BIAT'YK
oQiIIHHOTO OTIOHEHTA Ha JUCEPTAIiHY POOOTY
Bexkinosa Camipa [llamciiioBuya
Ha Temy «[ligBUIIIEHHS T1paBIiYHUX XapaKTEPUCTUK TPAKTIB PIAMHHUX PAKETHUX
JBUTYHIB, BATOTOBJICHUX 13 3aCTOCYBaHHSM aJIUTUBHHUX TEXHOJIOTIl»,
MIPEICTaBIICHY Ha 300y TTS CTymeHs HokTopa dimocodii
B raiy3i 3HaHb 13 MexaHiyHa 1HXKeHepis
3a cnerianbHicTio 134 ABiariiiHa Ta pakeTHO-KOCMIYHA TEXHIKa

1. AKTYaJbHICTh T€MU JUCEPTAIIL

AIUTUBHE BHUPOOHMIITBO — 1€ TEpeaoBa TEXHOJIOTIS, IO JEMOHCTPYE
BEJTMYE3HUI MOTEHII1aJl CKOPOUYCHHS TEPMIHIB 1 BUTPAT 32 BUTOTOBJICHHSI KOMIIOHEHTIB
PIAMHHUX PAKETHUX JABUTYHIB. TEXHOJIOris aJUTUBHOTO BHPOOHMIITBA JO3BOJISIE
BUTOTOBJISITH KOMIIOHCHTH pPIAMHHUX pakeTHUX nBuryHiB (PPJ]) i3 ckmagaumu
MPOCTOPOBUMH KOHQITYypalisiMi 30BHIMIHIX 1 BHYTPIIHIX OpO(QUIIB, TAKUMHU SK
dopcyHOUHI (3MIITyBaJIbHI) TOJOBKM Ta BHYTPIIIHI KaHAJIU OXOJIOKEHHS Kamep
3TOPSIHHS. Y TpaJMIiIHHOMY BUIIJIKy BUTOTOBJIEHHS IMX KoMroHeHTiB PP ]I Bumaraso
0 cknagHux BUpoOHMYHMX onepaniid. CydacHi BUCOKOE(PEKTHBHI PAKETHI JABUTYHU
BHMAaralroTh 3aCTOCYBaHHS MarepiajiB 3 BHUCOKOI TEIJIOMPOBITHICTIO Ta BUCOKOIO
MIIHICTIO, @ TaKOXX MIHIMAJbHOI MacH KOHCTPYKIli, IO MOXJIMBO 3a0e3MeYUTH
QIUTUBHUMH TEXHOJOTiAMH. TakuM dYHMHOM, 3aBIaHHS KOMILUICKCHOTO aHaJli3y
nmapaMmeTpiB palioHaIBLHOTO 3aCTOCYBaHHS AJAUTHBHUX TEXHOJIOTIM Ta BU3HAYEHHS
YMOB BHTOTOBJICHHS TPAKTIB Ta CKJIAJOBUX CIIEMEHTIB CYYaCHUX PiITUHHUX PAKETHUX
JBUTYHIB JJIsl JIOCSITHEHHSI BHUCOKHUX TIJPABIIYHUX XaPAKTEPUCTHK € aKTyaJbHUM

HaYKOBO-TeXHi‘—IHI/IM 3aBAaHHIM.

akajaeMiuHoOl 100poYeCHOCTI

BupiiieHHsT HayKOBO-TE€XHIYHOI MpOOJEeMU TMPEACTaBICHO Yy S5 po3aiiax
aucepTarii.
PobGoTa nmounHaeThes 3 po3MIsAy 1 aHaAMI3y cydacHOro crany 3D-npyky, skuid

