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«P0o3BHTOK npoueciB LITAMIIYBAHHS 00KOYYBAHHSAIM HAa OCHOBI aHaJi3y
MeXaHiKH (pOpMOYTBOPEHHSA CKJIAJHONPO(LIbHUX BUPOOiBY,
N0JjaHy Ha 3100yTTs HayKOBOTO CTyNe€Hs AOKTopa dhinocodii

3a cneuianbHicTio 132 Marepiajio3HaBCTBO

1. AKTyaJIbHIiCTh TeMH i 3B'SI30K 3 HAYKOBHMH IUIAHAMH i MporpamMamMu

AKTyallbHICTh JUCEPTaliiHOr0 AOCTiIKEHHS 3yMOBJIEHA BIAMOBIIAHICTIO TEMH
JOCTiXKEHHSA Cy4YacHHUM npiopuTeTam PO3BUTKY MalIMHOOYLyBaHHS,
MaTepiaJlo3HaBCTBAa Ta eHeprosbepiralounx TexHosoriil. Po6Gota cnpsmoBaHa Ha
BUPILLIEHHS BaXXJIMBOI HAyKOBO-TE€XHIYHOT NPOOIEeMH — YAOCKOHAJIEHHS TEOPETUUHUX
3acall 1 BIPOBAaIXEHHS €(PEKTUBHHX pecypco30epiralouux TEXHONMOTIYHUX TPOLEciB
MeTanoodpobku, 110 € HeOOXiAHOI YMOBOIO MiABUIEHHS NMPOLYKTUBHOCTI, SKOCTI Ta
€KOJIOTIYHOCTI Cy4acCHOTO BUPOOHMIITBA.

OcobniiBe 3HaUYEHHsA B LIbOMY KOHTEKCTI Ma€ pO3BUTOK OOpOOKM MaTepiajiiB
TUCKOM (OMT) six ManioBigxogHOTO, BUCOKOE()EKTUBHOTO Ta €HEPrOOLIaAHOTO METOLY
¢opmoyTBOopeHHs. Cepen texnHosorii OMT npouec mrammyBaHHS OOKOYYBaHHIM
(IIIO) BUPI3HAETBCS TEXHOJOTIYHOIO THYYKICTIO, YHIBEpCAIBbHICTIO 0OJaJHaHHS,
€KOJIOTIYHOIO YHCTOTOI0 Ta €KOHOMIYHICTIO, IO poOWTh HOro mHpuBaOIMBUM IS
MamuHOOyXyBaHHs. Moro moTeHmian 0COGNMBO aKTyanbHMIi ISl BHTOTOBJIEHHS
CKJIaIHONPOMPUIBHNX TOHKOCTIHHUX €JIEMEHTIB, 30KpeMa INOPOXHUCTHX JAeTanel 3
Oypramu Ta (QaHUAMH, SKi LIHPOKO BHKOPUCTOBYIOTHCS B arpapHO-NPOMHUCIOBOMY
KOMILJIEKCI.

Pa3om 13 TuM mupoke BrnpoBagxkeHHs 11O cTpuMyeTbesi HU3KOIO CKJIaTHOIIIB:
PU3HMKOM pyHHYBaHHS 3arOTOBOK Y€pe3 HEAOCTATHIO IJIACTUYHICTh, BTPATy CTiHKOCTI

IpH BEIIUKHX AedopMallisfX, a TaKoXX HEJOCKOHAJICTIO PO3pPaxXyHKOBHX MiZXOMIB 10



MOJICJIIOBaHHS npouecy. TpaauiiliHi MeToau BUTOTOBJIEHHS TaKuX AeTanel (npsme i
3BOPOTHE BUTHCKYBAaHHs, pO3JaBaHHsA, OOTHUCHEHHs, 3BapIOBaHHs) € 3aTpPaTHUMH Ta
MayioePeKTUBHUMH TIpH apiOHocepiiiHOMYy BUpoOHULITBI. ToMy BHMHMKae HaralibHa
notpeba y BIOCKOHAJIEHHI Teopil MexaHiku (GOpMOYTBOpEHHS, 30KpeMa B po3pobieHHi
JOCTOBIpHUX Mojeneil Teuil Marepiany, MPOTHO3YBaHHI HalpyKeHOo-1e(GOopMOBaHOTO
CTaHy, 'PaHUYHUX CTaHIB Ta HAKOMWYEHHs MOLUKODKEHb. Y LIbOMY KOHTEKCTI BUOIp
o0'ekTa MOCHIJKEHHS — TpOllecy LUITaMIlyBaHHA OOKOUYBaHHAM — € HayKOBO
OOTPYHTOBaHUM.

AKTyaJIbHICTh pOOOTH BU3HAYA€ThCSA HEOOXIJHICTIO PO3BUTKY SIK TEOPETUUHUX
HiAXONIiB 1O aHalizy mnpouecy, Tak i MpPaKTUYHUX pilleHb A8 ONTUMi3auil
TEXHOJIOTIYHUX MapaMeTpiB. lle [03BONMTH 3HAUYHO MiABUILKUTH eQEeKTHBHICTDb
BUPOOHULITBA, po3MUpUTH 3acTocyBaHHA 1IIO B mpomucioBocTi Ta 3abe3neunTH
BUTOTOBJICHHS KOHKYPEHTOCIIPOMOXKHOT MPOAYKILT BIAMOBIAHO 10 BUMOI CYy4acHOIO

PHHKY.

