PELLEH3IS

Ha auceprTaiiiny po6oty bonnapenka Onera €prexifioBuya
Ha TeMy «Y0oCKoHanenns Macosoi egrexmueHocmi Culosux enemenmie
PaKemHux 08U2YHIBY,
MpeJCTaBlIeHy Ha 3/100yTTs CTyIeHs J0KTOpa dinocodii
B rajy3i 3Hanb 13 Mexaniuna iHKeHepis

3a cnienianpHicTio 134 ABianiiina Ta paKeTno-KOCMqua TeXHIKa

AKTYaJdbHIiCThL TEMH JHcepTaLil

CyuacHa pakeTHO-KOCMiuHa rajy3b MOECAHYE B cobi iHHOBALl}HI Ta HOBI
METO/I BHIOTOBIIEHHS THX UM iHIIMX arperaTiB Ta By3niB. [LIMpoke BUKOpPHCTAaHHS
aJIMTHBHHUX TEXHOJIOTiH y pakeTHil TexHili 3Ha4YHO MOKPAIIMIO ralysb B LijgoMmy.
Takosx ciiJl BiJ3HAYUTH i MOMYJISPHICTh BUKOPHUCTAHHS KOMITO3HTHHX matepianis. 3
OrJIsIy Ha 3pOCTaHHS KOHKYPEHIIii Ha Cy4yacHOMY PHHKY BUPOOIB PAKETHO-KOCMI4HOT
TexHiKH, AKTyalbHHM € NHTaHH MaKCHMAlbHOTO 3JIelIEBlIeHHs mpouecy il
BUpOGHUITBA. 30Kpema, PaKeTHMil JBUIYH TPAJAMLIHHO € OIHMM 3 HaiOLIb1L
BUTPATHHUX | TEXHOJOTIYHO BUMOIJIMBUX BY3JIB PaKkeTH, IO B NPUHLMII, 3BOJUTH
3ajaqy 3JIELUEBJECHHS] PAKeTHOTO BUPOOHMUTBA JI0 OCBOEHHSI HOBHX, Ol
TeXHOJNOMYHMX 1 MEHII BHUTPATHUX IMIAXOAIB JO BHIOTOBJICHHSI €JIEMEHTIB
korctpykuii PPJI. OfHMM 3 Takux METOAIB € BMKOPHCTAHHS BIJIHOCHO HOBOI'O
crioco0y OTpUMaHHs JeTajieif IUISXOM  IMOIIApOBOTO  CIUIaBY  TOHKHX apis
METaJeBOro MOPOLIKY 3@ JOINOMOroi0 BIUIMBY Ha HBOIO TMOTYIKHOrO J1a3epHOIo
sunpominioBanns. Takuii croci6 € 4acTMHOIO METOMIB aJHTHBHUX TEXHOJIOTIH 1
nasupacthest SLM (Selective Laser Melting). Bonnouac kputepiii MiHiMyMy MacH €
rONOBHMM B paKeTHill TexHiui i TOMY YyJOCKOHAJEHHS MacoBOI e(heKTHBHOCTI

CHJIOBHX €JIEMEHTIB € MPIOPUTETHOIO 3aJ1a4el0 JUIsl IHKEHEPIB.



aKaaemMiunoi fodpouecHocTi

CrpykTypa auceprauiifHol poOOTH CKJIQJa€Thes 3 BCTYIY, aHorauii
YKpaTHCHKOIO Ta aHIIiiChKOIO MOBAMH, YOTHPHOX PO3JIiiB, BUCHOBKIB, rnepesiky
BUKOPHCTAHMX JUKepel Ta 01aTKy. 3aranbuuii obesr aucepranii 118 CTOPIHOK.

V BeTyni o6rpyHTOBAHO aKTyalbHiCTh TEMH JAMCEpTallil, BU3HAYEHO METY i
OCHOBHI 3aja4i JMCEPTALiHHOro AOCIHiKEHHs, BH3HAYE€HO HAYKOBY HOBH3HY i
MPAKTHYHE 3HAYEHHs OTPMMAHMX pe3yJbTaTiB, ONUCAHO METO/H, aki  Oynau
BMKOPHCTAHI Y JI0C/i/DKEHHAX i 0cOOMCTHIT BHECOK 37100y Baya.

