PEHEH3IA
Ha aucepramito Hekpacosa Banepis €srenoBnuua
«AepoarHaMIYH1 TapaMeTpH MaJOpPO3MIPHUX JIITAIbHUX anapaTiB 3 AMHAMIYHUM
MPUHIIMIIOM MiATPUMKH HaJl TOBEPXHEIO», MOJaHy J0 3aXUCTY Ha 3100y TTs
CTyIeHs T0KTopa ¢inocodii
y raiy3i 3HaHb 13 MexaHiuHa 1HXEeHepis 3a CHeIiaabHICTIO
134 ABiariifHa Ta paKeTHO-KOCMIYHA TEXHIKa

AKTVAJBHICTH TEMH JUCEPTAIT

VY cyyacHUX yMOBax pO3BHUTKY O€3MIJIOTHUX JITaJbHUX amapariB 3pOCTae
1HTEpeC 1O BHUKOPUCTAaHHS €KPAaHHOTO e€QeKTy SK 3aco0y IiJBHUIICHHS
eHeproe()eKTUBHOCTI Ta BaHTAXXOMIAAOMHOCTI. Majopo3MIpH1 JIiTajdbHI anaparu,
10 PyXalOThCsl HA MaJliil BUCOTI HaJl MOBEPXHEIO Ta BUKOPUCTOBYIOThH JIMHAMIUHUN
OPUHIUI  MITPUMKH, € TIEPCIICKTUBHUMH IHHOBAllIMHUMH TPAHCIIOPTHUMHU
3aco0aMu, W10 TOEIHYIOTh TI€peBaru JITaKiB 1 MOPCHKUX CyleH. Takui
OE3KOHTAKTHUHN PEKUM PYXYy TPAHCHOPTHOTO 3ac00y HaJl MiACTHIHLHOIO MMOBEPXHEIO
orpuMaB Ha3By «EkpanHoro edexTy». AepoauHaMidHa TIOBEMIHKA TaKUX
€KpaHOIUIaHIB 3HAYHO 3aJIEKUTh Bl TEOMETPUYHUX [TApAMETPIB Ta PEKUMIB MOJIBOTY.

3riJIHO 3 3aJIEXKHICTIO MIBUAKOCTI Ta eHeproo3opoeHocti Kapmana-I'abpiens
CKPAHOIUIAHHUNM PEXHUM PyXy JITaJbHOTO arapary JO03BOJISIE€ CYTTEBO 30UIBIIUTH
HOro MIBUJKICTh Ta BaroB€ HaBaHTAXKECHHS HA OJMHHULIIO MOTYKHOCTI €HEPreTUUHO
yctaHoBkU. Ilepini po3poOKM TakuX BEJIMKUX arapariB, 110 BUKOPUCTOBYIOTH
JUHAMIYHUW TPUHIINI ITPUMKH HaJl TOBEPXHEIO, OyIi BUKOHaHI 11ie B 60-T1 poku
XX cropiyust (Hanpukian npoektu «OpnboHok» (CPCP), nettoun yoBHu F2Y Sea
Dart (CIILIA)). Ane, BHACTIIOK TEXHIYHUX 1 €KOHOMIYHUX YHHHHUKIB, 111 TPOEKTU HE
OTpUMAJ PO3BUTKY, TOMY Ha ChOTOJHI BIMCHKOBE Ta KOMEPIIITHE BUKOPUCTAHHS
TaKOro THUIy amapaTiB € oOMeKeHMM. MOKJIMBICTh BUKOPUCTAHHS B CY4YacCHHX
yMOBaxX Majopo3MIpHUX OE3MUIOTHUX JITAIBHUX amapariB BUKJIMKAIa MOTYKHHMA
3aITUT JI0 TAKUX CUCTEM.

[Tig yac cTBOPEHHS HEBENMKUX €KPAHOIJIAHHUX CHUCTEM BHHHUKA€E MpobdiIema
3a0€3MeUYeHHs CTIMKOCTI TOJbOTY OCKUIBKM Yy BHM3HAU€HHI aepoirHaMIYHHUX

XapaKTePUCTUK BaXIIUBY pOJib BiAIrpae MacmrabHuil paxrop.
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Marsnopo3mipHi arapaTd OCOOJMBO YYyTJIMBI JI0 3MIH KyTa arakd, BUCOTH
MOJILOTY HaJl TOBEPXHEI0 dYepe3 MaclTaOHUM e(EeKT Ta HHU3bKY 1HEPIIMHICTS.
B3aemonist kyTa atakd 3 IHIIMMHU MapaMeTpaMu (BHCOTOIO, IIBHJKICTIO, THUIIOM
MOBEPXH1) CTBOPIOE CKJIAAHY HEJHIMHY JUHAMIKY, IKYy HEOOX1/IHO BpaXxOBYBaTH MPHU
npoekTyBaHHi. [Ipy HOCATHEHHI KPUTUYHOTO KyTa CIIOCTEPIra€ThCsl 3BATIOBAHHS
MOTOKY, IO MPHU3BOAUTH JIO PI3KOTO 3HIDKEHHS MiJTHOMHOI CHIM Ta BTPaTH
kepoBaHocTi. llle ogHMM 3 BU3HaYaIbHUX MapaMeTpiB, M0 Oe3M0CePEHHO BILIUBAE
Ha CHJIy €KPaHHOTO €(eKTy Ta XapaKTep MOBITPSHOTO MOTOKY, € BHCOTA MOIBOTY.
3MEHILEHHS! BUCOTU HaJ MOBEPXHEIO MPU3BOIUTH A0 3POCTAHHS IMIIHOMHOI CHIIH,
aJie OJTHOYACHO IMIBUIIY€ PU3UK HECTAOIILHOCTI Uepe3 TypOyJIeHTH1 30ypeHHs.

OnTuManbHUM [1aMa30H KyTIB aTakd, KPUTHYHHX PEXKHUMIB, MPU SIKUX
3MIHIOETBbCA CTPYKTypa IOTOKY Ta BUHHUKAIOTh ABTOKOJIMBAHHS, JOCIIKEHHS
BIUIMBY IHIIMX Ba)JIMBUX I[apaMeTpiB MOXYyTb OyTH Bu3HaueHi uuisixom CFD-
MOJICJIFOBAHHS 3 YpaxyBaHHSIM BHUCOTH MOJILOTY Ta MIBUAKOCTI Ta/ab0 3 (Pi3MUHUX
EKCIIEPUMEHTIB B aepOIMHAMIYHUX TpyOax.

