PELEH3ISI
Ha AuMcepTauiiHy poboty
I'eBka bornana AuzpiiioBuua
Ha TeMy «Mozienb 30BHIlIHIX HABAHTAXXEHb HA MPY)KHE KPHJIO JiTaKa TPaHCIIOPTHOL
KaTeropii Ipy MOJbOTi B HECIIOKIHHOMY MOBITpI»,
NpeNCTaB/IeHy Ha 3100y TTs CTyneHs oKTopa (inocodii
B raitysi 3HaHb 13 — MexaHiuHa iHxkeHepis

3a crienianpHicTio 134 — ABiauiiina Ta pakeTHO-KOCMiuHa TexHiKa

AKTyanabHicTh TeMu qucepTauii

HaBaHTa)keHHs Ha KpWJIO € BUXIOHMMH [aHUMH IS NPOBEJICHHS aHaNi3y
HamnpyXeHO-1e()OPMOBAHOr0  CTAHy KOHCTPYKIii Ta MOBMHHI BINIOBiAaTH
HAaBaHTaXCHHSIM, 110, 3 OJHOTO OOKY, LIOTh y pealbHUX YMOBAX MOJBOTY, @ 3 iHIIOr0
— mepenbayeHi BUMOraMu JIbOTHOI nmpuaatHocti (AIT-25, CS-25). Bin crynens miei
BIJMOBIIHOCTI 3aJIe)KMTh MILHICTh, 3aKjafeHa B KOHCTPYKLIIO Kpuia, HOro Barosa
eexTHBHICT # mapameTpu pecypcy. Bimomo, 1o pecypc KOHCTPYKIil 3
aMOMIHIEBHX CIUIABIB 3aJIe)KHUTh Bijl HAIPYXKEHb G B 4-omy crerneni. Takum 4yuHOM,
[IOMHJIKa B po3paxyHKaX HaBaHTa)XKeHb Ha £3% Beze 10 3MEHIIEHHS 260 30UTbIICHHS
pecypcy Ha 12,6%. Sk Hacminox, BUCOKI HampyXeHHS B KOHCTPYKLIiI KpHiia BELyTh
A0 TOSBH BTOMHHX JC(DEKTIiB, a 3aHWKEHI HanpyXeHHS IPH3BOJAITH MO BTpaTH
BaroBol e(eKTUBHOCTI ¥ MiABHUIIEHHIO eKCIITyaTaliiHUX BUTpar. Takox, ByacHe
BU3HAYEHHS 30BHILIHIX HaBaHTaXXEHb Ha PaHHIX eramax NIPOEKTYBAaHHS JiTaka, B
YMOBaX NPOECKTHOI HEBM3HAYEHOCTI, CIPHUATUME OITHMIi3alii KOHCTPYKIIi JiTakis,
IO MO3BOJHTE 3MCHLUMTH CIIOXMBAHHS AILHOTO Ta 3HU3UTH BHTPATH HA TIOJBOTH.
Kpim Toro, nokparuenss po3yMiHHS Ta MOJIeNIOBAHHS HaBaHTa)X€Hb, 110 IIIOTh Ha
JUTaK MPU NONBOTI y HECHOKiHHOMY HOBITPi IOrmomarae po3po6HTH o0IpyHTOBaHI
CTpaTerii Ta cuCTeMH Ge3nekd sl JiTakis, M0 3aKOHOMIPHO MiJBULIUTE PiBEHb
Oesnexu macaxkupis i exinaxy. Bigmosizgo, OTPHUMAaHHS TaKol MOJeJi HaBaHTa)KeHb,
SIKa 3 BUCOKOIO TOYHICTIO CHiBMaJe 3 JaHUMHU eKCIIepPHMEHTAIBHUX NOCILDKEeHD Ta
AO3BOJUTL MPOBECTH HEOOXIAHI PO3paXyHKH Ha paHHIX eTamax IIPOEKTYBaHHs
JITAJIBHOTO anapaTy € aKTyalbHOIO HAYKOBOIO Ta MPaKTUYHOIO 3aJ1aY€ro.



Ouinka OOrpyHTOBAHOCTI HAYKOBHX  pe3yJbTaTiB  AucepTamii, ix
JAOCTOBIPHOCTI TAa HOBH3HH.

HayKkoBi TOJIOKEHHS, 10 BHHOCSATBCS Ha 3aXWUCT, BUCHOBKH 1 peKOMeHnamii
JIOCTATHHOIO MIpOIO oOrpyHTOBaHI eKCIIepUMEHTATbHO-aHATI THYHUMU
JOCHIHKEHHSIMU:

— Bonwn 6a3yioThCcsl Ha pe3yJbTaTax aHaji3y, y3arajJbHEHHSX 1 CTaTUCTUYHIM
00po0LIi OTpUMaHUX AMCEPTAHTOM pe3yJbTaTiB. 3HaUHUM MacuB Liel iHpopmauil
NONaHUN y MaTeMaTHYHHX BHKJIaZax, Ha MaJIOHKaX, cXeMmax, B TaOiuusx, sKi
TIOCTPYIOTH Ta NOTOBHIOIOTH HAYKOBI IIOJIOXKEHHS AUCepTaLil.

—  CdopMyapoBaHMI aNIrOPUTM BH3HA4YEeHHS Ta IOOYZOBH OCI YKOPCTKOCTI
CKJIaTHOTO TIPOCTOPOBOTO arperary JI03BOJUB BUKOPUCTATH OalKOBY IpPY¥KHO-
MacoBy CXeMaTH3allil0 KOHCTPYKLII JiTaka Ta OINWCAaTH HaBaHTaKEHHSI U
neGopMoBaHUM CTaH KOHCTPYKII 3 JOIOMOIOIO JiHIMHOI 1H)KEeHepHOi Teopil
BUTMHY ¥ KpydeHHs OalloK 3MIHHOI JKOPCTKOCTI, LIO0 BUKOPHUCTOBYE TiNOTE3Y
IUTOCKUX IEPETHUHIB.

