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PELIEH3I15
Kanaugara (i3sHKo-MaTeMaTHYHUX HAyK, IPOBIIHOIO HAyKOBOTO CHIBPOOITHUKA
BenukoiBanenko Omenn AHApIIBHM HaA jaucepranliiny podoty bopoBuka
SIpocnasa BosioaumuposBuua 3a Temoro: «Po3podka 1 JOCHIIKEHHS JOBMOMIPHOT
3BAPHOI KOHCTPYKLI IepPeTBOPIOBAHOI0 00 €My KOCMIYHOIO anaparoOy1yBaHHs»,
MOJaHy /10 3aXUCTY Ha 3M00yTTs cTyneHsd AokTopa (inocodii B ranysi 3HaHb 13

MexaH14yHa 1H)KeHepIs 3a crieiaibHIcTIO 132 MaTepiano3HaBCcTBO

AKTYa/IbHICTh TEMH JHCEePTALIIIHOI podoTH

JIncepramiiny poOOTY NMPUCBAYEHO PO3PO0OLI Ta BUNOTOBJIEHHIO METANEBOI
KOHCTPYKIIT MepeTBOPHOBAaHOTO 00’€éMy KOCMIYHOTO NPU3HAYEHHS 3 KOHIYHUX
CeKIlil, MeXaHIYHl XapaKTePUCTUKH SKOI MOXKJIWBO TPOTHO3YBATH Ha eTaml 1l
CTBOPEHHS 3 ypaxXyBaHHSM BIJIMBY (hakTOPIB arpeCHMBHOIO cepe/loBHUIlla B YMOBAX
ekcruryaranii. Ha chOrofHINIHIM JeHb ICHYE HU3Ka BUKIMKIB Yy chepl po3poOKu
HECYUYMX PO3KPUBHUX KOHCTPYKIIIHA KOCMIYHOIO TIpU3HAYEHHS, $SKI MaloTh
MOE€JHYBATU KOMIIAKTHICTh 13 TPUBAJOK CTIMKICTIO A0 AarpeCUBHUX YMOB
30BHILIHBOTO  CEepeloBHUINA. TeXHONOTIl KOMMIAKTHOro (hopMOINepeTBOPEHHS
MPOCTOPOBUX KOHCTPYKILIH 3HAXOMATH ITHPOKE 3aCTOCYBAHHS B KOCMIYHIN Taysl,
JI03BOJISIFOYM CTBOPIOBATH THYUKI Ta afanTHBHI CHCTEMH 31 3MIHHUMU (POpMaMH Ta
posMipaMu. JIns yCMIilIHOrO BIPOBAKEHHSI TaKUX KOHCTPYKIIH HEOOXIIHO
BUPILIMTH HM3KY 3aBJaHb, 30KpemMa po3poOKy HallWHWUX MEXaH13MIB YIpPaBITIHHS
PO3KPUTTAM Ta 3aCTOCYBaHHS BHMCOKOSKICHUX MarepiajiB, IO BIJANOBIIAKOTH
BUMOTAM KOCMIYHOTO cepenoBuind. OcoOIUBY akTyalbHICTh L5l MpodJieMa HadyJia
B OCTAaHHI AECATUINITTA V 3B A3KY 3 PO3BUTKOM MporpaMm ocBoeHHs Micsusa 1a
Mapcy. Hanpuknan, crtBopeHHsi Oazu Ha Micsall BuUMara€ TOCTAaBKH 3HAYHOI

KIJIBKOCTI JKUTJIOBUX 1 TEXHOJIOTTYHMUX MOJIYJIIB Ha [TOYAaTKOBUX eTamnax.