3 omsiAy Ha 1HTEHCUBHUU PO3BUTOK 1HKEHEPIHTY O€3MUIOTHUX JIITATBHUX
amapariB Ta KOMIUICKCIB, iX IIHPOKOTO 3aCTOCYBaHHS, 3pOCTAaE IHTEPEC JI0
JOCJIIKEHHS aepOJMHAMIKM MaJIOPO3MIPHUX €KPaHOIUIAHIB.

[Ipencrasiene qucepraiiiiiHe TOCTIHPKEHHS € aKTyalbHUM Ta Ma€ MPaKTUYHE
3HAYEHHS, TOMY 110 caMe BU3HAYEHHS PaIllOHATBHUX aepOIMHAMIUYHUX TTapaMeTpPiB
JUIsL  3a0e3MeyYeHHs] CTIMKUX PEXHUMIB TOJBOTY OE3MUJIOTHHUX  JITAJIbHHUX
MaJOpO3MIPHUX amnapaTiB 3 BUKOPUCTAHHSAM KOMII IOTEPHOTO MOJIEIIOBAHHS Ta
3acTocyBaHHsA iX Bepu(ikaiii uepe3 MNPOBEACHHS HATYPHUX EKCIEPUMEHTIB
noTpedye MUPOKOTO BIIPOBAKEHHS Y 3B 53Ky 3 3aBAaHHSAMHU CHOTOACHHS, TIPO IO

CBIJTYNTH 1 KOMIIICKCHICTh 3aCTOCOBAaHUX aBTOPOM ITiIXOIIB.

3B’30K po00TH 3 HAVKOBUMM NNPOTrpaMaMu, IJIAHAMHA, TEMaMH

Huceprariiiitny po0oTy BHUKOHAaHO Ha Kadenpli pakeTHO-KOCMIYHHX Ta
IHHOBAI[IMHUX TEXHOJOT1H B J{HIMPOBCHKOMY HAI[IOHAJIBHOMY YHIBEPCUTETI IMEHI

Onecst ['onuapa BIANOBITHO 10 OAHOTO 3 HAMPSAMIB JTOCIIIKEHb B paMKaX HayKOBO-



JOCTIIHUIBKOTO MPOeKTY «OOIPYHTYBAaHHS aepOAMHAMIYHHUX 1 TIPOEKTHHUX
napaMeTpiB  BUCOKOUIBHJKICHOTO HAJBOJHOTO OE3MJIOTHOTO amapary», Mo
¢inancyBaBcs  HamionambHuM — (oHAOM — mociipkeHb  YkpaiHu — (HOMep

nepsxpeectpariii Ne 0123U103905, npoexr 2022.01/0170).

HaykoBa HOBH3HA OTPUMAHHMX ABTOPOM De3VJIl>TaTiB

VY auceprariiiHiii poOOTI 3ampONOHOBAHO KOMIUICKCHUN MIAX1A 10 aHATI3y
aepOIMHAMIYHUX XapaKTePUCTHK MaJOPO3MIPHUX JITAlIbHMUX amapariB, o0
3I1ACHIOIOTH PyX HaJl IOBEPXHEIO 3 BUKOPUCTAHHSIM JUHAMIYHOIO IPUHIUITY.

CHHTE30BaHO HOBY KOMIUIEKCHY METOAMKY JIOCIIJDKEHHSI aepoJuHaMIKU
MaJIOPO3MIPHUX EKPAHOIUIAHIB, SKa BKJIIOYAE aepOJUHAMIYHUN EKCIEPUMEHT
JOCHIPKEHHSI HECy4YHMX €JIEMEHTIB B JIO3BYKOBIM aepolMHaMiuHIi TpyoOl,
OOYHCITIOBAIBHUI €KCIIEPUMEHT JUIsl AOCIIKEHHS a€pOAMHAMIKH Pi3HUX POo(diIiB
B IUTOCKIH mocTanoBul Ta 3D moznentoBanHs Ha ocHOB1 CFD excniepumenty. Takuit
MIJX11 JI03BOJMB BU3HAYUTH PAIIOHAIBHI XapaKTEPUCTUKH MaJIOPO3MIPHOTO
CKpaHOIUIaHy, Ta JIOBECTH MOXXJIMBICTh BHKOPHCTAHHS EKPAaHHOTO e(dexTy s
CTBOPEHHS MAJIOPO3MIPHHUX JIITAIBHUX alapariBb, 1[0 BAKOPUCTOBYIOTh TUHAMIYHUN
MIPUHIINI PyXy HaJ TIOBEPXHEIO.

BrpoBamkeHo MaTeMaTHdHy MOJAETb, SKa OMHUCYIOTh JUHAMIKY pPyXy
MaJIOpO3MIPHOTO JIITAJILHOTO amapary 3 ypaxyBaHHSM e(eKTy eKpaHyBaHHS Ta
3MIHHUX TPaHUYHUX YMOB, II0 BUHUKAIOTh MPU pPycl HAJI PI3HUMU TUIAMHU
MOBEPXOHb Ta MPOBEACHO MOJEIIOBAHHS B3a€MOIIi amapara 3 MOTOKOM IMOBITPS B
yMOBax ONIM3bKOI [0 TOBEpXHI 30HW, IO BpPAXOBY€ HENIHINHI edexTH,
TypOyYJIEHTHICTb Ta 3MIHHICTb THUCKY.

PeanizoBano inTerpamito uncenpanx MeroniB CFD (Computational Fluid
Dynamics) 115t cuMysIsiiii MOTOKY HABKOJIO arnapara JOCIiKYyBaHOi KoH(DIrypaiii 3
BHCOKOIO TOYHICTIO, IO JO3BOJSIE TPOTHO3YBATH TMOBEHAIHKY MAaJOpPO3MipHOTO
CKpaHOIIaHy B PEaIbHUX YMOBaX.

Brnepiie BcTaHOBIIEHI 3aKOHOMIPHOCTI a€pOIMHAMIYHUX XapaKTEPUCTHUK IS

HIMPOKOTO KOJa BHU3HAYAJIBHUX MapaMeTpiB (KyT aTraku, BiJCTaHb 10 €KpaHy,
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IIBUJIKICTB) JUIsI 00paHOi aepoAMHAMIYHOI CXEeMHU MaJOpPO3MIPHOTO €KpaHOIUIaHY,
10 3a0e3MeuyoTh CTaOUIBHICTh, KEPOBAHICTh Ta €HEProe(eKTUBHICTh amapara B
30H1 OJIM3BKOT B3a€MOJIIT 3 ITOBEPXHETO.

