PELIEH3IS

Ha qucepraiiio Bekinora Camipa IllamcifioBuua
«[TinBHIEHHS ripaBIiYHAX XapaKTePUCTHK TPAKTIB PIAMHHUX PAaKETHUX IBHUIYHIB,
BUT'OTOBJICHHUX 13 3aCTOCYBAHHAM aIUTHBHUX TEXHOJIOTIH,
noJaHy Ha 3700yTTs cTyneHs nokropa dhinocodii
B raiysi 3HaHb 13 Mexani4yHa iHxKeHepis
3a crenianpHicTIO 134 ABiamiiiHa Ta pakeTHO-KOCMIYHa TexHika

1. AKTYaNbHICTL TeMH AHcepTauil

B cyuacHiii TeHaeHLII o rmobansHOI KomepHiamizauii KocMiuHOi iHTyCTpil
BIPOBaKEHHS aIUTUBHIX TEXHOJIOTiH pecTaBise 3HaYHUH iHTepec. [lepcnekTrBHE
CKOpPOYEHHSI BUPOOHHUYOrO IMKIY 338 PaxyHOK BiIMOBM BiJi BUKOPHUCTAHHS BEJIHKOL
KITbKOCTI OCHAIlleHHs, OOOB’S3KOBOr0 MpH TPagHLIHHOMY — «KIaCHYHOMY»
BUPOOHHUITBI, MPAKTUYHO € CHHOHIMOM IiIBUIIEHHIO TEXHOJOTIYHOI €()eKTHBHOCTI
mignpueMcTBa. [lpw  mojampmioMy — posrisdl mpolecy, AK  B3aEMOJIl
KOHCTPYKTOPCHKOrO Ta BUPOOHUYHUX AEMapTaMeHTIB, MOKHA 3pOOMTH BHCHOBOK, IO
3picT eeKTHBHOCTI TAKOXK BiIOWBAETECS | HA MPOEKTYBAaHHI KOHCTPYKLII,

B po6Gori po3risiHyTo 3acTocyBaHHs aguTHBHOI TexHonorii Laser Powder Bed
Fusion (L-PBF), sk OCHOBH [Ifi BUT'OTOBJEHHS OCHOBHHX €JIEMEHTIB IifpaBIiYHUX
tpakTiB PP]] cknagnoi koHdirypauii. ABTOpoM BH3Ha4eHHUH BIUIHMB 0cOOIMBOCTEH
TEXHOJIOTI] Ha BiJTIOBiHI XapaKTEpPUCTHKU €JIEeMEHTIB PiIUHHUX PAKeTHHX IBHUIYHIiB
(PPII), a Takox COPMOBAHO peKOMEHJAlii, IIOJ0 IOAAJBIIONO 3aCTOCYBAHHS B
YMOBaX HOBITHBOTO KOCMi4HOTO BUpOOHULTBA. Bepyun 1o yBaru o4eBH/IHI EpEBary,
10 HaOyBarOTh PO3BUTKY MiJ 4ac BIpoBaLkeHHs TexHouorii L-PBF 1o Bupo6Huyoro

nukiny PPJI, akryansHicTs po0OTH He BUKIMKA€E CyMHIBIB.
.5 3B’s130K poGOTH 3 HAYKOBHMH NPOrpaMamMH, IJIAaHAMH, TEMaMH.

PoGoTa TicHO MOB’s3aHa 3 BUKOHAHHAM JepkOromkeTHOl TeMu «CTBOPEHHS 1
YIOCKOHAJIEHHS TEXHOJIOTI i MaTepialiB JUI1 PaKETHHX 3ac00iB ypaKEHHs HA OCHOBI
{HHOBaLiHMX KOHCTPYKTOPCHKO-TEXHOJIOTIYHHMX pimeHs», Ne 6-675-23, Ne

nepxpeectpanii 0123U101855, B skiit mucepraHT npuiiMaB ydacTs, OTpuMaHi



pe3yNbTaTH BilNOBiAal0Ts BUuMoraMm 3akoHy Ykpainu «IIpo mpiopuTeTHi HalpSIMKH
igHoBawiiiHOl AiseHOCTI B YkpaiHi». HaykoBa HOBHM3Ha Ta NMpakTHYHE 3HAYEHHST

maTBepmKxeHi AkTamu peanisauii, sacsiquenumn BiznosiganeHumu ocobamu TOB

«OJIAUT KOHTPOJI» ta TOB «Ininpo Aepocreiicy.
3 HaykoBa HOBH3HA OTPHMaHHUX pe3yJibTaTiB