Po3B’s3ans 1iel mpobiaemMy Mae KOMTIIEKCHUI XapakTep, OCKUIbKY BKITIOYAE
BHKOPUCTAHHS  KOHCTPYKTUBHO-TEXHOJIOTIYHMX  plllieHb, CIPSIMOBaHUX  Ha

CTBOPEHHS [OBIOMIPHWX 3BApHUX KOHCTPYKLiH 13 3MiHHMM 00’¢eMoM. Bohu
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NOBHHHI 3a0e3MmedyBaTH 3a7aHi T'€OMETPUYHI MapaMeTpu, BaKyyMHY MIUIbHICTD
micist 6aratopa3oBux AedopMamifHUX LHUKIIB 1 HECY4Yy 3JaTHICTh Y CKJIQJHHUX

YMOBaX KOCMIYHOTO MTPOCTOPY.

Takum uymHOM, oOpaHa 3m00yBaueM Tema JUCEpTaIliiHOi poboTH €
aKTyaJIbHOIO, BOHA MA€ CYTTEBY 3HAUYIIICTH ISl BUPIMICHHS BaKJIMBOI HAYKOBO-
TEeXHIYHOI 3a/1a4l y TaJTy31 MaTepiaJIo3HABCTBA 1 MOBHICTIO BIIMOBIAA€E CIIEHIAIbHOCTI

132 «MarepiaJio3HaBCTBOY.

OOrpyHTOBaHICTL HAYKOBHMX IO0JIO’KEHb, BHCHOBKIB 1 peKOMeHIaulii,

copMmy1bOBaHMX B AMcCepTALil.

PesynpraTn gmcepTariii € JOCTOBIpHUMHM Ta OOIPYHTOBAaHHUMH, IIIO
MIJTBEP/KYETHCA 3HAYHMM  OOCSTOM  TPOBEIAEHUX JOCHiKeHb. HaykoBi
MOJIOKCHHS, BUCHOBKM Ta PEKOMEHJaIlii, IpeAcTaBiieHI B poOOTi, BiAMOBIIAIOTH
BCTAHOBJICHUM BHUMOraM MIHICTEpPCTBA OCBITM 1 Hayku YKpaiHM 1I0JI0

JYCepTaLliHUX TOCIIKEHb.

ABTOPOM YITKO BU3HAYEHO 00’ €KT 1 MpeaMeT JOCIKEHHS, CHOPMYITHOBAHO
METY Ta IMOCTABJIEHO KOHKPETHI 3aBAaHHs. Y poOOTI MPOBEACHO IPYHTOBHUMN OTJISA
JITEpaTypH, OXOIUIEHO IMUPOKUM crekTp mxepen. CTymiHb OOTpyHTOBAHOCTI
HAyKOBHX I10JI0KEHb, BUCHOBKIB Ta MPAKTUYHUX PEKOMEHJALiN € BUCOKUM. J{ist
JIOCSITHEHHSI MOCTaBJIEHUX IIe OyJ0 3aCTOCOBAHO Cy4YacHI METOAM, 30KpeMma
ONTUYHY Ta EJEKTPOHHY MIKPOCKOIMIIO, KOMII'IOTEpHE MOJEIIOBAaHHS, a TaKOX

CTaTUCTUYHY OOpOOKY 1 aHaji3 eKCIIEPUMEHTAIbHUX JaHUX.

JIOCTOBIPHICTH TAa HAYKOBA HOBM3HA 3100yTHX pe3yJ/IbTATIB.

JIOCTOBIpHICTh HAYKOBHX TOJIOKE€Hb, BUCHOBKIB 1 PE3YJIbTATIB OBEIACHO
30DKHICTIO PE3yJIbTaTIB AHAIITUYHO-PO3PAXYHKOBUX Ta EKCHEPUMEHTAIbHHUX

I[OCJ'IiI[)I(eHI), BHUKOPHUCTAHHAM B CKCIICPHUMCHTAJIBHUX I[OCJ'IiI[)KCHHHX Cyd4aCHUX



METO/IIB 1 METOJIMK, TPAKTYBAHHSM OJEpKaHUX pPE3yJbTaTiB, SIKI HE Cylepedarb
3araJIbHONPUUHATAM HayYKOBHUM IOJIOKEHHSIM, a TaKOXk JTOCBIAOM iX MPAKTHUYHOTO
BUKOPUCTaHHA. J[OCTOBIPHICTh OJI€pPKaHUX PpE3YNbTATiB MiATBEPDKYETbCA 1X

YCHIITHUM 3aCTOCYBaHHSM B XO/Ii JOCITITHO-TIPOMHUCIIOBOT ITEPEBIPKH.

