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3AT'AJIbHA XAPAKTEPUCTUKA POBOTHU

AxkTyanbHicTb Temu. Ha crorogni cdopmyBamacs crama TEHACHIS [0
BUKOPUCTaHHS aBlalliiHMX KOHCTpYKIiH (AK), siki Oynu BHUrOTOBIIEHI B 3apyOiKHUX
kpainax. OcTaHHE 3yMOBWJIO BIJCYTHICTh KOHCTPYKTOPCBKOi 1 TEXHOJIOTTYHOI
JOKYMEHTaIll1, 1110 YCKJIAIHIOE 1 YIOBUIBHIOE pealli3allilo MOTOYHUX PEMOHTIB 1 TEXHIYHOTO
00CITyroByBaHHs BIIACHUMU CHUJIaMU KpaiHU-eKCIuTyaTaHTa. BogHouac y pu3HKoBUX yMOBax
BIfHM ONEpAaTHBHE IOBEPHEHHS TEXHIKU N0 pOOOYOro CTaHy CTAa€ MPIOPUTETHUM 3a
MOBHOTO BiIHOBJICHHS ii pecypcy abo CyBOpOro JOTpUMaHHs 3aBOJICHKHUX periaMeHTiB. Le
3MYIILY€ Kpa'IHy-eKanIyaTaHTa CaMOCTIHHO 1 IKOMOTa IIBU/IIE BUTOTOBIIATH JETall, BY3JIU
Ta ckiaganbhi onuuul (CO) AK st 3a0e3neueHHs: aBBTOHOMHOTO LAKITY 06CJIyFOBYBaHH$I
Texnomnoris peBepc- IH)KI/IHlpI/IHFy (PI), ma BiaMiHy Bix TpaI[I/ILIII/IHI/IX METOMIB 13
3aCTOCYBaHHSAM PYYHUX THCTPYMEHTIB (IITAaHTCHIIMPKYJiB, MIKpPOMETPIB, KaJiOpiB TOIIO),
KOHTPOJIbHO-BUMIPIOBAJIBHUX MPWIAIIB a00 KOHTAKTHUX BHUMIPIOBaHb Ha KOOPJIWHATHO-
BuMiproBaibHIN MamuHi (KBM), He Mpu3BOIUTh 10 JOBTOTPUBAIIOCTI MPOIIECY, a 3aBISKH
BUKOPUCTaHHIO MOOUTbHUX 3D-ckaHepiB Jla€ 3MOTY «3HATH» T€OMETPI0 MOITKOIKEHOTO
By3Ji1a 6e3mocepeIHbO Ha MepeioBiil a0o B moaroBoMy aHrapi. CTBopeHy Hu(poBy MOJIEb,
AK MepriopKepeso iHdopMailii, Mo’kHa MUTTEBO BiJilipaBuTu Ha 3D-nipunTep abo BepcTat
13 uncnoBuM nporpamHuM kepyBaHHsaM (UIIK), mo macte 3Mory BUTOTOBJISATH JeTai-
MPOTOTUIM 3a JIYEHI TFOJMHMU 3aMICTh THXHIB OUIKYBaHHS MOCTaBOK. SIK HAacHiJoK, 3a
HEOOX1THOCT1 MIBUAKOTO MPOTOTUITYBaHHA JieTaieil AK B ymoBax oOMexeHUX 3a 4acoM ix
BUpOOHHMIITBA TeXHOOTIS PI cTae HE3aMiHHOIO.

Orxe, BukopuctanHda Pl Bupimye nBa 3aBaaHHs (OPMOYTBOPEHHS: MpsSME —
CTBOpEHHS mnepiomkepena iHpopmaiii geram AK 1 6e3nocepeHe BUTOTOBJICHHS 32 HUM
pealbHOTO 3pa3ka; 3BOPOTHE — KOHTPOJb IIhOTO 3pa3ka MHUIAXOM TOPIBHSHHSA WHOTO
OpUTIHAJIBHOI TeOMETpli 3 BIAMOBIJHOI TEOMETPIEID YCTAaHOBJEHOTO TMEPIIOKEepena
iHpopmanii. Peamizamiss  3BopoTHOro 3aBaHHs Pl mnoumHaeThcs 31 CKaHyBaHHS
OpUTIHATBHOTO 3pa3ka 1 CTBOPEHHS €JUHOI «XMapu TOYOK» (aHri. point cloud) daiimy
dopmary «*.STL» (mamami — moptper). BiaxumenHs mnoprpera Bij MepIIOKEpeEa
iHdopmarii gerani came M BimoOpaxae MOXuOKY (POPMOYTBOPEHHS, IO Yy CBOIO YEpry
CBITYUTH MPO TOYHICTH BUTOTOBIEHHSA. BogHouac moptper mocmimkyBanoi meraimi AK
MICTUTH 1H(GOPMAILII0 TPO TEOMETPiI0, BUKOPUCTOBYIOUH SKy, MOXKHa moOymyBaTu 3D-
MOJIEJIb 3 TIOHOBJICHHSIM BTPAau€HUX €JIEMEHTIB IS MOIIKOHKEHUX a00 3HOIICHUX JeTalleh
y TOMY YHCII, 1[0 y CBOIO Yepry, Aa€ 3MOTY CTBOPHUTH €JUHE MEPIIOKEPeNo 1HPpopMarii
TaKoi JieTanl, To0To ii aHamiTuyHuil eranoH (AE).

Takum ynHOM TexHouoriss PI peanizoByeTbcs B Takiid MOCTIAOBHOCTI: CKaHYBaHHSI
JIeTalll Ta ONpaloBaHHs ii MOPTPETA; OMKUC MOJIEI POLECIB 1 PYHKIIIHN AeTalll; CTBOPEHHS
AE nerani; ctBopeHHsi 3D-mozneni st BUOpaHOi TEXHOJOT1l BUTOTOBJICHHS JeTali abo
ctBopeHHst 3D-mozeni 1 ii nmeperBopeHHs B (daiin ¢popmary «*.STL» a5sg BUrOTOBIIEHHS
netani 3D-npykom a6o Ha Bepctati UIIK BurorosnenHs nerani. akTUYHO BiOYBa€THCS
MEPETBOPECHHSI OTPUMAHOTO 3 JETalli MOPTPEeTa Ha ETAIOHHUW MOPTPET T€OMETPUYHOI
TOYHOCTI 3 «HYJBOBHUMH BIAXWUJIECHHSMH». 3 IOTO BHUXOAUTH, IO CTA€ JOCTATHIM
BUKOPUCTaHHSA MMOPTPETA, TEOMETPIs AKOTO YTOUHEHA 1 MPUKHATA, B SIKOCT1 MEPIIOKEepena
iHdopmarlii s NPOTOTUIYBAHHS JeTalli 3a aJAUTUBHUMHU a00 EeKCTPAaKTHBHUMU
TEXHOJOTISIMA 3 OJHOYACHUM 3a0e3leYeHHIM BHMOI TOYHOCTI BHUTOTOBJIEHOI I€TaIl.
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Hanani meron PI 3 moBHuM mukiom yrBopennss AE Ha3zBaHo 3BuuaiinuM, a meton Pl, mo
J1a€ 3MOT’Y TPOTOTUITYBATH JI€Talll BUKJIIOYHO 3 OTPUMAHOT0 M JOOMPaIlbOBAaHOTO MOPTPETa
(eTaJIOHHOT0), OMMHAIOUH eTaru 31 cTBopeHHs AE, — craiuM peBepc-1HXKUHIPUHTOM (aHTJI.
Sustainable reverse engineering). Y takomy pasi 3Buuaiinuii Pl 3a0e3mneuye BiATBOPCHHS
nepiiopKepena iHopMmaliii 3 «HYJIbOBUMH BIIXUICHHAMMUY, TO1 sK 1 cTanoro PI taka
rapaHTisi BIZICYTHS.

BojgHouac TpeHAOM HAyKOMICTKOI TEXHIKHM, HANpUKIa[ CKIQTHONPOPUILHUX 1
OIIyKJIO-BTHYTHUX aBiaiiitHux aeraneit AK, e 6e3nepepBHe miABUILIEHHS BUMOT JJO TOYHOCTI
iX BUTOTOBJICHHS 32 YMOB MiHIMi3allii BUTpAT 4acy Ha BUPOOHUIITBO MEPEBAKHO 3aBISKU
3a0€3MeUYeHHI0 CTBOPEHHS TOYHO1 ITupoBoi Mojem. BoueBnas, came y pa3i BAKOPHCTaHHS
craioro Pl Mo)kHa JOCATTH MEHIOI TPYAOMICTKOCTI MpOLECy W 4Yacy Ha BHUPOOHMIITBO
netaneir AK. OmHak BIAKPUTHUM 3aUIIAETHCS MHUTAHHS IIOAO0 3a0€3MEUYCeHHS TOYHOCTI
BUrotoBieHoi jgerani AK 3a eramoHHuM mnoptpetroMm. Ile i 3yMOBWIO HEOOXIIHICTH
pO3pO0JICHHST HAYKOBO OOTPYHTOBAaHUX METOJIB, MITXOJIB 1 MOJEINEH, SIKI JAlOTh 3MOTY
MOEHYBAaTU BHUCOKY TOYHICTh CTBOpPEHHS IMGPOBUX MOJENEH, SIK NepiiopKepesna
iH(opmMmarii 1 BuroroBiieHHss AK 13 MiHIMI3aIi€l0 TPUBAJIOCTI TEXHIYHOT Ta TEXHOJIOTTYHOT
niaroroBku BupoOHunTea (TIIB), o i BU3HAYMIIO aKTyalIbHICTh IOKTOPCHKOI AUCEPTAIllii.

3B’A30K po0OTH 3 HAYKOBMMH NPOrpaMaMu, IJIAHAMHU, TeMaMHu. JlochipkeHHs
BUKOHYBaJIUCh y HailioHalbHOMY aepOKOCMIYHOMY  YHIBEpCUTETI «XapKIBChbKUU
aBlaIliiHUM 1THCTUTYT» 3a IUIAaHAMH HAyKOBO-JOCIIIHUX POOIT yHiBepcHuTeTy. B OoCHOBY
MIITOTOBKM ¥ TOAAHHSA JOMCEpTallii MOKJIAJCHO Marepiaiyd JTOCHIIKEHb, BUKOHAHHUX
aBTOPKOI0 B MeXKax peaiizaiii AepkOropKeTHUX TeM MIHICTepCTBa OCBITH 1 HAyKu
Vkpainu, y SKUX aBTOpka Opajia y4acTh, SK BIJIOBIJAIbHUNA BUKOHABEIlb:
«KoHnBepreHiiiitHa T€XHOJIO0TIsI cynepdiHITHOTO 0OpoOJIeHHs eTaleld 3 HAaHOMTOBEPXHAMHU
JUTsL TIABUIIEHHSI PECYpCy arperariB Ta BUPOOIB aepOKOCMIYHOI 1 BIMCHKOBOI Tally3ei»
(Ne JTP 0122U000847); «CTBOpEHHSI YHIKaJbHOTO LEHTPY BHUCOKMX TEXHOJOTINA JUJIst
CTpaTeriyHuxX ramy3eil mnpomucioBocti Ykpainm» (IIporpama <« opuzont 2020»)
(Ne TP 0124U004666); «Katanorizamist mudpoBux makeriB 1 ABiHUKIB BITJIA kpainu-
arpecopa JJis OHTOJIOTIYHOTO IHXKWHIPUHTY aBlallliHUX KOMIUIEKCIB 1 CUCTEM PO3BIIKI
(Ne TP 0125U001922); sk kepiBHUK: «TexHOJOTIUHI CHCTEMH BHUpPOOHHUIITBA Ta
BIIHOBJIFOBJIBHOTO PEMOHTY 00’€KTIB 1 CKJIQJIOBUX YaCTHH BIMCHKOBOI TE€XHIKH, HaJgaHOT
1HO3€MHUMH MapTHEpaMu ab0 TpodelHO1, I BUPIIIIEHHS TPOOJIEM IMIIOPTO3aMIIIIEHHS Ta
3MilHEHHST 000poHo3maTHOCTI Ykpainu» (Ne JIP 0123U102001), a Takox y Mexax
rocnogapuoro joropopy Nel04/16-2021 Big 13.09.2021 «BpockoHaneHHsS MeETOAY
CTBOPCHHSI CKJIaJJOBUX YaCTHH Ta TEXHOJIOTTYHOTO OCHAIICHHS JJIS JICTKHX TEIIKONTEPiB 3
BUKOPUCTAHHSM TEXHOJIOTIT peimkunipunry» (Ne JIP 0121U114431).

Meta i 3aBaaHHs aocjaigxeHHs. MeToro aucepTaiiifHoi poboTH € po3poOJICHHS
HayKOBUX OCHOB BHUPOOHMIITBA aBIAIIMHUX KOHCTPYKIIIH 13 3a0€3MeUeHHSIM 3aJaHuX
MOKa3HUKIB TOYHOCTI T TEXHOJOTIYHOCTI B YMOBaX OOMEXEHOr0 4acy 13 3aCTOCYBaHHSIM
METO/I1B PEBEPC-1HKUHIPUHTY.

JIns1 JOCSITHEHHS TTOCTaBIICHOT METH CJTiT BUPIIIIUTH TaKi 3aBIaHHS:

1. Bukonatu aHami3 ICHYIOYMX METOIB MPOTOTUITYBaHHS OMYKJIO-BIHYTHX 1
CKIIaaHOMPOITFHUX JeTalleld Ta BY3JIB aBialllfHOT TEXHIKH 1 MPOBECTH TMOPIBHSIBLHUN
aHaJli3 TEXHOJOTIYHUX OCOOJMBOCTEW 3aCTOCOBYBaHUX IpoleciB (ckaHyBaHHi, KBM,
(dhoTorpamMmeTpis TOIIO) 32 YMOBH OOMEXEHOTO 4acy BUPOOHUIITBA.
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2. Po3pobutu MeToaukKy BUOOPY pallioHATIbHOI TEXHOJOT] IIBUAKOTO BUPOOHHUIITBA
Ta/abo PEMOHTY aBialliiHUX ACTayeH, 1m0 3abe3reuye YMOBU MiHIMI3aIlli TPYIOMICTKOCTI
Ta Yyacy BUTOTOBJICHHS 3 YpaXyBaHHIM TOYHOCTI Ta MPOTPaMU BUITYCKY.

3. TeopeTuHO JAOCIIUTHU TMPOIIEC MIBUAKOTO MPOTOTUITYBAHHS JIeTaleil CKIaIHUX
dhopM ckaHyBaHHSIM 1 OOpOOJICHHSIM OTpUMaHHUX (DaililiB, a TaKOXX BUBYMTH palliOHAJIbHI
MeTOu 0Oy I0BU MoJiesel (MOCIiIOBHICTh 1 MPUHOMHU TTOOYOBU CTAIUM Ta 3BUYAHHUM
PI) myist orpumanns yHipikoBaHUX (OpM MOBEPXOHB JIeTaJICH.

4. Po3poOuTH mpoIiecu Ta MpUCTPoOi I IPOTOTUITYBaHHS J€TaJieH, By3/IiB Ta CTHKIB
aBlallifHUX KOHCTPYKLIN 13 )KOPCTKUMHU BUMOTaMU TOYHOCTI.

5. IlpoBecTu excriepuMeHTaIbHI TOCHTIIKEHHS IIBUIKOTO MPOIIECY MPOTOTHUITYBAHHSI,
dbopmoyTBOpeHHsT 3D-moxmenel geranmell Ta BY3IIB CKJIAIHUX (GOpM  aBiamiitHUX
KOHCTPYKITiH 1 pO3pOOUTH TEXHOJIOTIYHI pEeKOMEH IaII{ 11010 BUKOHAHHS TIPOIIECY.