2. 3B’A30K po6OTH 3 HAYKOBHMMH INPOrpaMaMu, IJIaHAMM, TEMaMH

JlocmiKeHHs, 10 CKJIaaloTh OCHOBY AMcepTalii, poBeAeHo y BiHHHLBKOMY
HalioHaJIbHOMY arpapHoMy YyHiBepcuteTi (BHAY) B Mexax ABOX iHILiaTHBHUX
HAyKOBO-JIOCTIIHUX pPOOIT Ha iHXXEHEPHO-TEXHOJNOTiuHOMY (akynbTeTi «Po3BUTOK
IpoLeciB  IUTaMIyBaHHA OOKOUyBaHHAM Ha OCHOBI  aHajizy MeEXaHIKH
bopMoyTBOpeHHs cknagHonpodineHuX BUpobir» Ne JIP 0117U006830 (13.11.2017 p.
mo 21.12.2021 p.), «Po3BuTOK mpolieciB IITaMIIyBaHHS OOKOUYBaHHSM Ha OCHOBI
aHali3y MeXaHiki (OpPMOYTBOpPEHHs CKIaAHONPO(UIBHUX BHUPOOIB Ta CTBOPEHHS
MOBEPXHEBUX LIapiB JeTasiel i3 3aCTOCYBaHHAM ra3oAuHaMiqyHoro HanuieHHs» Ne JIP
01220002110 (18.13.2022 p. mo 03.2026 p.), i3 3ajIyueHHAM JUCEPTAHTA.

Jluceprauiitti 1ociipkeHHs MPOBOAMWINCH Y BiANOBIZHOCTI 10 JOrOBOPIB MiX
BiHHMIEKYM HalllOHATLHUM arpapHuM yHiBepcuTeToM, TOB «Arpomani-KanmiHa» ta

TOB «KpacHsHcbke CII «Arpoman.



3. Amnaniz 3micty auceprauii. CrynmiHb OOGIpYHTOBAaHOCTI HayKOBHX
M0JI0’KeHb, BUCHOBKIB i pekomMeHaLiii, chopMy/IbOBaHMX B AMcepTaLil

JlucepTallis 3a CBO€IO CTPYKTYPOIO BiATIOBila€ BUMOTaM i TpagullisiM HayKoBOT
IIKOJIM MaTepialo3HABCTBA, CKIIAA€ThCS 3i BCTYMY, 4 pO3AifiB, BUCHOBKIB Ta CIIUCKY
BUKOPHCTAHUX JIKEpe 1 J0JIaTKiB, 110 BKJtouae 208 cTOpiHOK, y TOMY YKCIli JOJATKIB
Ha 29 cropinkax. O6car OCHOBHOIO TEKCTY AMCepTalii cTaHOBUTH 159 cTOpiHOK,
MicTUTh 72 pucyHkd, 3 Tabnuui. CnHcOK BUKOPUCTaHUX Kepesn HapaxoBye 159
HaliMeHyBaHHs Ha 19 cTopiHkax.

VY nepmoMy po3ziii MpeACTaBIeHO NETalbHUIA aHali3 MPoLEciB IITAMITYBaHHs
0o0KOUyBaHHAM, IO 3aCTOCOBYIOTbCS Ha c(epopyxOMHX Ipecax Ta YCTaHOBKax
TOPLEBOTO PO3KOUYBaHHSA. PO3rJSHYTO OCHOBHiI TEXHOJOTIYHI CXEMH, 30Kpema
oca/KyBaHHS, MpsAME Ta 3BOPOTHE BUTHCKYBaHHA, INO 3a0e3MedyloTh HEOOXiAHI
YMOBH 11 (pOpPMYBaHHS 3aroTOBOK LIVIAXOM IUIaCTUYHOI Aedopmanii. Bussnero, mo
IpH TOPLEBOMY 00KOUYBaHHi BUKOPUCTOBYIOTHCS [Ba TUNM BAJIKIB - MIIHAPHUYHI Ta
KOHiyHi. OcoONMUBICTIO TpOLECY € 3AAaTHICTH (POpMYBaTH HANpPaBICHUH IUIMH
Marepialy 3aroToBKH HUIIXOM pafiajibHOTO 3MillleHHs BEPIINHHA KOHIYHOIO BAJIKa.

IlpaBunpHMil BUOIp TEXHOJOTIYHMX MapaMeTpiB [Ja€ 3MOry OTPHMYBAaTH
BHYTPpIIIHI Ta 30BHIIHI OYPTH 3 BEJIMKUM JiaMeTpPaJIbHUM BiIHOLIEHHM. 3a3Ha4Y€HO,
III0 TEXHOJIOTIS IITaMITyBaHHS OOKOUYYBaHHSIM BiTHOCUTBCA JO pecypco3bepirarounx
NpolleciB, MO0 BiAMOBialOTh KOHLEMUII CcTanoro po3BUTKY Ta 3a0e3neuyroTh
NiABUILICHHS  €HeproeeKTHMBHOCTI 1 3HWXKEHHA  MaTrepiajibHUX  BTpar Y
MaimuHoOyayBaHHi. OIlliHKa HAKOINMYEHHS MIKpPOIOUIKOMKEeHb Yy Marepiani mpu
iHTeHCUBHIN mMuacTHuyHid Aedopmallii € KIIOYOBUM acleKToM Ans 3abe3nedeHHs
eKCIUTyaTalliifHoT HalifHOCTi rOTOBUX BUPOOIB. 3alIpONIOHOBAHO MOAENBHI NIAXO0IU 10
MIPOrHO3YBAHHA MEXaHIYHUX BJIACTUBOCTEH MarepialiB 13 BpaXyBaHHAM HaIpy»KeHO-
aedopmoBanoro crany (HJAC), mo wmawoTe ¢yHAaMEHTanbHE 3HA4€HHA [UIs
MaTepialo3HaBCTBa 1 po3poOky HOBUX TexHojorili  ¢opMoyTBopeHHs. B
OOIpYHTYBaHHS LBOTO TMiJKpecleHO NoTpeby B CY4YacHHX MeETOJaxX aHalizy
HanpyxeHo-aepopmoBaHoro crtaHy (HJC) i mnopiBHsHHI Mopenell pyiiHyBaHHs,

NpeICTaBleHNX Y MiKHApOIHIH HayKOBiil NiTepaTypi.



