUBKY 3
pI3HUX CIUJIaBIB 3 BU3HAUYECHHSM MOXJIMBUX Je(PEKTIB 3a PI3HUX KOHCTPYKTOPCHKO-
TEXHOJIOTIYHUX PIIIEHb Ta BAPIAHTIB iX YCYHEHHS.

Y n’amomy po3dini BU3HAUEHO, W0 I 3a0€3MEYEHHS KOMIUIEKCY BHUMOT [0
MPOIIECIB TIJIAaBKH, 30KpeMa TEXHIYHUX, EKOHOMIYHUX, €KOJIOTIYHHX, JJI1 BUTOTOBJICHHS
KOPITyCHOTO JINTBa TpeOa oOupatu IUIaBKy B IHAYKUIMHUX Teyax, MpU IbOMY ITyXKe
BAXKJIMBO BPAaXOBYBaTH (h13UKO-XIMIUHI B3a€MO/IIT Y BC1i cCUCTEMI «po3IiaB — GyTEepoBKa
— nutaky». OTpuMaHe J1arHOCTUYHE MPAaBUIIO, IO JO3BOJISIE OLIIHIOBATH TeMIIEpaTypHUI
peXUM 1HAYKIIMHOI MJIaBKU 3a JOCTYNMHUMHU JaHUMH 1po BmicT nuiaky SiOz 1 CaO.
Busnaueno, 110 B pa3i BUTOTOBIIEHHS CTPHKHIB 32 X TC-TEXHOJIOTISIMUA KIIOUOBY POJIb B
(hopMyBaHHI SKOCTI CTPUXKHIB BIJITPa€ SKICTb CTPUKHBOBOI cyminii. OCTaHHS, CBOEIO
YEeprorw, BU3HAYAETHCSA SIK ONTHUMAJIBHICTIO CKJIAAy 3a KOMIUIEKCHUMHU KPUTEPISIMU
AKOCT1, TaK 1 TOYHICTIO BUKOHAHHS TEXHOJOTIYHOI oIepalii BUTOTOBJICHHS CYMIiIll,
30KpeMa JIOTPUMaHHS TOYHOCTI JO3yBaHHS BIAMOBIJHO JI0 ONTUMAJIBHOTO CKJIady
cymimi. Bupimeno 3amady ontumizamii ckinaay XTC 1o KOMIUIEKCY KpHUTEPIiB:
KUBYUICTh CYMIIlll, MIITHICTh Ha CTUCK 4yepe3 24 roauHu, 0OCUNaHICTh micis 24 ToJuH
tBepaiHHs. [TokazaHo, 110 esKi 3 UX KPUTEPIiB € KOHPIIKTHUMU, 1110 YHEMOKIIUBIIIOE
OJIHOYACHY MAaKCHMIi3allll0 KOXXHOTO 3 Ha3BaHUX NOKa3HUKIB. BuzHaueHo, mo s
BWIMBKIB IS  IIATyHHO-TIOPIIHEBOI Tpynu  3BOPOTHUM  3B’SI30K B CXeEMi
KOHCTPYKTOPCHKO-TEXHOJIOTIYHOTO  MPOEKTYBaHHS Mae OyTH COPSIMOBAaHWI Ha
BU3HAYCHHS MOXJIMBOCTEW 3a0€3MEUYeHHS IMX BUMOI KOHCTPYKII€0O OCHACTKH Ta
TEXHOJIOT1i BUTOTOBJIEHHS. Lle MOXHa 3pOOMTH HAa OCHOBI aHaJII3y BUJIMBKY «IIOPIIEHbY,
[0 € MPEJCTaBHUKOM KOPITYCHUX BWJIMBKIB 13 CKJIJIHUM BHYTPIIIHIM OTBOPOM, Bij
TOYHOCTI SIKOTO 3aJIe’KaTh €KCIUTyaTalliitHi BiactuBocTi. Ha ocHOBI opmaizaiiii 3aaaui
kiacudikaiii Oyau 3alMpONOHOBAHI Ta BHU3HAYEHI MapaMeTpiB MPOCTOPY O3HAK, WIO
ICTOTHO BIUIMBAIOTh Ha KJacU(ikailito, a TaKoX 3alpONOHOBAHO Ta OOTPYHTOBAHO BU]

KJIacU(pIKyIOUOTO MpaBuja s CUCTEMH MIATPUMKU NPUUHATTS PIllIEeHb NpU BUOOPI
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MPOEKTHO-KOHCTPYKTOPCHKUX PIIIEHb B paMKaxX KOMIM'IOTEPHO-1HTETPOBAHOT TEXHOJIOT1i
MPOEKTYBAHHS JTUTUX MOPIIHIB.