— g oTpuMaHHS MaTeMaTHYHOI MOJiesli HaBaHTa)XKeHb Yy poOOTI BUKOPUCTaHI
YyceJbHI TaHeJbHI aepoJMHaMiYyHI METOOM, METOOU CHUCTEeMHOr0o aHajizy Ta
MaTeéMaTU4HOI  CTATUCTUKU. TakoX  MeTOAM  MaTreMaTU4yHOl  CTaTUCTUKU
BUKOPHCTOBYBAJIUCS MPU 00pOOLI eKCIepUMEHTAbHUX JaHUX OTPUMAaHMX IIiJ Yac
JTBOTHUX BUIPOOYBaHb Ta MOPIBHIHHI LIUX JIaHUX 3 pO3paxXyHKOBUMHU.

— 3HauHa yBara, B Jucepralil NpualieHa eKCIIepUMeHTaIbHIUM JOCIiIKEHHSIM:
Ha3eMHUM 4YacTOTHUM BunpoOyBaHHs (HYUB), 1m0 BHUKOPUCTOBYIOTBCS IS
BU3HA4Y€HHs ()OpPM Ta 4aCTOT BJIACHUX KOJIMBaHb HATYPHOIO JiTaka Ta MEepeBipKH
pPO3paxyHKOBUX MOJeNel Ta pe3ysbTaTiB MOJAAJILHOr0 aHali3y KOHCTPYKIII JliTaka.
BuMiproBaHHsI HaBaHTa)KeHb I11]] Yac JIbOTHUX BUIIPOOYBaHb JO3BOJIUIIO NIEPEBIPUTH
TOYHICTH OOUMCIIEHHS] HaBaHTa)KEHDb Ha KPUJIO JIiTaKa.

—  Pesynbratu nuceprauiiinoi po6otu BrposamkeHi Ha IT «AHTOHOBY», IO
HiATBEPHKEHO BiATIOBIAHUM AKTOM.

Buknanene mniaTBepIKy€e OOCTaTHbO BUCOKUH CTYIIHb OOIPYHTOBaHOCTI
HAYKOBHX I10JIOXKEHD 1 BUCHOBKIB poOOTH.

HaykoBa HOBHM3Ha pe3yNbTaTiB JUCEPTALliHHOTO MOCHIIKEHHS IIOJISIrae B
HACTYITHOMY:

1. Briepiie  CHHTE30BaHO KOMIUIEKCHY MaTeMaTHYHY MOJEIb  30BHIIIHIX
HaBaHTAXXEHb MPU I0JILOTI B HECIIOKIHHOMY MOBITPI ISl MPY>KHOTO JIiTaKa, IO
BpaxoBy€ MacOBi, NpPY»XHI Ta aepoJUMHaMiuHi XapaKTePUCTUKU KOHCTPYKIIii
jniTaka i mapamMeTpu MOPHBIB IMOBITPs Ta Ja€ MOXIHUBICTH IJHSITH TOYHICTBH
pO3paxyHKiB JMHAMIYHMX HABaHTaXEHb Ta YaCTOT KOJMBaHb KOHCTPYKLIi 1O
2,5%, Ha BIAMIHY BiJI iCHYIOYMX TEXHOJIOTH.



2. Habyna nopanplioro po3BUTKY — KOMIT IOTEPHO-IHTErpOBaHa  TEXHOJOTIs
pO3paxyHKy HaBaHTaX€Hb Ha JiTaK, L0 BHUKOPHUCTOBYE KOMILIEKCHY
MaTeMaTHYHy MOJENb IIPY)KHOIro JiiTaka TPaHCIIOPTHOI KaTeropii 3 KpHJIOM
BEJIMKOI0 NMOAOBXKEHHs (A>8), sl sikol 0OIpyHTOBAHO 3aCTOCYBaHHS OANKOBUX
MacoBO-1HepLIMHUX MOZieTIel KOHCTPYKLIT JliTaka Ta 3a6e3rmeyeHo BapiaTUBHICTE
BUKOPHCTOBYBaHUX MaHEIbHUX aepOAMHAMIYHUX METO/IIB.

3. Jlocni/keHO BIUIMB 30BHILIHIX (DaKTOpiB Ha HaBaHTaKEHHs Ta IUHAMIYHY
peaxiilo KOHCTPYKIii Kpua JliTaka TpaHCIIOPTHOI KaTeropii y BiAMOBIAHOCTI 10
MOro mpy>XHOI MOJeNI Ta mapaMeTpiB 30BHILIHIX (paKTOpiB, p¥ BUKOPHUCTaHHI
3allpOIIOHOBAHOI MOJIEJIi HaBAaHTa)KEHb.

4. IIpoBeneno nopiBHIBHUN aHani3 obuucmoBanbHux Metonis JJHB ta IMAD, a
TaKOX MaHeJNbHUX aepoauHaMidyHux MetoniB DLM/CPM, VFM, DLM rta Panel,
[0 BUKOPUCTOBYIOThCS [UIsl BU3HAYEHHS HABAHTaXXEHb, IO JIIOTh Ha JITaK IpU
MOJIBOTI B HECIIOKIHHOMY 1OBiTpi. Lle 103B0MII0 BUOpATH ONTUMATBHUN METOJ
pO3paxyHKy aepOAMHaMIYHUX XapaKTEPUCTHK ANl KOXKHOI'O OKPEMOTO BUIAKY
HaBaHTa)XEHHs JIiTaKa.