Jpyruii po3ain MpUCBAYEHO aHanily JAociipkeHb Yy cdepi pyillHyBaHHA
MaTepiajiiB Npu MJIACTUYHIH Jgedopmatii. BctaHoBneHo, mjo nepeBaxHa OLIbIIICTD
BiIOMHX MoJeliell 30cepe/keHa Ha cTalioHapHUX AedhopMaliifHUX yMOBax, TOJi sK
MEHII BHUBYEHMMH 3aJMINAIOTHCHA TpaeKTopii AeQOopMyBaHHS MaKpOYACTUHOK Y
HeOe3neyHux 30HaX. Po3risgHyTi Mozesni pyHHyBaHHs ITPYHTYIOTBCS NEPEBAXKHO Ha
¢GbyHKUIOHANBHIN 3alleXHOCTI TpaHU4YHO1 AedopMallii BiJi 0JHOT0-ABOX MapaMmeTpiB
HJAC i peani3ytoTh NpUHLUMI JdiHiiHOro (aAMTHUBHOTO) HAKOMWUYEHHS TOIIKOIKEHb.
AHaii3 eMnipUyHUX KpUTEPIiB BUSABUB 3B’A30K 3 TEOPETUYHUMHU MOJEISIMU
NOILIKOXKEHHS, MiJAKPECIIOIYN aKTyaJlbHICTh MNOrIUOIEHOro BUBYEHHs JaHOl
npobnemMaTiKy Ta YAOCKOHaJIEHHs HassBHUX MoOJeei. .

VY TpeTbOMy po3/Iiji 30cepeKEHO yBary Ha OLliHLi HanpyXeHO-Ae(pOpPMOBaHOTO
CTaHy MaTepiaJly 3aroTOBOK SIK KIIOYOBOTO YHMHHMKA, 1O BHU3HAYae piBeHb IX
nedopmoBHocTi. Ha mpuknaai mpouecy ¢opmyBaHHS 3yOuiB 3yb6yactoi MydTu
MeTOJlaMU MpAMOTo 1 3BOPOTHOTO BUTHCKYBaHHsA pociiixeHo posmoain HIC y
HebOe3neyHux 30Hax. 3aCTOCYBaHHs Teopii MJIaCTUYHOTO 3rHHY JO3BOJIWIO BU3HAYUTH
xapakTep posnoainy HJIC y 3y6usx. [lo6ynoBaHo TpaekTopii JedopMyBaHHs, IO
CTaJIi OCHOBOIO U1 ABOX MO/lesiel ONUCY HaKONMYEHHs NOLIKOKEeHb Yy Hebe3neuHnx
30Hax. OOuABI MoAesi MICTATH ONMUC TPaeKTOpii AepopMyBaHHS, KPHUBI TPaHUYHUX
nedopMalliii Ta Mopesi IMiACYMOBYBaHHS TOIIKO/DKEHb (30KpeMa Mojeni
OropoanikoBa). [lns rmpolecy 3BOPOTHOTO  BHUTHUCKYBaHHS  3alpOIIOHOBAHO
OpUTiHAJILHY METOJUKY MOOYIOBH TPAEKTOPiH i3 3aCTOCYBaHHAM Oa3uCHUX CIIAitH-
GyHKUIH, 0 T03BOJISE MiABUIATH TOYHICTH MOJIETIOBaHHS.

Pe3ynpTaTtu JOCHiAXKeHb AaJId 3MOTY OTpUMaTH rpadoaHaliTU4YHI 3aJI€KHOCTI
JUIsl TIPOTHO3YBaHHs TPaHWYHHUX CTaHiB MarepianiB tumy crainb 10 ta [4X17H2, mo
BiIKpHMBa€ MEePCNEeKTUBY JUIA ONTHMIi3allil mapaMeTpiB MITaMIyBaHHA 0OKOYYBaHHIM
BIJIMIOBIAHO A0 THITY MaTepiajly Ta FeOMeTpii AeTani.