B fmocnimkeHHI IpoaHali30BaHO 3alleKHICTh TiAPaBIIYHMX XapaKTEPHCTUK
BiZILEHTPOBHX (POPCYHOK 3alIeXHO BiJl KOMIUIEKCY T€OMETPUYHUX MapaMeTpiB, II0
GopMye OCHOBHY HAYKOBY HOBH3HY OTPHMAaHMX pPE3yJbTaTiB JUCEPTALiHHOIo
pociimKeHHs. JloBefieHo, 1O BiZOMi 3a/eXHOCTI iHIINX aBTOPIB HE MiAXOAATH I
IPOTHO3yBaHHS [ILOT0 MapamMeTpa Ha PaHHIX eTanax NpoeKTyBaHHs. ABTOp AucepTalii
BITepIIIe 3aNpOTOHyBaB GopMyily, LIO OINCYE 3aleXKHICTh KoedilieHTa BUTPATH Bil
KOMILIEKCY F€OMETPHYHHUX TapaMeTpiB A7 BIALEHTPOBUX (HOPCYHOK, BUTOTOBIECHUX
32 JOTMIOMOTOK0 aAUTUBHOI TEXHOJOTII. 3 OrIsily Ha BeJHKHI 00CAT TEXHOMOTIYHHUX Ta
TiIpOAMHAMIYHUX IIPOLECiB, 3aNpPONOHOBAHUH eKCIIepUMEHTATbHUA MaXid mo
eMITipu4HOl (popMaitizalii € BUIIPaBIAHUM.

OrpuMaHi JaHi TIPO XapakKTEpHCTHKH IIOPCTKOCTi IIOBEPXOHb BHPOOIB,
CTBOPEHHMX 38 JIOTTOMOTOI0 aIUTHBHUX TEXHOJIOTiH, BXKe BUCBIT/ICH] B 0ararhox mparsx
{HIIMX aBTOPIB i MAIOTh TIEPEBAXHO NMpPAaKTHYHMI iHTepec sK HAGIp CTATHCTHYHUX
3Ha4eHb. [IpoTe, y JaHOMY AHCepTalifiHOMy NOCII/KeHH] BIIEpIIe 3alpOorOHOBAHO
PO3TIIAAATH 3MiHy IOPCTKOCTI OBEPXOHB 3D-1pyKy rapMOHIYHIMH ¢byukuismu. [Ipu
LbOMY, TaKi QYHKIIOHANBH] 3aIe)KHOCTI o0y 10BaHi /ISl BUNAJKIB KBrOpy» Ta «BHH3»
Opi€HTOBaHMX MOBepxoHb. Takuil MiIXiZ J03BONSE BUKOPHCTOBYBATH OTPUMAHI
GopMyIH Ui PAHHBOTO INIPOTHO3YBAHHS Mapamerpis, IO 3HAXOMATECA B
GesmocepenHill 3aIekKHOCT] Bill OPCTKOCTI MOBEPXOHB (HATIPHKIAL, TipaBligYHOTO
OTIOpY TPaKTy OXoJOmkeHHs i T. m.). OTpumaHi B AwucepTauifHOMY OOCIIiKEHH]

pe3yJIbTATH TAKOXK MPeACTAB/SIOTE HAYKOBY HOBH3HY.
4. IMpakTH4He 3HAYEHHS OTPHMAHHX Pe3yJIbTATIB

OCHOBHE 3HAueHHS IS TIPaKTUKM 3@ pe3yJbTaTaMu JUCEepTalifHOro

NOCTLLKEHHS, HA MOI0 OYMKY, € 3alpollOHOBaHa METONWKa IMPOEKTYBAHHA



BiZUEHTPOBUX (OPCYHOK, W0 TMOeAHYe B cOO0i 3alpONOHOBAHY 3AIEKHICTh 3MIHU
riZpaBMiYHMX XapaKTEPUCTHK 3MilIyBalbHUX EJEMEHTIB, BUTOTOBIEHUX i3
3aCTOCYBAaHHSAM aJMTHBHUX TEXHOJOTIH Ta MOCHIZOBHICTH il I OTpHMAaHH:
Oa)xaHUX 3HAYEHb.