VY 6ucnosxkax HaBEJEHO OCHOBHI pe3yJbTaTH HAYKOBOi pOOOTH MO0 BHPILIEHHS
MOCTaBJICHUX HAYKOBUX 3aJlay JOCII1I>)KEHHSI.

3a pe3yromamamu 00CAiOHCEHHSI OMPUMAHO MAKI HAYKOBL pe3yIbmamu:

Bnepmie 3anponoHoBaHa kiacudikaiisi KOPIYCHUX BUJIMBKIB Ta BHU3HAYEHHS
KJIIFOYOBUX TMOKA3HUKIB, IO SKUX OI[IHIOETHCA €(EKTUBHICTh MNPOEKTYBAHHS
nudepeHIiioBaHo MO TUIaM BUJIMBKIB Ta BIAMOBIAHUI TPUHIUI (POPMAIBHOTO OMUCY
CTpaTeriii MpOEKTyBaHHS, COPSIMOBAHUX HA BU3HAYEHHS ONTUMAJbHOI CTpATerii MOA0
KOHCTPYKTOPCHKO-TEXHOJOTTYHUX PIIIEHb MPU MPOEKTYBAHH1 TEXHOJIOT1i BUJIMBKIB.
Bnepiie npoaemMoHCTpOBaHUN  MPUKIAA  BU3HAYEHHS  ONTHMAIBHOI  CTpaTerii
MPOEKTYBAHHS TEXHOJIOT1T BUJIMBKY HA OCHOBI T€OPil CTATUCTUYHHUX 1TOP, IKUW CBIIUUTH
PO MOXJIMBICTh OI[IHIOBAHHS PI3HUX KOHCTPYKTOPCHKO-TEXHOJIOTIYHUX PIIIEHb 100
TEXHOJIOI BWJIMBKY 3 OTPHUMAHHSIM ONTHUMAJIBHUX YHCTOI Ta 3MIIIAHOI CTpaTerii
MIPOEKTYBAHHS.

Bnepiie 3ampornoHOBaHO IS OIlIHIOBaHHS €(EKTUBHOCTI BCTAHOBJICHHS
HAJUIMILIKIB HAa BUJUBKY KOE€(ILIEHT NPHUPOCTY YCAJKOBOI PAKOBMHU Ta BU3HAYEHO
3QJIEKHICTh LIBOIO KOE(ILIEHTY BIJ 00’€My HAJUIMIIKY Y BHUIJISAAl JOrapipMUYHOTO
PIBHSIHHS perpecii, sike JT03BOJIsiE OOMPATH KOHCTPYKTOPCHKO-TEXHOJOTIUHI PIIIEHHS B
MpoIeCl TPOEKTYBAHHS 3a/Jii HENOMYIIECHHS IMEPEeBUIICHHS BUTpAaTH MeETaly Ta
MiHIMI13a1[li UMOBIPHOCTI TPOHUKHEHHS YCaJKOBOI PAKOBUHU B TLJIO BUJIUBKY.

3HalIUIM TOAANBIINM PO3BUTOK PE3YyJbTAaTU BU3HAUCHHS BHYTPINIHIX JePEKTIB
ra3o-ycaJKoBOi MPUPOJIU y KOPIYCHUX BHIIMBKaX Oyok-kaprepy B3, mo mo3Bonuio
BHUSIBUTH Ha OCHOBI KOMIT FOTEPHOT'O MOJISTIIOBAHHS MO po3pobaeHnx 3D-moaensax Miciis
dbopmyBaHHs NePeKTiB Ta OOMpaTH palliOHATBHUNA BapiaHT KOHCTPYKIli JTUBHHKOBOI
CUCTEMU.