06 ’exm 0ocniddcenHss — MPOUECH TEXHIYHOI MIJATOTOBKM BHUPOOHMIITBA aBlalllitHUX
KOHCTPYKIIIM 13 BUKOPUCTAHHSIM TEXHOJIOTINA peBEPC-IHKUHIPUHTY B YMOBaX OOMEKEHOTO
qacy.

Ilpeomem Oocniodicennss — METOJIM, 3aKOHOMIPHOCT1 Ta MOJIEJI1 IIPOIIECIB IHTETpallii
peBepC-IHXUHIPUHTY Y BUPOOHHUIITBO aBIallIMHUX KOHCTPYKIIH B yMOBax OOMEXEHOTO
qacy.

Metoau pochaimxenHs. JlJis BUPIMICHHS TOCTABJICHUX Y AUCEPTaliHINA poOOTi
3aBJaHb BUKOPUCTAHO KOMIUIEKC B3a€MOIOB’SI3aHUX METOJIB AOCTIpKeHHs. [ aHamizy
ICHYIOUMX METO/IIB MPOTOTUITYBAHHS: METOJIM CUCTEMHOI'O aHaIi3y Ta HAYKOBO-TEXHIYHUN
OTJISI[i CYYacHUX TEXHOJIOTIM TPOTOTUITYBAaHHS, €KCIEPTHO-aHATITUYHI METOIU IS
BU3HAUEHHs OOMEXEHb 1 IepeBar METOAIB B yMOBax JAeiuuTy dYacy; METOIu
0araToKpuTepiaIbHONO TMOPIBHAHHS 3a [OKa3HWKAMU TOYHOCTI, TPYIOMICTKOCTI Ta
TPUBAJIOCTI MpoueciB. s TEOpeTUYHOro IOCHIIKEHHS IIBUAKOIO MPOTOTUITYBAaHHS Ta
noOy/IoBM MOJIENei: METOIM TEOPETHYHOTO aHaii3y Ta y3araabHeHHs mporeciB 3D-
CKaHyBaHHS 1 OOpOOJIGHHS «XMap TOYOK»; METOJM T€OMETPUYHOTO Ta MapaMeTpPUIHOTO
MOJICTIOBAHHS, aHAUTITHYHI METOIM OINHKCY MOXHUOOK hopMOyTBOpeHHS. I po3poOiaeHHs
METOAYy BUOOpY paIliOHAIBHOI TEXHOJOTIi: aJIrOpUTMIYHI METOAW (HOPMYBaHHS MPaBUII
BHOOPY TEXHOJOTINA 3aJIeKHO BiJ] TOYHOCTI Ta Mporpamu BUMYycKy. Jlist po3poOieHHs
MpOIIECiB 1 TPHUCTPOIB MPOTOTUIYBAHHS: METOMU I1HXKEHEPHOTO TPOEKTYBAHHS Ta
KOHCTPYIOBAaHHS TEXHOJOTIYHUX TMPOIECIB 1 TMPUCTPOiB; METOAU KOMII FOTEPHOTO
mozemoBanHss (CAD/CAE) nnsti mepeBipkd Mpare3aaTHOCTI TEXHIYHHMX piieHb. s
MIPOBEICHHS CKCIIEPUMEHTAIBHUX JOCIIHKEHB: €KCIIEPUMEHTATbHO-CTATUCTHYHI METOIH
JOCITIKEHHS MPOIIECIB MIBUIKOTO TMPOTOTHITYBAHHS; METOAM TIJIAHYBaHHS CKCIIEPUMEHTY;
METOAM METPOJIOTIYHOTO KOHTPOJIIO Ta BUMIPIOBAHb F'€OMETPUYHUX IMapaMEeTpPiB 1 SKOCTI
MOBEPXHIi; METOAN CTATUCTUYHOI OOPOOKHU pe3yibTaTiB €KCIIEPUMEHTIB; METOAM BaJialli
Ta Bepu(ikallli Mojeel 3a pe3yiabTaTaMu €KCIIEPUMEHTAIbHUX JTAHUX.

HaykoBa HOBM3HA OTPMMAHMX pe3yJIbTaTIB. Y AucepTaliiiHiil poOoTi MpOBEIECHO
KOMILJIEKC JOCII/)KEHb, CIPSIMOBAHMX Ha BUPINICHHS BaXKJIUBOI HAYKOBO-TEXHIYHOI
mpo0JemMu, siKa MoJsrae B HEOOX1THOCTI IPUCKOPEHOTO BUPOOHUIITBA B YMOBAX KOPCTKHUX
0OMEKeHb 13 3a0€3MeYeHHSIM 3aJIaHUX MOKA3HUKIB TOYHOCTI Ta TEXHOJOTIYHOCTI MIJITXOM
CTBOPEHHSI HAYKOBO OOIPYHTOBAHUX METOIB 1 MOJIEJIEH peBepC-1HKUHIPUHTY aBialliiiHIX
KOHCTPYKLIH.

HaykoBa HOBM3HA OTpUMaHUX PE3YNIHTATIB MOJIATAE Y TAKOMY:



4

1. Ynepume po3po0;1eH0 HAYKOBO OOIPYHTOBAHUU MiAXiJ A0 BUOOPY €(EKTUBHOTO
METO/y peBepC-1HKUHIPUHTY CKJIaHUX 32 (POPMOIO JIeTalIeH, BY3JIiB 1 arperaTiB aBialliiHUX
KOHCTPYKIIHM, SIKUH TPYHTYEThCS Ha 3alpONOHOBaHIM Kiacudikarlii o3HaK 3a3HAYCHUX
neTajel, By3miB 1 arperaTiB. Takuil maxiJa Aa€ 3MOTY BpaXxOBYBaTH TPYIAOMICTKICTb pOOIT
31 CTBOpPEHHS TepIopKepena iHpopmarlii Ta MOKa3HUKU TOYHOCTI.

2. Ha ocHOBI 3a3Haue€HOro MiAX0Ay 10 BHOOPY €(EKTHBHOTO METOJy peBepcC-
1H)KUHIPUHTY 1 BUOOPY pallioOHAIbHOT TEXHOJIOT11 IIBUIKOTO BUTOTOBJICHHS Ta/ab0 pEMOHTY
JeTaJIed 3aJeKHO B 00CATY mapTii Ta BHMOT /IO TOYHOCTI YAOCKOHAJIEHO METOJ
(GhOpMOYTBOPEHHSI eTalell 1 CKIaJaIbHUX OJWHHIIG aBlalliiHUX KOHCTPYKIIH, SIKAW, Ha
BIIMIHY BiJ BIJOMHX METOJIB, KOMILJIEKCHO BpPAaXOBY€ TEXHOJOIIl IITaMITyBaHHS,
aJIUTUBHOTO BHPOOHHUIITBA, BHCOKOMIBUAKICHOTO 0OpoOieHHs Ha Bepcrtarax 13 UYIIK
IITAMIIOBAHOT 3aroTOBKH ab0 (pe3epyBaHHS IUIUTH, a TaKOX 3a0e3ledye ITiIBUIICHHS
TOYHOCTI BIpTyaJbHOrO 0a3yBaHHS UU(POBUX MOPTPETIB JOCIHIIHUX JI€Tajeil aBlallliftHUX
KOHCTPYKITIH.

3. Ynepie 3amporoHOBaHO Ta HAYKOBO OOIPYHTOBAHO CIIOCIO PEKOHCTPYKITIT
OMYKJIO-BFHYTOI TE€OMETpli BEIMUKOTra0apUTHHUX JeTajlied aBlalliiHUX KOHCTPYKIN 3
YCTAHOBJICHHSM IapaMeTpPiB JOMYyCTUMHUX BIJIXWICHb, SKHM MOJISITa€ B TMOCTIJOBHOMY
CKaHyBaHHI CIIPSKEHUX MMOBEPXOHb 13 MAPKYBAHHSIM 3a XapaKTEPHUMU T'€OMETPUUYHUMU
O3HaKaMU 3 HaCTYITHUM OOpOOJIEHHSM OTPUMaHUX MOPTPETIB.

4. Ha oOCHOBI 3a3Hau€HOro crnoco0y BJIOCKOHAJEHO METOJ IPOTOTUITYBaHHS
BEJIMKOra0apUTHHUX JIeTajleil aplallliHuX KOHCTPYKI[IH, IKUI, HAa BIIMIHY B/l ICHYIOUHX, J1A€
3MOT'Y BHUTOTOBIISITU Taki J€Tajll 3a €TaJOHHUM TMOPTPETOM, OTPHUMAaHUM CTaJUM pEeBEpC-
IHKUHIPUHTOM, 3 TIONEpPEIHIM BUIPOOYBAHHAM 1 KOHTPOJEM ETAJIOHHUX MOPTPETIB HA
MPOTMOPIIHHO 3MEHIIEHUX JTOCIIIIHUX 3pa3Kax.

5. Ha0y1a mnopaabmioro po3BMTKY TEXHOJOTIS PEBEPC-IHKUHIPUHTY 3aBISKH
BIPOBAKEHHIO 0€3IJ1a30BOro yB’A3yBaHHS (POpPM 1 pO3MIpIB Ha OCHOBI 3alpPONOHOBAHOL
MO/IeJTi 3 BUKOPUCTAHHSIM CY4aCHHUX JIA3€pHUX 3aC001B, IO MIJBUIIYE TOYHICTh CKIIAaHHS
Ta 3MEHIIYe TMOXUOKH KOHTYPIB CKJIQJAJbHUX OJWHUIIL aBlalliiHUX KOHCTPYKIH. Taka
MOJICNIb YB’SI3YBaHHSI OJHOPITHUX CKJIAJAaJbHUX OJIMHUIL aBlallifHUX KOHCTPYKIIIN
3a0e3Ieuye CKOPOUCHHS TEPMiHIB TEXHOJIOTIUHOI IMiITOTOBKK BUPOOHMUIITBA, IT1IBUIICHHS
TOYHOCTI MMPOTOTUITYBAHHS Ta TIPOJIOBKEHHS YKUTTEBOTO IIUKITY BUPOOY.

6. Po3BHHEHO TEXHOJIOT1F0 BUTOTOBJICHHS BEJIMKOTa0APUTHUX IMaHEJICH aBlalliiHUX
KOHCTPYKIIIH, 1[0 moTpedye OaratoeramHoro mporecy ¢opmyBanns. [l 1mporo
3alpOMOHOBAHO BHUKOPHCTOBYBAaTH aBTOMATH30BaHE (POPMYBaHHA TaKMX TMaHENeH 13
MOETAIMHUM KOHTPOJIEM 1 KOPWUTYBAaHHAM TMapaMeTpiB TEXHOJOTIYHOTO TMPOIeCy 3a
pe3ynbTaTaMu TOPIBHAHHS €TAaJOHHOI TeOMEeTpli maHedl 3 1 MOPTPETOM Yy PEexXHUMI
pEalbHOTO Yacy.

I[IpakTuyHe 3HAYEeHHS OTPUMAHMX pe3yJbTaTiB. [IpakTHUHY IIHHICTH
JIUCEPTaLitHOT pOOOTH CTAaHOBJIATH TaKl OCHOBHI pe3yJIbTaTH.

1. Jnst 3a0e3nedeHHs HAyKOBO OOTIPYHTOBAHUX BUMOT II10[0 TOYHOCTI BUTOTOBJICHHS
JeTaii aBlaliifHOi KOHCTPYKII MiJ 4ac MPOTOTHITYBaHHS 32 YMOBH OOMEKEHOTO 4Yacy
3apONOHOBAHO BUKOPUCTOBYBATH CTAMH METOJl PEBEPC-IHKUHIPUHTY 3 YpaxXyBaHHAM
TOTO, IO JOMYCK (hOpMHU MOBEPXHI CTAHOBUTH OuIbIe +(0,5 MM Ha BUTOTOBJICHY J€Tab,
JIOMYCKAE€ThCSI MaTH CKIAgHy TeOMeTpilo 3 paaiycamu CckpyriaeHHs Bix 0,5 mw,
NepeMUYKaMH 1 3MIHOIO J1aMeTPiB HMWIIHIPUUHUX MOBEPXOHb «CXOAMHKAMUY, T1aMEeTpaMu



5

OTBOPIB, OUTBIINMU 32 5 MM, 1 3aBIVIMOIIKHK HE OLIBIIIE AlaMeTpa OTBOPY, @ TAKOXK 13 KyTaMu
Bix 30° i BimcyTHICTIO pi3BOM.

2.3a 3amponoOHOBAHUM IIJXOJIOM MI0J0 BU3HAYEHHS PAIIOHATBHOT TEXHOJIOTI
IIBUJIKOTO BUPOOHUIITBA Ta/ab0 PEMOHTY JAeTajied aBilallliHMX KOHCTPYKINHM MiJ Yac ix
IPOTOTUITYBaHHS PEKOMEHI0BAaHO Take. B ymMoBax npiGHOCepiiiHOr0o BUPOOHUIITBA AeTallen
MaJiX 1 cepeAHiX po3MipiB 13 1onmyckoMm (popmu Ounbiie +0,5 MM 0OTpYHTOBaHUM € BUOIp
TEXHOJIOT1I ITaMmyBaHHsA. 3a jAonycky ¢opmu Menme 0,5 MM B yMOBax TOro X
BUPOOHUIITBA JOLLUIFHO BUKOpHcTOBYBaTH Bepctatu 13 UIIK abGo BucokomBUAKICHE
0OpoOJIeHHsI IITaMIOBAaHOI 3aroTOBKH abo (pezepyBanns miutu Ha Bepcrati 13 UIIK. B
YMOBaX OJUHUYHOTO BHUPOOHMIITBA Ta JOMYCKYy ¢Gopmu moHajn +0,5 MM pPEeKOMEHIOBaHO
BUKOPHUCTOBYBaTH 3D-ApyK 13 MOJANBIIMM PYYHUM 3aYUIICHHSAM, a 3a JOMYCKY (opMuU
menme HbK +0,5 mm — Bepcratu 13 UIIK abo BHcOKOmIBHIKICHE OOpOOJIEHHS Mia 4ac
bpe3epyBaHHs TUIUTH 200 MITAMIIOBAHOI 3aTOTOBKH.

3. Ymepiie 1y 3MEHIIEHHS TPUBAJIOCTI BUPOOHUIITBA IMiJl Yac MPOTOTHUITYBAHHS
BEJIMKOra0apUTHUX OIYKJIO-BIHYTUX JeTaled aBiallifHMX KOHCTPYKIIM BUIPOOYBaHO
CTAIOHHUIM MOPTpeT SK MeplHiojkepeno iHdopMalii 3a METOJOM CTajJoro peBepc-
IHKUHIPDUHTY HAa TPUKIaAl Jomari TypOIHM HACOCHOI aTOMHOI TiAPOENeKTPOCTaHIII].
3anpornoHOBaHO 3A1MCHIOBATH MONEpPEAHE BUIPOOYBAHHA Ha MPOIMOPLIHNHO 3MEHIIEHUX
3pa3kax TakKuX JeTajied 3a JaHUMHU ETAJIOHHOTO TMOpTpeTa IUIIXOM BHUTOTOBIICHHS
aJIUTUBHUM ab0 €KCTPaKTUBHUM crocoOoM. lle nae 3Mory BCTaHOBUTH SIK KOPEKTHICTh
MIPU3HAYEHUX JIOMYCKIB Ha BUTOTOBJIEHHS J€TalI, TaK 1 00paTH TEXHOJIOT1I0 BUTOTOBIICHHS.
OxpiM IIbOTO BU3HAYEHO W PEKOMEHIOBAHO 3HAYEHHS MapaMeTpPiB JOMYyCTUMUX BiAXUJICHb
(dbopmu Aetanield aBlalliHUX KOHCTPYKIIHM M1/ 4ac iX IPOTOTUITYBaHHS 32 METOIAMH PeBEPC-
1HXKUHIPUHTY.