Takox B poOOTI aBTOpOM TMpuUBeleHi pPEKOMEHMalii LIOA0 NEPEBIPEHOTo
HianazoHy 3MiHUM FeOMETPHYHHX MapaMeTpiB ckiIaaHux ejnemenTis PPJI (Hanpukazn,
MOSICIB 3aBICHOTO OXOJIOJDKEHHS, JKHKJIEPiB, 3pasKiB TpPaKTiB pEreHepaTHBHOIO
oxonomxeHHsa PPJI i T. n.), mo 6e3 CyMHiBY NpeACTaBIIA€ IPAKTHYHE 3HAUCHHS.

IligTBepmKeHHs BipHOCTI peKOMeHIalill onucane y posainii 4, B IKOMy aBTOp
3aCTOCOBY€ TIPUBEJEHI peKOMeHJalil NMPH MPOEKTYBaHHI Ta MOJANBIIMX BOTHEBUX
BHNPOOYBAHHAX AOCHimHEX KOHCTpykuilf kamep PP/ Otpumani pe3ynbTaTH
NiATBEPIKYHOTh  poOOTO3ATHICTE  PEKOMEHJOBAaHHX  aBTOPOM JianasoHiB
3aCTOCOBAHOCTI NapaMeTpiB, a TAaKOX MOXIIMBICTh OTPUMAHHS BHCOKOS(EKTHBHHX
KOHCTpPYKLIiH, 3acTOCOBYIOYM HOBiTHi TexHojorii. Takum dHHOM, NpUBeJeHI B
JHCepTALifHOMY JOCTi/DKEHHI Pe3yNbTaTH MpPeJCTaBIMIOTh 3HAYHUI MPAKTUIHHH
iHTEpEC.

HaykoBi IIOJIOJKEHHs, BMCHOBKM 1 NpaKTH4HI PEKOMEHAAUii [uCepTaHTa

Bexkinosa Camipa I1lamciiioBida, Ha MOIO TyMKY, 0GIpyHTOBaHI JOCTATHEOIO MIPOIO.
3. AnaJti3 3micty auceprauii

Jluceprallis IpUCBSIUeHa BUPIIIEHHIO HAyKOBO-TEXHIYHUX 3aBJaHb Y cthepi 3D-
IpyKy Ta aIUTHBHOTO BUPOOHMUTBA. ¥ Hill IPOBENCHO OIVIAM CYyYacHOro CTaHy 3D-
IPYKY, BKIIOUaI04H Kiachupikaiiio KaTeropii aluTHBHOTO BHPOOHHUIITBA, X NIEpeBaru
Ta HeJOMiKH. 3a3HaueHo, 110 HOBI TEXHOJIOTII He 3aBK/IH MBUAKO CTAaHIapTH3YIOTHCA,
alle JUTA KOMepLiali3oBaHuX TUIIB, Takux sk Powder Bed Fusion Ta Directed Energy
Deposition, MoX&¥Be BHKOPHCTAHHS ICHYIOYHX cTaHaapTiB. AHaII3YIOThCA
KOHCTPYKTHBHI OCOONMBOCTI PIANHHUX PaKETHUX JIBUTYHIB, 30KpeMa IOSCH 3aBiCHOTO
OXOJIOIKEHH, 3 porno3uuieio Bukopucranas L-PBF.

JloC/IiPKEHO LIOPCTKICTE MMOBEPXOHb BMPOGiB, BUTOTOBIEHHX 3a JOIIOMOIO0

texnonorii L-PBF. IIposeeno Metanorpadiunuii aHani3 TeCTOBHX 3pa3KiB i pealbHIX

BHpOGIB, 2 TAKOX MOPIBHIHHS aTUTHBHOTO Ta KIaCHYHOro BUPOOHHMIITBA HA IPUKIA/I



BilleHTpoBOI (opcyHkH. PesynbTaTH MiATBEPIKYIOTh NOULNBHICT aTUTHBHOL
TEXHOJIOTI1 Ta HeOOXIAHICTh MOAAIBIINX TOCHTIKEHD.