OTpumMaHi pe3yibTaTH JOCTIDKCHHS € CYTTEBUMH, CIPHUSIIOTH PO3BHTKY
TEOPETUYHUX OCHOB Ta MPAKTUYHUX PIIICHb Y cepi MPOEKTYBAHHS Ta EKCILTyaTarli
MaJOpO3MIpHUX JITAJBHUAX amapariB 3 JAWHAMIYHAM TPUHIUATIOM pPyXy, IO
BIIKPUBA€ HOBI MOXKJIMBOCTI JIJISl X 3aCTOCYBAaHHS B PI3HUX Tally3siX, Ta MalTh

HAyKOBY IIIHHICTb.

IIpakTHYHe 3HAYEHHSI OTPUMAHHUX Pe3YJbTATIB

1. 3amporoHOBaHAa KOMIUIEKCHA METOAWKA JOCHIKEHHS, SKa TOEIHYE
aepoIMHAMIYHUNA EKCHEPUMEHT Ta KOMII'IOTEpHE MOJIEIIOBAaHHS, [O03BOJSE 3
BHCOKOIO TOYHICTIO OLIHIOBaTH aepOJMHAMIYHI XapaKTEPUCTHKUA MaJOPO3MIPHHX
JITaJbHUX alapaTiB TUITY €KPAHOILIAHIB Y PeaJIbHUX YMOBAaX €KCILTyaTallii.

2. Po3po6iieHo HOBUM €IeKTPOHHO-IU(PPOBUN KOMIUIEKC Ha 0a3i aHaJIoro-
nu(pOBUX MEPETBOPIOBAYIB, TEH30METPUYHMX JATUMKIB Ta MIKPOKOHTpoOJEepa
ATMEGA 328p niis 00po0OKH TEH30METPUYHUX BUMIPIOBAHb a€POAMHAMIYHUX CHJT
Ta CXEMy J3€pKAIbHOTO BIJOOpaXKEHHS MoOAeNe, [Js  JOCHIIKEHb B
aepoMHaMIYHIN TPyOl METOIOM BaroBOTO €KCIIEPUMEHTY.

3. JloBemeHO MOXKIMBICTH 1HXKEHEPHOTO OOIPYHTYBAaHHS KOHCTPYKTHBHUX
pillieHb NpU MPOEKTYBAHHI MAJIOPO3MIPHHX JITalbHUX amaparis, 110 3a0e3rnevye
ONTUMAaJbHE CIIBBIIHOIICHHS MDK MiAHOMHOIO CHJIOI0, OIOPOM Ta CTaOLIBHICTIO
HOJIBOTY.

4. OnpaibOBaHO 3aCTOCYBaHHS YUCJIOBHUX 1 €KCIIEPUMEHTAIBHUX JTAHUX JJIs
MIPOTHO3YBAaHHS MOBEAIHKU arapara B 30H1 OJIM3bKOI B3a€MOJIT 3 TIOBEPXHELO, IO
0COOJIMBO BaXKJIMBO JIJIS ariapariBb, K1 MPaIOI0Th B YMOBaX 0OMEXEHOTO MPOCTOPY
ab0 cKkIagHOTO penbedy.

5. TlpoanamnizoBano miABUIIEHHS €()EKTUBHOCTI Ta O€3MEKH MOJIbOTIB 3a
PaxyHOK TOYHOTO BHM3HAUEHHSI KPUTUYHUX PEXKHUMIB pPOOOTH Ta MapaMeTpiB

KEepyBaHH.



5

6. 3anporoHOBAaHO MiJXiJ 3 YAOCKOHAJICHHS METOMAIB BUIIPOOYBaHb Ta
cepTudikalii HOBUX THUITIB MaJOPO3MIPHHX JIITAIBLHUX arapari, 0 0a3yr0ThCs Ha
JTUHAMIYHOMY TIPUHITUTI PYXY.

Pesynpratu amcepTariiiHOro JOCHIPKEHHS MalOTh BAXKJIMBE TMPAKTUIHE
3HAUEHHA M pPO3POOKH, BIOCKOHAJIEHHS Ta EKCIUTyaTallii Malopo3MipHUX
JITATBHUX arapaTiB 3 TUHAMIYHAM MPUHITUTIOM PyXy HaJl TOBEPXHEIO, TO3BOJISIOThH
c(hOopMyITIOBaTH KOMITJICKC METOJUYHUX MPOTIO3HIIIN Ta MPAKTUIHUX PEKOMEHIAIIIMH,
MOXXYTh OyTH Oe3mocepeIHh0 BUKOPUCTAHI B aBiaiiitHii, 000pOHHIHN, €KOIOTIUHIN
Ta TPAHCHOPTHIN Tanmy3ax, OyTH 1HTETpOBaHI JI0 HaBYAJIHLHOIO MPOIECY 3aKJIaJiB

BUIIIOi OCBITH YKpaiHH.

JIOCTOBIPHICTH TA OOIPYHTOBAHICTL OTPUMAHHUX PE3VJILTATIB

HMuceprariiina poOoTa BHKOHaHa Ha HaJEXHOMY HAayKOBOMY pIBHI Ta
BIJINIOBIJIA€ BUMOTaM JI0 JIOCIIKEHb TPETHOr0 (OCBITHHO-HAYKOBOIO) P1BHS BUIIOI
OCBITH. ¥YC1 OTpUMaH1 pe3yJbTaTH € HAyKOBO OOTPYHTOBAHUMH, IO 3a0€3MEeUy€EThCS
KOPEKTHICTIO TIOCTAaHOBKM 3a/la4, JIOTIYHOK CTPYKTYpOK JOCHIUKEHHS Ta
BUKOPHUCTAHHSIM CYyYaCHUX METOIB aHATI3Yy.