V mepiioMy po3jii MOCTaBIEHO 3a MeTy NPOaHaliyBaTH ICHYIOUH METOIH
[iIBUILEHHS eKCIUTYaTALifHIX XapaKTepUCTHK KOHCTPYKUIH CHIOBHX eJIeMEHTIB
paKeTHHUX JBUI'YHIB.

V apyromy posztisi GyJ10 po3IISHYTO iCHYIOUi METOAM BUPILICHHS 3a1a4i 1po
Mi/IBUIIEHHs  eKCIUTYaTallifiHiX XapaKTepUCTHK CHJIOBHX €JEMEHTIB Ta HAJaHo
BH3HAYCHHS KOKHOMY 3 HHMX. PO3MJIAHYTO MOXIMBOCTI Ta TeXHOJIOr Juis
BHFOTOBJEHHA THX UM IHIOMX arperatis Ta By3JiB JBMIYHIB. Po3risHyTo
TOMONOriYHY ONTHMI3alilo B paKeTHil TeXHill, OMUCaHO HinboBi GyHKUIT Ta Ha
MPUKIAi OHOrO 3 METOJB TOMOJOIIYHOT ontumizauii SIMP noka3aHo MeTOAMKY
foro peanizauii. Takok MpoaHaTi30BaHO METOMKY JUlsl PO3PAXyHKY KOMIO3HTHOTO
KOpIyCY PAKEeTHOIO JIBUIYHA Ha PAKETHOMY MaJIMBI.

Tperiii po3/tist IPUCBAYEHO BUPILLICHHIO 3aj1a4i MiABUILEHHS eKCIUTyaTalliHHuX
xapakteprcTik 3a gonomoroio CAE cucrem. TTposemonctpoBsatio FOTOBHI1 AJITOPUTM
U TOTOJIOrYHOT ONTHMI3allil KOHCTPYKLIH 3 JIOTIYHOIO MOCJIIIOBHICTIO  JTiH.
BianosigHo J0 METOHy CKiHYEHHX eNeMEeHTIB  pO3MIISSHYTO  MOJeJi L0
[IaCTHYHOCTI MaTepialiB 3 ypaxyBaHHAM iX 3MillHCHHS. Takox noka3aHo
0COGMHUBICT 3a7aHHA TPAHMYHMX YMOB Ta HABaHTKEHb Ul TOIMOJIOT YHOT
onTuMizaLii.

YerpepTHii  pO3JUT  TPUCBIYEHO NpaKkTHYHiii  peainizalii  pe3yibTaTiB
JOCHIDKeHH s, a caMe BUKOHAHO Bepu(ikauifiHui po3paxyHOK 0ajloHy BHUCOKOI'O

THCKY, 1110 BUroToBeHuii 3D-1pykom, Ha TpUMKiCTb. Pe3ysbTaTi BUIpoOyBaHb Ha



TPUMKICTb TOKa3alh PO30iKHICT 3 po3paxyHKOBHMH JaHUMH 5%, 10 € B Mex)ax

ponyctuMoi  noxuOku. Jlani  npojeMOHCTPOBAHO [IJIKOM ~pealbHui  NpUKJIal

TOMOJNOMYHO ONTHMI30BAHOrO KPOHIUTEHHY ~KpIMIEHHA JBUTYHA, akuit - Oysio
BUFOTOBJICHO TA BUKOHAHO CTATMUHI BOrHEBi BHIIPOOYBaHHA Y cKkJsiajli JIBUTYHHOI
YCTaHOBKHM, 10 TMOKA3aiM 3JaTHICTh KPOHLUTEiHY BHTPUMYBATH eKcrtyaTauiiHi
HaBaHTaKeHHs. [IPOBEJEHO TOMOJOTIUHY ONTHMI3allilo CHIOBOI paMi pO3riHHOIO

ONOKy JBUIyHa, IO 3a YHUCEIBHUM MOJIEJIIOBAHHSIM  Ma€ AOCTaT}liﬁ 3arnac 3a
MmiticTio. TToka3aHo Takoxk pe3yJbTaTH YHCENBHOro MOJCTIOBAHH KOMITO3UTHOI'O
KOpITyCY PaKeTHOro JIBUIyHa Ha TBEPAOMY ManMBi Ta HAJAHO TPAKTHYHI
peKOMEHIaLlii PH MPOEeKTYBaHHI TAKNX KOHCTpPYKLH.