ExcriepuMenTansHo BHBYCHO BNAcTHBOCTI 3paskiB, 30KpeMa TigpaBiliyHi
XapaKTePUCTHKH JKUKIEPIB | TAHTEHIIaTbHUX OTBOpiB. Po3pobiIeHo Ta mociimKeHo
KOHCTPYKII MOSACIB 3aBICHOTO OXONOMKEHHS T eJIeMEHTH TPAKTIB PereHepaTHBHOIO
OXONIOIDKEHHS  PINMHHUX DAKeTHHX JBHIYHiB. [lifTBepIKeHO MOKIMBICTH
BUTOTOBJICHHA KOMIUIEKCHUMX YacTHH 0e3 MasHHsS Ta 3BapIOBaHHS, a TAKOX BILIMB
IOPCTKOCTi II0BEPXOHE Ha ripaBiiyHuii omip.

JlocIiDKeH S CHCTeM CyMILIOy TBOPEHHSI, BATOTOBJICHHX 3a IOTIOMOTOO L-PBF,
NOKa3yloTh, IO 3MillyBalbHi TOJNIOBKH, CTBOPEHI 3a [JOMOMOIOK aTHTHBHOL
TEXHOJIOT], IePeBUILYIOTh e(heKTHBHICTh KIACHYHUX aHAJIOTIB.

AHali3 eKCNepPUMEHTANBHUX JaHHX IMOAO IIOPCTKOCTI IOBEPXOHb |
riipaBIiYHIX XapaKTePHCTHK BiILEHTPOBHX GOPCYHOK MiATBEPIKYE BHCOKY AKICTBh
BHPOOiB, BUTOTOBJIEHHUX aAUTUBHUMHU TEXHOJIOTISIMH.

Hucepranifina poGora Bexinmosa Camipa IllawmciiioBuua «[TinBumeHHs
TiIpaBIivHAX XapaKTePHCTHK TPAKTIB PIIMHHUX PAKETHUX IBUIYHIB, BATOTOBJIEHUX i3
3aCTOCYBaHHAM &JMTHBHHMX TEXHOJIOTii» MOBHICTIO BiAmoBimae crnemiamsHOCTI 134

ABianiiiHa Ta pakeTHO-KOCMI4Ha TEeXHIKa.

6. Crynine o6rpyHTOBaHOCTI HAYKOBHX MOJIOMKEeHb, BHCHOBKIB Ta ix
JAOCTOBIPHOCTI
Pesynbratu nuceprauiifHoro IOCJIiIDKeHHS IPYHTYIOTBCS Ha

CKCIICPUMCHTANIBHOMY ~ BU3HAY€HHI  XapaKkTEepUCTUK  BHUTOTOBJIEHHX  BHpPOOIB.
Bukopucrane 061aiHaHHs € MOBHICTIO cepTH(hIKOBaHUM i poiiiwio Bepudikarito, mo
rapaHTye€ JOCTOBIPHICTh OTPUMaHUX JaHUX.

Ilepen movaTKOM €KCIIEPUMEHTIB aBTOpP IIPOBIB peTENBHHUI aHANi3 iCHyrouoi
JIiTepaTypd 3 TeMM JOCTifkeHHs. Ilif vyac mopgampivx OOCHIIKEHb AMCEpPTAHT
METOJIMYHO 1 IIOCIiIJOBHO aHaNli3yBaB eKCIIEPUMEHTANIBHI pe3yJ/IbTaTH Ta BUBUAB BILIHB
3MiH KOHCTPYKTUBHHX ITapaMeTpiB Ha XapaKTepUCTUKH BUpoO6iB. OTpUMaHi BHCHOBKH
4iTKO C)OPMYIEOBaHI HA OCHOBI OTPHMAHHX JaHKX I IOBHICTIO BiATIOBIAAIOTE 3MiCTY

IUCePTALIHHOr0 JOCIIIKEHHS.



y Ouninka akagemiunoi 1o6pouecnocTi AMcepTauiiiHOro JoCaiaKeHHS

JletanbHe O3HAHOMIIEHHS 3 TEKCTOM AMCEPTALIMHOIO IOCIIDKEHHS, a TAKOXK
fioro mepesipka 3a JOMOMOrol axameMiuxo! cuctemu Strike Plagiarism narots
MiJICTaBA KOHCTAaTyBaTH, Wo pobota Bekinosa Camipa [llamcilioBuya € pe3yJIbTaTOM
CAMOCTIHHMX JOCHiKEHb 3100yBaya i He MICTHTh eJeMeHTIB (banscudikanmii,
xomminsuii, gabpukanii, mrariaTy Ta 3anosuuens. Bukopucrani inei, pe3ynbTaTH i