BKJIFOYAE Kiacu(ikKalliio KaTeropii aguTHBHOTO BUPOOHHUIITBA 3 iX IepeBaraMu Ta



HemomikamMu. [ligkpeciaroeThcs, IO HOBI TEXHOJOTII HE 3aBXAH IIBUIKO
CTaHAAPTU3YIOTHCS (TOOTO MEPEXOATh Y PO3PSA 3aralibHOI0 BUKOPUCTAHHS), ajie JUIs
KOMepIIiali30BaHUX THUIIIB TexHojorik, Takux sk Powder Bed Fusion Ta Directed
Energy Deposition, MOkJIMBE BUKOPUCTAHHS 1CHYIOUHX IiIXOJIB A0 3aCTOCYBaHHA. B
po0OOTI aHAM3YIOTHCS KOHCTPYKTHBHI OCOOJIMBOCTI PIIMHHUX PAaKETHUX JIBUTYHIB,
30KpeMa TMOsCIB 3aBICHOTO OXOJIOJKEHHS, 3 MPOMO3MINEI0 X 3aCTOCYyBaHHS MpH
BHTOTOBJICHHI 3a ortomoroto Laser Powder Bed Fusion (L-PBF).

B nuceprartiii 1oCiPKEHO MIOPCTKICTh MTOBEPXOHh BUPOOIB, BUTOTOBJICHUX 13
3actocyBaHHAM TexHousorii L-PBF. IlpoBeneHo metanorpadiyamii aHami3 TeCTOBHX
3pa3KiB 1 peaJbHUX BHUPOOIB, a TaKOXX 3pOOJEHI TMOPIBHSHHA AaJUTUBHOTO Ta
KJIACHYHOTO THIMIB BHUPOOHMIITBA HAa MPHUKIAAl BIAUEHTpoBOi (opcynku PPJI.
Pesynbrat aHamizy MIATBEpAWIM PALIOHAJIBHICTh BUKOPUCTAaHHS aJUTHUBHOI
TEXHOJIOT1i JIJI1 BUTOTOBJEHHS KOMIOHEHTIB PPJl 31 ckimagHMMu MOpoCTOpOBUMU
KOH(QIrypaiisiMid Ta HEOOXIJHICTh MOJAIBIIUX JOCIIPKEHb 3 METOI BU3HAYCHHS
BIUTUBY TEXHOJIOTIT Ha XapaKTEPUCTUKU EJIEMEHTIB KaMepu JBUTYHA, 30KpeMa Ha
TiApaBIiyHI XapaKTEPUCTUKHU BIIEHTPOBUX (DOPCYHOK.

TakoX eKCIEepUMEHTAIBHO JIOCHIKEHO BJIACTUBOCTI 3pa3KiB, 30Kpema
TiApaBIIvHI XapaKTEPUCTUKHU >KUKJIEPIB 1 TaHTEHIIabHUX OTBOPIB. Po3pobneHo Ta
JTOCHIPKEHO KOHCTPYKIII MOSICIB 3aBICHOTO OXOJIOJ)KCHHSI Ta €JIEMEHTH TPaKTiB
PETCHEPATUBHOTO OXOJO/KEHHS PIMUHHUX pPaKeTHUX ABUTYHIB. [ligTBepmKkeHo
MOJJIMBICTh BUTOTOBJICHHSI KOMIUIEKCHMX YacTuH kamep PPJl 6e3 masHHs Ta
3BaprOBaHHS, a TAKOX BIUIMB MIOPCTKOCTI MOBEPXOHB HA T1IPaBIIYHUI OIIp.

Hocnimxennuss  cucrteM  cymimoytBopeHHss  PPJl,  BurortoBnenux 13
3acTocyBaHHAM TexHoJorii L-PBF, mokasanu, 1o 3minryBaibHi TOJTOBKH, BATOTOBJICHI
aJUTUBHOIO TEXHOJIOTI€I0, EPEBUIIYIOTh €(DEKTUBHICTh KJIIACHYHUX aHAJIOT1B.

AHami3 eKCHEepUMEHTAIhHUX JaHUX II0JO0 IIOPCTKOCTI TOBEPXOHb 1
TIAPaBIIYHUX XapaKTEPUCTUK BIALIEHTPOBUX (POPCYHOK, 3poOJEHUM y aucepTarlii,
MiITBEPANB BUCOKY SIKICTh BUPOOIB, BUTOTOBJICHUX aJIUTUBHUMH TEXHOJIOT1SIMH.