4. JInst 301IbIIEHHS TOYHOCTI BUTOTOBJICHHS JETajleil aBlaliifHUX KOHCTPYKIIiH
BHCOKOT TOYHOCTI 3 p03’€MaMH Ta CTUKaMH 3alPOTIOHOBAHO MOJIENb YB’ A3yBaHHS OTBOPIB
IJIOCKOTO 1 TPOCTOPOBOTO CTHKIB, y TOMY YHCII 3a JIOMOMOTOK CHCTEeMH KalliOpiB Ta
KOHTPKAJTiOPiB i3 BUKOPUCTAHHAM CIIEIiaTbHOTO MPUCTOCYBAHHS. IX BUKOPHCTaHHS Jal0Th
3MOTY 3MEHIIUTH MOXUOKHU po3MipiB cTUKIB 10 +0,121 mm. Po3pobiieno Ta 3anpornoHoBaHO
BEpCTAaTHE MPUCTOCYBAHHS i OOpOOJIEHHS IIJIOCKOTO CTUKY 3 OTBOpaMH JeTalli-
MPOTOTHUITY BUCOKOT TOYHOCTI.

5. YockoHalleHO TEXHOJOTII0 (OPMYBaHHS BEJIMKOTA0APUTHOI MaHEN! aBialiiHol
KOHCTPYKIlli, a caMe TMaHeJi MOJABIMHOT KPUBM3HM 3 TUIOCKOI 3aroTOBKH 3 pebpamu
xopcTkocTi. Ha BigmiHy BiJ paHillle 3aCTOCOBYBaHUX MIAXOAIB 3alpONOHOBAHO
3MIACHIOBATH TOETATHUI KOHTPOJh (POPMYyBaHHS TaKMX 3arOTOBOK IIISXOM TOPIBHSHHS
JaHUX OTPUMAHOI0 MOPTpeTa 3aroTOBKM (3a 30BHIMIHIM KOHTypoM) 3 AE manem Tta
KOPUTYBaHHSIM HACTYITHUX HaBaHTaXeHb (OpPMyBaHHS TaHENl 3 BUKOPUCTAHHSIM
MIPOTPAMHOTO MOAYJIS B peKuUMI peajibHoro vacy. Lle gae 3mory nmiaBuimuT e(heKTUBHICTD
poGotu Ha pAubHUIEX 3 BukopuctaHHAM CAD/CAM-TexHONOTd uepe3 MOBHY
aBTOMATHU3AIIII0 TIpoIiecy (POpMyBaHHS.

PesynbpTaTu nucepTariiitHoi poOOTH MPUHHSATO JJIsl BIPOBAKEHHS Y BUPOOHUIITBO HA
TOB «XM3 «®EJl» 1 AT «AHTOHOB». CtBOopeHO HayKOBO-T€XHIUHY 0a3y, sKa
BUKOPUCTOBYETHCS JJII BUKOHAHHS HAYKOBO-AOCTIAHUX POOIT 1 MATOTOBKH (HaxiBIB y
HamionansHOMYy aepoKOCMIYHOMY YHIBEPCUTETI «XapKIBCbKUH aBlalliiHUNA 1HCTUTYT»
(XAI). HaykoBi 3100yTKH, OTpUMaHI MiJ 9ac BUKOHAHHS JUCEPTAIiiHOT poOOTH, CTamu
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OCHOBOIO JUIsl IUTIAHOI CHIBIpalll B HAYKOBUX JociimkeHHsax MK XAl ta YHiBepcureTtom
Wunmupum Bassun B Ankapi (Ankara Yildirim Beyazit University).

Oco0uctuii BHeCOK 3100yBaya M0JIArae B TOMY, 110 aBTOPKOI CaMOCTIHHO Oyi0
CTBOPEHO HOBHH IHCTpYMEHTapiil BUPIIIEHHS HAYKOBO-TEXHIYHOI MPOOIEMH, KA MOJsIrae
y HEOOXIHOCTI CTBOPEHHS HAyKOBO OOIPYHTOBAaHUX METOIIB 1 MoJieJell peBepc-
THKUHIPUHTY aBlalifHUX KOHCTpYKIiK (AK), cnpsiMoBaHMX HAa BHUPOOHHUIITBO B YMOBAax
KOPCTKHUX OOMEKEHb 13 3a0€3MeUeHHSIM HEOOX1THOTO PIBHS TOYHOCTI Ta TEXHOJIOTTYHOCTI
KOHCTPYKITiH, COpMYTHhOBAaHO METY W 3aBAaHHS OCHIKEHHS, OOTPYHTOBAHO 3arajibHY
KOHIICTIIIIF0 POOOTH, y3arajJbHEHO PE3YyIbTaTH IOCHIKEHHS, OTPUMAHO HOBI HAyKOBI
pEe3yNbTaTH ¥ MOJI0KEHHS, TT0/IaH1 Ha 3aXUCT.

B ycix po6oTax, BUKOHAHHX Yy CHIBaBTOPCTBI, aBTOPIl HajexaTb (HOPMYITIOBAHHS
METH JTOCITIKEHb, PO3POOICHHS IHCTPYMEHTAPII0 TOCIIKEHHsI, 00pOOICHHS pe3yIbTaTiB,
0o0roBopeHHs1 1 (OpMYINIIOBaHHS BHUCHOBKIB, a caMe.: YJOCKOHAJIEHO METOJl PEMOHTY
CKJIQJIOBUX YACTHUH AaBlalllfHOI TEXHIKM 3 TMOJIMEPHHX KOMIIO3UI[IMHUX MaTepialiB 3
eKCIUTyaTal[liHUMH NOLIKOPKEHHAMU HUIIXOM YCTaHOBJICHHS 3aJI€KHOCTEN T€OMETPUYHUX
1 MilHICHUX MapaMeTpiB JaedekTHoi 30HHM [1, 21, 26]; po3po0IeHO aIropuT™M MPOIIECiB
(GOopMOYTBOpPEHHS Uil BUTOTOBJIEHHS Aeranedl AK min 4ac TEXHOJIOTIYHOI MIArOTOBKU
BUPOOHMIITBA 3 (OpPMyBaHHSIM BUMOr 10 iHpopMarliitHoro cymposoay [2, 19, 28];
BHU3HAUEHO TPU HEOOXI1JIHI YMOBH JUI1 KOPEKTHOI IOCTAaHOBKH 3a]a4l ()OPMOYTBOPEHHS Ta
BBEJICHO IMOHATTSA KPOMKH SIK «TiHisS MEPETHHY JBOX MOBEepXoHb» aetaii [3, 20, 31]; Ha
OCHOB1 TEOPETUKO-IMOBIPHICHOTO METOAY 3alpOIIOHOBAHO OIIHEHHS TPYJIOMICTKOCTI
BUKOHaHHS poOiIT 31 cTBopeHHs! AE mij yac BUpIIEHHs NPSMOT0 Ta 3BOPOTHOIO 3aBJaHb, a
TaKOXK pO3pOOJIEHO MAaTeMaTH4HI MOJENl PO3paxyHKy TOYHOCTI pO3MIpIB Ha eTamax
noOynosu AE AK [4]; 3anporoHOBaHO cHCTeMy KaliOpiB 1 KOHTPKaTiOpiB 3a manumu AE
JJIse  30UTBIIIEHHS TOYHOCTI MPOTOTUIYBaHHS Jetaneil pos’emiB i crukiB AK [5];
EKCIIEPUMEHTAIbHO JIOCHI[DKEHO TEeOMETPUYHY TOYHICTh 3yOuacToro Kojieca Ha
KOOPIMHATHO-BUMIPIOBAJIbHIM MaIuHi [6]; po3pobieHo kiacudikaTtop aBlaliiHUX JeTanen
Ta KOHCTPYKIIIH, 110 MiJJISTal0Th BUPOOHUIITBY a00 peMoHTy 3a PI [7, 25]; ynockoHaneHo
METOJIOJIOTII0 KOHTPOJII0O TE€OMETPUYHOI TOYHOCTI JeTani ckiagHoi dhopmu (3yddacTtoro
KoJieca) Ta HaJaHO pPEeKOMEHAAIlli MO0 BIOCKOHAJICHHS HAI[lOHAJIBLHOI METPOJIOTIYHOI
iHppacTpykrypu [8]; HamaHO pekoMmeHalii 3 BHPOBAHKCHHS Ta peami3aiii 3aBaaHb
bopMOyTBOpEHHs CKIaaHO-TPOodiIbHUX aeTael Ha ocHOoBI Pl y BupoOuunrei AK [9, 29];
3aMpONOHOBAHO TEXHOJIOTIIO 3 KOHTPOJIIO 1 CTBOPEHHS ITU(GPOBOI MOJIEIN JeTalll, a 3a HElO —
dbopmu 1151 BUrotoBieHHs [10]; po3po0iaeHo Moaenb GopMyBaHHS FT€EOMETPUYHOI TOUHOCTI
Ta IIOPCTKOCTI OTBOpIB mia uac ix cBepmiainas [11, 14, 33]; BHKOHAHO pPO3paxXyHKH
TPYJAOMICTKOCTI MiJ Yac BUPIIICHHS MPSIMHUX 1 3BOPOTHUX 3aBlIaHb (POPMOYTBOPEHHS
neraneir AK i3 3actocyBannsm PI [12, 32]; 3anpornoHOBaHO i BUIIPOOYBaHO MPUHITUIIOBY
CXeMy aBTOMAaTH30BaHOTO (hOPMYBaHHS IHTETPAIIbLHUX MMaHEJeH 3 KepyBaHHSAM (QopMu 3a
nornoMororo 3D-ckaHyBaHHS, B sIKI peali3yeTbCs 3BOPOTHE 3aBAaHHS (POPMOYTBOPEHHS SIK
oreparii kouTposto [13, 22, 34]; cTBOpEeHO HOBY METOOJIOT 0 MPOTOTHITYBAHHS OIMyKJIO-
BrHyTHX Aetaneil ctasiuMm Pl 3a yMOB 3a0e3mnedeHHs 3aaHOi T€OMETPUYHOI TOYHOCTI X
BUTOTOBJICHHS, 3MEHIIIEHHsI TpyomicTkocTi Ta TepMiniB TIIB [15, 35]; po3pobieHo nuisaxu
peaizaliii TEXHOJIOT1I peBepC-IHKMHIPUHTY B ICHYIOU€ Hajaro/pkeHe BUPOOHHUIITBO [16,
18]; po3pobieHo iHpopMalliiiHi Ta TEXHOJOTIYHI CUCTEMH CYIPOBOIY YKHUTTEBOTO IMKITY
BupoOiB AK mij yac BHUpIIIEHHs MPSIMOTO Ta 3BOPOTHOTO 3aBlaHb GpopmoyTBopeHHs [17];
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PO3p00IIeHO CTIOCI0 PEKOHCTPYKITIT OMYKI0-BrHYTHX 00’ €KTIB I[010 BIITBOPEHHS T€OMETPii
MOBEPXOHb JleTalli B «XMapu TO4ok» [36]; peamizoBano Pl 3 HacTymHUM KOHTpOJEM
BUTOTOBJIEHOT 3D-ApyKOoM aBiariiiHoi getani [23, 27]; yAI0CKOHAJIEHO METO/ BIPTyaIbHOTO
0a3zyBaHHS 3aroToBKHU sl oOpoOsieHHs Ha Bepcrari 13 UIIK, mo migBuiye ii TOYHICTH
BUTOTOBJICHHSI [24]; CTBOpEHO MeToJ BHOOpPY palliOHAIBHOI TEXHOJIOTII HIBUIKOIO
BUpPOOHUIITBA Ta/abo peMoHTy neraieid AK mpu iX mportorunyBaHHi 3a Pl 3amexHo Bif
KiJIbKOCTI (00’ €My mapTii) Ta BUMOT JO0MyCKYy Ha TouHicTh aeraiei AK [30].

PoGora [7] BuKoHaHa Oe3 CIiBaBTOPCTRA.

Anpo0anis pe3yabTatiB qucepranii. OCHOBHI MOJOXEHHS, PO3ILIN 1 pe3ylbTaTh
poOOTH BHKIAIEHO U 06FOBOpeHO HAa HAYKOBHX ceMiHapax Kadeapu TexHOIOrii
BUPOOHMIITBA JIITATHHUX anapaTlB HarionansHOTO aepOKOCMl‘{HOFO YHIBEPCUTETY
«XapKiBChbKUH aBlallifHUN 1HCTUTYT», HA BCEYKPATHCHKUX 1 MIKHApOJHUX HAyKOBO-
TeXHIYHUX KOH(DEepeHIisax, 30KkpeMa Ha MiKHApOIHIM HAayKOBO-TEXHIUHIM KOH(]epeHiii
«IIpobnieMu CTBOpEeHHS Ta 3a0€3MEUYECHHS KUTTEBOTO IMKIY aBlallifHOT TEXHIKI»
(M. XapkiB, Ykpaina, 2019 p.); MixxnapoiHiii HayKoBO-TipakTHuHiNi KoHpepeHIi «CyyacHi
€HEePreTUYH1 YCTAHOBKH Ha TPAHCIIOPTI, TEXHOJIOT1T Ta 00JIaAHaHHS JIJIs X 00CITyroByBaHHS
CEYTTOO-2019» (M. Xepcon, Ykpaina, 2019); I MiknapoaHiii HayKOBO-IPAaKTHUYHIN
koH(pepenii, mpucsueHid 60-piuuto KJIK XHYBC (M. Kpemenuyk, Ykpaina, 2020);
MiKHapoIHIA HAyKOBO-TIpakTU4YHIA KoHpepeHiii «IHTerpamis ¢yHIaMEHTAIBHUX Ta
OPUKIAAHUX HAyK Y TMapagurmi MOCTIHAYCTpiadbHOTO cycniabcTBa «AOT'OZy»»
(m. Bapcenona, Icmanig, 2020); IV MibkHapoaHIi HayKOBO-NIPAKTHYHIA KOH(MepeHuii
«AKTyallbHI TIpOOJIEMH Ta NEPCIEKTUBH PO3BUTKY HAYKOBUX HOCHKEHb» (M. Oprnean,
@panuis, 2021); I MixzapoaHoi HaykoBoi KoH(pepeHuli «HaykoBl opieHTHpHU: Teopis Ta
MpakTUKa JochikeHb» (M. XapkiB, Ykpaina, 2023); IV MuibkHapoIHiii HayKOBO-
TeopeTuuHii KoHpepeHuii «llepenoBi BIAKPUTTS Cy4acHOi HAyKu: AOCBIA, MIOXOOU Ta
iHHOBaul» (M. AMcrepaaMm, Higepnangu, 2023 p.); VI MixHapoaHidi  HayKoOBId
koH(pepenii «3700yTKA Ta JOCATHEHHS MPUKIATHUX Ta (QyHIaMEHTAThHUX Hayk XXI
cromitrs» (M. Yepkacu, VYkpaina, 2023 p.); II Mixnapoaniii HaykoBid KoH]epeHIii
«AKTyallbHI MUTaHHS PO3BUTKY Tany3ed Haykuw» (M. UepHniriB, Ykpaina, 2023 p.); XXX
MikHapoIH1l HAYKOBO-TIPAKTUYHINA KOH(PEPEHIIT «AKTyalbH1 TPOOJIEMHU HAYKU 1 TEXHIKU
— Bix Teopii no mpaktuku» (M. bepn, lIBeiimapia 2024 p.). JlomoBiai Ha MIKHAPOIHUX
KOH(DEPEHIIISIX, Mamepiaiu SAKux inoekcytomocs 6azoro Scopus: International Scientific and
Technical Conferences on Integrated Computer Technologies in Mechanical Engineering —
Synergetic Engineering ICTM'2021, ICTM'2022, ICTM"2023, ICTM'2024 (M. Xapkis,
Vkpaina, 2021, 2022, 2023, 2024 pp.); 10" International Conference «New technologies,
development and application» NT-2024 (M. Capaeso, bocnis i I'epuerosuna, 2024); 15,
17" International Conferences on Mathematical Modeling and Simulation of Systems
MODS"2023 (M. Yepniris, Ykpaina, 2023); International Conference on Smart Innovations
in Energy and Mechanical Systems — IEMS-2025 (m. 3anmopixoks, Ykpaina, 2025).