TEKCTH iHIIMX aBTOPIiB MAlOTh HAJIEXKHI OCUIIAHHS HA BiAMOBiTHE JKepelo.
8. Moga Ta cTHJ/Ib BHKJIaJ€HHS Pe3y/bTaTiB

Huceprauiiina po6ora 3100yBa4a HalkCaHa IPAMOTHOK YKPaiHCEKOI0 MOBOIO,
Mae 3MICTOBHY LiTiCHiCTb, NOCTIZOBHICTH Ta moBeplueHicTh. CTHIbP BHKOHAHHS
BIZNOBila€ BUMOraM HayKOBOI JiTepaTypu, po6oTa BHKOHaHA 3 BUKOPUCTAHHSAM
3aralbHOIPHITHATOI TepMiHOJIOTII.

Auceprariiiny pobory odopmneHo BimosigHo mo Bumor Haxasy MOH
Yxpainu Bix 12 ciuns 2017 p. Ne 40 «ITpo 3aTBepmKeHHS BUMOT 10 O(pOPMIEHHS

QUcepTamii.
9. ITyGaikauis Ta anpobauisn 0OCHOBHHX pe3yJibTaTiB AHcepTauii

HayxoBi pesynbratu nucepranii BuknageHi y 12 HaykoBmX myGuikawisx
aBropa. Cepes HUX 7 cTaTeldl y HAyKOBUX BUIAHHSX, [0 HAa MOMEHT IyOmikanii 6ym
BKJIOYEHI 10 MepeniKy HayKoBHX (axoBHX BuaaHb Ykpainu. Bci omy6iikoBasi
Marepiany MpOHIUIM KBanidikauifiHy ekcrepTusy Ta Ge3rnocepeNHbO CTOCYIOTBCH
HayKOBHX pe3ysbTariB aucepranii. Kpim Toro, pesynsratw naucepraumii Gymm
TpeaCTaBjIeH] Ha 5 MiXKHApPOAHUX HAYKOBUX (haXOBHX KOH(EPEHIIAX.

TakuM 4YHHOM, HAyKOBi pe3yJbTaTH, ONKCAaHI B AHUCEPTaLiiHil pobori,

TMOBHICTIO BiAOOpaKeHi y HayKOBUX MyOJTikanisx aBTopa.



10.  3ayBakenns 10 quceprauiiinoi poGoru

.. B po0ori aBTOp MPHBOIUTE JJOCHTE POIBUHEHY Knacudixamiio cy4acHuX
KaTeropi# poueciB aIuTUBHOrO BUPOGHHIITEA, 3BEPTarO4HM yBary, Lo ramysb 30epirae
TEH/JICHLIIO 10 PO3BHTKY Ta HOSBY HOBMX METOiB. I XOua 32 TEKCTOM auceprarii
JIOriYHO 00rpyHTOBaHO BUGIp KaTeropii TIPOIIeCy, ajie OIUCaHi IePeBaru Ta HeIOMiKK
MalOTh 37eDINBIIOrO 3aranbHUil XapakTep, mo He B HOBHIMH Mipi mnepenae
XapaKTepUCTHKY TexHojioril. Ha milt mormsag, Gymo 6 mopedno 6imem meTaisHo
3BEPHYTH yBary Ha 0COOIMBOCTI Ta TEXHOIOTI9HI 06MEKEHHS, IO BUHUKAIOTH [T 4ac
3aCTOCYBaHHs 00paHOi KaTeropii BAPOGHULTBA (HAIPHKIAM, TEIUIOBiIIaY] B npoueci
BUPOOHHITBA, PO3MIPHOCT] BUDOGHHYOr0 YCTATKYBAHHS, Ta iH.).

B B po6orti nposenena ouinka rigpasmiunmx XapaKTePUCTHK OTPUMYBAHHX
BUPOOiB, onHaK He OyJ0 NPOaHATI30BAHO BiIXHJICHHS (4n Horo HasBHICTE)
PEOMETPUYHMX PO3MIpiB peaslbHOT feTati Bia 3akitanenux B 3D Momeri.