Jlo HaliBaroMimmux pe3yabTaTiB JUCEPTAIIMHOI pOOOTH, SIKI BIIIOBIIAI0TH O3HAKAM

HaYKOBO'l' HOBHM3HHU, MOXXHa BiI[HeCTI/I HAaCTYIIHC:

1.  Vmnepiie CTBOPEHO METOJlI NPOTHO3YBaHHS PpEAKIli KPUTUUYHUX
€JIEMEHTIB PO3KPUBHOI OOOJIOHKM Ha 30BHINIHI Ta TEXHOJOT14HI (HaKTOpH,
BIITBOPEHHSI SIKUX B EKCIUTyaTalliiHMX YyMOBaxX 3HAYHO YCKJIagHEHO alo
HEMOXXJIMBO. HalsickpaBiliM MNpuKIagoM € 3a0e3redyeHHs HeoOX1THUX
BJIACTUBOCTEN HEpPO3’€MHUX 3’€JlHAaHb, SKI MIIJAIOTHCS EKCTPEMabHUM
nedopMyBaHHSIM Y CKJIaJ1 PO3KPUBHOT 0OOJTOHKH.

2.  VYmepiie 3arpornoHOBaHO Ta OOIPYHTOBAHO BUKOPUCTAHHS KOMIUIEKCY
KOHCTPYKTUBHO-TEXHOJIOTIYHUX  PIICHb, CIPSIMOBAHUX HAa  CTBOPCHHS
JOBIOMIPHOI 3BapHOi KOHCTPYKIIi MEPETBOPIOBAHOTO 00’€My KOCMIYHOIO
npusHadeHHs. [le JocsIrHyTo uepe3 3acTOCYBaHHS TEXHOJOTIHA 3BaprOBAaHHS,
GbOpMOYTBOpEHHSI  Ta  €KCIEPUMEHTAJIbHOI  TIEPEBIPKM  pE3yJIbTATIB
MaTEMaTUYHOTO MOJICIIOBAHHS HAMpyKeHO-Ie(OopMOBaHUX CTaHIB 1 YacTOT
BJIACHUX KOJIMBaHb. OTpUMaHO HEOOXITHY HECYdy 3/IaTHICTh, MAaCOBO-Ta0apHUTHI
napameTpH, BUCOKY MILIHICTb 1 BAKYYMHY IIIJIBHICTh 3BapHUX 3’ €HAHb.

3. BcTranoBneno, mo 0a3oBa 4YacToTa BJIACHMX KOJIMBAaHb KOHCTPYKIIii
MEePETBOPIOBAHOTO 00 ’€MY 3MIHIOETHCA B MPOIECI i1 PO3KPUTTS, MOCTYMOBO
3pocTatoyu 31 30UTbIIEHHSM JIOBKMHU KOHCTpyKUIi. Y (iHanmbHIA cTamaii
PO3KPUTTS YacTOTa BIAMOBIAAE PETIaMEHTOBAHOMY 3HAUCHHIO moHaf 2 [, mo
YHEMOJKJIUBITIOE BHHUKHEHHS PE30HAHCHUX KOJIMBaHb B YMOBAX €KCILTyaTallii.

4, Bnepiie  po3pobiieHO  anropuTM  BIITBOPEHHS Ta  MOETHAHHS
F€OMETPUYHUX 1 MEXaHIYHUX BIACTUBOCTEH PO3KPUBHOI KOHCTPYKUII Yy

pobouomy ctaHi. Lle m03BosIE YCYHYTH HEBU3HAYEHICTh Y CITIBBIAHOIIICHHI



KOPCTKOCTI OOOJOHKM Ta Ii TOYHMX TE€OMETPUYHUX TMapaMeTpiB, SKi €
OPUHIIMIIOBO BAXJIMBHUMM JJIi KOCMIYHOTO amaparoOyayBaHHA. Takox
CIIPOTHO30BaHO Je(EKTOYTBOPEHHS Yy TPOIECi 3BAapIOBAHHS EKCTPEMAIBHO
nehopMOBaHKX 3’€THAHB 3 (POJBIOBUX METAJIEBUX MaTepiaiiB, M0 3abe3mnedye
iXHIO BaKyyMHY IIUIbHICTB Ticis qedopMaliiiHuX ITUKITIB.