V yeTBepTOMY pO3AiNI NMPOBEAECHO NOEAHAHUH KOMIT'IOTEpPHMIl Ta (i3n4HUMN
eKCIEPUMEHT i3 MO/JIeTIOBaHHA MNpOLECiB  TOPLEBOrO 00KOUyBaHHS
ckyagHonpodiibHUX aetaieil. Bukopuctanus MeTony ckiHueHHUX enemeHTiB (Finite

Element Method, FEM) no3Bosmio oTpuMaTH NpOCTOPOBHIA po3noain aedopmaiiiii, a



TaK0X OLIIHUTH 3aKOHOMiIpPHOCTI (QOPMOYTBOPEHHS, X04a 1 3 IEBHUMU OOMEXEHHAMU
B ToyHocTi MoaemoBanHs HJIC. Ing ¢isMuHOro MojenioBaHHsA po3poOiieHO Ta
BHUT'OTOBJICHO €KCTIEpUMEHTaIbHY OOKOUyBajbHY TMPUCTAaBKY 3 KOHIYHHM BaJIKOM,
aZlaniToBaHy 10 KOHCTPYKIlil TokapHOro Bepcrata. O6’eKTOM MOJENIOBaHHS 00paHO
netans TNy «JloineHuit ctakan». IIpoBeleHO cepito eKCIEpUMEHTIB 3 BHUBYEHHS
BIUIMBY TEXHOJIOTIYHHMX MapaMeTpiB — KyTa HaXWlIy Bajka, BEJIWYMHM pajiajibHOro
3MIlIEHHS BEpIIMHM, IIBHJAKOCTI o00epTaHHA IUMUHAENS — Ha Mpolec
¢dbopmoyTBOpeHHs. Ha 0OCHOBI pe3ynbTaTiB €KCIEPUMEHTIB C(POPMYJIbOBAHO MPAKTU4HI
pekoMeHAalii moA0 BUOOPY peXUMIB LITaMIyBaHHA, 1O 3a0e3MeuyloTh CTabinbHY
SKicTh (POPMOBAHUX €JIEMEHTIB i MiHiMi3alil0 NOLIKOAXKEHb.

VY MiJICyMKOBUX BUCHOBKAX YITKO OKPECIE€HO HAyKOBY HOBU3HY, TEOPETHUHY
NpaKTHYHY LiHHICTh OAEpPKaHUX pe3yibTaTiB. BUCHOBKYM BiANOB1IalOTH BUMOTaM JO
aucepTalifHUX pobiT Ha 3A00yTTA CTyrneHs JAokTopa ¢inocodil, € NOriyHUM
MiJCYMKOM TIPOBEAEHUX JOCHIIXKEHb 1 AEMOHCTPYIOTh KOMILJIEKCHE BHPILLIECHHS
[OCTaBJICHOTO HAYKOBOTO 3aBJaHHS.

Crnucok BHUKOPHUCTaHHX [XKepesl OXOIUIIOE LIMPOKE KOJIO CY4YaCHHMX IIpalp,
BIJIFDYHO 3 IATEHTHOIO JOKYMEHTALI€0 Ta IHO3eMHUMU NyOJiKallisiMU, IO CBITYUTH
npo riudoKe ONpaltoBaHHs NpeAMETHOT ranysi.

Hopgatky 10 poOOTH MICTATH IMIOCTPATUBHI Ta aHaNITH4HI MaTepialiv, sKi
JIOTIOBHIOIOTh OCHOBHUH 3MICT 1 € MiATBEPMXKEHHSAM IOCTOBIPHOCTI MPOBEIECHUX

JOCTiI)KEHb, 110 HE YBIHILIN B OCHOBHY YaCTUHY POOOTH.

4. HaykoBa HOBH3HA OJlepPKaHUX pe3yJIbTaTiB

HaykoBa HOBH3Ha OTpUMaHUX Pe3yJbTaTiB, SKi BUHOCATHCS HA 3aXUCT:

Bnepuie:

- IOKa3aHO UI0 HU3KA HaiBiIOMIIINX y BCBOMY CBiTi KpUTEpiiB pylHYBaHHSA €
IMIJIEMEHTALII €10 PI3HUX anpokcuMalliii KpUBoi ado MOBEPXHi rPaHUYHUX AegopMantiit
npy CcTalioHapHOMY AedOopMyBaHHI Yy HaHMpoCTilly MOAeNb NiACYMOBYBaHHs
MOLIKO/KEHB 3a JIIHIITHUM MPUHLHUIIOM;

- BCTAHOBJICHO 3B’f30K MiX €MIipHYHUM KpUTepieM pyHHYBaHHsA MaTepiany



6iuHOT TMOBEpPXHI HWJIiHAPHUYHUX 3pa3KiB MpU TOPLEBOMY CTUCHEHHI Ta TEOPI€IO
NiZICYMOBYBaHHsl MOLIKOJUKEHb, 10 JO3BOJAE Yy3arajlbHUTH Ta TEOPETHYHO
0OrpyHTYBaTH eMIIipUYHiI CIIOCTEPEKEHHS;

- BUSABJIEHO JIOMiHYIOUHI BIUIMB TI'paHH4HOI JedopMallii npu piBHOMIpHOMY
CTHCHEHHi Ha (hopMy TpaHUYHOI JIiHiT B KOOpAMHATAaX «0ChOBA — KOJIOBA JIOTapu(PMidHi
JedopMalliiy Ta MOKazaHo, IO 3i 30iIbIIEHHSAM TrpaHU4YHOI Jedopmauii MpH
pPIBHOMIDHOMY CTHCHEHHI 3a HE3MIiHHOCTiI IHINMX YMOB ¢opMa TIpaHUYHOI JiHii
HaOMWKaeTbCAd JO TpsAMOi, L0 € TMATBEpIKEHHSAM eMIIipUYHOro KpUTepito
pyHHYBaHHS.