JIOCTOBIpHICTH PE3yJIbTaTIB MIATBEPIKYETHCS:

~ TIEPEBIPKOIO PO3POOJEHUX METOMUYHUX MIAXOMIB IUIIXOM IOPIBHSHHS 3
EKCTIEPUMEHTAIbHUMHU JIaHUMH, HaBEJACHUMHU B HAyKOBIW JiTepaTypi, a Takox 3
pe3yapTaTaMu  BIACHUX EKCIEPUMEHTANIBHHUX JOCHIIKeHb aBTOpa, 30Kpema
JOCHIDKEHHAMHA OOTiKaHHS Kpwia 3 BuKopuctanHsMm mnpodimo Clark-YHI2 B
HAOJIMKEHH1 10 eKpaHa, MPOBEICHUMHU B aepoauHaMiuHii TpyOoi T-5;

~ BUKOPUCTAHHSM (DYHIAMEHTAIbHHUX 3aKOHIB Ta PIBHAHb MEXAHIKU PIAMHU Ta
razy, mo 3abesrneuye (i3uyHy OOIPYHTOBAHICTH TOOYJIOBAaHUX MOJETIEH Ta
JIOCTOBIPHICTh PO3PaxXyHKIB;

~ BCEOIYHMM TECTYBaHHSIM KOMIT IOTEPHOI MOJIENl, BKIJIIOYAIOYM TMEPEBIPKY
TPaHUYHUX YMOB, aHaI3 YYyTIMBOCTI Ta TOPIBHSHHS 3 EKCIEPUMEHTATHHUMHU

JTAHUMH, 1110 JEMOHCTPYE 3aJ0BIILHUMN 301T pe3y/bTaTiB.
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~  peTeNbHUM TapyBaHHSIM Ta KaliOpyBaHHAM 1HGOpMAaIIHHO-BUMIPIOBAILHOT
CHUCTEMH Ta €JICKTPOHHO-IIMGPOBOTO 1HTEpPeEiicy, 10 3a0e3neuy€e BUCOKY TOUHICTh
Ta HAJIHHICTh EKCIIEPUMEHTAILHUX BUMIPIOBAHb.

OCHOBHI TOJIOKEHHS, 1110 BUHOCSITHCS HA 3aXUCT, ONPHIIOIHEH] Y HAYKOBUX
BUJAHHIX 3a KOPAOHOM, IO MIATBEPIKYE IXHIO BIAMOBIIHICTE BUMOTaM
akazeMiuHoi crmiibHOTH. HaykoBi pesynpTard poOOTH MpOWIUIM ampodariiro Ha
MDKHApOJHIN HAyKOBO-MIPAKTUYHIN KOH(pEPEHIIIT, 110 3aCBITIY€ IXHIO aKTyalbHICTh,

NPAaKTUYHY 3HAYYIIICTh Ta JOCTOBIPHICTb.

Ouinka 3Mmicty, 0popMJIeHHS Ta 00CATY AUCEPTAIT

[IpencraBnena aucepraliiiHa poOOTa CKIAJa€eTbCsl 13 aHOTAIlll, BCTYIY,
YOTUPHbOX OCHOBHMX PO3/UIIB, BUCHOBKIB Ta CHHCKIB BHUKOPUCTAHUX JIKEpEN 10
KOKHOTO PO3/ly, 3arajJbHUX BUCHOBKIB. Bukopucrani mkepena Bkitoyators 100
HaliMmeHyBaHb. Jlucepraiiiina poOoTta mnpouTocTpoBaHa 66 pucynkamu Ta 4
tabmuisiMu. O6csr ocHOBHOTO TekcTy — 100 cTOpiHOK, IO BIAMOBIAA€ BUMOTaM,
BCTAHOBJIEHUM OCBITHBO-HAYKOBOIO MTPOTPaMor0 «ABialliiiHa Ta paKeTHO-KOCMIYHA
TEeXHIKa» cremianbHocTi 134 ABiamiiiHa Ta pakeTHO-KOCMIYHA — TEXHIKA.
Huceprarniitny po6oty odopmiieHo BiamoBigHo 10 Bumor MOH Vkpainu Bia
12 ciyns 2017 p. No40 «IIpo 3arBepKeHHs] BUMOT 10 O(DOPMIIEHHS TUCEepTaLli».

VY BeTymi mucepTaiiinoi po6oTH 0OOTPYHTOBAHO aKTyaJbHICTh OOpaHOi TEMH,
gKa TOJIATa€ B HEOOXITHOCTI JOCHIIXKEHHS aepOoAMHAMIYHMX XapaKTEPUCTHK
MaJOpO3MIPHUX JITAJBHUX arapaTiB 3 JIWHAMIYHAM TPUHIUIOM pPyXy HaJ
noBepxHero. Takuil TUI amapariB Ma€ 3HAYHUN IMOTEHINaN ISl 3aCTOCYBaHHS B
PI3HHUX rajgy3sx — BiJl €KOJIOTYHOTO MOHITOPUHTY JO OOOPOHHUX TE€XHOJOTIH — 110
3yMOBJIIO€ OTPeOy B MHOOKOMY HayKOBOMY aHaJji31 iXHIX JbOTHUX BJIACTHUBOCTEH.

VY BCTymi 4ITKO BUBHAYEHO METY JOCIHIIKEHHS, SIKa MOJIArae B OOIPyHTYBaHHI1
aepoAMHAMIYHUX MMapaMeTpiB MAJIOPO3MIPHUX JITAJbHUX anapaTiB 3 JUHAMIYHUM
OPUHLIAIIOM PyXY, 0 (PYyHKIIOHYIOTH y 30H1 OJIM3bKOi B3a€MOJIl 3 MOBEPXHEIO.

OxkpecieHo 00’ €KT JAOCIIIKEHHSI — MPOIIECHU aepOIMHAMIYHOT B3a€MO/IIi anapara 3
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HABKOJIMIITHIM ~CEpPEOBHUIIEM, Ta TMpeAMET JOCHIPKEHHS — aepoauHaMIuHI
XapaKTepUCTUKH arapaTiB y 3a3HAYCHUX yMOBaX.

CdopmynpoBaHO 3aBIaHHS TOCTIKCHHS, BAKOHAHHS SKUX Yy TIOBHOMY 00CS31
JIO3BOJISIE JTOCSATTH TOCTABJICHOI METU. Y POOOTI TaKOK BHOKPEMIIEHO HAyKOBY
HOBU3HY, IO MOJISITA€ Y PO3POOIIi HOBUX METOAMYHUX ITiIXOIB 10 MOJCTFOBAHHS Ta
EKCIIEPUMEHTAILHOTO JIOCII/DKCHHS, a TaKOX MPAKTUYHE 3HAYCHHS OTPUMAHHUX
pe3ynbTariB, sIKI MOXYTh OyTH BHUKOPHCTaHI NMPU IMPOEKTYBaHHI Ta OMTHMI3aIlli
MaJIOpPO3MIPHUX JITAIBHUX araparis.