S. OTprMaHO HOBI Pe3yJIbTATH, 110 Y CYKYIMHOCTI BUPIUIYIOTh aKTyaJlbHE
HAyKOBO-TEXHIYHE 3aBAaHHS 3 PO3POOKM Ta BUTOTOBJIICHHS METaJIEBOT
KOHCTPYKIlii TEepPETBOPIOBAHOTO 00’€My KOCMIYHOTO TPHU3HAYCHHS, IO

KPUTUYHUX €JIEMEHTIB Ha BIUIMB 30BHIMIHIX 1 TEXHOJIOTTYHUX (hAKTOPIB.

3HavYymicTh OTPUMAHUX Ppe3yJabTaTIB JJIA HAYKM Ta MPAKTHYHOIO

BUKOPHUCTAHHII.

HaykoBa Ta npakTuydHa MIHHICTH PE3yJIbTATIB JUCEPTALIMHOTO TOCTIIKEHHS
MIATBEPKYETHCS THUM, IO PO3pPOOJEHI METOAM M TEXHOJIOril 3a0e3NeuyroTh
MOXJMBICTh  TpaHC(OpMaIlll  KOPCTKUX  HECYYUX  OOOJIOHOK  KOHIYHOI
(6ararokonycHoi) ¢dopmu. BoHu edeKTUBHO TOEAHYIOTh HECydy 3/IaTHICTh 1
nemMrdyBaibHl XapaKTEPUCTUKU KOHCTPYKIHM, IO BUKOPUCTOBYIOUM pealibHI

MaTepiaim.

IToBHOTA BKJIAAY pe3yJibTATiB JUCEPTALIMHOIO T0CTi)KEHHSI TA HAYKOBHX

M0JIOKEHb B OMYy0JIIKOBAHUX MPaLsiX.

OCHOBHI HayKOBI Pe3yJbTaTH POOOTH B MOBHOMY OOCS31 BHKJIAAEHI y 5
nyOJiKarisax, 3 HUX 3 y BUAAHHSIX, BKIIOYEHUX a00 pedepoBaHrX B MI>KHAPOIHUX
HayKOMETpUUHMX Oazax maHux «Scopus». OcoOucTuii BHECOK 3a00yBaua y IIi

nyOiKalii € CyTTEBUM, L0 B1IOOpaXeHO y AUcepTallii.



HayxoBi pe3ynbTaTd, IO OTpUMaHI Yy JAWUCEpTaliiHii poOoTi, Oynu
anpoOoBaHl Ta OTPUMAaJM MO3UTHUBHY OIIIHKY Ha JIBOX MIKHAPOJHUX HAYKOBHX

KOH(EepEeHITISX.

CTpykTypa, OlliHKa MOBH, CTIJII Ta 0(DOPMIICHHSI.

Huceprariis S1.B. bopoBuka ckinanaeTscs 13 aHOTaIlli A7BOMa MOBaMH, BCTYILY,
3 po3aiiiB, 3arajlbHUX BHUCHOBKIB, CIIMCKY BHUKOPHUCTAHHMX JDKEpeNl Ta JIOJATKiB.
3aranbHuit 00csT podotu cknangae 170 cropinok, 100 pucynku, 15 Tabnuib, CIUCOK
BUKOPHUCTAHUX JKepen 3 81 HallMeHyBaHb.