Ompumanu nooansuiuti po36Umox:

- noOy/Z0Ba aHANITUYHUX NPEJCTaB/IEHb NapaMeTPUYHUMH CIIiBBIJHOLIEHHIMU
TpaekTopiii JedopMyBaHHS B KOOpAWHATaX «IOKA3HUK HANpPYXEHOro CTaHy» -
«HAKONHWYEHa IUIacTUYHa Jedopmallisi» YacTOK MaTepialy HeOe3NeYHUX AUISHOK
3ar0TOBKH ITiJi Yac MPOLECiB MPAMOro BUTUCKYBAHHS CKJIaJHONPOPIIbHIX 3ar0TOBOK
METOJIOM IITaMIyBaHHS OOKOUyBaHHSM.

- po3pobneHo JBi HOBi Mojeni AehOpMOBHOCTI 3aroTOBOK, IO JO3BOJIAIOTH
OIMKCaTH NPOoLIeC HAKOMMUYEHHS MOIIKOKEHb Y HeOe3NeUHNX 30HaX 3arOTOBKH M1 Yac
MpAMOro BUTHCKYBaHHS METOIOM LITaMIyBaHHs oOkouyBaHHAM. KoxxHa 3 moneneii
BKJIIOYae Tpu Oa3uCHI eJIeMeHTH: a) aHalITH4YHEe NpeACTaBICHHS TpPa€eKTopil
nedopMyBaHHS B KOOpDAMHATaX «IOKa3HUK HaNpy)KEHOTO CTaHy — HaKONHYEHa
iactTuyHa gedopmauis»; 0) anpokcumallis KpuBoi rpaHU4YHUX Aedopmauiii, mo
BpaxXxoBy€ OCOOJIMBOCTI Marepiandy; B) MOJAENb MiACYMOBYBaHHS IMOLIKOIXEHb, LIO
3abe3nevye NPOrHo3yBaHHS IPAHUYHOTO CTaHy MaTepiany.

- MiJ{ Yac TNPOBEJEeHHsS KOMIUIEKCHOTO iMiTallifHOTO MOJENIOBaHHS MpPOLECY
($bOpMOYTBOpPEHHS CKJIAAHONPOGUIBHOT AETalli Ta HaPYKEHO-1e(HOPMOBAHOIO CTaHY
MaTepiany 3arotoBok mnpu Topuesomy IIIO BcTaHOBIEHO, IO CydacHi NMpOrpaMHi
KOMIUICKCH, 3aCHOBaHI Ha CKiHUEHO-€JIEMEHTHOMY aHaji3l, 3JaTHi aJeKBAaTHO
BIITBOPIOBATH mponec (QOpMO3IMiHEHHS 3aroTOBKM Ta PO3MNOALT HAaKOMHWYEHHX
MIACTUYHUX JehopMaliif, 1o MiATBEPIXKY€E IXHIO e(PEeKTUBHICTh A AOCIHiIKEHHS
noiOHUX TEXHOJIOTIYHUX MpolleciB. B Toii ke Yac BUsABIEHO OOMEKEHHS B TOUHOCTI

MOJIETIOBAaHHS HaNpy)KEHOro CTaHy Ta HAKOMWYEHHS TMOIIKO/DKeHb y Marepiai



3arOTOBKHU, 110 NOTpedye NoJabIlIOro BAOCKOHAJIEHHS MOJEIE.

HaykoBi nonoxeHHs, BACHOBKM Ta peKOMEHJalil AMcepTaliiiHoi poboTH €
MOBHICTIO OOTPYHTOBaHUMH 3 HAyKOBOI Ta TEXHi4HOI TOYKH 30py. [ns orpumaHHs
iMiTallifHUX Mojeneit i TeopeTUUHUX pe3yNbTaTiB 3aCTOCOBYBajnacs yHiBepcaslbHa
nporpaMHa CHUCTeMa CKiHUYE€HO-€JeMEHTHOrO aHami3y, sika BUKOPHUCTOBYETbCS IS
PO3B’s13aHHs JHIHUX 1 HEMHIHUX, CTalllOHApHUX | HeCTallOHAPHUX MPOCTOPOBUX
3aJa4 MeXaHiku 1e(GOpPMOBHOTO TBEPAOTO Tifla.

ExcnepuMeHTanpHi  JOCTiJKEHHs] BHUKOHYBaJIUCA Ha JabopaTopHOMY Ta
IIPOMHUCJIOBOMY 0O0JIaJHaHHI, a TMpaKkTU4YHA LIHHICTD OTPUMAaHMX pE3yJbTaTiB

HiI[TBepIDKeHa dKTaMH BITPOBA/IKE€HHA.

5. locToBipHICTL OTPUMAHHX Pe3yJbTATIB | BUCHOBKIB

JIOCTOBIpHICTE ~ OTPUMaHHMX  pE3yJbTATIB  3a0e3MeuyyeThCs  KOPEKTHOIO
MOCTAaHOBKOIO 3ajlaui, METH Ta 3aBJaHb JUCEPTALIIHOrO JOCHIIKEHHs, sKi
PO3B’sA3YIOTHCS MOCTiJOBHO Ta apryMEHTOBAHO. JJOCTOBIPHICTh HAYKOBHX MOJIOKEHD,
BUCHOBKIB Ta peKOMEHJauili MNiATBEpAXKYe€TbCAd BiAMOBIJAHICTIO METOAOJOTIL
JOOCTiAKEHHs IOCTABJIEHOI HAyKOBO-TEXHIYHOI 3a/ayi, IOBHOTOIO pO3TJsAAy Ha
TEOPETUYHOMY Ta  €KCIEepUMEHTaJbHOMY  pIBHAX  00’€KTa  JOCIiAXKEeHHs,

3aCTOCYBAHHAM KOMIUICKCY MCTOILiB, AAC€KBATHUX MPECIAMETY JIOCIIiI[)KCHHiI.