BucHOBKH 3a pe3ysibTaTaMd BUKOHAHH jucepTaliiftHoi poOoTH MiIKPECIIOI0Th
HAYKOBY HOBM3HY Ta MPAKTHYHY LIHHICTb MPOBEAEHHX JIOCTTIJUKEHb.

[Tepenik BUKOpHCTaHHX JUKEpes CBIAYHTH MPO Te, IO mijg yac pobotu OyIno

[POAHAII30BAHO CYYacHi pe3y IbTaTH HAYKOBHX JI0CII/KEHb.

Ouinka OGrpyHTOBAHOCTI  HAYKOBHX  Pe3yJbTaTiB aucepranii, X

JAOCTOBIPHOCTI TAa HOBH3HH

PesynbTaTi nepeBipky AucepTaLiiHol poGOTH 3a JOMOMOTOIO Cleliali30BaHol
nporpami Unicheck Ha BizcyTmicTh ruiariaty, 103BoJis€ 3pOoOUTH BHCHOBOK, IO
jucepraniiina  podora  bomnapenka  Onera CpreniioBu4a €  pe3ysIbTaTOM
caMOCTIMHEX MOCHi/UKeHb 3700yBaya i He MICTHTB elleMeHTiB (danbcudikauii,
KOMIMinsLii, (pabpukalii, miariaty Ta 3arno3uyeHb. BukopucraHi ijiei, pe3yabTaTy i
TeKCTH iHIIMX aBTOPIB MAIOTh HAJIEXKHI MOCHJIAHHS Ha BIOBIHE JUKEPEJIO.

JloCTOBIpHICTb OTPUMAHKX PE3yJILTATIB O0IPYHTOBAHA:

- HU3KOIO BUIpoOYyBaHb BUPOOiB;

- anpobarlicio OTPUMAHKIX HAyKOBHX Pe3yJIbTaTiB Ha 3 MKHAPOIHHX HAyKOBO-
NpakTHYHHX KOH(DEpeHLisX;

- my6utiKantieio crateil B POBIIHUX (aXOBUX BHJAHHAX Y KpaiHH;

- akToM BripoBakeHHs B TOB "OJIAUT KOHTPOJI" (Flight Control LLC).



OcHoBHI HAYKOBI pe3yabTaTH, oep/Kali ABTOPOM, Ta IX HOBH3HA

Pe3ynpTaTH HAyKOBOrO IOCIIUKEHHS Ta BHCHOBKH JMcepTalli TpOMILLIH
anpo0allilo Mg yac MpejCTaBIeHHs] Ha MiXKHApOIHHMX KoH(epeHLisX Ta 3HAULLIA
BizoGpaykenHs B myGiKamisx y paxopux Buganusx. Haykosi pesyibTaTi jucepTarii
BHCBITJIEH] y 6 HayKOBHX myGuikauisx 3100yBaya, cepe/i SKux: 6 craTeid y HayKOBHX
BUIAHHSX, BKJIIOYEHHX Ha jaTy omyGuikyBaHHs IO Mepesiky HayKOBHX (axoBux
pizanb Ykpainn. Takox pesyisrati auceprauii Gynu anpoGoBani Ha 3 HayKOBHUX
MDKHApOIHUX (paXxOBHX KOH(EpeHLisX.