IMyoaikauii. PesynpTaTtén muceptariitnoi poOoTu omyOsiikoBaHo B 9 craTTsax, y
HAYKOBUX BUOAHHAX, 6KaoyeHux 0o Ilepeniky Haykosux ¢axosux euoanv Yxpainu,
[ CTATTSIX ) HAYKOBUX NEepioOUYHUX, BUOAHHAX GKII0UeHUXx 00 kamezopii «Ay Ilepeniky
Haykoeux axosux eudanv Yxpainu, i 6 3apyOidCHUX BUOAHHAX, NPOIHOEKCOBAHUX )
bazax oanux Web of Science Core Collection ma/abo Scopus, 3 aux 2 crarti Q2,5 crare
Q3; 1 w™onorpadis, a Takox mnomaHo B 18 marepianax KOH(EpEeHIIH, 3 HUX
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8 npoindexcosarno 6 6azi danux Scopus, 5 nonosineit B Icnanii, @panuii, Hinepnangax i
[Befiniapii Ta orpuMano 1 maTeHT YKpaiHu Ha KOPUCHY MOJIENb.

Crpykrypa i o0csar aucepramii. J[uceprailis MICTUTh aHOTAIlil0, BCTYII, I ATh
PO3/UTIB, BUCHOBKH, CITUCOK BUKOPUCTAHUX JIKEPEI 1 IOJATKH.

[ToBHMIT 00CsT MUCcepTallii cTaHOBUTH 332 CTOPIHKHU, Y TOMY YHCJI1 OCHOBHOTO TEKCTY
288 cropinok, 131 pucyHok, 23 TaOmuIl, CIHUCOK BUKOPUCTAaHUX JDKEpen 13
257 naliMeHyBaHb Ha 32 CTOpIHKax, 3 J10JaTKHU Ha 12 cTopiHKaX.

OCHOBHUM 3MICT POBOTU

Y BeTynmi MoAaHO akKTyalbHICTh TEMHU JAMCEPTallii, METy ¥ OCHOBHI 3aBIaHHS
JOCITIKEHHS, HAYKOBY HOBU3HY Ta MIPAKTUYIHE 3HAYCHHSI OTPUMAHUX PE3yIbTaTIiB, 3B 130K
po0OOTH 3 HayKOBHMH IIporpamMaMu, IJIaHAMW W TeMaMmH, BiI3HAYEHO OCOOWCTHI BHECOK
3no0yBaya B OMyOJIIKOBaHMX pOOOTax, HaBeleHO iH(oOpMalilo Tpo ampodariro Ta
nyOJTiKalii pe3yJbTariB AUcepTalli, CTPYKTYpy i 00csr poOoTH.

Y nepmomy po3aiii aucepraniifHoi poOOTH Ha OCHOBI MOPIBHSUIBHOTO aHai3y
ICHYIOUMX METOJ[IB MPOTOTUITYBaHHS CKIagHUX 3a (opmoro getaneir ta By3miB AK i
MOPIBHSUTLHOTO ~ aHaNN3y TEXHOJIOTIYHMX OCOOJMBOCTEH 3aCTOCOBYBAaHMX IPOIIECIB
(ckaHyBaHHsI, BUMIPIOBaHHS Ha KOOpAHMHATHO-BUMIproBaibHIM MammHi (KBM) ToI1I0)
BH3HAYCHO IMEPCIICKTUBU METOJIB peBepc-imkuHipunary (PI) mis pisHux rpym aeranei i
ckimaganbaux onuuuib (CO) apiamiinux koHCTpykiin (AK), a Takox eramu moOyaoBH
CJIEKTPOHHUX MOJENeN Ui iX MIBUAKOTO BUTOTOBIEHHA. CyuyacHe o0OJIagHaHHS, IO
BUKOPUCTOBYEThCS 3a TexHouorielo PI, mae 3mory BiarBoputu reomerpito AK maibke 3
tounicTio 0 0,01 MM, a HasBHICTH aHamiTHYHOrO eTanoHa (AE) B aBTOMaTH30BaHUX
cucremax CAD/CAM/CAE Bukiitoyae HEOOX1HICTh MaTepiaJIbHUX BUTPAT HA JIOAATKOBE
BUTOTOBJICHHS 11a0JI0HHOT OocHACTKU. Skuio € AE mocmigHoro o0’ekra, TO 1€ CIPOIILYE
KOHTpOJIb Ha 0a3i TexHousorid Pl ckaHyBaHHSM AOCHIAHOTO OO’€KTa Ta MOPIBHSHHSIM
orpumanoro noprpera 3 AE. 3a Takoro TEXHOJIOTI€I0 MOXHA JIMIIIE BU3HAUYUTH TEOMETPIIO
Ta OpMY JOCITITHOTO 00’ €KTA, aJIe HE 3p03yMIJI0, YU € BOHU JIOCTATHIMU JIJIsI 3a0€311eUeHHS
aZIeKBaTHOCT1 KOHTpouto. Leli dakT oOrpyHTOBYE MOIIIBHICTH MPOBEAEHHS TOCTIKEHD Y
oMy HanpsaMmky. Otrxke, meron Pl Bu3HawaeThcsi cocoOOM OTpUMAaHHS TPUBUMIPHOI
mozen — AE, sk mepriomkepena yB’si3yBaHHS 1 BUSHAUEHHSI TEXHOJOTIT 3 MOJATBIINM
BUT'OTOBJICHHSAM JI€TaJl.

3pocTaroua CKJIaHICTh KOHCTPYKTHUBHUX €JIEMEHTIB 00’ €KTIB aepOKOCMIYHOT ramy3i
MpHU3Beia A0 OJHO3HAYHOCTI 3B SA3KY SKOCTI 13 3a0€3MeUSHHSIM TOYHOCTI PO3MipiB Ta (hopM
MEBHUX JieTaneil KOHCTPYKIii. TouHICTh (POPMOYTBOPEHHS NUKTYETHCS YMOBAMH pOOOTH
netan y Bupo6i. CydacHi MOTY>KHI i BUCOKOIIBUAKICHI MAaIIMHUA HE MOXYTh €(EKTUBHO
(YHKITIOHYBATHU 32 HEJOCTATHBOI TOYHOCT1 BUTOTOBJICHHS X CKJIaIOBUX YACTHH (1eTajeH 1
CKJIaIAJIbHUX OJIMHMIIL). BUTOTOBIIEHHS pealbHOI JAeTall oO3Hadyae HEOOX1IHICTh
OI[IHIOBAHHSI 11 BIJMOBIIHOCTI eTaliony, To0To AE. BukoHnanHs 11i€i mpoieaypu norpeodye
dbopMyBaHHS MOJENI TeoMeTpii peasibHOi nerani abo ii gparmeHTa, TOOTO CTBOPEHHS
«XMapu To4OK» (aHri. point cloud), mo Ha3UBa€eTHCS «TOPTPETOMY. BinxmieHHs mopTpera
BiJ eTasioHHOTO 3paska (3D-momerni aetaini) came i BimoOpakae moxuoOKy (GopMOyTBOPEHHS.
[IpuitHATO PO3PI3HATH YOTUPHU BUAM BIAXWJICHB BiJ 3aJaHOi — €TaJOHHOI T€OMETPUIHOL
(dhopMu MOBEPXHI: MAKPOBIIXWICHHS, XBUJISICTICTh, CYOITOPCTKICTD 1 MOPCTKICTh. OCcTaHHS
BxoauTh 110 onucy AE nocaimxyBanoi aerami AK Ta BIuiMBae Ha pe3ylbTaTH TOYHOCTI



KOHTPOJIIO.

Mertoau aHaaizy TEXHOJIOTIYHUX MPOIECIB 1 KOHCTPYKIIIA BUPOOIB HUHI 0a3yIOThCs
Ha OMKCl 00’€MIB 1 TOBEPXOHB K OCHOBHHMX €JIEMEHTIB 00’ €KTIB BUPOOHHUIITBA. Y IBJICHHS
PO KPOMKY, SIK 00’€KT, 110 BXOJWThH JI0 MaTEMAaTHYHOI MOJIEIi JeTalli, BUHUKAE TIPH
MOJICJIIOBaHHI TEXHOJOTIYHOTO TMpolecy o00pobsieHHa aetaneil. CKIAIHICTh MpPOLECy
dbopmyBanHs kpomku B AE moinsdrae B ToMy, 110 BOHA € PE3yJbTaTOM IEPETUHY JIBOX
TEOPETUYHUX MOBEPXOHB 1 Ma€e OyTH omnucaHa JiHiewo. [Ipu nepeTuHi peaibHUX MOBEPXOHb
BUXOJIUTH pealibHa KPOMKa JIETall, 1110 BXKE € He JIHI€I0, a ePEeXiTHOI0 TOBEPXHEI0, 0 TOTO
K CKJIaJHOI TeoMeTpudHOi hopmu. ToMy KpOMKY MOXXKHA BH3HAUWUTHU SK MOBEPXHIO, IO
CHONy4yae /Bl TOBEPXHI, SKI TMEPETHHAIOTHCA Ta € JOTHYHUMHU 10 Hei. Posmipu #
MIKpOpenbe]) KPOMKH 3ajiekaTh BiJ 3aCTOCOBYBAHHX METOAIB (OPMOYTBOPEHHS Ta
MOKJIMBOCTEH yCTAaTKyBaHHS, BiJ IOCIIJIOBHOCTI BUKOHAHHS TEXHOJOTIYHUX OTIEPAIliif.
KpiM TOrO, Ha KpOMIli «aKyMyIIOIOTHCS» ACPEKTH MOBEPXOHb, AKI MEPETHHAIOTHCS, IO
3yMOBJIEH1 KpalioBUMHU edeKTaMH IiJl 4ac iX MeXaHi4HOro o0pobseHHsa. Tomy HE0oOXigHO
BpPaxOBYBAaTH TaKOX BIUIMB SKOCTI CIIOJIy4yBaHUX IOBEpXOHb. Jlameko He 3aBXIu €
MOKJIUBUM 3a0€3MEeUYUTH HEOOX1IHY SKICTh KPOMOK JIE30BUM OOpPOOJIEHHSIM, 110 OCOOJIMBO
aKTyaJlbHO JJIsi JeTajed 31 CKJIQJHUMHM BHYTPIIIHIMA ¥ 30BHIMIHIMU TOBEPXHSAMH,
HaIPUKJIA] TaKUMHU, SIK KOPITYCH T1IPaBIIYHUX arperaris, JIOMATKH TYpOiH, KOMIIPECOPIB
tomo. OTKe, KpOMKa YyTBOpPEHa MEPETUHOM MOBEPXOHb, SKI MAIOTh CBOIO HIOPCTKICTH 1
CyOIIOPCTKICTh. Y 1IbOMY pa3l MOKHA HAaBECTU TaKl MOKJIMBI BUIAJIKH YTBOPEHHS KPOMOK,
a caMe: CHMETPUYHO OPTOTOHANIbHI, CAMETPUYHO IMapalieibHi, mapajelbHO OPTOrOHANIbHI,
OPTOTOHAIIEHO KOCi, CHMETPUYHO KOCi, aCHMETPUIHO KOCI (pUCYHOK 1),

r bl €

Pucynok 1 — ®opmyBaHHS KPOMOK 3a Pi3HUX HAIPSIMKIB MIKpOHEPIBHOCTEH
OpPTOTOHANILHUX MMOBEPXOHb, III0 CUMETPUIHO NIEPETUHAIOTHCS (2), CHMETPHYHO
napajnenbHux (0), mapajiesabHO OPTOTOHABHUX (B), OPTOTOHAIBHO KOCHX (T), CHMETPUYHO
KOCHX ([T) 1 aACHMETPHYHO KOCHX (€)

3ayie’)KHO BiJ] HAMPSMKY MIOPCTKOCTI HA TIIONMIMHAX, IO TEPETUHAOTHCS, JIHISA 1X



10

nepeTuHy (KpoMka), MaTume pi3Hl (GopMH B MPOCTOpPi, a TAKOXK HU3KY BIAMIHHHX
xapaktepucTuk. Ha pucyHky 1, a i 6 moka3aHo HampsMKH HIOPCTKOCTI JABOX IUJIOIUH, IO
IEPETUHAIOTHCSA, SIKI MAIOTh BEJIMYMHHU IIOPCTKOCTI Ra; 1 Ray (pucyHok 2). Benauunna
IOPCTKOCTI KPOMKH Rg1¥ MaTMMe MiHiMalbHE 3HAueHHS NPH HYJIBOBOMY 3HAauyeHHi Rap.
BianoBigHo, BenMYMHA MIOPCTKOCTI KPOMKH RaoK Oylie MIHIMAJIbHOIO 3a HYJIHOBOTO
3HauYeHHS Rai.

A A
K
R

k " »
: Ral Rﬂ]
k
Ra2

A

Pucynok 2 — Po3ranryBaHHs 10JI1B HIOPCTKOCTI MOBEPXOHb, [0 EPETUHAIOTHCA, 1
HIOPCTKICTh KPOMKH 32 CHMETPUYHO OPTOrOHAJIBHOTO PO3TAIllyBaHHS IIOPCTKOCTI
MIOBEPXOHb

BenuuuHa IIOPCTKOCTI KPOMKHM R¥ Oyle MakcUMaabHOIW HPM MAaKCHMAIbHHX
3HAYEHHSX IIOPCTKOCTI MOBEPXOHDb Ra1 1 Rap. MakcumalibHy BETMUHMHY IIOPCTKOCT1 KPOMKH
MO’KHa BU3HAUUTH 32 POPMYIIOIO:

(Rg)z = Rczu + Réz- (1)

BuBeneHi 3a1e:KHOCT1 JIJ1s1 BEIMYMH MIOPCTKOCTI KPOMKU HaBeAeHO B Tabnui 1, ne
Ra¥ — mopcTkicTh KpOMKH; Ryin® — MiHiMansHui pafiyc 3a0KpyraeHHsS KPOMKH.

Tabmuusg 1 — OCHOBHI XapaKTEPUCTUKUA KPOMOK 3aJIEKHO B1J] HAMPSMKY ITOPCTKOCTI
MOBEPXOHb

opeTKicTs MiHimMalbHHIA paflyc
HanpsiMOk m1opcTKOCTI TOBEPXOHb P 3a0KPYTJICHHS
K R
POMKH Rj k
KPOMKH Rpin
OpToroHaibHi MOBEPXHI, 1110
P pxHl, R21 + R22 3,5R 4 max
CUMETPUYHO NEPETUHAIOTHCS a a
CumeTpuyHO napasenbHi Ry max 1,5R; max
[TapanenbHO OPTOrOHANTBHI R, max 2,0R; max
OpToroHaJIbHO KOCi R2, + RZ, 3,5R; max
CuMETpUYHO KOCi R2, + RZ, 2,0Ry max
ACUMETPUYHO KOCi R2, + RZ, 2,0R; max
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Takum YWHOM, HAMPSMOK IIOPCTKOCTI HA TOBEPXHAX, IO YTBOPIOIOTH KPOMKY,
BIUIMBA€E Ha BEJIUYUHY IIOPCTKOCTI KPOMKHU. TOJI MIOPCTKICTh KPOMKH W MiHIMaJIbHUN
paziyc KpOMKH OUIBIIIOI0 MIPOIO BU3HAYAIOTHCS MMOBEPXHEIO 3 T1PIIOK IMIOPCTKICTIO.