3HaNIUIN MOJATBIIUN PO3BUTOK PE3YIbTATH BU3HAUEHHS BIUIUBY MOAU(DIKATOPIB
IIPY BUTOTOBJICHHI YaBYHHUX KOPITyCHUX BHJIMBKIB SIK 3aC10 KEpyBaHHs CTPYKTYpaMH 1
MEXaHIYHHUMHU BJIACTUBOCTSMHU CIUIaBy, IO 3alpONOHOBAHO BUKOPUCTOBYBATH SIK

YaCTUHY 3BOPOTHOrO 3B’SI3KY B KOHCTPYKTOPCHKO-TEXHOJIOTIYHOMY MPOEKTYBaHHI.
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3HalIUIM MOAANBIINN PO3BUTOK PE3YJbTaTH PO3POOOK MIarHOCTUYHUX MPaBUI, IO
BAXKJIMBI JIJI1 KOHTPOJIIO TEXHOJOTIYHMX DPEXHUMIB IJIABKHU, SIKI BIUIMBAIOTh HAa BHOIp
pexuMiB MOJIU(DIKyBaHHS Ta, CBOEK YEPror0, Ha MPOIECU CTPYKTYPOYTBOPEHHS, BiA
AKUX 3aJI€KaTh MEXaHIYH1 BJACTUBOCTI KOPITYCHUX BUJIMBKIB.

3HalnuIM NOMaNbIINA PO3BUTOK PE3YJIbTATU PO3POOOK Kiacu(iKaIlliiHUX MPaBUIL,
K1 JJO3BOJISIFOTh BU3HAYATH MOTEHIIMHUIN Opak BUJIMBKIB IIATYHHO-MIOPIIIHEBOT TPYIU Ta
YXBaJIOBaTU palllOHAIbHI  KOHCTPYKTOPCHKO-TEXHOJIOTIUHI  pIIIEHHS Ha  eTari
MPOEKTYBAHHS TEXHOJOTI] BWIMBKIB, 30KpeMa B YaCTUHI 3BOPOTHOTO 3B’SI3KY B
KOHCTPYKTOPCHKO-TEXHOJIOTTYHOMY NMPOEKTYBAHHI.

lIpaxmuune 3nauenHs OMPUMAHUX pe3yTbmamie nosaeac ¢ HACMYNHOMY:

— 3alpONOHOBAaH1 IPUHIMIIN BUOOPY ONTUMAJIBHOI CTPATET1i IPOEKTYBAHHS MOXKYTh
OyTM BHUKOPUCTaHI IHXKEHEpaMU KOHCTPYKTOpaMU Ta TEXHOJIOTaMU JMBAPHOIO
BUPOOHUIITBA MPU PO3POOIIl TEXHOJIOTT KOPITYCHUX BUJIUBKIB,;

— 3ampOIOHOBAHI PEe3yJbTaTH KOMII IOTEPHOTO MOJENIIOBAHHA MPOLECIB, IO
B110yBatOThCsl B (popMi MpHU 3aJIMBIIl Ta KpUCTami3alii BUIMBKIB Onok-kaptepy /B3,
MOXYTh OYTH BUKOPUCTaHI 1HXKEHEPAMU KOHCTPYKTOPAMH Ta TEXHOJIOraMHU JUBAPHOIO
BUPOOHUIITBA JIS BU3HAUECHHS PAI[IOHATBHOTO BapiaHTy JMBHUKOBOI CHCTEMHU 3a
KpUTEpIEM MIHIMYMY TIa30-yCaJKOBOi MOPUCTOCTI, pO3MJIsAar0YM e SK (akTop
3a0e3IeueHHs 3aJaHNX MEXaHIYHUX BJIACTUBOCTEH a00 1X MIIBHUINEHHS,

— 3aIPOTMOHOBAHI PIIIEHHS 100 BU3HAYEHHS TEMIIEPATYPHOTO PEKUMY IIABKH Ta
no3amiyHoi OOpoOKM MOXYTh TMpPU MPAKTUYHOMY BHKOPUCTAHHI 3a0€3MEUUTH
M1JIBUIIEHHS IKOCTI KOPITYCHUX BUJIUBKIB,;

— 3ampoNOHOBAaHI pIIIEHHS MI0J0 BU3HAYEHHS SKOCTI BUJIMBKIB IIATyHHO-
MOPIIHEBOI TPy MOXYTh OYTH BUKOPUCTaHI JJIs1 MPOTHO3YBaHHS MOKJIMBOTO OpaKy Ta
CTaTH B HAroAl NpH IUlaHyBaHHI poOIT MO TEXHIYHOMY OOCIYTrOBYBaHHIO KOKUIBHHX
MaIllUH Ta OCHACTKU;

— OTpUMaHi B AMCEpPTAIliiHIi poOOTI pe3yabTaTh MOXKYTh OyTH BIPOBAKEHI Ha
MIIIPUEMCTBAX 3 TUBAPHUMHU I[€XaMHU.