[Ipencrasieno nepenik myOIiKallii, y SKMX BUCBITIICHO OCHOBHI IOJOXKECHHS
JUcepTallii, a TaKoX amnpoOaIio pe3yabTaTiB JOCHIHKEHHS Ha MIDKHAPOIHIM
HAyKOBO-TIPAKTUYHIM KOH(EPEHIIII.

VY mepmomy po3aiji nucepraiiiiHoi poOOTH 3[IHCHEHO aHali3 Cy4acHOIo
CTaHy JOCHI/PKEHb MAaJOpO3MIPHUX JIITAJbHUX arapariB, 110 BUKOPHUCTOBYIOThH
JTUHAMIYHUN TPUHIIAT TATPUMKA HaJ TOBEPXHEIO, 30KpeMa 3a PaXyHOK €KPaHHOTO
edexry. Hagano y3aranbHeHe BU3HAYEHHS €KPAHHOTO €(EKTy, PO3MISTHYTO MOTo
(G13M4Hy IPUPOIY Ta BIUIMB HA a€pOAMHAMIYHI XapaKTEPUCTUKHU anaparis.

[IpoBeneHo OIS KOHCTPYKTHUBHUX PIIICHb JITAIBHUX arapariB, sKi
peanizyroTh NPUHITUIT PyXy B 30H1 OJM3BKOT B3a€EMO/IIT 3 MOBEPXHEIO, 3IIMCHEHO X
KJ1acu(ikalio 3a BUCOTOIO MOJIBbOTY, TUIIOM KOHCTPYKIIIi Ta c(heporo 3aCTOCYyBaHHS.
Oco0nuBy yBary NpUAUICHO amaparam, [0 MPaIoITh y PEeKUMI TIICyBaHHS Ta
CKpaHOILTAHAM.

Po3risitHyTO METOIM YMCIIOBOTO Ta €KCIIEPUMEHTATBHOTO JOCIIIKEHHS TAaKUX
amapariB.  OOIpyHTOBAaHO  JIOLUJIbHICTH ~ BUKOPHUCTAHHS  KOMII FOTEPHOTO
MOJICJIFOBAHHS [IJIs aHAII3y aepoAMHAMIUYHMX TMPOIIECIB, a TAKOX HEOOX1JAHICTh
MPOBENICHHA EKCIEPUMEHTAIBHUX JOCTIDKEHb I Bepudikamii YUCIOBHX
pe3ynbTariB. 3a3HaYCHO, 110 MOEHAHHS 000X MiAXO/IB JO3BOJISE TOCITTH BUCOKOI
TOYHOCTI Ta JOCTOBIPHOCTI MPH OIIHI[ JOTHUX XapaKTEPUCTUK amapariB 3
JUHAMIYHUM TPUHITUIIOM PYXY HaJl TOBEPXHEIO.

Y apyromy posaijgi gucepraniiiHoi poOOTH MPEJCTaBICHO PO3POOKY

METOAMKH aepOAMHAMIYHOTO EKCHEPUMEHTY, CIPSMOBAHOTO Ha JOCIIIKEHHS
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eKpaHHOTO e(deKTy PHU MAJIUX po3Mipax xopau npodiito kpuia. [IpoBeaeHo orsia
CYy4aCHUX METOIB €KCIIEPUMEHTAJIbHOTO BUBYEHHSI €KPAHHOTO €(eKTy, Ha OCHOBI
SAKOTO C(OPMYIHOBAHO MPHUMYLICHHS Ta OOTPYHTOBAaHO MiAXiA A0 MPOBEICHHS
BJIACHOTO €KCIIEPUMEHTAIBHOTO JOCIIIKEHHSI.

3 Meroro 3a0e3NeYeHHS TOYHOCTI BHUMIPIOBaHb Oya0 MOIH(DIKOBAHO
SIEKTPOHHO-TIMGPOBHH 1HTEpPEiic, MpU3HAYECHUH TS peecTpaltii aepoJuHaAMIYHUX
napaMeTpiB Kpwia K y 0e3MeKXHOMY IOTOIll, TaK 1 B yMOBaX HaOIMXCHHS J10
exkpana. IaTepdeiic peamizoBano Ha 6a3i mikpokoHTpoiepa ATMEGA 328P i3
BUKOPUCTAHHAM I1'ITU aHajioro-uuposux nepersoproBaduiB HX711, mo no3sosnse
31ACHIOBAaTH TOYHE BUMIPIOBAHHS CUJIOBHX MapaMeTPiB Ta BUBOAUTH JaH1 Ha €KpaH
KOMIT FOTepa B peajbHOMY Yaci.

ExcriepumenTanbHl JOCHIIKEHHS MPOBOAWINCH JUIsl Kpuia 3 mnpodiiaem
Clark-YHI12 y nBox pexxumMax: y 0€3MeXKHOMY MOTOI[l Ta B yMOBaX HAOJIMKEHHSA J10
exkpana. lle mo3BonmiIo 3adikcyBaTH MPOSBU €KPaHHOTO €(EeKTy Ta OIIHUTH HOTO
BIUIMB HAa 3MIHY MIJHOMHOI CWJIM Ta OMOPY, IO € KPUTUYHO BAKIUBUM JIs
NOJAJbIIOT0 OOIPYHTYBaHHS AaepOAMHAMIYHMX TapaMmeTpiB  MaJOPO3MIPHHUX
JITaJbHUX araparis.

Y TperboMy po3aiii AucCepTaliiiHOI POOOTHM NPEICTABICHO YHCIOBE
MOJIETIIOBAHHS 00TIKaHHS MPO(DUII0 KpUjia sIK y 0€3MeXHOMY MOTOII1, TaK 1 B YMOBax
HAOJIMIKEHHSI 10 €KpaHa, 3 METOI0 JOCHIPKEHHS BIUIMBY €KpaHHOTO e(ekTy Ha
aepoAMHAMIYH1 XapaKTEPUCTHKHU.

Po3paxyHkyn BHMKOHAHO Ha OCHOBI ycepeaHeHUX 3a PeifHoibacoM piBHSIHB
Hap’e—Crokca, 1110 103BOJIsIE BpaXOBYBaTH TypOYJIeHTHI €()eKTH MPU MOJACITIOBAaHH1
noToky. Po3misiHyTO AB1 OKpemi 3aadi:

— oOrtikanns npoduto kpuna Clark-YH12 y 6e3mexnoMy moTort;
~ OOTIKaHHS TOTO X MPOQIII0 B HAOIMKEHHI JIO €KpaHa.