Ha ocHOBI BU3HAUEHWX MPU HAYKOBO-CKCIIEPUMEHTAIBHUX JOCIHIKEHHSIX
3aKOHOMIPHOCTEH pO3pO0JIEHO 1HXKEHEPHI METOJMKH PO3pPaXyHKYy OCHOBHHUX

XapaKTePUCTHK BIAIEHTPOBUX (POPCYHOK, SKI BU3HAYAIOTHCS HA PAHHIX €Tamax MpH



MPOEKTYBaHHI CHCTEM CyMilIOyTBOpeHHs kamep PP/l
Pe3ynpTatn poOOTH [03BOJISIOTH BHTOTOBJIAITH CHCTEMH CYMIIIOYTBOPCHHS
PPJI, mo 31aTHI MiaABUIIUTH €()EKTUBHICTE POOOTH KOHCTPYKIIIi, BIKpHUBAIOUYHU HOBI

MO>KJIUBOCTI JUIS X BIPOBAHKCHHS B PI3HUX PAKETHO-KOCMIUHUX TaTy3sX.
3. HaykoBe Ta npakTH4YHe 3HAYeHHS OTPMMAHHUX pe3yJIbTATIB

JlaH1 070 XapaKTEPUCTUK MOPCTKOCTI MOBEPXOHb BUPOOIB, BUTOTOBIICHUX 13
3aCTOCYBAHHSAM AUTHBHHUX TEXHOJIOTiH, OMHMCaHI B Psiii POOIT 1HIIUX aBTOPIB, IO
31€0LIBIIOT0 TIPEICTABIIAE MPAKTUYHUM THTEPEC 3 TOUKU 30py HaOOpy CTaTUCTUUHUX
3HaYeHb. OJHAK B AMCEPTAIIHHOMY JOCIIIKEHHI BIIEPIIE PO3TISIHYTO Ta 3a3HAYCHO
3MIHY MIOPCTKOCTI MoBepXoHb 3D npyky sik HaOIp (YHKIH, 110 Ja€ MOXKIUBICTb
MPOTHO3YBaHHS XapaKTEPUCTHUK MOBEPXOHb HA PAaHHIX eTarnax MPOEKTYBaHHA (Hamp.,
Ha eTarll TEeXHIYHOI IpOoIo3Hullii, Ta T. m.). B po0oTi po3risiHyTo 3MiHy KoedilieHTa
BUTPATH BIAUEHTPOBUX (POPCYHOK B 3aJEKHOCTI BiJf KOMIUIEKCY T'€OMETPUUHHUX
napameTpiB. OTpuMaHi pe3yJbTaTH CBIYaTh MPO HEMOXIIMBICTH 3aCTOCYBaHHS
BIJIOMUX 3JIEKHOCTEH IHIIKMX aBTOPIB JUIS MPOTHO3YBAaHHS MapamMeTpa Ha pPaHHIX
eTamax MpoeKkTyBaHHSA. B nucepramiiHoMy AOCHIKEHHI aBTOPOM BIEpIE st
BIJILICHTPOBUX (POPCYHOK, BUTOTOBJICHUX 13 3aCTOCYBAHHSIM aJUTHUBHOI TEXHOJIOTII,
3aIPOIIOHOBAHO (OpMYJTy, IO OIHUCYE 3aJCKHICTh KOe(DIIlieHTa BUTPATH BiJ
CYKYITHOCTI T€OMETPUYHHUX MMapaMeTpiB. 3Ba)kaloud Ha  BEJIUKUNA  00CsT
B3a€MOIIOB I3aHUX  JIOCIIJKYBAaHUX MPOLECIB  (30KpeMa, TEXHOJOTIYHUX Ta
TIPOJMHAMIYHUX), 3alPOIIOHOBAHUHN EKCIIEPUMEHTAIBHUN MIAXi A0 eMITIPUYHOI
dbopmanizailii € TOUIBHUM.

Omnwucani pe3yibTaTl MalOTh O€3CyMHIBHE HAYKOBE i MPaKTHYHe 3HAUYCHHS Ta
MOXYTh CKJaJaTH OCHOBY IS TOJAJBIIOr0 OUIBII JETATbHOTO PO3IIISINY BIUIMBY
IHAUBITyaIbHUX (PAKTOPIB HAa OTPUMAaH1 XapaKTEPUCTUKU BIILEHTPOBUX (DOPCYHOK,

BUTOTOBJICHHUX 13 3aCTOCYBaHHAM TexHouoTii L-PBF.