Jluceprailito BUKOHAHO Ha BHCOKOMY HayKOBO-TE€XHIYHOMY piBHI, BOHA
MICTUTh JOCTaTHIM OOCST BHUKOHAHUX JOCHIKEHb Ta OQopMieHa 3rigHO 3
BUMOTaMHU JI0 3MICTY 1 00'emy aucepramiaux po6ot. CTpykTypa KBamidikaiiiHol
POOOTH TIOTO/IKYETHCS 3 METOIO Ta 3aBJAAHHIMH JTOCTIIKCHHS.

HuceprauiitHa po6oTa MICTUTh HAyKOBI IMOJIOXKEHHS, SIKl paHilie He Oynu
3aXMIIEH1, 1 HOBI HAYKOBO-OOIPYHTOBAHI PE3YJIbTATH JOCIHIKEHb Ta 3aJ0BOJIBHSE
nacnopry cnemianbHocTi 132 «Marepiano3HaBcTBO», rainy3b 3HaHb 13 «MexaHiuHa
1mxeHepisy. Jucepraiiro opopMIIeHO y BIIMOBIAHOCTI 70 BUMOT MiHicTepcTBa
ocBiTH 1 Hayku Ykpainu (Haxaz Ne 40 Bix 12.01.2017 13 3MiHaMu, BHECEHUMHU 3T1]THO

3 Hakazom MinictepctBa ocBiti 1 Hayku Ne 759 Bin 31.05.2019).

AxajzemMiuyHa 100poYeCHICTH

3100yBay JOTPUMYETHCSI BUMOT aKaJeMIYHOI T0OpOUYECHOCTI, JUcepTallisi He
MICTUTh €JIEMEHTIB IJIariaTy Ta 3aro3u4eHb, Ma€ MOCHJIAHHS Ha BIJIMIOBIIHI J)Kepeia
iH(popMarrii y BUMaKy BUKOPUCTAHHS 1161, Pe3yJIbTAaTiB Ta TEKCTIB 1HITUX aBTOPIB.
ABTOp TOTPUMYETHCS HOPM 3aKOHOJIABCTBA MPO aBTOPCHKE MPaBO, HAJAE TTOBHY Ta
JIOCTOBIpHY 1H(GOpPMAIII0O TIPO PE3YNbTaTH HAYKOBOi JISJIBHOCTI, a TaKOX

BUKOPHUCTaHI METOJAUKHU JOCIIHKEHb.



ITo nuceprauiiiniii po60Ti MOXKHA 3pOOMTH HACTYIIHI 3ayBasKeHHS:

1. Onuc MeToAiB BUKOHAHUW pETENbHO, aje Mg OUIbLIOl CTPYKTYpPOBAHOCTI
PEKOMEHIIYETbCA OKPEMO BUAUIUTH PO3JAUIM, TPUCBSUEHI TEOPETHUYHUM
po3paxyHKaM 1 €KCIepUMEHTaJIbHUM JOochikeHHsM. [le mokpammuThb
CIOPUMHSATTS MaTepiaiy.

2. B po0oTi onucaHo BIaCTHUBOCTI MaTepialiiB, OJIHAK HE MOBHICTIO PO3KPUTO, K
BPaxOBYBAJIMCA BIUIMBYU €KCIUTyaTal[IMHUX YMOB, TAKUX K TEMIIEpaTypa, BAKyyM
M pajiaris.

3. ¥V nmeskux umocTparisx (HampukiIad, MOJETl KOHCTPYKIIii) Opakye OeTalbHUX
HOSICHEHb OCE KOOpAMHAT, OJUHHIIL BUMIPIOBaHHS a00 KJIOYOBHUX TOYOK Ha
rpadikax. e ycknagHioe po3yMiHHS pe3yybTaTiB.

4. ExcriepuMeHTH ONMCaHi JIeTalbHO, ajie 0yJ10 O KOPUCHO JOJaTH CTPYKTYPOBAHY
TaOJMIIO, SIKa Yy3arajlibHIOE METY, MapaMeTpu Ta OTPUMaHI pe3yJbTaTH IS
KOXHOT'O eKCIiepuMeHTy. Lle 3poouThs MaTepias O11bII 3p03yMUTUM.