J1J1s KO)KHOTO BUTIQIKY MTOOYA0BaHO T€OMETPUIHY MOJIEIH 3 TOBKHUHOIO XOPIH
0,1 m. Obnacte 00TIKaHHS HaBKOJIO MpodiIIo epeBuiryBaita 10 JOBKUH XOpau, 3a
BUHSTKOM HWKHBOI MEX1 B MOJIeJIl 0€3MEKHOT0 IMOTOKY, /1€ BiJICTaHb JOPiBHIOBAJA

OJTHIM XOp/Il.
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Po3misiHyTO TUIIH PO3PAXYHKOBUX CITOK — CTPYKTYPOBaHY, HECTPYKTYPOBaHY
Ta TIOpUHY — 3 aHAJII30M iXHIX IepeBar 1 HemomikiB. JlJis Mojeni B 6e3MeKHOMY
MOTOIll 3aCTOCOBAHO CTPYKTYPOBaHY CITKY, a JJII MOXEJ 3 €KpaHOM — TiOpumaHy
CITKY, III0 BKJIOYaja JOTOMIXKHY T€OMETPII0 Ha BIJICTaHI IMOJOBUHU XOPJH, sKa
no3Boiia chOpMyBaTH CTPYKTYpOBaHy CITKy HaBKojo mpodimo, a mo3za ii
MeKaMH — HECTPYKTYPOBaHY.

Bubip momeni TypOyaeHTHOCTI 341HCHEHO Ha OCHOBI aHAIII3Y JIITEPaTypHUX
JDKepeN, Yy SKUX po3misganucs momiOHi 3ajmadi. bByrmo mpoBemeHO BiacHe
MOPIBHSUTBHE JOCiKeHHs Mozenent Spalart—Allmaras, &~ SST ta SST nnst pi3aux
KyTiB arakud (Big —4° go 10°) mpu moctiifHiM mBHUAKOCTI moToKy. Hatikparti
pesynbpraTi Tokazana wmojenb SST, sxka i Oyna BHKOpHUCTaHA B TOAAJIBIIUX
pO3paxyHKax.

VY pe3ynbTari 4uCcI0BOr0 MOJIETIOBAHHS OTPUMAHO MOJI IIBUKOCTI Ta TUCKY,
a TaKOXX Tpadiku 3ICKHOCTI KOS(III€HTIB MiTHOMHOI CHIIH Ta JIOOOBOTO OTMOPY Bij
kyta araku (y nmianmazoni Big 0° mo 8°). [l MOpIBHAHHS HABEIEHO TaKOXK
excriepumenTaibHl qaui 3 amacy HAI'T ana npodimo Clark-YH12, mo no3sonuno
OILIIHUTH TOYHICTh YMCIOBOI MOJIEIII Ta MIATBEPAUTH ii TOCTOBIPHICTb.

VY yerBeproMy po3aiii IucepraniiHoi poOOTH MPOBEAEHO MapaMeTpUyHi
YHUCJIOB1 JIOCHIPKEHHS JIITAIbHOTO arapara, II0 pPyXaeTbcs B 30H1 OJIM3BKOI
B3a€MOIIT 3 TOBEpPXHEIO (ekpaHoMm). ['eomeTpuyuHa Mosens arnapara Oyina CTBOpeHa B
cepenoBuilll Autodesk Inventor 3 ypaxyBaHHSIM Tra0apUTHHX XapaKTEPUCTHK
HAJBOIHOTO OE3MUIOTHOTO JiTajmbHOTO amapara «Marypay, 10 T03BOJIHIO
3a0e3Meun Ty MOPIBHIHHICTh PE3yJIbTaTiB MOJICTIOBAHHS 3 PEaTbHUMU TEXHIYHUMU
XapaKTEepPUCTUKAMH.

J1J1s YUCIIOBOTO MOJIETIOBAHHS TOOY/I0BAaHO HECTPYKTYPOBAHY PO3PAXyHKOBY
CITKY, fKa 3roioM Oyjia ONTHUMI30BaHA HUISIXOM IEPETBOPEHHS TeTpaeapajbHUX
KOMIpOK Yy MOJIEAPUYHI 3a JOMOMOIOI0 creniaibHoro momyns. Lle mo3Bommio
3MEHIIIUTY 3aTaJIbHY KUTBKICTh KOMIPOK, 30€pirarouu TOUHICTh PO3PaxyHKIB, a TAKOXK
MOKPAIIUTH 301KHICTh OOYHMCIIOBAJIBHOTO MPOLECY 3aBISKU OUIbIIINA KIJTBKOCTI

3B’A3KIB MIDK OararorpaHHUMU €JIEMEHTaMH MOPIBHSAHO 3 TPUKYTHOIO CITKOIO.
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Jlnst MozientoBaHHsT TypOyJEHTHUX MPOIeciB BUKOpUcTaHO Monenb SST, sika
NPOAEMOHCTpYBajda BHCOKY €(EKTHBHICTb y  MOMNEPEHIX  pO3paxyHKax
aepoIMHAMIKU JITAJbHUX anapatiB. 3a3Ha4eHo, 110 BUOIp Mozelni TypOylIeHTHOCTI
Ma€e 0COOJMBO BaXKJIMBE 3HAUCHHS MPU MaJIMX 3HAYEHHSAX BUCOTU MonboTy (h) abo
BiJI’€MHUX KyTax aTakH, /I BIUIUB €KPAHHOTO €(DeKTy € HAOUTbII BUPAKEHHIM.

Y  pe3ynbTaTi OOUYMCIIOBAJIbHHUX EKCIEPUMEHTIB OTPUMAHO KapTHHU
OOTIKaHHS anapara Npu pi3HUX MIBUAKOCTIX Ta BUCOTAX MOJILOTY HAJ| MOBEPXHEIO.
30KpeMa, HABEACHO PE3yJAbTaTH MOCTIOBAHHS IO THUCKY Ta MIBUIKOCTI IS
amapara, 1o pyxaeTbcs 31 mBuAKicTIO 100 xw/ronm nHa Bucori h=0,4 m.
BizyanizoBaHo iHIT CTpyMy Ta BUXPOBY CTPYKTYpY, sika (OPMYEThCS MO3aay
armapara BHACJI1JIOK MOro B3a€MO/I1i 3 TOTOKOM.