6. IlpakTyyHa LIHHICTH OJlePXKAHUX Pe3YyJabTaTiB Ta peKoOMeHAalll oo iX
N0JaJbIIOro BUKOPHUCTAHHSA

IlpakTuHa 3HaYMMICTL pOOOTH OAEpPXKAHUX pE3YNbTATIB  JOCIIIKEHbD,
TEOPETUYHHUX y3aralbHEeHb Ta po3poOOK MoJArae y BHpillleHHi mpobieM, 10 MaloTh
BaXUIMBE NMpPHKJIaJIHE 3HAYCHHs, a came, B po3polili KoOMOIHOBaHUX CXEM MpPOLECiB
(lwrtammyBaHHS 0OKOUYBaHHSAM CKJIaJAHOMpPOQUIBHUX BUPOOIB Oe3 pyiiHyBaHHS Ta 3
BU3HAYEHOK 3alMIIKOBOK MiactuyHicTio) IO s oTpuMaHHS — SKICHUX
CKJIaAHONPObITEHUX BUPOOIB:

-  Jna  3abe3nedyeHHs  ¢isuyHOro - MogemoBaHHA — npouecy 11O

CKIaJHOMPO(INbHUX 3ar0TOBOK B JIaOOpaTOPHUX YMOBaxX po3poOsieHO Ta BUTOTOBIIEHO



OpUTiHaJIbHY OOKOYYBaJbHY NPUCTAaBKY 3 KOHIYHUM OOKOYYBAJbHUM BaJKOM [yis
TOKapHO-IBUHTOPI3HUX  BEpPCTATiB. 3almpoONOHOBAaHa KOHCTPYKLIsA  PO3LIUPIOE
eKCTIEpUMEHTANIBHI  MOXJIMBOCTI  JociijpkeHHs mnpomecy IO Ta Moxe Oytu
BUKOpUCTaHa AJ11 BAOCKOHAJIEHHS TEXHOJOTii 0OpoOku B yMOBaX NPOMHCIOBHUX Ta
HaBYaJIbHO-A0CIIAHUX NabopaTopiii.

- TlinTBEepAXEHO MOXJMBICTH BUKOPHUCTAHHS INPOTPaMHUX KOMIUIEKCIB IJis
aHani3y Ta ONTUMi3alil MHpolecy TOPLEBOro IUTaMIyBaHHsA OOKOUyBaHHSM, UIO
3HMXKY€E MoTpedy B JOPOrMX €KCHEpUMEHTATBHUX BUNPOOYBaHHSAX, B TOHM JKe yac,
BUSBIIEHI HENOJIKHA Yy BIATBOPEHHI HaNpy)XEHOro CTaHy Ta MOLIKOKEHb MOXYTb
CJIyTyBaTH OCHOBOIO I MOJAIBIIOrO BJOCKOHAJIEHHS ICHYIOYMX MpPOrpaMHHUX
MoJieJIeH, 1110 MOKPAIUTh TOYHICTh MPOrHO3YBaHHS 3IMIIKOBOTO pecypey AeTaneil;

- Otpumani pexkoMeHJalil MIOAO ONTHUMAJILHOIO BHOOPY TEXHOJNOTIUHUX
napameTpis npouecy 1110, mo crnpusie niIBUILEHHIO AKOCTI GOPMOYTBOPEHHS AeTasei
THIYy «CTaKaH» Ta MOXYTb OYTM BUKOPUCTaHi JJisi BAOCKOHAlIEHHS BHUPOOHHYMX
IPOIIECiB, 30KpeMa y BHUTOTOBJIEHHI JeTajel 3i CKIAZHOIO TEeOMETPI€I0 METOAOM
00KOUYYBaHHS.

- Po3poGneni mopeni Ta ix mporpaMHa peaiizalisi B CepelOBHILI CUCTEMU
KOMI'FOTEPHOI MaTeMaTHK{ 3a0e3NevyyloTh THYYKe HajallTyBaHHsA IapaMmeTpiB
nporecy (MeXaHIYHMX BJACTHBOCTEH Marepialy, peXHMiB HaBaHTa)XEHHA) Ta
KOMIUJIEKCHUI aHaNi3 IXHBOTO BIUIMBY Ha JeGopMyBaHHs 3arOTOBKH. 30KpeMa, BOHU
JI03BOJISIIOTE PO3pPaxOBYBaTH BHUKOPHCTAHUN pecypc IIaCTUYHOCTI Marepialy Ta
BH3HAuaTH TrpaHu4Hi JAedopmailii mepel pylHYBaHHAM Yy HeOe3NeUHMX 30Hax
3aroTOBKH MiJ 4yac mpsmoro BUTHcKyBaHHs MeroaoM LIIO. Ile 3HauHO mpuckoproe
NpOLIEC OLIHKHU, CKOpodye MOTpedy y (Pi3UUHUX E€KCIEPUMEHTAaxX, MiHIMI3y€e pU3MK
NepeayacHoro BUXOAY JAeTallell 3 Jaay Ta CIpHs€ NiABUIIEHHIO IXHBOI JJOBFOBIYHOCTI.