36’s30k pobomu 3 HAYKOBUMU Npocpamamu, niaHamu, memamu, JluceprauiiHa

pobora BuKOHaHa Ha Kadenapi suBapHoro BupooHunTBa HTY «XapkiBcbkuii
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MOJITEXHIYHUN 1HCTUTYT» B paMKaxX HAyKOBO-JOCHIAHOI poOoTHU Kadelpu, a TaKoX B
pamkax HJ/IP na temy «KOHCTpYKTOPCHKO-TEXHOJIOTIUHE MPOEKTYBAaHHS Ta 1HKEHEPHE
MOJICJIFOBAaHHS MPOLECIB JUTTS BWIMBKIB 3 KEPYBaHHSAM CTPYKTypamMu 1 MEXaHIYHUMU
BJIACTUBOCTSIMHU CIUIaBiB». TepMiH BUkoHaHHs podoTu: 3 01.02.2025 p. no 31.12.2026 p.
Howmep nepxaBnoi peectpartii HAP: 0125U001039. Haka3z Ne 35 O/ Bix 28 ciunsa 2025
p. B siKiif 3100yBa4 OyB BUKOHABIIEM OKPEMHX €TallIB.

3a pe3ynbTaTaMu JOCHIIKEHHS MIATBEPAKEHO MPAKTUYHY Ta TEOPETUUHY LIHHICTh
PO3p0O0JIEHOr0 MIAXOAY A0 KOCTPYKTOPCHKO-TEXHOJIOTTYHOTO MPOEKTYBAHHS CKIATHUX
KOPITYCHUX  BWJIMBKIB 3 MOXJIMBICTIO KEpPYBaHHS CTPYKTYypaMH 1 MeEXaHIYHUMHU
BJIACTUBOCTSIMU PI3HUX CIUIABIB JUIsl TAKUX BUJIMBKIB, HAIAHO MPAKTUYHI peKOMEHIAIlIi
II0JI0 3aCTOCYBaHHSI pPE3yJbTaTiB, 30KpeMa SK Ha KOHCTPYKTOPCKOMY piBHI
MPOEKTYBAHHS, TaK 1 HAa TEXHOJIOTIYHOMY PIBHI, @ TaKOX PO3IIJISIHYTO MEPCIEKTUBU
MOAANBIIOTO PO3BUTKY TOCTIIKEHHS.

Kntouosi cnosa: xopnycHi BUIMBKH; SIKOCTI BUJIMBKIB; HAMPY>KEHO-Ae(hOPMOBaHUI
CTaH; KOMII'IOTEpHE MOJCIIOBAHHS; MPOEKTYBAaHHS; YIMPABIIHHSA MIKPOCTPYKTYPOIO
CIUIaB1B; MEXAaHIYH1 BJIACTUBOCTI; MEXa MIITHOCTI; CTPYKTYpa; TEOPisi CTATUCTUYHUX 1TOD;
MIKPOCTPYKTYpa; 1HXKEHEpHE MOJEIIOBaHHS JIMBAPHUX TEXHOJOTIM; TeMmnepaTypHi
PEXKUMHU TUIABKH; KOHCTPYKTOPCHKO-TEXHOJIOTIYHI PIIIEHHS; Ta30-yCaJKoBl Je(eKTu;

MEXaHIuH1 XapaKTePUCTUKH;



ABSTRACT

Penziev P.S. Design and technological engineering of complex body castings with
the possibility of controlling the structure and mechanical properties of the alloy. -
Qualification scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 136 — Metallurgy (13
— Mechanical engineering) - National Technical University “Kharkiv Polytechnic
Institute”, Kharkiv, 2026.

The dissertation is devoted to solving an urgent scientific and technical problem
related to the design and technological engineering of complex body castings with the
possibility of controlling the structure and mechanical properties of the alloy.

The purpose of the dissertation is the scientific substantiation and development of
an approach to computer-integrated design of complex body castings with the
comprehensive application of computer and mathematical modelling tools for controlling
the structure and mechanical properties of the alloy.

Research object — design of complex body castings based on the use of modern
computer modelling approaches in the research process.

Research subject — concept and directions for determining the optimal strategy of
design and technological engineering of complex body castings with the possibility of
controlling the structure and mechanical properties of the alloy.

The introduction substantiates the relevance of the problem associated with the fact
that failure to consider technological aspects at the design stage, as well as the
multivariance of technological solutions for specific castings, may lead to increased
production costs, which in turn negatively affects production competitiveness. This
requires an integrated approach to the creation of computer-integrated design of complex
body castings with joint computer modelling of various casting parameters affecting
casting performance. The experiments were carried out at the State Enterprise “Kharkiv
Design Bureau for Engine Building”.