JlonatkoBl po3paxyHKH ISl 1HIIUX MIBUJKICHUX PEXKUMIB MOKa3alu SKICHO
noJ/1I0Hy KapTUHY pOo3NoALTY (DI3UYHUX BEITUYMH, 110 JI03BOJISIE 3pOOUTH y3arajibHEeHi
BHCHOBKHM IIIOI0 3aKOHOMIPDHOCTEH OOTiKaHHS amapara TOoOIM3y IOBEPXHI.
[IpoBeneHo anaii3 BIUIMBY BHMCOTH TOJLOTY Ta IIBUAKOCTI PyXy Ha OCHOBHI
acpoAMHaMIYH1 XapaKTEPUCTUKU: KOS(IIIEHT MIANOMHOI CHIIH, KOE(ILIEHT JIOOOBOTO
OTI0pY, KOe(III€HT aepOIMHAMIYHOTO MOMEHTY, TIOJIOKEHHSI LIEHTPY THUCKY.

Pe3ynbratu mpeAcTaBieH1 Y BIIHOCHUX 3HAYEHHSIX, 1110 JI03BOJISE TTOPIBHATH
XapaKTEepUCTUKHU arapara MoOau3y IMOBEpPXHI 3 aHAJOTYHUMHU NapaMeTpaMH B
yMoBax 0€3MEKHOro MOTOKy. Lle mae 3Mory KijgbKiCHO OI[IHUTH BILTUB €KPAHHOTO
edeKkTy Ha JbOTHI BJIACTUBOCTI amapara Ta c(opMyBaTH PEKOMEHJallli 110710
ONTHUMI3allii HOro KOHCTPYKIITII.

OTpuMaHi pe3ysbTaTy MOBHICTIO BIJIOBIIAIOTh MOCTABICHUM 3aBAaHHSIM Ta
BU3HAYECHI METI HAYKOBOTO JOCIIIKEHHS. Y BHCHOBKAX y3arajibHEHO HaMOUIbII
3HAYyIIl HAayKOBI IOJIOKEHHS Ta IMPaKTUYHI JOCATHEHHs, OTpUMaHl B MpOIecl
BUKOHAHHS  po0OOTH. BUCHOBKM  BiJIOOpaXarOTh  JIOTIKY  JOCHIKEHHS,
MITBEP/KYIOTh  €(EKTUBHICTh 3alPONOHOBAHMX METOJUYHUX IMIAXOMIB Ta
JEMOHCTPYIOTh IXHIO MPUKIAIHY IIHHICTD JJIsI PO3B’S3aHHS aKTyaJlbHUX 3a/ad y
chepi aeponMHAMIKM MaJOpPO3MIPHMX JIITAJbHUX amapariB 3 JUHAMIYHUM

IMPUHIOUIIOM PYXYy Hall ITIOBCPXHCIO.
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Hucepraniitna po6ora HekpacoBa Bainepis €BreHoBuua «AepoarHamivyH1
napaMeTpyd MaJOpO3MIPpHUX JIITaJbHUX amapariB 3 JUHAMIYHAM [PUHIUIIOM
HIATPUMKH HaJ IMOBEPXHEIO» MOBHICTIO BIAMOBIAa€ cremianbHOocTi 134 ABiariiina
Ta paKeTHO-KOCMIYHA TEXHIKa.

JlocmipkeHHST 3a CTPYKTYpOIO Ta 3MICTOM BIANOBIJA€ BHUMOTaM, €
3aBEpIICHOI0 HAYKOBOIO TMpalelo, a ii pe3yabTaTd CBiI4aTh MpPO HASBHICTH

0COOMCTOro BHECKY 3/100yBaya y rajfy3i 3HaHb MexaHiuHa 1HXXEeHepisl.

IIyoaikanisg Ta anpooaliss 0CHOBHUX Pe3VJILTATIB JMCEPTAIL

3a pe3ynbraTaMu MPOBEACHUX JTOCTIKEHb OMyOI1KOBaHO JIB1 HAYKOB1 CTaTTI
B 1HO3eMHUX (haXxOBUX BUJIAHHSX, 110 1HACKCYIOThCS Y HAYKOMETPUUHIN 06a31 Scopus
(Q3). Amnaniz 3MicTy OIyOJIKOBaHUX TMpallb CBIIYUTH TPO T€, IO OCHOBHI
MOJIOKEHHS JMCepTalli MOBHICTIO BHUCBITIEHI y HAyKOBHX MyONIIKamisax Ta
JOTIOBIIAX. AnpoOaliis pe3yiabTaTiB JOCTIKEHHS 3A1MCHIOBAIACS MIJISIXOM Y4acTi
aBTOpa y MDKHAPOIHIM HaYKOBO-TIPAKTHUHIN KOH(EpeHIlii, 1e Marepiaiu quceprarlii
Oynu mpencraBieHi y ¢dopmi 1omoBiai Ta oO6roBopeHb. IlyOmikariisi maTtepiaiiB
anpoOarlii MATBEP/KYE HAYKOBY 3HAUYYIIICTh Ta aKTYyaJbHICTh OTPUMAHUX
pe3yJIbTaTIB, @ TAKOX iX BIANOBIJHICTh CYyYaCHUM BUMOTaM JI0 TOCIIDKEHb Y TaTy31

aepoAMHAMIKU Ta OE3MUIOTHUX JITalbHUX araparis.

Ouinka akageMivHol 100POYeCHOCTI TUCEPTAMINHOr0 10CTiGKeHH

OpuriHalbHUN TEKCT AUCEPTAIIii € PE3yIbTaTOM BJIACHUX JI0CIIHKEHb aBTOPA,
0 JOBOJUTH BUCOKHM BIJCOTOK YHIKAJIbHOCTI, OTPUMAHUN 3a pPE3yabTaTOM
IPOXO/KEHHSI TEpeBIpKM dyepe3 akaaemiuHy cuctemy Strike Plagiarism.
Huceprartiitna po6ora Hekpacosa Banepis €BreHoBuua He MicTUTD panbcudikarii,
KOMIUIALIM, (aOpukauiif, 1iariaty a00 HECAaHKI[IOHOBAaHUX  3al03UYEHb.
3ano3uyeHi 171ei, pe3yabTaTi, TEKCTOBI HUTYBaHHS Ta 300pa)KEHHs 1HIIUX aBTOPIB

MalOTh BI/IMOB1/IHI MIOCUJIAHHS y CIIMCKY BUKOPUCTAHUX JIPKEPEIL.
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3ayBasKeHHS TA MO0AKAHHSA

1. V nuceprauiiiHiii poOOTI y SAKOCTI JTOCTIIKYBAaHOTO €KCIIEPUMEHTAILHO
npodiist Kpria MajgopO3MIPHOTO JITaJbLHOTO arapary BUKOPHCTAHO BiJIOMUI
aepopuHamiyauii npoduns Clark YH-12. Pazom 3 1muM BUHUKAa€ TUTaHHSA: YUM
BUKJIMKaHUWA caMe Takuil BuUOIp, UYMW € TPUHIUIOBI TMEPEUIKOAN IS
eKCIIEPUMEHTAIBHOTO JOCTI/PKEHHSI 1HIIMX THUMIB MpOQuIB, 1 SIKUM BHUMOTaM
MOBUHEH 33J]0BOJIBHATH MPO(d1LIIb MAJIOPO3MIPHOIO JIITAILHOTO anapary eKpaHHOTO
TUIY B 3QJIEKHOCTI BiJl TUIY MiACTHIbHOI moBepxHi? baxkano Oyno O po3muputu
HOMEHKJIATypy JAOCIIKYBaHUX MPOQLIIB.