ABTOpOM  amceprauiiiHoi poboru Oyn0 OTPUMAHO HACTYIHI  HAyKOBI
pe3yJbTaTH:

Viiepiiie mpoBeeHa ONTHMi3allis reoMeTpii KPOHIITEHHIB KPIMIeHHS, CHIOBHX
paM JUTst peabHuX KOHCTpyKuiit PPJ] Masoi Tsirut juist po3riHHOro 610Ky, sSIKi y CKJIai
JIBUTYHA TIPOMLLITH Psil BOTHEBHX BUNpPoOyBaHb. JI0BeeHO, 1O IPaHnyHi YMOBH, SIKI
BCTAHOBIIOIOTHCS TIPH TOTOJIOTIUHiH onTUMi3auii KOHCTPYKIIT eJeMeHTIB, 3a/eKaTh
Bil TUIy HaBaHT@XeHHs 1 OCOOJMBOCTEH 30HM TNPHKIAJCHHS HABAHTAKCHHS.
V I0CKOHAIEHO T4 BU3HAYEHO 3aKOHOMIPHOCTI BIUIMBY 30H KOHLIEHTpALIil HArpyKeHb
Ha eKCIUTyaTalliifiHi XapakTepuUCTHKM JeTajedl, BHrOTOBJICHMX 3 BHKOPHCTAHHSAM
mertoy SLM 3D-zpyKy, 110 J03BOJISE POLIMPUTH 00JIACTi 3aCTOCY BAHHSI aINTHBHOL
TEXHOJIOT.

TakuM 4YHHOM, HAyKOBi pe3yJbTaTd OIMCaHi B Jucepraliiinii poGoTi

MOBHICTIO BUCBiT/IeHI y HAyKOBUX MyOuikalisx 37100yBaya.
[pakTHYHE 3HAYEHHSI 0ePKAHUX Pe3yJIbTaTIB

[TpakTvuHa UIHHICTH pe3yNbTaTiB PobOTH TojArac y TOMy, L0 B HIM
3anpONOHOBAHO TOTOBMH @ITOPUTM /Ul pOOOTH 3 KOHCTPYKUISIMH, sIKi HEOOXiAHO
TOMOJIOTTYHO ONTHMI3YBaTH.

[IpakTyHe 3HAYEHHs MOJISrae B HACTYTHOMY:

- po3pobiieHa, eKCIHePUMEHTaJbHO Ta MpPaKTMYHO MIJATBEpIKEHAa HOBA

METOJIMKa TOIMOJOrIYHOT ONTUMI3alii y BHIISAI CTPYKTYPOBaHOIO alrOpUTMy, 3a



AKOI0 MOXKHA 3a0e3NeudTH  YNOCKOHAICHHS MacoBOT e(peKTUBHOCTI  CHIIOBHX
eJeMEHTIB KOHCTPYKLIl ABHTYHHHMX YCTaHOBOK II¢ Ha eTarni TMpOEKTYBaHHs JUIs
HOJ@IBIIOTO  BUTOTOBNCHHSM AAUTHBHUMH ~ MeTOJaMH.  Bnepue oJleprKaHi
KOHCTPYKTUBHI €JIeMEHTH, SIKi MiATBEPKYIOTh paiioHaIbHICTh BUKOPUCTAHHS uiei
METOMKH Ha BUPOOHHIITBI;

- 3aMPONOHOBAHO HOBHI MiXiA 70 iHTErpauii YMCENbHOro MOACTIOBAHHA Y
cepenosunli CAE Discovery Live B mnpouecu TEXHONOTIYHOI  MiJArOTOBKH
BHPOOHMIITBA €JIEMEHTIB KOHCTPYKLiH ABUIYHHHX YyCTaHOBOK i3 3acTOCYBaHHAM
A/IMTUBHUX TEXHOJIOTIH, SKMil 6nepuie BNPOBA/UKEHME Ta peaji3oBaHMi Ha
Bupobuuyiit 6asi FlightControl Propulsion;

- BUKOHAHO JOCHIUKEHHS MOXJIHBOCTI TOMONOrIUHOT OnTUMizauii eJIeMEeHTIB
KOHCTPYKII JABMIYHHHX YCTAHOBOK, BHIOTOBJIEHHX i3 KOMITO3ULIHHNX MaTepialis,
Ha OCHOBI SKHX 6nepu/e 3amporOHOBAHA METOJMKA JUISl ITiABULICHHS MacoBol
JOCKOHANOCTI KOMIO3MTHUX KOHCTPYKLIiii, epeKTHBHICTD KO MiATBEP/IKEHA mij] yac