In the first chapter, current scientific and technical tasks related to general

approaches to computer-integrated design of casting structures, determination of the role
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of material selection in design and technological engineering of castings, and
technological features in the design and technological engineering of castings are
investigated.

In the second chapter, a casting design scheme is proposed, the peculiarity of which
is the use of feedback between design stages, as well as an approach to casting technology
design based on statistical game theory. A procedure for determining input data for mould
technology design based on production programme forecasting is also presented.

In the third chapter, the task of determining the production type, which is among
the input data for casting technology design, is formalised, which is especially important
for body castings considering their weight and dimensional characteristics. This
formalisation is based on constructing a scheme of casting manufacturing stages and
using linear forecast trends according to MRP planning. A principle for classifying the
components forming the strategy of casting technology development and tooling design
is proposed. These are generally represented in the form of three components with the
introduction of corresponding designations: technological component, material
component, and structural component.

Using the example of body castings, the implementation of the classification
principle and the formation of a formal description for determining the strategy of rational
design and technological engineering are demonstrated. Based on structural diagrams of
components for formalising the description of casting technology development strategy
and tooling design, three variants of casting technology selection strategy are modelled.
Accordingly, a technological game matrix is constructed to determine the optimal mixed
strategy for casting technology, and the principle of minimax is used to determine the
optimal strategy. The uncertainty factor in setting external conditions is interpreted.

In the fourth chapter, the results of computer-integrated design of the technology
for manufacturing an internal combustion engine crankcase body from aluminium alloy,
cast iron, and steel are described. The main problems of manufacturing this casting from
different alloys are identified, including the determination of possible defects under

various design and technological solutions and options for their elimination.
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In the fifth chapter, it is determined that in order to ensure a complex of
requirements for melting processes, including technical, economic, and environmental
ones, induction furnace melting should be selected for the production of body castings,
while it is very important to take into account physicochemical interactions in the entire
“melt — lining — slag” system. A diagnostic rule has been obtained that allows assessing
the temperature regime of induction melting using available data on the content of SiO-
and CaO in slag. It is determined that in the manufacture of cores using cold-box
technologies, the quality of the core mixture plays a key role in shaping core quality. The
latter, in turn, is determined both by the optimality of the composition according to
comprehensive quality criteria and by the accuracy of performing the technological
operation of mixture preparation, particularly compliance with dosing accuracy according
to the optimal mixture composition. The problem of optimisation of cold-hardening
mixtures according to a set of criteria has been solved, including mixture viability,
compressive strength after 24 hours, and friability after 24 hours of hardening. It is shown
that some of these criteria are conflicting, making it impossible to maximise each of these
indicators simultaneously.

It has been determined that for castings of the connecting rod and piston group,
feedback in the design and technological engineering scheme should be aimed at
determining the possibilities of meeting these requirements through tooling design and
manufacturing technology. This can be achieved based on the analysis of the “piston”
casting, which is a representative of body castings with a complex internal hole, the
accuracy of which determines operational properties. Based on the formalisation of the
classification task, parameters of the feature space that significantly affect classification
were proposed and determined, and the type of classification rule for the decision support
system in selecting design solutions within the framework of computer-integrated
technology for cast piston design was proposed and substantiated.

The conclusions present the main results of the scientific work on solving the
research tasks set.

According to the research results, the following scientific outcomes were obtained:
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For the first time, a classification of body castings has been proposed and key
indicators by which the design efficiency is assessed differentially according to casting
types have been determined, along with the corresponding principle of formal description
of design strategies aimed at determining the optimal strategy regarding design and
technological decisions in casting technology design.

For the first time, an example of determining the optimal strategy for casting
technology design based on statistical game theory has been demonstrated, which
indicates the possibility of evaluating various design and technological solutions
regarding casting technology with obtaining optimal pure and mixed design strategies.

For the first time, to assess the efficiency of allowance application on castings, a
coefficient of shrinkage cavity growth has been proposed, and the dependence of this
coefficient on allowance volume in the form of a logarithmic regression equation has been
determined, which makes it possible to select design and technological solutions in the
design process in order to prevent excessive metal consumption and minimise the
probability of shrinkage cavity penetration into the casting body.

Further development was achieved in the determination of internal gas-shrinkage
defects in crankcase body castings of internal combustion engines, which made it
possible, based on computer modelling using developed 3D models, to identify defect
formation areas and choose a rational design option for the gating system.

Further development was achieved in determining the influence of modifiers in the
production of cast iron body castings as a means of controlling alloy structure and
mechanical properties, which is proposed to be used as part of feedback in design and
technological engineering.