4. OuiHka oOIpyHTOBAHOCTI HAYKOBHX pe3yJbTaTIiB Aucepramii Ta ix

JAOCTOBIPHOCTI

HayxoBi mojokeHHs, BUCHOBKHM 1 peKkoMeHpauii aucepranta BekinmoBa



Camipa [lamciitoBuua, Ha Miii OTJIsi1, OOIPYHTOBAHI B TIOCTATHIN MIpi.

HaykoBa HOBHM3HA pe3yJibTaTiB AUCEPTALIMHOTO JOCTIIKEHHS MOJSArae B
HACTYITHOMY.

Jlnst BimnenTpoBux (opcyHok PPJI, BUTOTOBICHMX METOIOM aIUTHBHHX
TEXHOJIOT1H, BHU3HAYCHO 3aJICKHICTh TIIPaBIIYHUX XapaKTEPUCTHK BIJ 3MIHHM iX
reoMeTpuyHuX mapameTpiB. OTpuMaHO pEeKOMEHJAIll MO0 MPOEKTYBAHHS
TiIpaBIIYHUX TPAKTIB 13 CKIAJHOIO KOH(Irypamieo 3 MOXIHMBICTIO peasizarii
caMOMiATpUMYBaHUX ToBepXxoHb npu 3D npyky. OTpuMaHa 3anexHICTh 3MIHU
Koe(irieHTy BHTpaTh Ui BIAUEHTPOBUX (POPCYHOK PEKOMEHIYETHCS 0
BUKOPUCTAHHS TPU TMPOETYBAHHI JJI BU3HAUCHHS XapaKTEPUCTUK 3MIITyBaTbHUX
cucTeM roioBok kamepu PP/I.

[{i pe3ynbTatv AMCEPTAIIHHOTO JOCHIIKEHHS 31e0UIbIIOro 0a3yrThCs Ha
€KCIIEPUMEHTAJIbHOMY BU3HAUEHHI XapaKTEpPUCTUK BUTOTOBJIEHUX BUpOOIB. Onucane
o0JagHaHHS MOBHICTIO cepTU(IKOBaHE Ta MPOUIILIO BIANOBIAHY BEpU(IKALIitO, IO HE
JI03BOJISIE MATH CYMHIBIB y JOCTOBIPHOCTI OTPUMAHMX JaHUX.

B mnopanbumiomy [oCHiKEHHI JUCEPTAHT IpOaHali3yBaB pe3yJibTaTH
€KCIIEpUMEHTAJIbHUX JOCTII)KEHb Ta MPOBIB OLIHKY BIUIMBY 3MIHU KOHCTPYKTHBHUX
nmapamMeTpiB Ha XapaKTEPUCTHKH OTPUMYBaHMX BHUpPOOiB. OTpuMaHi BUCHOBKHU
copMOBaHI KOPEKTHO 3a pe3yibTaTaMH Ta TOBHICTIO BIJNOBIAAIOTH 3MICTY

JTUCEPTALIMHOTO TOCI1IKEHHS.
5. OuiHnka akaaeMi4HOI JOOPOYECHOCTI IMCEePTALINHOIO JOCIIKEHHS

PosrisiHyBIIM 3BIT MOAIOHOCTI 3a pe3yjbTaTaMU MEPEBIPKU aUcCepTaliitHOI
poOOTH HaA TEKCTOBI CHIBMAIiHHSA, MOXKHA 3pOOMTH BHCHOBOK, IO JIHCEpTaIliiiHa
pob6ota Bekinoa Cawmipa IllamciiioBuya € pe3yabTaToM CaMOCTIHHUX JOCITIIKECHb
3100yBaya 1 He MICTUTh €JIEMEHTIB (aiabcudikallii, KoMnusuii, padpukarii, muariaty
Ta 3amo3uyeHb. BukopucrtaHi imei, pe3yibTatv 1 TEKCTU IHIIMX aBTOPIB MalOTh

HaJICXKH1 MTOCUJIAaHHS Ha BIJMOBIIHE JIKEPEIIO.