AHaJ3 pe3yabTariB JIOCHIKEHb MO0 3a0€3MEeUeHHS BUMOT J0 MIKpopeabedy
MOBEPXHEBOI'O APy M1/l 4aC MEXaHIYHOTO OOPOOJIEHHS J1aB 3MOT'Y 3pOOUTH BUCHOBOK ITPO
NOMITHUH BIUIUB JOTPUMAHHS YMOB 1 TEXHOJIOT1] BUTOTOBJIEHHA. Tak came, JOTpUMaHHs
yMOB 1 TexHosorii BurotoBieHHs aetaidi AT 3rigHo 3 ii 3D-monemnio (3a nanumu AE) B
yMOBax MaIlIMHOOYAIBHOTO BHPOOHHIITBA € HEOOXITHOI YMOBOIO 3a0€3MEYeHHS SKOCTI
JeTaneil, sKa 1ae 3MOTy BUPILIUTH MpsiMe Ta 3BOPOTHE 3aBaanHA Pl.

[Ipsime 3aBmanHs (POPMOYTBOPEHHS pealizye MPOIEC NMEPETBOPEHHS 3aroTOBKM HA
netanb 3a iH(Mopmariero mpo ii AE wa BHOpanHomy ycTaTKyBaHHI 3a JOIOMOTOO
IHCTpyMeHTY cTaHgapTHoi ¢opmu. [lim wyac BupIIEHHS 3BOPOTHOTO 3aBIaHHS
(dhopMOyTBOpEeHHSI HEOOXITHO BCTAHOBUTH BIJMOBIIHICTH BUTOTOBJICHOI netani ii AE B
MeXXaX BHUKOHAHHS ONEpalliii KOHTPOJIO, IO MICTUTh OI[IHIOBaHHS JIIHIHHO-KYTOBUX
napameTpiB JIeTall, CTaHy il MOBEPXHEBOTO Mapy (Mikpopeabedy 1 TPOMHUCIOBOT YUCTOTH ).
3aBAaHHs BUPINIYEThCA Y JIBAa €TaNM: Nepiuil — orpuManHs 3D-Mozeni peanpHOT aeTani
abo 11 moprtpera, Ipyruil — MOPIBHSIHHS JBOX MOjENel: eTalioHHOi 1 mopTpeTa. OTxe,
KOPEKTHICTh BUPIIMICHHS MPSIMOr0 Ta 3BOPOTHOTO 3aBAaHb, aHall3 iX pe3yJbTaTiB €
HEOOXITHOIO YMOBOIO 3a0€3MedYeHHs SIKOCT1 Jaeranedl. BapTo 3BepHyTH yBary Ha Te, IIO
06araro MiANPUEMCTB-BUPOOHUKIB PO3AUIAIOTh, TEXHIYHY IMIJITOTOBKY BUPOOHUIITBA Ta
oe3mocepenHb0  BHUPOOHUITBO AK, 3aBmsgku YoMy BHUIPABAOBYETHCS JyMKa IIPO
«HETpyno3aTpaTHICTh CTBOpeHHS AE». Y Oynb-akomy pa3l BUKOpPHCTaHHS 1H(OpMauii y
Buriisiii AE CTBOpro€e MOXIMBICTH [Jii BUPIIMICHHS BEIUKOI KUIBKOCTI 3aBIaHb 3
00cIIyroByBaHHS (DOPMOYTBOPIOBAILHUX CUCTEM, PO3POOJICHHS MaTeplalbHUX 1 TPYJIOBUX
HOPMATHBIB TEXHIYHOI MIATOTOBKM BHUPOOHHMIITBA, BIPOBAIKEHHS TEXHOJIOTTYHUX
MpolieciB, HopMaiizamii Ta yHigikamii 3aco0iB TexHosoriyHoro ocHauieHHs (3TO),
MozepHizalli oOmanHanHg. TpebOa 3a3HAuMTH, M0 B Cy4acHOMY CBITI TexHoJsorito Pl
YCHIITHO 3aCTOCOBYIOTh Mia 4Yac BurotoBieHHa AK, mo miarBepkeHo Oe3Iiv4ro
myOJiKaIii, mpoTe MPaKTUYHO HEMAa€ KUIbKICHUX XapaKTePUCTHUK, IO XapaKTepU3yIOTh
ctBopeHHs AE.

OmuinroBanHs peanmizamii Pl mig wac BupimeHHS NpsSMOro Ta 3BOPOTHOTO 3aB/aHb
(hOpMOYTBOPEHHS 32 YMOBH OOMEXKEHOT'O Yacy BUKOHAHO 3a pe3yJbTaTaMU PO3PaxyHKIB
TPYAOMICTKOCTI BUKOHAHHS poOiT 31 cTBopeHHs AE AO Ha nmpukiiaji CKJ1a1aabHOI OTMHUIT
(CO) — crabinizaTopa rejaikonTepa — Opv TEXHIYHIA MIATOTOBI[I BUPOOHUITBA. Y LBOMY
BUMNAAKy OyJI0O BpaxOBaHO, IO CKJIaJaHHsA (30upaHHs) cTabigizaTopa TeiKonTepa
BHKOHYETHCS B CKJIAJaIbBHOMY MPUCTOCYBaHHI 3 0a3yBaHHSAM Bin Kapkaca. HopMmyBaHHS
TPYJIOMICTKOCTI OIepaliid peasi3oBaHO 3a METOJOM EKCIEePTHOro OIliHIoBaHHS. Jis
PO3paxyHKy TPYAOMICTKOCTI 3BOPOTHOTO 3aBlIaHHS (OPMOYTBOPEHHS 3a YMOBH
3actocyBaHHs PI Oyma pospoOisieHa omepalliifHa TEXHOJIOTIS TEXHIYHOI T1ATOTOBKU
BUpPOOHMIITBA Ta HOPMOBAHO orfeparii st crabirizaropa renmikontepa. Po3paxyHKH
MOKa3aJid, 1110 3arajibHa TPYAOMICTKICTh cTBopeHHs1 CO crabimizaTopa TeiikonTepa npu
BUPIIIEHHI 3BOPOTHOTO 3aBJaHHA B 1,5 paza MeHIna, HiX M1 9ac cTBopeHHs Tiei camoi CO
BUPIMIEHHSAM TMPSMOTO 3aBAaHHS. SIKIIO TOPIBHIOBATH PO3PaXyHKOBY TPYIAOMICTKICTh
dbopmyBanHs AE 3a mpsitMuM 1 3BOPOTHUM 3aBJIaHHSAMH, TO B OCTAaHHhOMY BUMaIKy AE Moxe
OyTH BUKOHAHO B 3,7 pasa mIBUALIE, HIXK MM1J] 4aC BUPIIICHHS IPSIMOTO 3aBIaHHS.
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[TuTaHHs CKOPOYEHHS TPUBAIOCTI TEXHIYHOT MIATOTOBKHU BUPOOHMIITBA feTaneid AK
3QJIMIIAIOTHCS aKTyaJIbHUMH B HAyKOBOMY CITIBTOBAapHUCTBI, IO MIATBEPKYE 3HAUHMIM
o0csT TIpoaHaIi30BaHOI JiTepaTypH Ha If0 TeMy. baraTto aBTOpiB MpoONoOHYIOTh e(PEeKTUBHI
CIOCOOM JTOCSTHEHHSI LIbOTO pe3yJbTaTy Ha PI3HUX eTanax TEeXHIYHOI MiATOTOBKU
BUPOOHUIITBA, PO3TIISAIAIOUN TUTAHHS 3 PI3HUX MO3UIIINA, MpoTe acnekT BBy Pl Ha nei
npolec 3alMIIaeThCs MalloBUBUYeHUM. besnocepennbo TexHoinorito Pl Hepigko
PO3IIIAIal0OTh B ACMEKT1 3HM)KEHHS TPYIOMICTKOCTI B MEXaX TOTO YW 1HIIOTO OKPEMOTo
MpoIleCy, HAMPUWKIIAJL Ha eTami KOHTpoJdio AeTtanei. [Ipore ii BIIWMB HA TEXHIYHY WU
TEXHOJIOTIYHY MIATOTOBKY BUPOOHUIITBA 3arajioM HE PO3TIISIHYTO A0ci. ToX MpOmoHy€eThCs
HE TUIbKU €(peKTUBHUHN CIOCIO yNPOBAIKEHHS aKTyaJIbHUX TEXHOJIOTIN y MPOIIEC PEMOHTY
Ta MoziepHi3aiii Bxke HassBHOI AK 3 BukopucTtanasm MetoiB Pl, a i HanmpsiMKy KOHKPETHUX
JAOCHDKEHb 3 pO3paxyHKaMH TOYHOCTI, SIKy peajJbHO OTpUMATH MpH TEXHIYHIN 1
TEXHOJIOT1YHIM MIArOTOBII BUPOOHUITBA Ta BUPOOHMUILTBI AOCHIKyBaHuX aetainei, CO
AK. Otxe, MeTor0 qucepraiiitHoi poOoTH € po3poOeHHsI HAYKOBUX OCHOB BUPOOHUIITBA
AK 13 3a0e3rneyeHHsIM 3aJJaHUX [MOKA3HUKIB TOYHOCTI Ta TEXHOJIOTIYHOCTI B yMOBax
OOMEXEHOro 4Yacy 13 3acToCyBaHHSAM MeToAiB Pl mpu yTBOpEHHI OCHOB HOBOTO
THCTPYMEHTApII0 BUPIIICHHS HAYKOBO-TEXHIYHOI MpoOJeMH, siKa Mojsra€ B HEOOX1THOCTI
IPUCKOPEHOTO BHUPOOHULTBA B YMOBaxX JKOPCTKHX OOMEXEHb 13 3a0e3NeyeHHIM
HEOOXITHOTO PIBHS TOYHOCTI Ta TEXHOJIOTIYHOCTI MIJISXOM CTBOPEHHS HAyKOBO
oOrpynToBaHuX MeToIiB 1 moaeneit PI AK.

OCHOBHI HAYKOBI1 pE€3yJIbTaTH, HABEJEHI B IEPIIOMY PO3/111, OIYyOI1KOBAHO B MpaLsix
astopa [1, 7, 12,17, 18, 21, 25, 26, 27, 28, 29].

Jpyruii po3aizi poOOTH MPUCBSYEHO PO3POOJICHHIO TEOPETUYHHUX OCHOB CTBOPEHHS
netani AK na 6a3i metoniB PI 3a ymoBH 0OMekeHOr0 yacy.

KitouoBUM MOMEHTOM CY4YacHOTO BHUPOOHHMUTBA € TEpeXiJ Bl JAMCKPETHOrO [0
€JIEKTPOHHOTO omnucy BupoOy, To0To 10 ctBopeHHs AE AK. Ilpore B 1boMy BUMAIKY €
CKJIQJHICTh Y3TOJKEHHSI ICHYIOYOI TEXHOJOTi4yHO1 miarotroBku BupoOHHITBa (TIIB)
(ocobmuBo 11e crocyeThes AK, siki 6yi1o BUroTosieHo moxaa 20 pokiB TOMY) i3 CydaCHUMH
KOHCTPYKTUBHHUMH ¥ TEXHOJIOTIYHUMH PIIMICHHSIMH BIAMOBITHO JO CTBOPEHOI HOBOI
Moaudikarlii, MPOTOTUITYBAaHHS 00 peMOHTY. J1Jist BUpilIeHHs 1€l Mpo0OJieMU Ha IOTTOMOTY
MPUHANLIN TEXHOJOT11 PI, ik KOMITIIEKC METO1B, TEXHOJIOTIH 1 YCTaTKyBaHHS JJIs peaiizamii
CXeMH «iJies-MaKeT-BUpi0» Ha BIAMIHY BiJ 3BUYAWHOT Ui 1HXKEHEpA CXEMH «ijes-
KpPECTICHHS-BUPIO».

[Tix yac BUpIIIEHHS NPSMOTO 3aBAaHHS (POPMOYTBOPEHHS OMUC JeTall SIK 00’ €KTa
BUpOOHMIITBA mouyuHaBcs 3 onucy AE nerami (AEy;), M0 MICTUB Taki TUIH MOJEJIEH:
CTaJIOHHY MOJIEJb TeOMETpil MOBEepPXHI Ta JOMYCKIB MaKpoBiaxwieHb (EMy); eTaloHHY
MOJIeNTb TEOMETPil KPOMOK JeTalli Ta AOMYCKiB iX BiaxwuiieHb (EMf,); €TalloHHI MOZedi
MiKpopenbedy TOBEpXHI neTani (IOPCTKICTh, XBHIACTICTh) Ta 11 KpoMOK (EMysixy);
€TAJIOHHI MOJeNl BJIACTUBOCTEH (TyCTMHA Marepiaidy, TBEpPIICTb, THUIl TOKPUTTS;
3HOCOCTIMKICTh TOIIO) JeTaii, il MOBEpXOHb Ta KpoMOK (EMp); eTaloHHI Mojaei
npomucioBoi uucrotu (ITY) moBepxHi Ta kpomok aetami (EMpy). Mozeni MOKPUTTIB,
TBEPJIOCT1 MOBEPXHi, MIOPCTKOCTI Ta JOMYCKIB MoOymoBaHo Ha 0a3i EMp, mo Tak caMmo
CTBOPEHO 3a J0moMororo Tomonoriyaux omepaiii CAD-cucremMu 3 okpemMux 00’€MiB
(Solid) Ta/abo moBepxonb (Surface). Y 1pOMYy BHIAAKY TPYAOMICTKICTh BHECEHHS
iHbopMarii mig yac ¢GopMyBaHHS MoOJENe € HE3HAUYHOI MOPIBHSHO 3 TPUBAIICTIO



13

noOynoBu EMr. 3acTOCyBaHHS TaKUX MIAXOIB JaJI0 3MOTY peajli3yBaTd BUKOPUCTAHHS Ha
poOoUMX MICHAX BUPOOHWYMX MIAPO3AUIB AE; 3aMicTh KpecieHb. 3a3HauMMoO, IO
CKOPOYEHHSI TPYJIOMICTKOCTI 3aJIe’Kajio BiJ KpaTHOCTI 3acTocyBaHHS AE; y mpoleci
CYNPOBOJY MPOILIECIB BUTOTOBJICHHS Ta €KCILTyaTallii BUPOOy.