3. B pobotTi npucyTHi He3HauHi rpamaTWuHi Ta 3MiCTOBI OMMIKM 3a
TEKCTOM JUCEPTALiNiHOI pobOTH.

3araiom, s BBaXalo, L0 BHCJIOBIEHI 3ayBaKEHHS He € BH3HAYATBHAMY | He
SMCHIIYIOTB 3arajibHy HayKOBY HOBH3HY Ta MPAKTU4YHY 3HAYHMICT pe3yJIbTaTiB Ta He
BILTMBAIOTh HA NO3UTUBHY OLIHKY AWCEpPTaNiifiHOi poGOTH.

11.  BucHOBOK npo auceprauiiiny po6oTy

Bsaxaro, mo auceprauiiiny po6oTy 3100yBava CTyNeHs TOKTOpa (inocodii
Bexkinosa Camipa [llamcilioBrya Ha TeMy «ITiBUIIEHHS Il ApaBIivHUIX XapaKTePUCTHUK
TPaKTiB PIAMHHUX PAaKeTHUX JBUI'YHiB, BATOTOBJIEHUX i3 3aCTOCYBaHHSIM aJIUTHBHUX
TEXHOJIOTiH» BUKOHAHO HA BHCOKOMY HAayKOBOMY DiBHi, BOHA He NOPYIIy€E MPUHIUIIIB
aKa/leMi4HOi T0GPOYECHOCTI Ta € 3aKiHYEHUM HAYKOBHM JOCIIIKEHHSM, CYKYIHICTB
TEOPETUIHHX Ta NPAKTHYHHUX PE3YJIbTATIB AKOTO PO3B'sI3y€ HAYKOBE 3aBAAHHS, 1[0 MAE
ICTOTHE 3HA4YCHHs [l rallysi 3HaHb MexaHiuna imxenepis. Jucepramiiina pobota 3a
aKTyaJIbHICTIO, IPAKTHYHOIO LIHHICTIO TA HAYKOBOIO HOBU3HOIO IOBHICTIO BiMOBinae
BAMOraM YHHHOTO 3aKOHOIABCTBAa YKpaiHH, W0 mnepenbadeHi B m. 6-9 «Ilopsaaky
MPUCYIDKEHHS  CTyNeHs JoKTopa @inocodii Ta ckacyBaHHs pilleHHs pa3oBoi

crienjanizoBaHoi BUeHO! paau 3aKiafgy BHLIOI OCBiTH, HayKOBOI YCTaHOBH PO



TPUCY JDKEHHSI CTyIIEHs IOKTOpa (iocodii», 3ateepmikeroro [Toctanosoro Kabinery
Minictpis Vkpainu Bix 12 ciuns 2022 p. Ne 44,

3mo0yBau Bekinoe Camip IlamciiioBnu 3aCIIyrOBY€ Ha IPUCYIKESHHS
CTymeHst AokTopa ¢inocodil B ramysi 3mame 13 Mexaniyna imxeHepin 3a

crenianbHicTio 134 ABianilina Ta pakeTHO-KOCMiuHa TexHiKa.

Odiniiinuii peuenszent:
KanmunaT TexHiYHUX HAyK, JOLEHT
AOLEHT Kapeapu paKkeTHO-KOCMIUHHX i
IHHOBaLIAHUX TEXHOJIOTii
JHIIPOBCHKOTO HaL[iOHAJIBHOTO s

yHiBepcutety iMeni Onecs oruapa ¥ 4 Vﬁ'/ Onena KAPIIOBUY

[Tinmuc pomenra Onenn KAPITOBUY
3acBlAYYIO:

IIpopekrop 3 maykoeoi poGorn -~ T X

JIHIIPOBCHKOTO HalIOHAIIBHOIO /o, ‘*\\ﬁ._ ywigepg, g\
ks : b i, Q? &

yriBepcutety imeni Onecs [Nonuapa,  /

(A, o
KaH[MJaT Oi0JIOrYHUX HayK, TOIEHT |/ - /
52\

\
\\

)< 3 Oner MAPEHKOB
/ 2024 poxy

|