Cepen MO3WTHBHUX OCOOIMBOCTEH AMcepTauiiiHoi po6OTH BapTO BiX3HAYUTH
3Ha4YHY  KUIBKICTH  pO3paxXyHKOBHX Ta  €KCIHEPHMMEHTAJIbHHUX  JOCHiIKEHD
aepoIpyKHUX XapaKTEPUCTHK Ta HaBaHTaXXEHHsI KOHCTPYKLII JIiTaKiB.

Haykosi pocnmimkenns Oynum BukoHaHI 3100yBaveM Ha kadenpi asia- Ta
paxetobynysanns KIII im. Iropst Cixopeskoro Ta Ha 6a3i Po3paxyHKOBO-IOCITiIHOTO
BIIUITy pecypcy, 3OBHILIHIX HaBaHTaxeHb 1 aepompyxHocti JIT «<AHTOHOB»
BIANOBIAHO 10 «JlepkaBHOI WiNbOBOI HAYKOBO-TEXHIYHOI IIporpamu PO3BUTKY
aBialifiHoi npomucnoBocti Ykpainu Ha nepiox 2021-2030 poxis» (IToctanosa KM
Ykpainn Bix 01.09.2021 poky Ne951), Ta srimo 3 maxasom JIIT «AHTOHOB»
Ne2323 Bix 11.11.2020 poxy 3a Ttemoro: «OUIHKH XapaKTepUCTHK: CIEKTPiB
HaBaHTAXXCHb, 3AJISKHOCTEH HABAHTAXEHD BiJl YMOB HaBaHTAXKCHHsI (3a MaTepianaMu
BUMIPIOBaHb HABAaHTAXKEHb B IIPOLIEC] JTHOTHUX BUIPOOYBaHb JiTaka AH-178 Ne 001)»
mil KEPiBHMUTBOM JOlEHTa Kaelpu aBia- Ta pakeToOymyBaHHS, K.T.H., bonnaps
IOpis IBaHOBHYA.

Omxke, B auceprauiiinii po6oTi nocraBieHe HayKOBe 3aBIAHHS 3 OTPHMAHHS
MaTeMaTH4HOI MOZeJIi 30BHIIUHIX HABAHTAXKEHb JIiTaKa [PH HONLOTI B HECTIOKiHHOMY
NMOBITPI, 1O 3a0e3MeYuTh BINMOBIIHICT pE3yJBTATIB YHCENHHOTO pIlIEHHS 3
YpaxyBaHHAM e(eKTiB HecTalioHapHOi aepOAMHAMIKM pe3ylbTaTaM eKCIIepHMEHTY,
BMKOHAHO IOBHICTIO, 37100yBay MOBHOIO MipOIO OBOJIOAIB METOIOOTIEI0 HAYKOBOT
IISUTBHOCTI.



Ouinka 3micTy aumcepTauii, ii 3aBepuleHicTb Ta AOTPUMAHHS NPHHUMIIB
aKazeMiuHoi 00poYecHOCTI.

3a cBOIM 3MicTOM aMcepTaliiina pobora 3m00yBaya I'eBka B.A. moBHICTIO
BigmoBizae CTaHmapTy BUILOI OCBITH 3i crewianbHOCTI 134 — ABialiiiHa Ta pakeTHO-
KOCMiUHA TeXHiKa Ta HaANpsIMKaM HOCIiIKEHb BiAIOBIAHO IO OCBITHBOI MPOrpaMu
ABianilina Ta paKeTHO-KOCMi4Ha TeXHIKa.

Jucepraiiiina po6oTa € 3aBepLICHOI0 HayKOBOIO Mpalelo 1 CBIIYUTH IIPO
HasIBHICTh OCOOMCTOr0 BHECKY 3100yBava y HAyKOBHI HampsiM MIITHOCTI aBialliiHUX
KOHCTPYKLIIH.

Po3rnsiHyBIIM 3BIT MOMIOHOCTI 3a pe3yibTaTaMy IIEpPeBIpKH JUcepTalifHOl
poGOTH Ha TEKCTOBI CIBMALiHHs, MOXKHa 3pOOMTH BHCHOBOK, LIO JHCepTaliliHa
po6ora I'eska Bormana AHzpiifioBHYa € pe3yabTaTOM CaMOCTIHHHX HOCIHiIKEHb
3100yBaya i He MICTUTB eJleMeHTIB (anbcudikanii, kommisuii, padbpuxauii, muariaTy
Ta 3ano3uueHb. BuKopHcTaHi i1el, pe3ysbTaTd 1 TEKCTH IHIIMX aBTOPIB MalOTh
HaJIe)KHI TOCHJIAHHS Ha BIAIOBIAHE IKEPEIIo.

Moga Ta CTHJIb BUKJIAJEHHsI pe3yJIbTaTiB.

JuceprauiiiHa po6oTa HanyucaHa yKpaiHCbKOIO MOBOIO.

3MicT aucepTanil BUKIaACHO TOCIIOBHO, JIOTIYHO Ta JOCTYNHO. Jucepraliiina
poboTa HampcaHa KOPEKTHOIO TEeXHIYHOIO MOBOIO 3 BHUKOPHCTaHHSIM Cy4acHOI
HayKoBOi TepmiHoJjorii. Texct muceprauii y HOCTaTHbOMY [UIsl PO3yMiHHs 00cCs31
IPOUTIOCTPOBAHUH rpadivyHUM MaTepialoM, TAOIULSIMU TOLIO.

Jluceprallisi CKJIaa€eTbesl 3 BCTYILY, 4 pO3JiiiB, BACHOBKIB, CIIUCKY JTepaTypH
Ta IOAaTKiB. 3araJibHui oocsr nuceprauii 180 cTOpiHOK.