[Ticnss BUTOTOBJIEHHS JAeTali OYyJO OIIHEHO PIBEHb ii BIAMOBIIHOCTI €TAJIOHY —
peaizoBaHO KOHTPOJb. /{1 BUKOHAHHS 1€l IPOIeAypr TTOOYI0BAHO JIB1 MOJIETI1: MOJICIIb
eTajyioHa i mozenp Aetani. OcTaHHS ONMUCYBala peaibHy JeTalb, TOOTO OyJa ii TOPTPETOM.
Taxum unHOM, IOPTpETOM reomerpii aerani /11 ;; Oyna aHadiTHUHA MOJENb, TOOYI0BaHA 3a
pe3yibTaTaMi BUMIPIOBaHb, 10 omucye (Gopmy U po3mipu peanbHOi aerani abo ii
¢dbparmenTa B cuctemi koopauHart AE; Jlns peamizarii mpoueayp KOHTPOIIO AeTaii ii
MOPTPET MICTUB Taki MOJENI: MOPTPET reoMeTpii moBepXxoHs (/1I,); mOpTpeT reomeTpii
kpaiB (/1] ,); mopTpeTu reoMerpii Mikpopenbedy AeTani (IOPCTKICTh, XBUISCTICTh) Ta ii
KpOMOK (/11 yixp); IOPTPETHU BIACTUBOCTEN (TYCTHHA MaTeEPIaly, TBEPIICTD, TUII IOKPUTTIB;
3HOCOCTIMKICTh TOIIO) JeTali, ii MOBEpPXOHb Ta KPOMOK (/Iz); MOPTpEeTH MOBEPXHEBOL
yucrotu (ITH) moepxHi Ta kpomok netani ([1;y). Jlns onucy BupoOHuiTBa AK Oyio

CTBOPEHO YKPYITHEHY MOJICIb TIpo1ieciB (hopMOyTBOpEeHHS (Talnuiis 2).

Tabmuug 2 — YkpynHeHna mozens nporeciB opmoytBopersst AK Ha ctaaii TIIB

AHaTITHYHI €TAJIOHH:
. CKJIaIaJIHOT'O CKJIaJICHOTO (hOpMOYTBOPIOBAIIHLHOTO
3arOTOBOK neranei
KOMILJICKTY BHPOOY OCHAIICHHS
1 2 3 4 5
AE3 AEq AEkomn AEcs AEa»0
[Ipouecu popMOyTBOpEHHS:
3arOTOBOK eTajei CKIaJlaIEHOTO CKIaICHOTO OCHAIIIEHHS
a KOMILJICKTY BUPOOY m
6 7 8 9
MII3 MIIy MIllcp Mllo
[Iporiecu BUMiproBaHb:
3arO0TOBOK nerajaeu TOKYITHUX BUPOOIB CKIJIAICHOTO OCHAIIICHHS
BUPOOY
10 11 12 13 14
MIlp3 MIlIgy Mgz MIIpcs MIIgo
AHaJIITUYHI TOPTPETHU:
. . CKJIaJICHOTO
3aroTOBOK JeTanei MTOKYITHUX BUPOOIB BHPOGY OCHAIIEHHS
15 16 17 18 19
113 1 Vi Ice 1o
BukonanHs nporeayp KOHTPOJIIIO:

20 21 22 23 24
MOPIBHSIHHS MOPIBHSAHHS MIOPIBHSAHHS MOPIBHSHHS MOPIBHSHHS
H3 Ta AE3 Hg Ta AEﬂ ]7173 Ta AE[(OMH HCB Ta AECB Ho Ta AEO
27 28 29 30 31
pILIEHHS MO/I0 | PIIEHHS MO0 pIIIEHHS 11010 pIIIIEHHS TII0]10 pIIIEHHS TIOJI0 STKOCTI
SIKOCTI SKOCTI JIeTajeil | SKOCTI MOKYIMHUX SIKOCTI OCHAILIEHHS

3arOTOBOK BHUPOOIB CKJIaJICHOT'O
BUPOOY
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VY Bumie3zasHaueHil Monenl NpUiHATO Take. Mogenp 1— aHamITUYHUN €TaloH
3aroToBKu AFE3 mocrauyaHHs maTepialy Ta JOBEACHHS HOro A0 CTaHy 3aroTOBOK, IO €
000B’sI3KOBOIO YMOBOIO [TOYATKY MpoiieciB. Mojiesib 2 — aHaIITUYHUHN eTasioH aetaii (AE)y),
BIJIMOBITHO JO SIKOTO e (QopMOyTBOpeHHS AE3; 3 METOI0 BUTOTOBJIEHHS JETajei.
Mopaenb 3 — KOMIUIEKTallis AeTallel epe]] CKIaJaHHsIM, 110 3aBepIIyeThCs (hOpMyBaHHSIM
CKJIQJJAIbHUX KOMIUIEKTIB, KyIU BXOJATHh YCI JIeTajl Ta BY3JU IMICIS TEXHOJOTTYHOTO
KOHTPOJTIO 11eXy BUPOOHHMKA Ta HOMEHKJIATypa Bijl 30BHIIIHIX OpraHizaliii, 1o OMmuCy€eTbCs
AHATITUYHAM €TAJTOHOM KOMIUTEKTY AFEkom;. 32 3aCTOCYBAaHHS KJICTIAIBHUX aBTOMATIB
MOTIEPETHE CKIIAJIaHHs KOMIUICKTIB arperatiB BUKOHYETHCS B CIPOIICHHUX CKIIAaTbHUX
NPUCTOCYBAHHAX. BUKOHaHHS CKJIaJadbHUX OMepamiidi MUIIXoM 3MiHH  QopmH
3’€IHYBaJbHUX €JIEeMEHTIB (y pydyHOMYy a00 aBTOMAaTHYHOMY PEXHMi), IX 3aBEpIICHHS
03HaYa€ 3aKiHYCHHS (POPMOYTBOPEHHS 3TIHO 3 TEXHOJOTIYHUMH IPOIECAMH CKIIaTaHHS
00'exTa BUPOOHMIITBA Ta OMUCYETHCA AHAJTITUYHUM €TaJOHOM CKJIaJIeHOTO BUPOOY AEcp —
Mozenb 4. Ha nepriomy erarri nipsime 3aBJiaHHs (GOPMOYTBOPEHHSI 3BOJIUTHCS JJO OTPUMAaHHS
3aroToBOK 3a HassBHUMU AFE3. Jns peanizaiiii nboro 3aBJaaHHs BUOMPAIOTHCS 00JIaIHAHHS,
THCTPYMEHT, COCiO KPITUICHHS] MaTepialy B CTaHi OCTaYaHHS Ta PO3POOIISIIOTHCS MOJIET]
mpoliiecy OTpuMaHHs 3aroToBok MII; — monens 6. 3akiHueHHs BUKOHaHHs MI1; o3Hauvae
BUPIIIEHHS MIPSMOTO 3aB/IaHHs popMoyTBOpeHHs. [10TimM BUpIIIy€eThCS 3BOPOTHE 3aBIaHHS
(GbOpMOYTBOpEHHSI — 3a pe3yJbTaTaMd BHUMIPIOBaHb OYIyIOTh aHAJITU4YHI TMOPTPETU
3aroToBOK /713 — Monens 15. Mogens 20 — peanizartiisi Ipoueayp KOHTPOJIO, 1€ BUKOHAHO
NMOpiBHAHHA Mozene 15 1 1, To6To mopTpety /73 1 aHaTITUYHOTO eTaNoHy AE3:

|F(AE3)—-F(I15)|< F(4), (2)

ne  F(AEs;) — Bu3HauanbHi mapamerpu AEs3, F(11;) — BU3HAYaIbHI TapaMeTPH TIOPTPETIB
3aroToBOK; F(4) — nonmycTuMi MOXUOKM BU3HAYAIBHUX MapaMeTpIB.

[To3uTHBHI pe3yabTaTh BUKOHAHHS YMOBH (2) O3HAYarOTh 3aBEPILICHHS BUPIIIECHHS
MPSIMOTO Ta 3BOPOTHOTO 3aBAaHb (OPMOYTBOPEHHS (MOAEIb 27) Ha IbOMY €Talli.

Ha apyromy erani npsme 3aBaaHHsi (h)OPMOYTBOPEHHS Mependadae BUTOTOBJICHHS
netaineii 3a iHpopMmartiero 3 AE; (moaens 2). Jlyig peanizariii 1bOro 3aBJaHHsI BUOMPAETHCS
o0J1alHaHHS, IHCTPYMEHT, CII0Ci0 KPITIJIEHHS 3ar0TOBOK Ta PO3POOISIOTHCS MOJIEI MPOIIECy
onepxkaHHs neraneit MI1; — monens 7. SIkmio sik o0naaHands oopano Beperar 13 UIIK, To
MO/IEJI1 MPOIIECIB MICTATh KEPYBAJIbHI IPOTpaMu. 3aKIHUCHHS BUKOHAHHS MOJIEIICH TPOIecy
O3HAYya€ BUPIMICHHS MPSMOro 3aBlaHHA (QopMoyTBopeHHs neraieil. [lotim HEoOXimHO
BUPIIIUTH 3BOPOTHE 3aBJaHHS (POPMOYTBOPEHHS JI1 BUKOHAHHS KOHTPOJIBHUX OINEpallii.
Sxmo mig yac BUTOTOBJICHHS JeTajell BUKopucToBYyBajocs obOmamuanus 13 UIIK, To
palioHAIbHO BUKOHATH HAa LIbOMY OOJaJHAHHI BUMIPIOBAIbHI MPOUEAYpPH, 3aMIHHUBIIH
(hOpMOYTBOPIOBATILHUM  THCTPYMEHT BUMIpIOBAIbHUM. [[1s1 BUKOHAHHS MpOUETYp
BUMIPIOBAaHHS HEOOX1THO PO3POOUTH BIAMOBIIHI MOJIE1 MPOIIECIB BUMIPIOBaHHS JeTanei
MIlIg;—monens 11. 3a pe3ynbTaTaMu BUMIPIOBaHb Oy1yIOTh aHATITUYHI MOPTPETH JIeTaaei
1l — mopenb 16. Monens 21 — peanizailisi npoueaypyu KOHTPOIK BUTOTOBIIEHOT JieTail
[UISIXOM MOPIBHAHHS AaHUX Mojenel 2 1 16, To6to noprpery /17 1 aHATITUYHOTO €TATIOHY
nerami AEy:

|F(AER)—F(I1g)|< F(4), )
ne  F(AEj) — Bu3HauanbHi mapamerpu AE; 9
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F(I1;) — BU3HAYAIbHI TTApAMETPH MTOPTPETIB JICTAICH.

Tpertiii eran He nependayaB BUPIIIEHHS OPSIMOTO 3aBJIaHHS (HOPMOYTBOPEHHS 3a
iHpopMmarieto AExoum (Moaenb 3), OCKUIBKH BCl JIeTajli BUTOTOBJICHO 3 BUKOHAHHSIM
npoueayp KoHTpodto. s uporo eramy mnependayeHo BUPIIIEHHS 3BOPOTHOTO 3aBJIaHHS
(hOpMOYTBOPEHHSI 1IOJI0 MPOBEACHHS KOHTPOJIBHMX OIepamnid s MOKYIHUX BHUPOOIB
(Monmenp 22) 3a yMoBOW (3), 110 Ja€ 3MOTY NPHUHHATH PIMICHHS IPO SKICTh MOKYIMHHUX
BUPOOIB Iepe iX cKiaganHsIM (rporeaypa 29).

Ha geTrBepTromy erarti METOr0 IpsIMOTo 3aBAaHHS (OPMOYTBOPEHHSI CTAJI0 CTBOPEHHS
AQHATITUYHOTO €TaJOHa CKJIQJCHOTO BUPOOYy AEcz — moxaenb 4. Jlns peamizaiiii mboro
3aBJaHHS BUOMPAIOTH CKIIAJAIbHI IPUCTPOI Ta IHCTPYMEHT, TICJISl 4OTO CTBOPIOIOTH MOJIEITH
ckiageHoro BupoOy MIlcy — moxaenb 8. 3akiHUCHHS CKJIQJIaHHS O3HAYA€ BHPIMICHHS
npsiMoro 3aBAaHHsS (GopMOyTBOpeHHsA. [loTiM BHpIIIYEThCS 3BOPOTHE 3aBAAaHHSA —
OTPUMAaHHS AHATITUYHOTO TIOPTPETY CKJIAJACHOTO0 BHUPOOYy Ta BUKOHAHHS TIPOIETYP
MOpiBHSHHA. J{J151 BUKOHAHHS BUMIPIOBAIBHUX MPOLIEYP HEOOX1THO pO3pOOUTH BiITOBITHI
Mozeli mpoleciB BuMiptoBaHHsi MIlzcp — monens 13. 3a pesynbTaTamMu BHUMIPIOBaHb
OynyeTbCsl aHAITUYHUN TIOPTPET CKiIaeHoro Bupody [/cz — moxaens 18. Monens 23 —
Mpolelypa KOHTPOIIO HUISIXOM MOpiBHSAHHA Mojenet 4 1 18, Ttodro moprtpery [lcs 1
AHATITUYHOTO €TaJIOHY CKJIaJeHOr0 BUPOOYy AE !

|F(AEcp)-F(Ilcp)|< F(4), (4)

ne  F(AEcp) — BuzHavanbHi napamerpu AEcg; F(I1cp) — BU3HaYanbHi mapamerpu [1cs.

Buxonanus ymoBu (4) o3Hauae, 1110 BUPIICHHS 3aBJaHHs (HOPMOYTBOPEHHS Ha eTari
CKJIaJlaHHs BUpoOy (tiporieaypa 30) ycniniHo 3aBepiieHo. Ko noTpioHO BUPIIIUTH IIPsiME
3aBJaHHS (OPMOYTBOPEHHSI IUIAXOM CKJIaJaHHS 00’€KTa BUPOOHHUIITBA, TO KpiM
aHAJITUYHOTO eTaioHa AFEcp Mg po3poOsieHHs Mojeni mpolecy ckinananus Mllcp
(Mozenb 8) HEOOX1THO MAaTH aHAJIITUYHI 3pa3Kh TEOMETPIl CKIaJaIbHOTO OCHaIIeHHS AEo
(Mmozens 5).

JloBeaeHo, 110 BUpIMIATBHY poib A ckopodeHHs TepmiHiB mig yac TIIB AK
BIJIIrparOTh Mporecu (GOPMOYTBOPEHHS, K1 PEai30BAHO IUIIXOM BUPIIICHHS MPSIMUX Ta
3BOPOTHHMX 3aBaaHb Ha 0a3i AE, sk Hocis moBHOI iH(popwMarii npo Bupi6 (tabm. 2).
Cxmannicte TIIB AK mnonsrae B crBopeHHl KopekTHoro AE mms Bcix ydacHHKIB
BUPOOHMYOTO TMPOIECY, BiJ SKOTO 3aJIEKUTh B3a€EMO3B 30K KOHCTPYKTOPCHKUX 1
texHosoriunux eramiB TIIB. [TokazaHo, 110 3HUKEHHS TEPMIHIB 3aTAJIBHOI TPYIOMICTKOCTI
TIIB AK € MOXJIMBAM caMe IIIIXOM BHUKOpHUCTaHHS e€auHoro AE nmmsa Oynb-skux
QITOPUTMIB TIPHU BUPINICHHI MPSMUX 1 3BOPOTHHUX 3aB/IaHb.

AHani3 tabnuii 2 mokasas, 10 3a HEOOX1IHOCTI mpoToTunyBaHHs aeraned AK B
yMOBax 0OMEKEHOTO Yacy eTard o0 crBopeHHs AE morpeOyroTh 101aTKOBOTO Yacy i
3aTPUMYIOTH TIPOIIECH BU3HAYCHHS TEXHOJIOTIi i BUTOTOBJICHHS. ABTOPKOIO 3aIIPOITOHOBAHO
mpaipoBaTd caMe€ 3 OTpuMaHUMM mopTperamu Bin 3D-ckanyBanHsa. Taki 3amadi He
JTOCIDKYBAJIMCS 3 TOTJISIY ONTHUMI3AIlli MPOIIECIB 3a MIHIMyMOM 4acy W JOCTaTHHOIO
TOYHICTIO OTPUMAaHHS PE3YJIbTaTIB.