6. MoBa Ta cTH/Ib BUKJIAEHHS Pe3yJabTATIiB

Huceprariitna po6oTta 3700yBayua HalmMcaHa rPaMOTHOIO YKPaiHChKOIO MOBOIO,
Ma€ 3MICTOBHY IIUJIICHICTB, IMOCJITOBHICTh Ta JOBEpIICHICTh. CTHUIb BUKOHAHHS
BIJIMOBIZJa€ BUMOTaM HAyKOBOi JiTepaTypH, poOOTa BHKOHaHA 3 BUKOPUCTAHHSIM
3araJIbHOMPUUHATOT TEPMIHOJIOTII.

Huceprariitny po6oTy o¢GopMIIEHO BIAMOBIMHO 10 BUMOr Hakazy MOH
VYxpainu Big 12 ciung 2017 p. Ne 40 «IIpo 3aTBepaxeHHs] BUMOT A0 OGOPMIICHHS

JcepTarii».
1. OnpuiirogHeHHA pe3yJbTAaTIB AMcepTaliiiHOI podoTH

HaykoBi pe3ynpTaTu nucepTaniii BUCBITICHI y 12 HayKoOBHUX MyOJIKaIlisx
3nmo0yBava, cepell SKHX: / CTaTeid y HayKOBUX BHUIAHHIX, BKIIOYEHHUX Ha ATy
omyOJIIKyBaHHA 1O NEPeNKy HayKOBHX (paxOBHX BUIaHb YKpaiHu. OnyOsikoBai
MaTepiaii Mpounud KBajiikaliiHy eKCIepTU3y Ta 0e3MOCepeHhO CTOCYIOThCS
HayKOBHUX PE3yJIbTATIB IUCEPTALlli.

Takox pe3ynbTatu auceprallii Oy anpoOoBaHi HAa 5 MI>KHAPOJIHUX HAYKOBHX
(axoBux KOH(EpeHIisX.

TakuM YMHOM, HAyKOBI pe3yJbTaTH, sIKl, OMHCAaHI B JUCEPTALiiHINA pOOOTI,

MOBHICTIO BUCBITJICH] Y HAYKOBUX MyOJiKaIisx 3100yBaya.
8. HepnoJuiku Ta 3ayBaskeHHsI 10 JUCEPTALIMHOI pO0OTH.

1. B anortamii no poboTH OTpuMaHa HAayKOBa HOBHM3HA 3aJieKjapoBaHa II0/0
AHATITUYHUX BUPA3IB YHMCEIHHOTO BHU3HAYEHHS IIOPCTKOCTI TOBEPXOHBH BHUPOOIB,
BUTOTOBJIEHUX 3a Jonomoroto TexHosorii L-PBF. Onnak, BpaxoByoun iCHyIOUUi B
aucepTaiii 00'eéM eKCIEpUMEHTATbHUX JIaHWX, IIOCTAaHOBKA 3aJadi aHamizy Ta
y3araJbHEHHS [INX €KCIIEPUMEHTATBHUX JAHUX MOKe OyTH YCKIIaJHEHA Ta PO3IIUpEeHa
Ha JIesSKl MpOLEecH, 0 BUMaraloTh OUIbII JETAJIbHOIO OINKCY BIUIMBY LIOPCTKOCTI
MOBEpXOHb BineHTpoBuX (opcynok PPJI Ha ix poOoui xapakTepucTHKu. Takox
MO>KJIMBUI TOJIBIINNA PO3BUTOK OTPUMAHUX PIBHSIHB 3 MOAAIBIINM 3aCTOCYBaHHSIM

po60o40i popmynu B OLIBINT 3HAYHOMY Jialla30HI PO3PAXYHKOBUX BUIIAJIKIB.



2. Posrmsan ocob6nmBoCTe KOHCTPYKIIT pIAMHHUX PaKETHUX JIBUTYHIB, TPOBEICHUIN
B po3auii 1 mpeacTaBisie cOO0K0 3arajibHUM OTJIsi]] ICHYIOUMX BapiaHTIB KOHCTPYKIIIT
MOSICIB 3aBICHOT'O OXOJIOJKEHHS. ABTOP B OBHIM MIp1 IGMOHCTPYE BCIO CKJIaAHICTD Ta
TUTIOBI 0COOMMBOCTI KOHCTpyKuii kamepu PPJI, a Takox oOCHOBHI TpeHau ii
BJIOCKOHAJICHHS, ajie IJIbOBa HaIlpaBlIeHICTh podbotu — 3D apyk Ta TiApaBiiyvHi
XapaKTepUCTHKHU BiIIEHTpoBUX (opcyHok. Ha wmiit mormsia, B po3auni 1 B ormsai
JOLLIBHIIIE PO3TIISIHYTH caMe ocoOauBocTi 3D apyKy BilIeHTPOBUX (DOPCYHOK, SKIIIO
pe3yJbTaTH TaKUX JOCIIIKEHb OyJlIn OImyOJIIKOBaHI B OCHOBHHX 3apyODKHHMX Ta