Further development was also achieved in the development of diagnostic rules
important for controlling melting process conditions affecting the choice of modification
regimes and, consequently, the structure formation processes determining the mechanical
properties of body castings.

Further development was achieved in the development of classification rules that
make it possible to determine potential defects of castings of the connecting rod and

piston group and to make rational design and technological decisions at the stage of
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casting technology design, particularly in terms of feedback in design and technological
engineering.

The practical significance of the obtained results is as follows:

— the proposed principles for selecting the optimal design strategy can be used by
design engineers and foundry process engineers in the development of body casting
technology;

— the proposed results of computer modelling of processes occurring in the mould
during pouring and solidification of internal combustion engine crankcase castings may
be used by design engineers and foundry technologists to determine a rational gating
system option according to the criterion of minimum gas-shrinkage porosity, considering
this as a factor in ensuring specified mechanical properties or improving them;

— the proposed solutions for determining the temperature regime of melting and
out-of-furnace treatment may ensure an increase in the quality of body castings in
practical application;

— the proposed solutions for determining the quality of castings of the connecting
rod and piston group may be used to predict possible defects and may be useful in
planning maintenance work for permanent mould machines and tooling;

— the results obtained in the dissertation may be implemented at enterprises with
foundry workshops.

The relationship of the work with scientific programmes, plans, and topics: the
dissertation was carried out at the Department of Foundry Production of the National
Technical University “Kharkiv Polytechnic Institute” within the framework of the
department’s research activities, as well as within the framework of the research project
entitled “Design and Technological Engineering and Engineering Modelling of Casting
Processes with Control of Structures and Mechanical Properties of Alloys.”

The period of the work execution: from 01.02.2025 to 31.12.2026.
State registration number of  the research project: 0125U001039.
Order No. 35 OD dated January 28, 2025, in which the applicant participated as a

performer of individual stages.
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According to the research results, the practical and theoretical value of the
developed approach to design and technological engineering of complex body castings
with the possibility of controlling the structure and mechanical properties of various
alloys for such castings has been confirmed. Practical recommendations for applying the
results are provided, particularly at both the design and technological levels, and
prospects for further research development are considered.

Keywords: body castings; casting quality; stress-strain state; computer modelling;
design; alloy microstructure control; mechanical properties; tensile strength; structure;
statistical game theory; microstructure; engineering modelling of foundry technologies;
melting temperature regimes; design and technological solutions; gas-shrinkage defects;

mechanical characteristics.

Cnucox nyonaixayiii 3006ysada

Hayxosi npayi, 6 sikux onyoniko8ano Haykosi pe3yibmamu.

1. I1. C. IlenzeB. Bu3HaueHHS palllOHAIBHOTO 3aBAaHTAXKEHHS JIMBAPHOTO
ycratkyBaHHs. Technology audit and production reserves. XapkiB: TexHomoriuHuit
ueHtp, Ne 4/2(6), 2012. p. 29-30.

2. Puliaiev A., Orendarchuk J., Akimov O., Penziev P., Marynenko D.,
Marchenko A. Development of a system for organizing a modular design and
technological preparation for the production of cast iron pistons for internal combustion
engines. Technology audit and production reserves. XapkiB: TexHonoriunuii meHtp, No
3/1(35), 2017. p. 23-27.

3. I1.C. IlenzeB, B.I. Anpoxin, O.B. AkimoB, O.B. I'puiitok. AHai3 SKOCTI
JUTOrO ONOK-KapTepa aBToMo0insHOr0 nu3ens 4[THA1 3 BukopucTaHHSAM 1HXKEHEPHOTO
MojieNIIoBaHHs. J[BUrYHH BHYTpIIHLOTO 3ropsiHHs. XapkiB: HTY «XIII». 2015. — Ne 2.

4. O. B. Aximos, II. C. Ilenzes, JI. O. CanrtukoB, O.M. ToporieHKo.
[IpoekTyBaHHSI TPOTHO3YEMUX CTPYKTYp Iepepi3iB BUIMBKA OJOK-KapTepa LIIHAPIB.
Bicauk HTY "XIII". XapkiB: HTY «XIII», Ne 16 (1292), c. 3-8.

5. O. C. Kosans, II. C. Ilenzes, €. I1. Iumko, A. A. IlynseB. YopaBmiHHs

SAKICTIO KOHCTPYKIIMHOTO 4aByHY JUisi (paCOHHUX BIJIMBKIB Ha OCHOBI MOJIEIIFOBAaHHS



14

edextuBHOCTI oro monudikyBanus. Bicauk HTY “XIII». Xapkis: HTY «XIII», 2014.
Ne40 (1083). c. 138—145.