Y  Berymi  MOCHiIOBHO — OOIPYHTOBAaHO — aKTyajbHICTb  JOCHIIKEHHS,
chopMyIbOBaHO METy H 3aBlIaHHs, O0’€KT 1 MpeaMeT OCIIUKEHHSI, HAyKOBY
HOBU3HY Ta INpPaKTUYHE 3HAYEHHs OJEep>KaHUX pe3ysbTaTiB, a TaKoX BIJOMOCTI IpO
HasiBHI ImyOJtikarlii, anpo0arito Ta 0COOUCTUH BHECOK 37100yBaya.

Iepwuii po3min Mae OIJISAOBUN XapakTep Ta IPUCBSUEHUH aHaJi3y BUMOT
HOPM JIbOTHOI IPUJATHOCTI 10 BU3HAYEHHS] JUHAMIYHUX HaBaHTaXX€Hb, 1110 TIFOTh Ha
JITaK MpH NOJHOTI B HECIIOKIHHOMY MOBITPI, B TOMY YHCJII PO3IJISIHYTO BUAU ITOPHUBIB
MOBITPSI: CTaTUYHUN BEPTUKaJbHUM NOpPUB BITPY, OAHOKpaTHUM mopuB (y Qopmi
1-cos) Ta G6e3nepepBHa TypOylIeHTHICTh. TakoX, pO3IJIsIHYTO METOAN BU3HAYEHHS Ta
chopMyIBOBAHO MOPSIAOK PO3paxXyHKy HaBaHTa)K€Hb Ha KPHJIO JIiTaka, 110 MOJIArae y
noOyaoBl MPY>KHO-MacoBOI MoOJeJi JIiTaka, BHUKOHAHHI MOJAJIBHOIO aHaji3y
KOHCTpPYKLi{; MoOyn0oBI aepoauHaMIiYHOI Mojell Ta OOYHCIICHHI aepoIuHAMIYHUX
KOoe(iLi€HTIB, CHJI Ta MOMEHTIB JJisl JOCJI/PKYBaHMX YMOB IIOJIbOTY; OOUMCIIEHHI
IPUPOCTIB HAaBaHTAXEHb BiJ MOPHUBIB INOBITPSl Ta CyMYBaHHI 3 HaBaHTAKCHHSIMU
TOPU30HTAIILHOIO IOJILOTY JUIsl OTPUMAHHS IHTErpajbHUX CHUJI 1 MOMEHTIB.



JlonaTtkoBo 3100yBayeM ONUCAHO eKCIIEpUMEHTAIbHI METOAM TOCIIKEHHSI IPYKHUX
Ta aepoIpyXHUX XapaKTePUCTUK KOHCTPYKUil Ta Cc(HOPMYyJbOBAHO METOIUKY
O0pOOKM HaBaHTXXEHb BUMIPSHUX IIJ Yac JIBOTHUX BUIPOOyBaHb, IO B
NoAajbIioMy OyZe BUKOPHUCTaHO IIPH IepeBiplil PEe3yNBTATIB  PO3PAaXyHKOBHX
Jocnipkeds. Ha  OCHOBI  mpoBeleHOro  aHamizy 3po0JjieHi BHUCHOBKM  Ta
chopMyNbOBaHO 3ajayl, L0 IMOTPeOyIOTh pO3B’sI3aHHS UIsl TEOPETUYHUX 1
MPaKTUYHUX L[iJIel AUCcepTaLifiHOro JOCIHiKEHHSI.

B apyromy po3aijii IpoBOAMUTECSI OMUC 3aIPOIIOHOBAHOI KOMIUIEKCHOI MOMENI
30BHILIHIX HABAHT)K€Hb Ha KOHCTPYKIIIO KpHJia JliTaka TPaHCIIOPTHOI KaTeropii mpu
MOJIbOTI B HECIOKIMHOMY IIOBITplI Ta MPEACTaBICHO MaTeMaTUYHHUM airoputm ii
podotu. OOrpyHTOBaHO 3acTOCyBaHHSI OalKOBOI IpPYy»KHO-MacoBOI CcXemaTu3allil
KOHCTPYKIII JiTaka TpaHCIOpTHOI Karteropii. OCKIIBKM INpH BUKOPHCTAHHI
ckiHyeHHO-eneMeHTHUX Mmogenedt (CEM) Bucokoro mnopsinky, riaobansHi CEM
KOHCTpyKIii jitaka maiote monax 10°-10° cremeniB cBoGomu Ta noTpedyroTh
3HAYHUX OOYMCIIOBAILHUX IHOTY)XHOCTeH. Tomy, cQOpMyJIbOBaHO —aNrOpPUTM
BU3HAUYEHHs Ta NMOOYAOBU OCI )KOPCTKOCTI CKJIQJIHOTO MPOCTOPOBOro arperaty. Lle
IO3BOJIMJIO ONMCATH HaBaHTaKEHHA M JepopMOBaHMM CTaH KOHCTPYKLIl 3
IOTIOMOTOI0 JIIHIMHOT 1HXXEHEepHOI Teopil BUTMHY MW Kpy4deHHs OalloK 3MiHHOI
)KOPCTKOCTI, IO BHUKOPHUCTOBYE TINOTE3y IUIOCKUX TMEPEeTHHIB. TaKuM YHHOM,
OTpUMaHO OaJIKOBY MPY)KHO-MACOBY MOJEJb JIiTaka, ULl SIKOI ONMKUCAHO MaTeMaTUYHi
QITOPUTMU MOOYNOBH M BHU3HAUEHHs (OPM Ta YacTOT BJIACHHX KOJHBaHb. TaKox
PO3IJIIHYTO TPM METOAM BU3HAUEHHS aepOJMHAMIUYHUX HaBaHTaXEHb Ha MPYKHY
KOHCTPYKLIIO JIITAJIBHOrO amapary: 1) MeTOA CTaliOHapHUX BHXOpPiB; 2) METO.
HecTallOHapHUX BUXOPiB; 3) MeTon HUpKyJsidii. OTpuMaHi pe3yabTaTd H03BOJIUIN
cpopMyBaT MeTOZ BU3HAYEHHsI HAaBaHTA)XEHb Ha arperary JiTaka B TOMY YMCIi i Ha
KPUJIO TIPY IOJIBOTI B HECIIOKIMHOMY IOBITpi: NPU MOJAJILHOMY aHajli3i KOHCTPYKIIT
3aIPOIIOHOBAHO 3aCTOCOBYBAaTH MeToJ JIaHLOWIa; [JIs BpaxyBaHHs HeCTalliOHApHHX
aepoJMHaMIYHUX CHUJI BUKOPUCTAHO METOJ HeCTalliOHApHUX BHUXOPIB 3 BU3HAYEHHSIM
IMX CHJ y 4acoBili 00JacTi IUISIXOM INPSIMOTO IHTErpyBaHHs PIBHSHL 34 4acOM;
IMHAMIYHI HaBaHT@XEHHs BU3HAYaIOTHCS 3a PO3IOMAIIEHHMH, Ha OCHOBI (opMm i
4acTOT KOJMBaHb KOHCTPYKUII JIiTaKa, CUJIaMH; HaBaHTA)XEHHS y TOPH30HTAILHOMY
MOJILOTI BU3HAYAIOTHCSI METOAOM, 3aCHOBAaHUM Ha PO3KJIAJaHHi NMPYXHUX CTATUIHUX
nedopmaliil y psia o ¢popmax BIaCHHUX KOJIMBAHb.