YHCENPHOTO MO/IEIOBAHHS PAKETHOTO JIBUTYHA Ha TBEPJIOMY NAJIUBI.
BiacyrunicTs (HasiBHICTD) MOpYUICHHS aKajeMiuHoi 100po1ecHOCTI

3a pesy/ibTaTaMH aHali3y Auceprawiinoi pobotn Ta myGuikauii aBTopa
MopyIIeHHs! aKa/JeMidHoi 106pouecHOCTi He BusiBlieHo. Enementy danbcudikauii uu
aGpukanii TekcTy B poGOTI BiACYTHI, PO LIO CBIAYMTH BUCHOBOK nepeBipky Ha

[1ariaT 3a J0MOMOrofo crieltianizosatoi cepsicHoi nporpamu Unicheck.
Heoutiku Ta 3ayBazkeHHsi 10 AncepTaniiinoi poboru

1. B poGori He MNPOBEIECHO MOPIBHAHHA KOHCTPYKIIH OTpUMaHHX 32
JIOTIOMOTOI0 QJIATUBHUX TEXHOJIOTIH Ta KOHCTPYKIIH BUIOTOBJIEHHX 3 KOMITIO3MTHHX
MaTepiaiB, 110 MoXHa OyJ0 6 3poOHTH Ha NPUKIIA/ll CHIOBOI PaMH.

2. B po6oTi He NPOIeMOHCTPOBAHO BILUIUB SKOCTI PO3PAaXyHKOBOI CITKU Ha

MPOLIEC MPOBEICHHS TOMOIOTIYHOT ONTHMI3aLLi.



Bucnosok npo anceprauiiiny po6ory

Jucepraniiina  po6ota Bonpapenka Onera €preniiioBuua Ha Temy
«Y10cKOHANeHHs MACOBOi e()eKTUBHOCTI CHIOBMX EIEMEHTIB PaKeTHHX JBHIYHiBY»
MpeacTaBieHa  Ha  3700yTTS  HAyKOBOro CTyMeHs JokTopa imocodii 3a
crienianbHicTio 134 Asiauiiina Ta pakeTHo-KocMiuHa TexHika (raay3s 3HaHb 13
Mexaniuna iH)keHepis) € aKTyalbHOIO, 3aBEpLICHOI0 HAyKOBOIO Tpalelo, M0
BUKOHaHA HAa BHCOKOMY HAyKOBO-TeXHIYHOMY pIBHI 3 JOCTYNHO BHKIJIaJAE€HUM
MaTepianoM Ta € 3aKiHYEHUM HAYKOBMM JIOC/IUKEHHSM, CYKYIHICTh TEOPETHYHHX Ta
MPAaKTUYHUX Pe3yJbTATIB SIKOTO, PO3B'A3y€ HAayKOBE 3aBJaHHA, 110 Ma€ iCTOTHE
3HAYeHHs JUlsd ramy3i 3HaHb MexaHiuHa iwkeHepis. BBakaio, 110 BHCIIOBIEHI
3ayBa)KEHHS He € BH3HAYAJIBHUMM | HE 3MEHLIYIOTh 3arajbHy HayKOBY HOBHM3HY Ta
MPaKTUYHY MiHHICTH pe3yJbTAaTiB Ta He BIUIMBAIOTH HA TIO3UTUBHY OLIHKY
aucepTauiiHol podoTH.

Bijiatoun HanexkHe 3100yTkaM JMcepTalliiiHOro JOCHiJUKeHHs, 3/100yBay
Bounapenko Ouer €BreHiioBHY 3aciyroBye€ Ha IPHCY/UKEHHS CTYIEHs JOKTOpa
dinocodii B ramysi 3Haub 13 Mexaniuna imkenepis 3a cneuiansuictio 134 Asianiiina

Ta paKeTHO-KOCMiuHa TeXHiKa.

Od¢iuiiinuii penensent:
JlouenTka Kadeap paKeTHO-KOCMIUHKX
Ta IHHOBALIMHUX TEXHONOTIH
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