CtBopeHe o6naaHaHHs Oyle BUKOPUCTAHO AJS JEMOHCTpalii Ta NPaKTUYHOIo
BUBYEHHS MpPOLECiB WITaMNyBaHHA OOKOYYBaHHSAM Ui JEKLIHHUX i MpaKTUYHHUX
3aHATH OOOB’S3KOBOTO OCBiTHBOro KOoMIMoHeHTa «Teopis pizaHHs, MeTaooOpoOHe
obnafHaHHA Ta IHCTPYMEHT» OCBiTHbO-TIpodecifinoi mnporpamu «[ amy3eBe

MallMHOOyIyBaHHA» nepiuoro (6akalaBpChKOro) piBHS BHILNOiI OCBITH iHXEHEPHO-



TEXHOJIOTIYHOTO (haKkynbTeTy BiHHMIIBKOrO HallloHAJIbHOTO arapHoOro yHiBepCUTETY.
Po3pobrnena TexHiyHa JOKYMEHTaLis 3 MPOEKTYBaHHA OONa HaHHs AJI1 BUTOTOBJICHHS
CKJIaAHOMPo(diNbHUX BHPOOIB MpUIfHATAa 0 BIPOBaKEeHHS Ha nianpueMtcsi TOB

«Arpoma-Kanuna» (2024 pik) Ta TOB «Kpacusaucbke CI1 «Arpomam» (2024 pixk).

7. OopmiaeHHs  aucepraunii, JOTPHMaHHS  BHMOI  aKaJeMiyHOY
n06poYecHOCTi Ta MOBHOTA BHKJIAAY HAYKOBHX IMO0J0KeHb Ta pe3yJbTATIB B
ony0JIIKOBaHHUX Mpausx

Jluceprallis Mae JIOTiYHY CTPYKTypy. OCHOBHi BHUCHOBKM 1 pexoMeHAalii
JIOTIYHO BHTIKAIOTH 13 pe3yJIbTATiB, AKi HaBEIEHO y po3Aijax poOoTH.

IMpoBeneHo mnepeBipky aucepTalii Ha HasBHICTh akaJeMiyHOro MUariary,
OTpHMaHi pe3yJIbTaTH CBigYaTh MPO BUCOKY IHAMBIAYyalbHICTh podoTu. [lo BcroMy
TEKCTYy AMCEpTaLlil MPOCTEXYEThCA aBTOPCHKHUI CTWIb. Y AucepTalil HE BUABIEHO
TEKCTOBMX 3all03M4€Hb i BUKOPUCTAaHHS HAYKOBUX PE3YJbTATiB iHIINX HAyKOBLIB 6e3
MOCWJIaHb Ha BiATIOBIAHI JKepera.

VYci OCHOBHI MOJIOXKEHHS Ta HalOUNIbII BaXKJIMBi pe3y/ibTaTH AucepTalii, NoAaHi
N0 3aXUCTy, OMyOJIiKOBaHi B HeoOXigHOMY 00csa3i y paxoBuX BUJAHHAX YKpaiHH Ta
3aKOPJIOHHUX BUAAaHHAX. OCHOBHI MOJIOXKEHHS AUcepTaliiHOl pob6oTH ony0OiaikoBaHO
y 30 HaykoBHX Mpalsx, y ToMy uuchi: 15 ( crarell y HaykoBUX (paxOBUX BHIAHHAX
Vxpainu (kateropii B); 4 y daxoBux BuAaHHsAX iHMUX AepxkaB (kateropii b); 3 y
HayKOBUX >XypHaJiaX, IO BXOJATh A0 MIXKHapOAHHUX HAayKOMETPUYHHMX 0a3 JaHuX
Scopus Ta Web of Science Core Collection; 1 cBizonTBO npo aBTOpchbKe MpaBo Ha TBip;

7 Te3 y 30ipHUKax JAOMOBiAei HAYKOBUX KOH(epeHLiil..

8. Heposiku Ta 3ayBaskeHHsI I1OA0 3MicTy AMcepTaliiiHOI pob6oTH

8.1. Jlucepraliiss MiCTHTh 3HaYHY KiJIbKICTh MOCWJIaHb Ha 3aKOPJOHHI Mpalli 3
BUCOKMMH HayKOMETPHUHUMU nokazHukaMu. [Ipote 1i ripaili nepeBaXxHo CTOCYIOTHCS
JOCITiP)KeHHS TPaHUYHUX TUIACTHYHUX Jedopmalliil 3ajie)KHO BiJl HAPYKEHOTO CTaHy.
He 3po3yMinio, yoMy aBTOp Yy MeHIIii Mipi BUKOPUCTOBYE poOOTH, 1110 6e3MmocepeiHbo

CTOCYIOTBCS TEXHOJIOTIYHUX MPOLIECIB IITAMITyBaHHS OOKOUYBaHHSM.



8.2. ¥V nuceprallii aHani3 rpaHH4HOl IUIACTUYHOI AedopMallil 3 TOUKU 30pY
HaInpyKEHOro CTaHy OpPi€EHTOBaHMH MepeBaXXHO Ha BUKOPUCTaHHS KPUBHUX MPAaHUYHOL
nedopMalii i yMOB cTalioHapHoro aedopMyBaHHs. BoaHouac y 3apyOixxHHX
JOCITiMKEHHIX OCTaHHBOTO ACCATUIIITTS MPOCTEXYEThCS TEHAEHLA 10 3aCTOCYBaHHA
MOBEPXOHb TpaHHU4YHOI jAedopmaulii, O BHU3HAYAIOTBCS 3a JOMOMOIOK JIBOX
6e3po3MipHUX napaMeTpiB. SIKMM YMHOM aBTOp BpaxoBye abo MiaHy€e BpaxyBaTH I
Cy4dacHi MigX0oau y BIaCHUX JOCIIKEHHAX ?