YKpalHCBKMX HAYKOBHUX KypHAJIaX.

3. B posaini 3 mpu o0poOiii eKCcriepuMEHTaIbHUX JaHUX Ta MOJAIBIIIOMY aHai31 B
po3auTl 5 HE 3p0o3yMio, SIK caMe aBTOpP BUPIIIY€E MUTAHHA BpaxyBaHHSA B SI3KOCTI
KOHKpETHOI piauHu. [lopeyHo Oyno O [omatd oOmMc NOPUUHATHX JOMYIIECHb

0e3rocepeIHbO TIEpe]l MPOBEACHHIM aHaNI3y JIAHUX, 30KpeMa, B pO3JILIL 5.

BBakato, 110 BUCIJIOBJIEHI 3ayBaKCHHSI HE € BU3HAYAJbHUMU 1 HE 3MEHIIYIOTh
3arajibHy HayKOBY HOBU3HY Ta MPAKTUYHY 3HAUYMMICTh PE3YJIbTATIB T HE BIJIUBAIOTH
Ha TIO3UTUBHY OIIHKY JAUCEPTaIlIiHOT POOOTH.

Q. BucHoBok npo aucepraniiiHy pooory

BBaxato, 1mo nucepraiiiiny poboty 3m00yBada ctymneHs aoktropa dimocodii
Bekinosa Camipa [llamciitoBnua Ha Temy «Ili1BUILIEHHS T1ApaBIIYHUX XapaKTEPUCTUK
TPaKTIB PIAMHHUX PAKETHUX JBUTYHIB, BATOTOBJICHUX 13 3aCTOCYBAHHSIM aJIUTUBHUX
TEXHOJIOT1i1» BUKOHAHO HAa BUCOKOMY HayKOBOMY PiBHi, BOHA HE MOPYIITY€ TPUHITUIIIB
aKaJIeMIYHO1 TOOPOYECHOCTI Ta € 3aKIHUEHUM HAYKOBUM JOCIIIKEHHSIM, CYKYITHICTb
TEOPETUYHHUX Ta MPAKTUUYHUX PE3YJbTATIB SIKOTO PO3B'sI3ye HAYKOBE 3aBJaHHS, LII0 Ma€
ICTOTHE 3HAaYeHHs JJIs Tany3l 3HaHb MexaHiuHa iHxkeHepis. JlucepraiitHna pobdoTa 3a
aKTyaJbHICTIO, TPAKTUYHOIO I[IHHICTIO Ta HAYKOBOIO HOBU3HOIO MOBHICTIO Bi/INOB1Ia€
BUMOTaM YMHHOTO 3aKOHOJaBCTBa YKpaiHW, 1o mependauyeHi B m. 6-9 «llopsaky
OPUCY/UKEHHSI CTyHeHs JoKTopa @inocodii Ta CKacyBaHHS pIlIEHHS pPa30BOi

CHeIiaJII30BaHOT BYEHOI paau 3aKkjiaay BHUIIOI OCBITH, HAayKOBOi YCTAHOBH IIPO



IPUCYJDKEHHSI CTYIIeHs TOKTopa ¢inocodii», 3arBepmrenoro [loctanoBoro Kabinety
MinicTpiB Ykpainu Bia 12 ciuns 2022 p. No 44,

3n00yBay BekiioB Camip IlamciiioBu4y 3aciyroBye Ha NpHCYHKEHHS
CTyleHs JokTopa Quiocodii B ramy3i 3HaHb 13 MexaHiuyHa iHXeHepis 3a

crienianpHicTIO 134 ABiamiiiHa Ta pakeTHO-KOCMiYHa TEXHiKa.
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