B Tperbomy posaini  BHKIaneHO CTPYKTYpy Ta aIrOPUTM  pOBOTH
3aIpPOITOHOBAHOI KOMII’JIOTEPHO-IHTErPOBaHOI TEXHOJIOTIT PO3paxyHKy HABaHTA)KEHb
Ha KpWIJIO JiTaka IpPU MOJNLOTI B HECHOKIMHOMY HOBiTpi. MeTon po3paxyHKy
JAMHAMIYHOTO HABaHTAXEHHs JliTaka NpHU I0JbOTI B HECHOKIMHOMY IOBIiTI
pO3AiNEHUHE Ha Kepyloul MiANporpaMH i OKpeMi CEerMeHTH, Ha3BaHi MO iMeHi
TOJIOBHUX IIIANPOrpaM, sKi 3arpyKaloThCs Ha pO3PaXyHOK IOCIIZOBHO, IO



JO3BOJIMJIO CTBOPUTH JIAHLIOT JIOTIYHUX MOJeNed B3aeMOil IMpOrpaMHUX 3aco0iB.
Taxox HaBeaeHO nepenik BXiAHUX Ta BUXIJHUX JaHUX HEOOXIMHUX IUIS PO3PAXYHKY
HaBaHTaXeHb. ONMCaHO NMPUHLIMI MOOYAOBH IUIOCKUX HECYYHX IOBEPXOHb JITaKa,
110 BUKOPHCTOBYIOTLCS TPU 3aCTOCYBAHHI MaHEIbHUX aepOJUHAMIYHUX METOIB MJIs
BU3HAYEHHS aepOAMHAMIUYHUX KOe(IIiEHTIB, CHJI T MOMEHTIB.