2. llpu BUOOpPI BUKOPHCTAHOI PO3PAXYHKOBOI MOJEN TYpOyJEHTHOCTI OyIio
3AIMCHEHO TMOPIBHAJIBHUM aHaMI3 PI3HMX il MOJENEH 3 MPUIUIEHHSIM OCOOIMBOI yBaru
37IATHOCTI MOJIeTIeN BiJI0OpaXKaTh MOBEIIHKY TIOTOKY B IPUMEKOBOMY I11api Ta OIMCYBATH
SIBUI1IA BIJIPUBY, IIEPETIKAHHS Ta MOBTOPHOTO MPUETHAHHS MTOTOKY JI0 MOBEPXHI. AJie pH
ILOMY B pOOOTI HE BKa3aHO, sika CTOpOHa MPOodLII0 00Mpasiach 3a KOHTPOJIbHY OCKLIBKH
OOM/IB1 3HAXOSTHCS B PI3HUX YMOBAX BIUTUBY IT1ICTUIBHOI IIOBEPXHI.

3. ABrOopoM poOOTM I YHUCIOBUX MapaMETPUUYHUX  JIOCIIIKECHb
€KpaHOIIaHy JITAKOBOi CXeMH Oyslo oOpaHO CXeMy KOMITOHYBAHHS JIITAJIbLHOTO
amapary 3 ypaxyBaHHSIM TOTO, 1110 HassBHICTh TaKOi XBOCTOBOT YaCTHHH POOUTH HOTO
OUIbII CTAOUIBHUM, 3 NPUIYILIEHHSM IO HAsABHICTh V-MOMIOHHUX TOPLIB MOXKE
3aro0iraty MepeTiKaHHIO BiJ HUKHBOI MOBEPXHI KpWiI A0 BepxHboi. [Ipu anamisi
OTPUMAHMX PEe3yJbTaTiB HE BKA3aHO Ha BIUIMB BHCOTH PO3TAIlyBaHHS XBOCTOBOI
YaCTUHH, PO3MIPHU SKOi MOKYTh MAaTH OJIHAKOBI MOPSIKU 3 BIJICTAHHIO JI0 TIOBEPXHI1

IJIaHYBaHHA.

3arajibHi BUCHOBKH

Bpaxkaro, 3m00yBau HekpacoB B.€. y pesynbrari BUKOHAHHSI JUCEPTalIMHOL
poOOTH MOBHICTIO OBOJIOIB METOJIOJIOTIEI0 HAYKOBOI JISUTBHOCTI, 0COOMCTO OTPUMaB
BaroMi HaykoBi pesynabrath. Pobory Ha Temy «AepoiauHaMIYHI TIapaMeTpu
MaJIOpO3MIPHUX JITAJIBHUX amapariB 3 JAUHAMIYHUM TPUHIMIIOM MIATPUMKH Haj

MOBEPXHEI0» BUKOHAHO Ha BHCOKOMY HayKOBOMY piBHI. JlucepTailis BukoHaHa 0Oe3
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[OpyIIeHHs TIPUHLKIIB aKajeMiqHOl J0OpOYECHOCTI Ta € 3aBEPLIEHHM HayKOBUM
NOCTIDKeHHAM. Pe3ynbratd pobOTH MarTh TEOpPeTHYHY Ta MPaKTHYHY iHHICTB i
CIIPSIMOBaHi Ha KOMILIEKCHE PO3B'A3aHHS aKTyalbHOl HayKOBOI 3a1a4i, [1[0 Ma€ BaXKJTUBE
3HAueHHs JUIs PO3BUTKY raiysi 3HaHb «MexaHiqHa ikeHepis». 3MICT auceprauii He
CyNepeyuTh NMPUHLMIAM aKaJeMi4HOl n06podecHocTi, a 1 aKTyaJlbHICTh, HayKkoBa
HOBM3Ha Ta [PAKTHYHA L{IHHICTb BiAMOBiAAOTh BAMOTaM, BU3HAYCHHM ITyHKTaMHU 6-
9 «Ilopsaky mpUCyIKeHHs CTyNeHs JOKTopa dinocodii Ta ckacyBaHHS pilIEeHHS
pa30Boi crieliani3oBaHol BYeHOT paiy 3aKiajy BUIIOL OCBITH, HayKOBO1 yCTaHOBH
PO NPUCYIKEHHS cTyreHs aokropa 10 dinocodii», 3aTBEPIKEHOTO MOCTAHOBOIO
Ka6inery Minictpis Ykpainu iz 12 ciuns 2022 poxy Ne 44.

3n06yBau [Tpopoka Brnanucnas ApkagidoBH4 3aciyroBy€ Ha IPUCYKEHHSA
CTymeHst moktopa (inocodii B ramysi 3HaHp 13 MexaHiuyHa iHJKeHepis 3a

crienianbHicTio 134 ABialiiiHa Ta pakeTHO-KOCMi4HA TEXHiKa.

PeneH3eHT
KaHOHUIaT Gi3HKO-MaTeEMAaTHYHHUX HaYK,

NeKaH MeXaHiKO-MaTeMaTHYHOro QaKyJIbTeTy

JIHIPOBCHKOTO HalliOHAJILHOI'O
yHiBepcuTeTy iMeHi Osecs ' oH4apa @excan&p XAMIHIY

ITionuc oexana Onexcanopa XAMIHI9A
3ac8iouyIo:

IIpopeKTOp 3 HAYKOBOI pOOOTH

JIHINpOBCHKOTO HALIOHAIIBHOT'O e
- e O
yHiBepcuTeTy iMeHi Onecs FOan%/OE{A Fd
B
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