VYBeneHo moHATTS 1BOX MeToiB PI: cTajmoro — BUTOTOBIEHHS JeTaNl 32 OTPUMaHUM
nopTpeToM («XMapor TOYOK»), M0 OyJI0 J0OMpaiboBaHO 1 BHOpAHO SK CTAJOHHUI,
3BHYAHHOTO, 10 MOEHYE BC1 €Tanu 10 cTBOpeHHsI AE BKIIIOUHO.

JlocmikeHo TpUKIaan 3aCTOCYBaHHS cTajoro W 3BudvaitHoro Pl Ha cxmamHiii 3a
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dopmoro nerani AK — kopmnycy pynboBoi mamman (puc. 3, 4 1 5) 3a yMOB 3a0e3MeyeHHs
3a/1aHOT TOYHOCTI 3 BU3HAYCHHIM 4acy JJIsl KOKHOTo MeTony. BuzHadueHo 8 roauH pi3HUII
3a 4aCcOM Ha KOpHUCTh cTayioro PI, To6To TpyaomicTkicTs pobit ctasnoro Pl € menmioro, HiX
3uuaiiHoro PI. JloBeneHo, mo 3a yMoB jaomycky +0,5 MM JOIIJIBHUM € BUKOPHCTaHHS
3BuuaiiHoro PI, a npu Giabiux 3a 0,5 MM, — ctanoro Pl.

)
Pucynoxk 3 — Kopmyc pys1b0B0i MaruHu Pucynox 4 — IToptper xopmycy
AK: a — BHyTpilIHI# Oik; 6 — 30BHINIHIHN OiK pynboBoi MmamnHn AK:

a — peayibHU; O — eTaTIOHHUMN

Pucynok 5 —I'otoBuit AE kopnycy pynboBoi Mamnan AK:
a — 3 0JIHOTO O0KYy; O — 3 1HIIIOTO

Po3pobnieno meron BuOOpPY pallioHATHHOI TEXHOJOTIi MIBHUAKOTO BHPOOHHIITBA
Ta/ab0 PEMOHTY 3a YMOBH OOMEXKEHOro 4acy. BusBieHo, 1o s AeTalie y KiIbKOCTI
nonas 10 mT. B ymoBax apiOHocepiiiHoro BupoOHumTBa (10 100 mT.) Ta TOYHOCTI OibIIIe
+0,5 MM OOTpYHTOBAHUM € BUKOPUCTAHHS TE€XHOJOTII IITAMITyBaHHA. 32 TIEIO K KUIBKOCTI
netanen, ane To4yHocTi MmeHme +0,5 MM, nouinbHO Oyne BukopuctoByBatn UIIK a6o
BHCOKOWBHUKICHE 00po0aeHHs (BIIIO) mramnoBaHoi 3arotoBku adbo ppe3epyBaHHs IUTUTH
Ha BepcTtaTti 3 UIIK abo BIIO. ITpu kinbkocTi neraneid menmie 10 mrt. Ta TOUHOCTI OUIbIie
HiK +0,5 MM pEKOMEHJIOBAaHO BHUKOpHCTaHHS 3D-mpuHTEpa 3 TOMAIBIIUM PYYHHM
sauniieHHsM. [Ipu Tii ke KUTBKOCTI JAeTajeH, ajge TOYHOCTI MeHIIe HiXK +0,5 MM JTOIUIIBHO
3actocoByBatu Bepctat 3 UIIK a6o BIIO mpu ¢pesepyBanHi mintu abo MTaMIOBaHOI
3arOTOBKH.

Po3paxyHkamu 70BeleHO, IO 3arajibHa TPYJAOMICTKICTH omeparliii ctBopeHHs AE
netam craHoBwia 18 mrog.-roa. Yac Ha miAroToBKY A0 APYKY 1 Oe3mocepeaHho APYK
OOCTIIHOI aeTami craHoBHB [+2; +15] moa.-roa. 3a HEOOXiZHOCTI BUKOHAHHS (DiHIIIHHX
oreparii TpyIoMICTKICTh poOiT ctanHoBmia [+4; +3] mo.-rof, a 3araabHa TPYAOMICTKICTh
po0iT 3 ypaxyBaHHsaM ycix eramiB Pl — [+27; +17] mon.-roa. Ilpu 3amoBUIbHIN SIKOCTI
HaJPYKOBAHOI JAeTalll SIK TaKOi, e He MOTP1OH1 (PiHIIIHI onepallii, 3arajbHa TPYAOMICTKICTh
Ma€ HalMEHII ToKa3Huku — [+25; +18,5] mox.-rox.
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3a3HayeHo, M0 HA TOKA3HUKH TPYIOMICTKOCTI CYTTEBO BIUIMBAE HEOOXITHICTH
BUKOHaHHS (DIHIIIHKUX oneparlliii 3 00poOIeHHs MOBEPXOHb, KPOMOK TOI110. CI1i]T 3ayBakKUTH,
0 TPUBAJICTh IITAMITYBaHHS 3aroTOBKM B IITAMIi TIOPIBHSHO 3 JPYKOM PI3KO
BIpI3HsJIACS. 30KpeMa, IJis IPYKYBaHHS JOCHIKYBaHO1 Aetaii notpiono 1-1,5 roaunu, a
JUIsl IITaMIilyBaHHs B mmTamni He Ouibine 30 c. 3aranbHa TPYAOMICTKICTH pPOOIT 3
ypaxyBaHHIM Pl 1711 BUTOTOBJCHHS JOCIAHOI JeTall IITaMITyBaHHSAM CTaHOBHja [+45;
+38] moa.-rox, 1o B 1,8 pasa Oinbliie HixK IPH BUTOTOBJCHHI Takoi x aetani 3D-apykom.

[Ipn 3ag0BUIBHIA SIKOCTI BIiAIITAMIIOBAHOI JeTaji, KOJM MOJKHAa 3HEXTyBaTH
GIHIITHUME ONEpalliIMU 3a4UCTKH, 3arajibHa TPYIOMICTKICTh HECYTTEBO 3MEHIIIyBaIacs Ta
cranoBuna [+44; +37,5] mon.-rox.

OcCHOBHI HayKOB1 pe3yJIbTaTH, HaBEJCHI B IPYTrOMY PO3/ii, OMyOJIIKOBAaHO B MPaLAX
aBTOpKH [2, 3, 4, 18, 20, 24, 30].

Tperiii po3aia poOOTH IPUCBIYECHO PO3POOICHHIO OCHOB MPOIIECY GOPMOYTBOPECHHS
YaCTKOBO 3pyHMHOBaHMX, MOMIKOXKEHUX a00 3HOIIeHUX JieTaneil AO onmyki0-BrHyTUX GopM
Meroaamu Pl B yMoBax mIBUAKOTO BUPOOHHUIITBA.

JloBeneHo, 1m0 TeoMeTpUYHAa TOYHICTh BUTOTOBJIEHOI aetani AO Mae BiAMOBIIATH
BUMOTaM JI0 KOHCTPYKTHMBHHMX JOMYCKIB 1 JJO BUTOTOBJICHHS 3TITHO 3 YMOBaMHU POOOTH
nerami B AK. BusHaueHo mapaMerpu IONMyCTMMHUX BIJIXWIEHb T'€OMETpii JeTaii, M0
BUT'OTOBJIEHA 200 3a mopTpeToM abo 3a AE sk nepmiompkepen iHbopmariii.

ToOTo y BUMaaKy, KOJIH BIICYTHI BKa31BKHU 1010 JOMYCTUMUX BIAXWJIEHH (hOpMU Ta
pO3TaITyBaHHs TMOBEPXOHbB I1i BIAXUICHHS OOMEXKYIOTHCS TOJIEM OMYCKY Ha Po3Mip, IO
BH3HAYAIOTHCA 32 BIANOBIAHUMH JOBITHUKOBHMH JIaHUMH MAIIMHOOYMIBHOT Tamy3i.
OcranHe Oysl0 BUKOPHCTAHO Tij dYac ampoOarrii HOBOI METOIO0JIOTii MPOTOTUITYBAHHS
OIyKJIO-BTHYTUX jeTajeil cramum Pl 3a ymoB 3a0e3nedeHHs 3aaHOi T€OMETPUYHOL
TOYHOCTI iX BHTOTOBIEHHS. BuOpaHo mocmiKyBaHy AeTaib — Jionath TypOiHU HACOCHOI
aTOMHOI T1JIpOeJIeKTPOCTaHIIii (PUCYHOK 6).

B
a — 3 0IHOTO OOKY; O — 3 1HILIOTO OOKY; B — 3BEpXY
Pucynok 6 — JlonaTe nocmiiHoi nerani

['imoTe3a nmociipkeHHs mMoJisAraja B NPUMNYIIEHHI, IO KOHTPOJb T€OMETPUYHOT
TOYHOCTI JOOMpaIbOBAaHOTO (HaJaJll — ETaJOHHOTO) MOpTpeTa MOXHAa BHUKOHATH 3a
OTPUMAHUM MOPTPETOM 13 BUTOTOBJICHOI JOCIIIKYBAHOT IeTalli, AKY OyJ10 HaAPYKOBaHO 32
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aIUTUBHUMHU TeXHONOTisIMU. [Ipu oMy 1S neTaneil BETUKUX po3MipiB Taka ampoOartis
MOXKJIMBA Ha TMPOIMOPIIIHHO 3MEHIICHHX pO3Mipax eTaJOHHOTO IOpTpeTa 3a YMOBH
BU3HAUEHHS JIOIMYCKY Ha HOMIH&JbHUNH pO3MIp HAJpPYKOBAHOTO  3MEHIIEHOI'O
3pa3ka. 3MEHILIEHHS € HeOOX1IHUM JIJIsi MiHIMIi3allli BUKOPUCTaHHS MaTepially Ha MpoOHI
3pa3Ky i 9ac miadopy peKUMIB APYKY, MIapiB YKIIAaHHS IUIACTUKY IS 3a0€3TMeUCHHS
KYTIB 1 paJilyCiB 3a0KpyTJeHb TOIO0. byno npuitHsaTo pimeHHs peanizyBatu 3D-apyk 3pa3ka
Jomari B 3MEHIIIEHOMY PO3Mipi 3a (ailyioM i/1eaJTbHOTO MOpTpeTa. BilcOTOK 3MEHIICHHS
daitny ¢opmatom «*.STL» BuOupanu 3 ommagy Ha MoxiuBocTi  3D-mpuctporo
(CREATBOT F430) i KOHCTPYKTHBHO-TEXHOJIOTIYHOTO aHaJIi3y JOCIIHKYBaHOI JIOMATI.
[TopiBHSIHHS MOPTPETIB HABEIEHO HA PUCYHKY /.

oo14e Z o baa 0.006 ®
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0.008 &
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0.053 &

-0.006 & 0.018 &

-0.064 &

0.044 0
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4
"

B r
a — 3 00Ky BrHYTOI MOBEpXHI; O — 3 OOKY OMYKJIOT MOBEPXHI;
B — B 30HaX OTBOPIB; I' — B 30HI IEPETUHY IJIOIIUH
Pucynok 7 — KonTposb Ta HOpiBHAHHS MOPTPETa 3pa3ka Jionari
y 3MEHIIEHOMY (hopMarTi 3 €TaJJOHHUM

Takum 4MHOM, PO3MIpHU 3pa3Ka jonari OyJau MPONOPLiHO 3MeHIIeHl 10 25 % B
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opuriHanbHUX 1 cTaHoBwm 150x100,571x57,763 MM TIOpIBHSIHO 3 HATYPHUMH PO3MipaMu
sonati 640,632x429,527x246,698 mwM.

BBaskasocs, 1110 Jionarb BUrOTOBJIeHA 3a 12-m kBaniteroM. Tofi A 3pas3ka jgonari y
3MEHIIIEHOMY POo3Mipi (B 4 pasu BiJl OpUTiHAJY) JOMYCK Ha BUTOTOBJICHY JI€TAJIb CTAHOBUB
+0,25 MM 1 £0,6 MM 11 OpUTIHAJIBHUX PO3MIPIB JeTali (3a JaHUMHU TaOomuip 3 1 4).
KoHTposnb mokaszas, 110 BIIXWJICHHS PO3MIPiB, BU3HAYEHUX IiJ] Yac €KCIEPUMEHTAIbHUX
JTOCJIDKeHb 31 CKaHyBaHHI 3pa3ka JIONaTi B 3MEHIICHOMY pO3Mipi Ta MOPIBHSAHHS 3
17IealbHUM 3MEHIIEHUM TopTperoMm craHoBuwiu Bifg —0,123 mo +0,120 MM 1 BXoguwimu A0
BHU3HAUEHOTO NoJist fomycky +0,25 mm. OTxe, BU3HAUCHUI TOMYCK HA OPUTTHAIBHI PO3MIpU
jgomari +0,6 MM € TpaBWIBHUM 1 TEOPETHYHI 3acaJy 3alpOlOHOBAHOTO METOIY
MPOTOTUIYBAHHS ONMYKJIO-BrHYTUX Jeraned ctanuMm Pl 3a ymoB 3a0e3nedeHHs 3a7aHOi
re€OMETPUYHOI TOYHOCTI X BUTOTOBJICHHS € TOCTOBIPHUMH.

BukoHaHo yB’s3yBaHHs MiJ 4ac MPOTOTUITYBaHHA CKIagHUX aetaned AK Bucokoi
TOYHOCTI 3 PO3’€MaMH Ta CTUKaMu Ha ocHOBI PI. 3a3Haunmo, 1o Bukopuctanss cranoro Pl
st Takux neraneit AK € HemoIibHUM, OCKUIBKM TOYHICTh, SIKY MaeMO 3a0€3IeYuTH,
ctaHoBuTh MeHIie £0,5 mMm. [Ipore po3paxyHKH BIIXUICHHS KOHTYPIB JIE€TaIi-IIPOTOTHUITY
B1JI JICTaJII-OpUT1HAY MTOKA3aJIH, 110 VIS TUTTS y GOpMU BOHH CTaHOBIATH £0,42 MM, a jis
npoiieciB  MeraneBoro 3D-nmpyky — +£0,457 mm. OTpumaHa TOYHICTH BHUTOTOBJICHHS
MPOTOTUITY € HEMPUUHITHOO, OCKUTBKH JIJIsl BUPOOIB TOYHOI MEXaH1Ku (OpraHiB KepyBaHHs
JTaTLHUMU ariapaTaMi) BOHA Ma€ OyTH Yy KIJIbKa pa3iB BUIOK0. Tomy OyIi0 3aIpornoHOBaHO
1 po3po0IIeHO cucTeMy KaiiOopiB 1 KOHTpKaniOpiB. CyTh NpoIo3uLlli HABEACHO Y BUIJISIAI
cxeMmu yB’si3yBaHHS CTHKIB AK, 110 BUTOTOBIISIFOTHCS METOJAMHU AJAMTHUBHOI TEXHOJOTII
(pucyHoK 8).