YerBepTHil po3ais MICTUTH pe3ysbTaTH MaTeMaTUYHOIo MouenroBaHHs, HUB
Ta JIbOTHUX BHIPOOYBaHb, sKi JO3BOJMIIM IIpOAHaNi3yBaTH JIOCTOBIPHICT
3aIlpONIOHOBAHOI MOZEJI 30BHILIHIX HaBaHTaXeHb. I[lepIIoyeproBo HaBeAEHO
MOPIBHAJBHI  PO3paXyHKH HaBaHTaXEHb Bix Oe3rnepepBHOI TypOyJeHTHOCTI Ha
IpY>XHE KPWJIO JIiTaka TPAHCIIOPTHOI Karteropii BHKOpHCTOBYIo4M Meromu JHB
([unamuka HecrokoiHoro Bosnyxa) Ta IMAD (Interactive Multidisciplinary Aircraft
Design). OrtpumaHO, 1LI0 HaBaHTaXEHHs, po3paxoBaHi 3a gomoMororo IMAD,
3arajloM HWXK4Yi, HDK 3Ha4yeHHs, po3paxoBaHi [HB, a BigmiHHOCTI B pesympTaTax
3yMOBJIEHI BMKOPHMCTaHHAM pi3HHX METOJIIB ONKCY aepOJMHAMIYHUX IOBEPXOHb
JiTaka Ta METOAIB BH3HAYEHHs aepOJMHAMIYHMX HaBaHT@KeHb. TOMYy HOIATKOBO
PO3IJIHYTO Pi3HI METOJY MaTeMaTUYHOIO MOJEIOBaHHS 00TiKaHHs JIA: IUIONBHOT
pewitkn (DLM), manensuuii (Panel), aumonbHOi pemniTKM Ta MOCTIMHUX THUCKIB
(DLM/CPM), BuxpoBux pamox (VFM). Kpim Toro BH3HaueHO, IO BpaxyBaHHS
e(eKTiB HecTaliOHapHOI aepOAMHAMIKM NPH3BOAUTH A0 3MiHM 3HAYeHb MPUPOCTIB
HaBaHTaXeHb BiJl IIOPUBIB MOBITPS (10 2% y KOpeHEBHX NepeTuHax Kpuiaa i 1o 10%
Y KiHIeBUX NepeTruHax). Tako)K, BU3HAYEHO BILIMB KiJBKOCTI OOYHCIIOBAHUX TOHIB
KOJIMBaHb KOHCTPYKMUII JliTaka, Je¢ OTPUMAaHO, L0 X04Ya, NPU 30iNbIIeHH] KiIBKOCTI
TOHIB HaBaHTa)XEHHsI 3pOCTAIOTh, ajie MpH 301IbLIEHH] KiTbKOCTi ToHIB 3 20 10 40 —
3HAYCHHs HEe BIAPI3HAIOTBCA Oinbm  HiDK Ha 0,5% uis  BepTHKAIBHOTO
NepeBaHTaXCHHS 7, Ta He Oinbw Hixk 0,1% 11 nonepeunoi cuinu O, Ta MOMEHTIB M.
Ta M,, X04a 4aCTOTH HaWBMIIMX TOHIB BiIPi3HSIOTHCs Maixe y 3,5 pasu (30 Ta 104
['n), a yac obGuuciaeHp — Maibke B 4 pasu. 3100yBaueM TaKOX BHU3HAYEHO BILIKMB
BUCOTHU Ta LIBMAKOCTI Ha BENMYMHY HABAHTAXXCHb Ha KPHJIO JIiTaka MPH IMOJHOTI B
yMmoBax  OesrepepBHOi  TypOyneHTHOCTi.  [Jlami — HaBOIATHCS — TIOPIBHAHHS
PO3paxXyHKOBHX I1apaMeTpiB KOHCTPYKLil Jjitaka ((GpOpMH Ta YACTOTH BIACHHX
KOJIMBaHb) 3 eKCNEPUMEHTANIBHIMH, OTpUMaHuMu 11ix yac HUB mitaka Au-178, ne
OTPMMaHO BUCOKY (10 2,5%) 301KHICTh YaCTOT KONHBAaHb. 3aBEPILY€EThCS YETBEPTHUIA
pO3ILJT MOPIBHAHHAM OGUYMCIEHHX HABAHTAXKEHb HAa KPUJIO 3 OTPUMAHHMH I 4ac
JBOTHUX BHUIIPOOyBaHb JiTaka AH-178, ne mokasaHo, IO MOXHOKA OOYMCIEHHS
HaBaHTaXXEHb He nepeBuilye 2%. TakuMm 4YMHOM, HayKOBO OOIDYHTOBaHO Ta
MIATBEPIDKEHO e(PEeKTUBHICTh pO3pOOGJIEHOI MOMETi BHU3HAYEHHS HABAHTAXEHb Ta
3aCTOCOBYBaHMX METOMIB YMCEJIBHOI aepOJMHAMIKY, MJIaHyBaHHS OGYHCIIOBAILHOIO
EKCIIEPUMEHTY, aHamizy | y3araJbHEeHHs  pe3yJIbTaTiB. KopexTHicTb
BUKOPUCTOBYBAHHX TEOPiH i MoJesel nepeBipeHo UIsXxoM HOPIBHIHHS HaBaHTAKEHb



BUMIDSIHUX B MOJILOTI 3 O0YMCICHUMH UL QHAJIOTIYHUX YMOB MONBOTY. Pi3HMIS Mi
3HAYEHHSIMH 3THHAJILHOTO Ta KPYTHOINO MOMEHTIB CTaHOBUTE 2% Ta 5% BimmoBinHO,
a BIAXWJICHHS Bil JOBIpYOTO iHTEpBaly eKCIEPUMEHTAIbHUX NaHUX HE IEepeBHUIIye
1%, 110 CBIAYUTH PO KOPEKTHE BU3HAYEHHS PO3MOALLY THCKIB 110 MOBEPXHi KpHIIa.
3aBepuIyeThCsl QMCEpTallis BHCHOBKAMM, B SKMX Yy3aralbHeHO MaTepiaii,
OTpHMaHi 3100yBayeM 3riJHO 3 IPOBEAEHUM IUCEPTALIMHUM HOCITIDKEHHSIM —
CHHTE30BAaHO KOMIIJIEKCHY MATeMaTH4Hy MOJe/b 30BHIIIHIX HABaHTaXXEHb Ha KPUJIO
JiTaKka TpU MOJBOTI B HECNOKIHOMY IOBITPI Ta MiHIMI30BaHO PI3HMIIO MiXK
pesynbraTaMH  YHMCEJIBHOrO  DILIEHHS Ta pe3yJbTaTaMH eKCIEepUMEHTy. B
3aMpONOHOBAaHIA MOZeNi HaBaHTaXeHb: 1) KOHCTPYKLis JiTaka MOJIEJIOETHCS 3a
ZOIOMOrOI0 0aKoBOi MpPY)KHO-MacoOBOI CXeMaTH3alii 3 MOJaNbIIUM YTOYHEHHSM
3a/1aHOr0 PO3IIOALILY Mac i XKOpcTKocTeH Ha ocHOBI naHux HUB; 2) npu MomansHOMY
aHani3i KOHCTpyKwii 3acrocoBaHo Merox Jlanuoma; 3) aepoaMHaMiuHi CHIM Ta
MOMEHTH BHU3HA4YalOThCsI 32 IOMIOMOIO0 NaHeIbHO-BUXpoBoro merony DLM/CPM ta
IpY  BpaxyBaHHI ~e€(eKTiB  HECTALliOHApHOCTi, @PH LBOMYy HECTaIiOHApHi
aepofMHAMIYHI CHJIM BM3HAYAIOTECS Yy YacOBiM O6GNACTi NUIAXOM IIPSIMOTO
IHTErpyBaHHs PIBHSHB 3a YacoMm; 4) IMHaMiyHi HaBaHT@KEHHs BH3HAYAIOTHCS 34
PO3MOIIEHUMH CUJIaMH, TaK SIK Lied METOJI JI03BOJISIE BPAXOBYBATH MEHILE TOHIB 115
3a0e3reueHHs] NPUMHATHOI  TOYHOCTI  pO3paxyHKiB; 5) HAaBaHTaKEHHS Y
FOPH30HTAILHOMY MONBOTI BU3HAYAIOTHCS METOHOM, 3aCHOBAHHM Ha PO3KJIaaHHI
NPYXXHUX CTaTHYHUX AedopMaLiil y psia 1o (opMax BIACHUX KOJIHUBAHb.
Huceprauiiita po6ota opopmiena BinmosiaHo 1o Bumor Hakasy MOH Vkpaiuu
Bix 12 ciuns 2017 p. Ne 40 «IIpo 3aTBeppKeHHs BUMOT 10 0(hOPMIIEHHS JUcepTarii.