5. B TeKkcTl TparuisitoThCsl MICIS 3 HEKOHKPETHOIO TEPMIHOJIOTIE0 (HAMPUKIAL,
"XapakTepHl  30BHIIIHI  HaBaHTaXeHHA"). PexkomMeHAyeTbCd  yTOYHUTHU
(hopMyIIFOBaHHS TS TABUILICHHS SICHOCTI.

6. YV uactuHi mpo MOJAJbHMM aHali3 HE BKa3aHO, SKa 4YacTOTa KOJHBaHb €
JIOMTYCTHMOIO JIJIsl €KCIUTyaTaliifHuX yMOB. PEeKOMEHTyeThCsl 10AaTH TOPIBHSHHS
3 HOPMATUBHUMU 3HAUYCHHSIMH.

7. Ananiz oTpuMaHHUX PeE3yibTaTIiB JIEMOHCTpye raubokuil miaxia. [Ipore mobpe
Oyno O [odaTH OKpeMHH MiApO3MUI, SAKWA OW 3ICTaBIsB Pe3ybTaTh
MOJICJIIOBAHHS 3 €KCIIEPUMEHTAIbHUMU JaHUMU, a0U YiTKillle TTOKa3aTH PIBEHb

301KHOCTI.



BUCHOBOK

BiaMivenl HeTOmiKM Ta 3ayBaKeHHs, 3PO0JIEHI 10 OKPEMHUX IOJIOKEHD
auceprailii, He CTOCYIOTBCSA KBamiikalifiHMX O3HaK poOOTH B LUIOMY 1 HE
3HAKYIOTh 11 3araJIsbHOT0 HAYKOBOTO P1BHA.

Bpaxaro, mo aucepTtailis Ha TeMy «Po3pobka 1 JocaigKeHHsT JOBIOMIPHOL
3BAPHOI KOHCTPYKILIT MEepeTBOPIOBAHOTO 00 €MY KOCMIYHOIO anapaTroOyyBaHHs» €
3aBEPILEHOI0 CaAMOCTIMHOIO HAyKOBOIO pobOOTOIO, SIKa MICTUTH HOBI OOIPYHTOBAaHI
TEOPETUYHI Ta eKCIepUMEHTAIbHI Pe3yJbTaTH, 110 MAaKTh 1ICTOTHE 3HAYEHHS IS
rajgy3l MaTeplaJlo3HaBCTBA 1 3a aKTYaJIbHICTIO, 3MICTOM, HAyKOBOK HOBHU3HOIO,
OOI'pPYHTOBAHICTIO BUCHOBKIB, JOCTOBIPHICTIO 1 3HAYYIUICTIO BIATIOBINAE BUMOTaM
«[Mopsiaky mpHCymKEHHS CTyIeHs JokTopa ditocodii Ta cKacyBaHHS plUISHHS
pPa30BO1 Ceniani3oBaHOl BUCHOT pajy 3aKjajy BUILOI OCBITH, HAYKOBO! YyCTaHOBU
PO TPHUCYIKEHHS CTYNeHs JokTopa ¢uiocodii», 3arBepaxeHoro llocranosoio
Kabinery MiuictpiB Ykpainun Ne 44 Big 12 ciuas 2022 p., a 11 aBTop, bopoBUK
Apocnas BonmoawmupoBud, 3a pe3ynbTaTamMu MYyOJIYHOrO 3aXUCTYy HAYKOBHUX
nocaipKeHb y GopmMi aucepraiii, Ha TPUCYIPKEHHS HAYKOBOIO CTYIEHS JOKTOpa

(inocodii 3a cneuiaibHicTio 132 «MaTepiao3HaBCTBOY.

PeneH3eHT:

NPOBIAHUY HAYKOBWH CMIBPOOITHUK BLAALILY

Ne 34 MaremMaThyHl METOIU JOCTUTKEHHS

(h13MKO-XIMIYHHUX TTPOIIECIB

[E3 1m. €.0. I'latona HAH Yxkpaian
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