6. Penziev, P., Lavryk, Ye. (2024). Diagnostics of the temperature condition of
cast iron melting in induction furnaces by the content of SiO: and CaO in slag.
ScienceRise, 1, 14-20. doi: http://doi.org/10.21303/2313-8416.2024.003558.

7. Penzev, P., Frolova, L., Lysenkov, V., Lavryk, Y. (2024). Determination of

the influence of the surplus construction on the parameters of the shrinkage shells in the
«Body»-type steel castings when casting in single sand molds. Technology Audit and
Production  Reserves, 4 (1 (78)), 00-00. https://doi.org/10.15587/2706-
5448.2024.310424 (Scopus).

8. Akimov, O., Alekhin, V., Penzev, P., Dyachenko, A., Ovcharenko, A.

Analysis of technological factors that significantly affect the formation of stresses in the
cast machine parts. Eastern-European Journal of Enterprise Technologies, 6(7(78), 43—
47. https://doi.org/10.15587/1729-4061.2015.56199 (Scopus).

9. Klymenko, S., Verkhovliuk, A., Sevoian, A., Akimov, O., Ponomarenko, O.,

Penziev, P. (2024). Determining rational complex modifying and alloying additives to
improve the mechanical characteristics of gray cast iron. Eastern-European Journal of
Enterprise  Technologies, 6(12 (132), 15-23. https://doi.org/10.15587/1729-
4061.2024.318552 (Scopus).

Onybnixosani npayi anpobayiiino2o xapaxkmepy
10. A. O. Iloranos, A. A. Ceosn, C. [I. €srymenko, II. C. Ilen3es, O. B.
AkiMOB. «BuOip cmaBy Ta OOIpyHTYBaHHS TEXHOJIOTI] BUKOHAHHS JINTHUX IOPILHIBY
MixHapoaHa HayKOBO-IIpakTUyHa KoHpepeHiis «JIutBo-2025», 27-29 tpasusa 2025 p.,
XapkiB- KuiB — ¢.227. https://repository.kpi.kharkov.ua/handle/KhPI-Press/90583
11. A.A. Puranwos, I1. C. Ilen3es, B. C. Ky3bmin, B. B. Paguenxko, O. B. AkimoB.

«JlocnikeHHst npoueciB popMyBaHHST METaIeBOTO 3B'sI3Ky B OIMETaTlYHUX BUJIMBKAX
CUCTEMH YaBYH — TUTAHOBHUH cIIaBy MixXHapogHa HAyKOBO-IIPAKTHUYHA KOH(EPEHIIs
«JIutB0-2025»,  27-29  TpaBus 2025 p., XapkiB- Kwuie -  ¢.238.
https://repository.kpi.kharkov.ua/handle/KhPI-Press/90585



http://doi.org/10.21303/2313-8416.2024.003558
https://doi.org/10.15587/2706-5448.2024.310424
https://doi.org/10.15587/2706-5448.2024.310424
https://doi.org/10.15587/1729-4061.2015.56199
https://doi.org/10.15587/1729-4061.2024.318552
https://doi.org/10.15587/1729-4061.2024.318552
https://repository.kpi.kharkov.ua/handle/KhPI-Press/90583
https://repository.kpi.kharkov.ua/handle/KhPI-Press/90585

15

12. L. O. llleBuenko, C. /1. €Brymenko, I1I. C. Ilenzes, O. B. Macanirina, O. B.
AxkimoB. «BuOip BiJTHOBHHMKA OKCHIY THUTaHy JUIsl MiJBUIIEHHS MIIHOCTI 3B'S3KYy B
OiMeTai4Hii KOMIIO3HUIIii YaByH — TUTAHOBH criaB» MIKHapoJHa HAyKOBO-IIPAKTUYHA
koH(pepeHiis «JlutBo-2025», 27-29 TpaBus 2025 p., XapkiB- Kwuie — c¢.303.
https://repository.kpi.kharkov.ua/handle/KhPI-Press/90591

13. I1.C. Ilen3eB. «lHkeHEpHE MOJEIIOBAHHS TEXHOJIOTIYHUX MPOIECIB JIUTTH
CKJIQJIHUX KOPIYCHUX BUJIMBKIB Ha MPUKIAl JI€TATI-NPEJCTaBHUKA JBUTYHY THUITY
4AITHA1». MixxnapoHa HayKoBO-IIpakTH4Ha KoH(pepeHiis «JIutBo. Metamyprist 2023