Onpusioanenus pe3yabTaTiB AucepTaNiinoi poGoTH.

HaykoBi pesynbratn nucepranii BuCBiTIeHI y 9 HaykoBHX myGiikarisx
3100yBava, cepell SKUX: 2 CTAaTTI y HAayKOBMX BHIAHHSX, BKIIOYEHHX Ha narty
OIyONKYBaHHs 10 TepeliKy HayKoBHX (axoBux BumaHb YKpaiHu; 1 crarts y
NepioIMYHUX HayKOBHX BUIAHHSX, IPOIHIEKCOBAHMX y Gaszax mauux Web of Science
Core Collection Ta/abo Scopus, 3 sikux 0 craTelf y BHUIAHHSX, BiIHECEHHX IO
nepworo — Ttpetboro kBapThiiB (Q1—Q3) Binnosinxo xo knacudikanii SClmago
Journal and Country Rank a6o Journal Citation Reports; 0 maTreHTiB Ha BUHAXIi, 11O
NPOHIIIN KBalipikauifiHy eKCrepTH3y Ta Ge3M0CepeHbO CTOCYIOTHCS HayKOBHX
pesynbTariB quceprauii; 0 mateHTiB Ykpainu Ha KOpHCHY Mozmelb; 0 OJHOOCIGHHX
MOHOTrpaQiii, 110 peKOMeHIOBaHi [0 ApyKy BueHoio pamoro  KIII im. Iropst
CiKOpCBHKOro Ta NMpONIUIK PELleH3yBaHHS.

Taxoxx pesynbratu nuceprauii Gymu ampoGoBani Ha 6 HayKOBHUX (PaXoBHX
KOH(EepeHLisX.



SkicTe Ta KiUIBKICTH myOmikauii BianoBigaioTs «llopsaoxy mnpucymxkeHHs
CTymeHs JokTopa (iocodil Ta ckacyBaHHs pillleHHs pa30Boil CIieliani30BaHOi BYEHOI
pamd 3aKkiagy BHINOI OCBITH, HAyKOBOI YCTaHOBM IIPO IPUCYIDKEHHS CTYIIEHS
nokTopa ¢inocodiin, 3aTBepmkeroro [locranosoro Kabinery MinicTpi YKpaiHu Bix
12 ciyns 2022 p. Ne 44, OpHak, 3 METOI0 pO3LIMPEHHS HayKOBOTO BHECKY Ta
CIIpUSIHHS OIJbII [IMPOKOMY PO3IIOBCIOKEHHIO PpEe3yNbTaTiB JOCHIIKEHb BapTO
PO3MVISHYTH MOXUIMBICTH IMyOJrikarii JO#aTKOBMX CTaTed, B TOMY 4YMCI 3
OZIHOOCIOHMM aBTOPCTBOM. Ba)KJIBO BiJ3HAYMTH, IO Ll HE BIUIMBAE HA AKICTh YU
TIOBHOTY HayKOBUX JOCSITHEHD, SIKI BXK€ BHCBITJICH] Y ICHYIOUUX ITyOJliKaLisaxX.

B npoueci MmIroToBKM HAayKOBHUX CTaTeid, [JOMOBiAeH Ha KOH(EepeHLisx
I'eBxo B.A. moTpumyBaBcsl akageMiqHOI JOOpPOYECHOCTI Ha HaJeXHOMY piBHI,
HajgaBaB JOCTOBipHY iHoOpMAIIO Ipo METOOM 1 pe3yJbTaTd IOCIIHKEHb.
BukopucTaHi ifel, pe3yJbTaTi i TEKCTH 1HILIKMX aBTOPiB MAIOTh HaJIeXKHI IOCHJIaHHS
Ha BigmosigHe okepesio. OcoOucTuil BHecok 3100yBada 10 BCiX MyOumikamii,
ony0JIiKOBaHUX 13 CIIBABTOpaMHU HaBEACHUN y BCTYIII AMCepTallil.

TaxyuM 4MHOM, HAYKOBI pe3yJIbTaTH ONKCaHI B IUCEpTaliiHii poOOTI MOBHICTIO
BUCBITJIEHI Y HAyKOBHUX ITyOJliKallisx 3100yBaya.

Hepnousiku Ta 3ayBaskeHHsl 10 AucepTauiiinoi po6boTH.
3aranomM po6oTa CTBOPIOE MO3UTHUBHE Bpa)KeHHsI, Ta, MOIMpPH i€, BApTO 3pOOUTH
HACTYIIHI 3ayBa)KeHHSI:

1. Tlpu ornsai JiTepaTypu HEe PO3KPUTO BKJA[ BITUYM3HSHMX BUEHHX Ta HAyKOBHUX
IIKJI B PO3B’SI30K MPO0JIeMU BU3HAYEHHS HABAaHTa)KEHb Ha KOHCTPYKIIIIO JIiTaKa.

2. B po0oTi 4iTKO He BKazaHa CTPYKTypa 3allpOlOHOBAaHO METOJY Ta KOMILIEKCHOI
MaTeMaTU4YHOI MoOJeJi HaBaHT@XeHb Ha KpWIO JiTaka Ipd IOJBOTI B
HecrokiiiHoMy moBiTpi. JlaHy CTPYyKTypHY cXemy BapTo OyJiO MOMICTHTH Ha
MOYaTKy JPYroro po3aiy.