8.3. Y derBepTOMY pO3Aii AOCHIIPKEHHS Mpollecy TOPLEBOro LITaMIyBaHHS
00KOUyBaHHAM 13 BUKOpPUCTaHHAM MporpamHoro 3abesneueHHss DEFORM-3D pano
HU3KY KOPHUCHHMX pe3yJbTaTiB. OlHaK 3p00JieHI BUCHOBKH MalOTh I1EPEBAXKHO AKICHUIA
xapaktep. Yu mnependaueHo TPOBEEHHS KUIBKICHOTO aHaizy pe3yJbTaTiB
MO/JIEJIFOBAHHS U1 MiABUILEHHS OOIPYHTOBAHOCTI OTPUMAaHUX BUCHOBKiB?

84. YV poboTi B ueTBEPTOMY pO34UII PO3TIAHYTO BIUIMB FE€OMETPUUYHMX
napaMeTpiB iHCTPyMEHTY Ha HalpyxXeHo-AedopMmoBaHMil ctaH 3arortoBku. Ilpote
HEAOCTAaTHBO YBaru NPUAUIEHO BIUIMBY NapaMeTpiB TEPTS HA Pe3ysibTaTH IPOLECY
JedopMyBaHHA. Yu BpaxoBaHO aBTOPOM 3MiHHICTH Koe(illieHTa TEpTS B peasibHUX
yMOBaXx IITaMIyBaHHsA OOKOUYBAaHHSIM Ta SIKHM YMHOM 3MiHHiCTb KOedillieHTa TepTs
MO>€ BILUTMHYTH Ha AOCTOBIPHICTh MOJAETIOBaHH?

8.5. ¥V nuceprauii 3acTocoBaHO MOZEJIb HAKONMUYEHHS MOLIKOKEHD JIJIsl ONUCY
TpaHUyHOro craHy Marepiany. IIpoTe He pO3INSHYTO MOMJIMBICTH JIOKasizawil
gedopMallii 'y BUIVIAAI 30HM IIMHKKH a0 MIiKpOTpILUH, $SKa YacTo Nepenye
pyiiHyBaHH!0. Yu BpaXOBYBaB aBTOp MeXaHi3Mu JoKajlizauii aegopmaniii mpy ouiHui

IpaHUYHOTO CTaHy?

9. 3arajibHUM BUCHOBOK

Huceprauiitna po6ota KonicHuka Mukonu AnatoniiioBuya «PO3BUTOK MpOLIECIB
IITaMIIyBaHHS OOKOYYBaHHSM Ha OCHOBI aHali3y MeXaHIKH (OpPMOYTBOPEHHS
CKJIagHONpOdINEHNX BHUPOOIB» € 3aBEpIIEHOI0 HAYKOBOK Mpalelo, IO BHKOHaHa
aBTOPOM OCOOHCTO Ha HaJIe)KHOMY piBHi, SKa Ma€ HAyKOBY HOBH3HY i MpaKTHUHY

niHHicTh. PoboTa Bupilllye Ba}JIMBY HAayKOBO-TEXHIUHY MpobrieMy — po3podka



MaTeMaTHYHOro anapaTy AJs aHallizy MeXaHiku (POpMOYTBOPEHHS! CKIaJlHONPOPiIbHIX
BUpOOIB i Ha 11ili OCHOBI PO3BUTOK BiAMOBIAHMX NPOLIECIB IITAMITYBaHHs OOKOUYBaHHSIM.

Hucepraniitna po6ota «Po3BUTOK MpOLECIB LITAaMIyBaHHA OOKOYYBaHHSM Ha
OCHOBi aHaJIi3y MeXaHik1 (OpPMOYTBOPEHHS CKJIaJAHO NpodilbHUX BUPOOiB) BiANOBiAaE
BUMoram 3aTtBepaxeHoro IToctanoroto Kabinety MinictpiB Ykpainu Bin 12.01.2022 p.
Ned4, Ta nakazy MOH Vkpainu Big 12.01.2017 p, Ne40 «IIpo 3aTBep/KeHHs BUMOI A0
odopMieHHs AucepTauii».

3micT  gucepTalii  BiAnoBigae  HampsMKaM  JOCIHiIKeHb  BiHHHULBKOTO
HaLliOHAJIbHOTO arpapHoro yHiBepCUTETYy Ta BUMOTaM OCBITHbO-HAyKOBO1 HpOrpaMu
«Martepianio3HaBcTBo», a i1 aBTop Komichuk Mukona AHartomnifioBUY 3aciiyroBye Ha
NPUCYIDKEHHS CTYIieHs AoKTopa ¢inocodil 3 ranysi 3HaHp 13 MexaHiuHa iHxeHepis 3a

crnetianbHICTIO 132 MaTtepiano3HaBcTBO.

Penen3enT: kaHAMIAT TeXHIYHHUX HayK,

npodecop, npodecop kabeApyd MaldH Ta

obnanHaHHs  CiNBbCHKOTOCHOAAPCHKOIO

BUpOOHMLTBA MalIWH Ta OONanHAHHA //g/é a__ Ipuna I'yHbKO
CLIBCBKOTOCTIOIAPCHKOTO BUPOOHHUIITBA /)

BiHHMLBKOrO HAIllOHANHEHOTO

arpapHOTo YHiBEPCUTETY

[Mignuc 'yneko 1.B. 3acBiguyro:
Terana Kopnaniok
Buennii cexperap
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