(10-12 xomtHsa 2023 p., m. XapkiB-M. KuiB c¢. 172. https://doi.org/10.15407/foundry-

metallurgy-2023

14. ITenzes II. C., JlaBpuk €.€., JlucenkoB B. [0. «BmiuB koHCTpyKIIii
HaJIJTUIIKIB Ha JOPMYBaHHS yCAJKOBUX PAKOBUH y CTaJIeBUX BUIMBKaxX Tumy «Kopmycy.
Hemeranesi BkparsieHHs 1 ra3u y jauBapHux cruaBax. XVII MixHapogHa HayKOBO-
TeXHIYHA  KoHpepeHuiss, 3anopixkksa, 26-27  naucromaga  2024p. c. 42,

https://repository.kpi.kharkov.ua/handle/KhPI-Press/86203

15. €srymenko C.[., Cerosin A.A., ITenzes I1.C., AximoB O.B «Temnoizonsiiris
autux nopmHiB JB3». MixHapogHa HaykoBo-mipakTuuHa kKoH(epeniis MicroCAD-
2025, 14-17 tpaBus 2025 p. c. 382. https://repository.kpi.kharkov.ua/handle/KhPI-
Press/9043

16. €prymenko, C. [I., CeBosn, A. A., Ilen3zes, II. C., Macanitina, O. B.,

AxkimoB, O. B., & fH, B. «Cryniup 3MouyBaHHS MeTaliB». MixXHapogHa HayKOBO-
npaktuuHa KoH(epenuiss MicroCAD-2025, 14-17 TpaBus 2025 p. c.383.
https://repository.kpi.kharkov.ua/handle/KhPI-Press/90434

17. Macamnitina O. B., Ilem3eB II. C., CeBosu A. A., AximoB O. B.

«JlociIKeHHs] yTBOPEHHSI MPOMIKHOTO MOKPUTTS TUTAHOBOT BCTaBKkW». HOB1 Marepianu
1 TeXHOJIOT1i B MamMHOOyyBaHH1-2025 : marepianu 17-i MixkHap. HayK.-T€XH. KOH(., 25-
26 BepecHs 2025 p. ; 3ar. pen. P. B. JIrortuit. — Kuis : HTYY "KIII", 2025. — C. 377-378.
https://repository.kpi.kharkov.ua/handle/KhPI-Press/94664

18. ITem3eB II. C., CeBosH A. A., MacamTtira O. B., AkimoB O. B.

«OOrpyHTYBaHHS Marepially Ta KOHCTPYKTUBHUX MapaMeTpiB OIMETAIIYHOTO MOPIIHS.


https://repository.kpi.kharkov.ua/handle/KhPI-Press/90591
https://doi.org/10.15407/foundry-metallurgy-2023
https://doi.org/10.15407/foundry-metallurgy-2023
https://repository.kpi.kharkov.ua/handle/KhPI-Press/9043
https://repository.kpi.kharkov.ua/handle/KhPI-Press/9043
https://repository.kpi.kharkov.ua/handle/KhPI-Press/90434
https://repository.kpi.kharkov.ua/handle/KhPI-Press/94664

16

Hogi marepianu 1 TexHosorii B MammHoOynyBanHi-2025 : marepianu 17-1 MixkHap. HayK.-
TexH. KoH(., 25-26 BepecHs 2025 p. ; 3ar. pea. P. B. Jlrotuii. — Kuis : HTYVY "KIII", 2025.
— C. 398-399. https://repository.kpi.kharkov.ua/handle/KhPI-Press/94665

19. CeBosiH A. A., Macamitina O. B., Ilenzes I1. C., AkimoB O. B. «Onepxanus
OiMeTaNl4HOi KOMIO3ULII YaByH — TUTAHOBUU ciuiaB». HoBI marepianu 1 TEXHOJOTII B
MamnmHoOynyBaHHI-2025 : marepianu 17-i MixkHap. HayK.-T€XH. KOH(., 25-26 BepecHs
2025 p. ; 3ar. pea. P. B. Jlrotuit. — Kui : HTYY "KIII", 2025. — C. 427-429.
https://repository.kpi.kharkov.ua/handle/KhPI-Press/94675 .



https://repository.kpi.kharkov.ua/handle/KhPI-Press/94665
https://repository.kpi.kharkov.ua/handle/KhPI-Press/94675