3. B po6oTi HEZOCTaTHHO PO3KPUTO MOXKIMBOCTI METOMAIB CKIHYEHHHUX E€JIeMEHTIB
NPy BU3HAYEHHI HABAHTA)KEHb.

4. B OUIBLIOCTI BHUIAJKIB HaBAaHTAXXEHHS BU3HAYAJIMCS IS IMOJILOTY B YMOBax
6e3nepepBHOI TypOyneHTHOCTI. BapTo HaBeCcTH HaBaHTaKEHHS, 10 BUHUKAIOTH i
IpY JUCKPETHUX TOPHUBAX.

5. B po6orTi 3asiBIEHO TOYHICTh BU3HAUYEHHsI HaBaHTaXXeHb y 2,5%. lle 3HauyeHHS
Oa)kaHO MOPIBHATH 3 pe3ysbTaTaMy AOCITIIKEHb 1HIINX HAYKOBIIIB T4 BYCHHX.

6. I'paciky 3 HaBaHTaXXEHHSIMM Ha KPHUJIO, 1[0 HABEIEHI y YeTBEPTOMY pO3.ifi, €
manoinpopmatuBHuMu. [Ipu odopmieHHi rpadiuHoro Matepiany OGaxkaHo
301IBIIMTH MacIITad rpagikiB i YACTHHY 3 HUX BUHECTH Y JOMATKH.

7. 3mo0yBayeBl BapTO OUIBII YITKO OKPECIMTH BIACHHM BKJIAJ Ta y4acTh B
NPOBEACHUX €KCIIEPUMEHTAIBHUX Ta PO3PaXyHKOBUX IOCIIIKEHHSIX.



8. B Tekcti auceprauil HasBHa 3HAYHA KIJBKICTH OIEYATOK Ta JIEKCHYHHUX
MIOMHWJIOK, Ha TNpPHUKJal, HaJTO 4YacTe BUKOPUCTAHHS CJIB «TPAHCIIOPTHHI» Ta
«HaBaHTaXKEHHS.

9. B uinomy, auceprauiiiHa poboTa € JOCUTh 00’€MHOIO Ta TOPKAETHCS 3HAYHOI
KITBKOCTI PI3HOIJIAHOBMX HAYKOBMX HANpsIMKIB, TaKuX SK: aepoJdHaMIiKa,
Npy>KHICTh, 30BHILIHI HaBaHTa)K€HHs, JIbOTHI Ta Ha3eMHI BUIIPOOyBaHHs. BapTto
Oyno 6 30cepeUTH yBary Ha IKOMYCh OJJHOMY HAIIpsSIMKY JOCIIIKEHb.

Bpaxcaro, 110 BUCJIOBJCHI 3ayBa)KeHHS! HE € BHU3HAYAJIbHUMH | HE 3MEHIIYIOTh
3arajbHy HayKOBY HOBH3HY Ta MPAKTUYHY 3HAYUMICTh pe3yJbTaTiB Ta HE BIIMBAIOTH
Ha MO3UTUBHY OLIHKY IHUCepTaliiHOI pOOOTH.

BucHoBok npo auceprauiiiny po6ory.

Bpaxkato, mo aucepTauiiina pobora 3100yBava cTymeHs qoktopa dizocodii
I'eBka bornana AnnpifioBuda Ha TeMy «MoJeib 30BHIIIHIX HABaHTAXXEHb Ha MPY)KHE
KPUJIO JliTaKa TPaHCIIOPTHOI KaTeropii MpH IOJBOTI B HECHOKIHHOMY MOBITpPI»
BUKOHaHa Ha BHMCOKOMY HayKOBOMY piBHI, He MOpPYIIy€ MNPUHIMIIB aKageMi4HOl
N0OpOYECHOCTI Ta € 3aKiHYEHUM HayKOBUM IOCIIKEHHSIM, CyKYITHICTh TEOPETHYHMX
Ta NPaKTUYHUX PE3yJbTATIB SKOTO PO3B'SI3y€ HAYKOBE 3aBIaHHs, IO Ma€ iCTOTHE
3HaueHHs Aas 13 — MexaHiuHa imxeHepis. [ucepraiiitna po6oTa 3a akTyalabHICTIO,
NPaKTUYHOIO ILIHHICTIO Ta HAYKOBOIO HOBH3HOIO IIOBHICTIO BIiANOBiZac BUMOraMm
YUHHOTO 3aKOHOJABCTBA YKpaiHM, o mnepexdadeHi B 1.6 — 9 «Ilopsaky
MPUCYIDKEHHS CTyIleHs Jokropa ¢inocodii Ta ckacyBaHHs pIlIEHHs pa3oBOl
CIielianizoBaHoi BY€HOI pajM 3aKiaJy BHINOI OCBITH, HAYKOBOI YCTAHOBH PO
MPUCYJDKEHHS CTYIeHs I0KTopa (inocodii», 3aTBepmxenoro ITocranosoro Kabinery
MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44,

3no6yBau I'eBko borman AHApiHOBHY 3acCiyroBY€ Ha MPUCYIDKEHHS CTYIEHS
noktopa ¢inocodii B ramysi 3HaHp 13 — MexaHiuHa iH)XeHepis» 3a CIELiaIbHICTIO
134 — ABiauiifHa Ta paKeTHO-KOCMiYHa TEXHiKa.

Peuensenr:
IIpodecop xadenpu aBia- Ta
paketoOynysauus HH IAT
KTII imeni Iropst Cixopcrkoro,

I.T.H., Ipodecop Bitaniit CYXOB
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