Amai . AHamTHYHUHI
Herans »| Cxanysapps |—p| CHAMTIIHIL | o eTaJoH
€TaloH —
A
y
PoGounti
KonTperanon
> P < CTaJIOH
ad CTHKY
\ 4
TIpoToTam [TpucrocyBaHHs
neram < ns UK
30 CTHKOM 00pobnenns
CTHKY

Pucynok 8 — Cxema yB’si3yBaHHs IIpH IPOTOTHUITYBAaHHI CTHKIB JE€TaJIeH, 1110
BUTOTOBJISIFOTHCS. METOIAMH aJIUTUBHOI TEXHOJOT1i

BianoBigHo 10 11i€i cXeMu Ticis cKkaHyBaHHS Ta cTBopeHHsI AE B 1 cTpykTypi abo
okpeMo cTBOproeThcsi AE cTHKy, B sSKOMy MOXXe OyTH mepeadadyeHo yTBOPCHHS
KOHTpPETaJOHa, a caMe BIATMOBIIHOT YAaCTHHH, SKa MOXKE CTHUKYBATHCS 3 JETAJIIO, IO
posrnsgaeTses. [licas 1mporo CTBOPOIOTHCS (Di3UUHI €IeMEHTH: poOOYMil eTajoH Ta
KOHTPETAJIOH CTHKY, SIKHH TEpeBIpAEThCS Ha TOYHICTh CTHKYBaHHS 3 JACTAJUIIO, IO
po3rsAaeTbes. Y pasi BIANOBIAHOCTI TEXHIYHUM yMOBaM Ha CTUKYBAHHS CTBOPIOIOTHCS
NPUCTOCYBaHHA [UIsl 00poOnieHHs cTukiB Ha Bepctarax 13 YIIK abo koHaykTOpHI
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NPUCTOCYBAHHA JJisi OOpOOJEHHS OTBOPIB Yy pa3l BUKOPHUCTAHHA IUIOCKUX CTHKIB 3
oTBopamu. KiTbKICTh IPUCTOCYBAHb 3AJICKHUTH BiJl KOHCTPYKIIii CTUKY, HOTO MPOCTOPOBUX
€JIEMEHTIB TOIIIO.

Po3paxoBani mnoxuOKu yB’S3yBaHHS CTHUKIB JIeTalli W JICTATI-NIPOTOTHIY 3a
BUKOPHUCTAHHS 3aIllpOTIOHOBAHO1 TEXHOJIOTIi, KamiOpiB 1 KOHTPKaIOpIB CTaHOBUIIU
+0,121 mm, o B 3,78 pa3a MeHIIIE HDK NpH BUKOPUCTaHHI TUIbKU 3D-ckanyBanHs. Jlis
0OpOOJICHHS CTHKIB HABEICHUX JeTallel (PUCYHOK 9) BUKOPHUCTOBYBAIIMCS TIPUCTOCYBAHHS,
sKi OyJIM BUTOTOBJICHI METOJIaMH TIEPEHECEHHS PO3MIpiB 13 POOOYOro €TajioHa CTHKY Ta
MOB’SI3aHOTO 3 HUM KOHTpETaJoHa CTUKY. HeoOXimHa TOYHICTh MOCSTAETHCS 3aBISKH
BUKOPHCTAHHIO METOAY KOMIIEHCAIlli MOXUOOK BHIAJIECHHSIM BUOpaHOTO pHUMmycKy. Cxemy
BEPCTATHOTO TPHUCTOCYBAHHS JUIsi OOpOOJICHHS TUIOCKOTO CTHKY 3 OTBOpaMH JeTali-
MPOTOTHUITY IMOKa3aHo Ha pucyHKy 10.

a §)
a — 3a JIONIOMOTOI0 IJIOCKOTO CTUKY 3 OTBOPaMH;

0 — 3a J0IIOMOT'OF0 ITPOCTOPOBOTO CTUKY THITY «3aMOK»
Pucynok 9 — BapianTu kpimieHHs Tonarei

'//- 7 AL
%! 7B

1 — ocHOBHa TIUTA; 2, 3 — JTO)KEeMEHTH; 4 — 0a30BUH ynop; 5 — neralb;
6 — nputuckayd; 7 — oTBOpH Ha ctoii ¢ppesepHoro Beperary i3 UIIK; 8§ — mpumyck
JUTSI BUAQJICHHS (CXEMATUYHO); 9 — OTBOPU CTUKY
Pucynoxk 10 — Cxema BepcTaTHOTO MPUCTOCYBAHHS JIJII 0OPOOICHHS IJIOCKOTO
CTUKY 3 OTBOPAMH JIOTATI-TIPOTOTHUITY
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Ha ocnoBHi#l muuTi 1 BcTaHoBieHO 6a30Bi yoxkemMeHTH 2 1 3, GazoBuii ymop 4
MOJIOKEHHS JeTa 5, 1110 00po0sieTbes. Jleranb 3aiiMae He3MIHHE MMOJIOKEHHS 3aBSAKH 11
nputuckaya 6. IlpucrocyBaHHsa KpinmuThcst Ha crtoiii (pesepHoro Bepcrara 13 UIIK 3a
JIOTIOMOT'OI0 OTBOpPIB 7. 3aBAaHHAM (Ppe3epHOoi omepallii € 0OpoOJIEHHSI CTUKY B CHCTEMI
KOOpJIMHAT BepCTaTa BUAAJICHHAM NPUITYCKY 8. 3aJIe’KHO BiJl HEOOX1THOT TOUHOCTI OTBOPHU
CTUKY 9 MOXyTh OyTH BHKOHaHI1 Ha Bepcrtari 13 UIIK abo 3a koHaykTOpHOIO TUmHTO0. J1is
TOYHOTO TEPEHECEHHsS PO3MIpiB  BHUKOPUCTOBYBAJIMCS IMPOLECH KOMIIEHcCAlli 3
BUKOPHCTAHHSAM TBEPIIIOUYMX CYMINIEH 1 KOMIIEHCAIlIMHUX MPHUIYCKiB. 3ampoIrOHOBaHY
CUCTEeMY KaJliOpiB 1 KOHTPKaIiOpiB MepeBipeHO MPAaKTUYHO Ha BUpOOax jonarei TypOiH 13
PI3HHMH CTUKOBHMMM BY3J1aMH W OTPHUMAaHO TO3UTWBHI pPE3yJbTaTH 3a TOYHICTIO, IO
3aJI0BOJILHSUTM BUMOTH JIOMYCKIB HA HOMiHAJIbHI PO3MIpH.

OcCHOBHI HayKOB1 pe3yJbTaTH, HaBEACHI B UYETBEPTOMY PO3[ILIi, OMyOJIKOBAHO B
nparsx aBTopa [5, 15, 31, 32, 33, 35, 36].

Y yerBepTOMYy po3aisi poOOTH NMOAAHO PE3YNbTATH JOCHIKEHHS OCOOIMBOCTEN
MPOTOTUITYBaHHS BiJICIKIB 1 arperatiB AK mij yac ckiiagaibHO-MOHTaXHUX poOIT, a came
s crabimizaTopa (30BHIIIHIA KOHTYp) reiikontepa (pucyHok 11), skuii panimie Oyio
BUT'OTOBJICHO B CTarei 3 0a3yBaHHIM 110 IOBEPXHI KapKaca 1 IJ1a30B0-11a0JJOHHOMY METOI1
yB’si3yBanHs (I1I1IM), Ha sikuii BTpaueHo JToKkymeHTalit0. CTBOPEHO MaTeMaTUuHy MOJIETh
(MM) po3paxyHKy TOYHOCTI po3MipiB Ha eramax 1nmooynosu AE 3a MeToi0M JIaHIIIOTIB 1
BU3HAYCHHS TOXUOOK IpH Horo mooynoBi. Taka MM ypaxyBaia Bci MOXHUOKH, 1110 MOXKYTh
BUHMKATHU I/ 4ac BUTOTOBJIEHHS Ta yB’SI3yBaHHsS KOHTYpIB BY3JIB a00 arperaTiB MIpH
[IIIIM. ToMy po3po0IieHO cXeMy YTBOPEHHS BIIXWJICHHS AIMCHOTO MOJIOKEHHS KOHTYpPY
BiJl TEOPETUYHOrO [Jisi Kapkaca cTaOurizaropa (€cki3 CyMINIEHUX Iepepi3iB
00BOJIOYTBOPIOBAJILHUX JeTallel Kapkaca ctaduiizaropa Ta (pikcaTopiB KOHTYpY B CTarenl)

(puc. 12).

Ba3syBalbHUIL eNeMeHT CTAIIeNIo
(pyOHNBHHK IS CKJIaIaHHA
Kapkacy cTabinizatopa)

i)

C o (py6. — acoK -

TK xapkacy
cTabuizaTopa N

6$T 6:::; Cmm.(p)-ﬁ.—)mwr.]l-pn) asom, 63\@., Sqm
T T 62 T T T
Pucynok 11 — Jlocniana asianiiina Pucynok 12 — Ecki3 cyMillleHUX Tepepi3iB
JI€TaJlb 30BHIIIHBOTO KOHTYPY 00BOJIOYTBOPIOBAJILHUX JeTallel KapKaca
(crabinmizaTop) crabinizaTopa Ta ¢ikcaTopa KOHTYpPY B CTameni

CkJ1a1oBUMH JTaHKaMH OCHOBHOT'O PO3MIPHOTIO JIAHIIOTa OyAYyTh: BIICTaHb MI3K BICCIO
OyniBenbHO1 TUIoMHK cTabinizaropa (AI1C) nitaka i Biccto ckiagaibHOro orBopy CO B
neram 1 (A1), BiacTanb Mk KOHTYpoMm netani 2 i Biccto CO B miit merani (A2), TOBIIMHA
o0muBKY S (A43). BenmnunHa BiIXuiIeHHS AiHCHOTO MOJ0XKEHHS KOHTYPY cTabuiizaropa Bin
TEOPETUYHOI'0 JOPIBHIOE MOXUOII1 3aMUKaJIbHOI TAHKU Ay OCHOBHOT'O PO3MIPHOTO JIAHIIIOT A,
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10 BU3HAYAETHCS 32 (HOPMYIIOIO:

—_ KOHT KOHT
52 - 5py6 + 6HepB + k(l)CKOHT(pyG—HOCOK H—pH) + 6So6m + 63'(-:,111{ (5)
ne py6  — MOXHOKa po3Mipy A1 MOHTaxy (ikcaTopa KOHTYpY (PyOHJIbHMKA) CTamens
CKJIaJIaHHs KapKaca cTadi1izaropa;

Otieps — MOXMOKa poO3Mipy Az, 10 BMHUKAE BHACIIJOK HETOYHOCTI BHUTOTOBJICHHS

HEPBIOPHU HOCKA CTa01I13aTOPA;

Cronr(py6—nocox n—pu) — MOXHOKA YB’A3yBaHHsS KOHTYpiB pPYOMJIBLHMKA Ta HOCIHHSA
HEPBIOPH, SIKa MOXKe OyTH 3MCHIIIEHA IUIIXOM BUKOPHCTAHHS TMPUTHUCKIB (YPaXOBYETHCS
koedirienToM ikcarii kq,);

Osogm — MOXMOKA TOBIIMHM OOIIMBKH, JI€ BIAMOBIAHO A0 [9] TOBIIMHA JHCTa
HOPMaJIbHOI TOYHOCTI /i1 BUTOTOBJIEHHS OOIIMBKH HOCKa cCTaliii3aTopa CTaHOBUTH
1,2.015 MM, TOOTO Oy, = 0K — 0,15 mwm;

047¢ny — MOXMOKA KOHTYpY CTabimi3aropa, CIpUYMHEHa jaedopmaliiero mics
BUKOHAaHHS 3’€JlHaHHA, sika npu ckiaganHl CO kmacudikamiitHoi rpynu [X cTaHOBHUTH
8s'enn = (0,1K0,2)65;

Kp. — KoedimienT ¢ikcamnii mpu ckIanaHHi y cTamneni, mo aopisHioe 0,394,

Jlnst Bu3HAUeHHS 3HAYEHHS MOXMOOK 8,06, Ofeps. 1 Cwonr.(pys.—Hocok nepsiopn) OYIIO

moOyJO0BaHO JOTMOMDKHI PO3MIPHI JIAHIIOTH, 1[0 BpaxyBald MPUUHATHA METOJ
yB’s3yBaHHs. P03paXxyHOK TOYHOCTI CKJIaJaHHA CTaOLIi3aTopa Ta MOHTaXy CTaress
BUKOHAHO 3 BUKOPHCTAHHIM HMOBIPHICHOTO METOTY.

['paHnyH1 BIAXWICHHS 30BHIIIHBOTO KOHTYPY HOCKA HEPBIOPH CTAHOBHIIU:

6Z'HepB
Ag KOHT. HEpB — A0 X HepB + — = 0,368 mmMm;

62 HEpB
AH KOHT. HepB — AOZ‘ HepB T = —0,068 mm.
['paHnyH1 BIAXWICHHS] MOHTaXXy pyOUJIbHUKA CTarelss CTAHOBUJIU:

62py6 .
Ag xonr. py6 — Aozpys + S 0,424 mwm;

62py6
AH KOHT. py6 — AOZ py6 — T, = —0,424 mm.

['pannyH1 BiAXWIeHHS TOXUOKH yB'SI3yBaHHS KOHTYPIB HOCKa HEPBIOpH Ta (pikcatopa
cTaness CTaHOBUIIH.

ABCKOHT(py6—HOC0K H—pH) — 1,08 mm i AHCKOHT(py6—Hoc0K H—pH) — —0,78 mm.

Toai 3rimHo 3 (5) BenMYMHA BIAXWUJICHHSI AIMCHOTO TMOJIOKEHHS KOHTYPY HOCKa
crabimizaTopa Bii TEOPETHYHOro craHoBuna: J,. =1,4 MM 1 6,, =—1,1 MMm. 3poGreHo

BHUCHOBOK IIPO T€, 110 OYiKyBaHa (pO3paxyHKOBa) MOXHOKa HE IMepeBHlllyBaja 3HAYCHHS
JOIYCKY Ha 30BHIIIHIM KOHTYp crabimizatopa ([O.pag] = 2 MM), TOOTO CKiIagaHHS B
craneni 3 0a3yBaHHSM BiJ] MOBEPXHI Kapkaca 3a MeToaoM yB a3yBaHHs [IIIIM 3a6e3neuye
3a/laHy T€OMETPUYHY TOYHICTh. HaBeneHi pe3ynbTaTd AaayTh 3MOTY OLIHUTH Mija Yac
TEXHIYHOI MIArOTOBKM BHUPOOHHUIITBA BIJXWICHHS 3aMKHYTHX KOHTYpIB THepepisiB
cTabiuiizaTopa BiJ €TaJOHHMX Mepepi3iB, OTPUMAHUX NpPH CKIAJaHHI B cTamenl 3
0a3yBaHHSM BiJ MOBEPXHI KapKkaca npu meToi yB s3yBaHHs [THIM.

Hactymaum crtano dopmyBanus AE crabimizatopa B Takiid mocmimoBHOCTI: 3D-
CKaHyBaHHsI Ta CTBOPEHHS €TAJIOHHOTO MIOPTpeTa reoMeTpii crabinizaropa (/1.,); mepeBipka
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11, 1 AE, a TakoX NpaBUIBLHOCTI BUOOPY METO/IB BUTOTOBJIEHHS 1 METO/IB yB’ SI3yBaHHS
cknagoBux yactul (CY) BupoOy Tta 3TO.

JI71s1 OIIHIOBAaHHS BIJIMOBIAHOCTI OTPUMAaHUX JaHUX T€OMETPil €TaJOHHOTO MOPTpeTa
crabiiizaTopa BUMOraMm J0 00’€kTa BHUPOOHMIITBA BHMKOHAHO MHOro ouu(ppyBaHHS 3a
KOHTYpaMH pO3TalllyBaHHS HepBiop. SK Hachigok, OyJlo OTpUMaHO aepoAMHAMIYHI
XapaKTEPUCTUKU 11’ SITH TIEpEPi3iB €TATOHHOTO MOPTPETA, 1110 BUKOHAHO B iporpami XFOIL
1 mipiopano HanOmwkuuii migxoasuwii npodine NACA 0012 (pucynok 13). Ilpwu
oOuncneHHsax 3agaHo unciao Maxa M = 0, uucno PeitHonpaca Re = 1000000, kpurepiit
TypOyJEHTHOCTI IOTOKY N = 4 (BUCOKa TypOyneHTHiCTh). Takoxk 3a7aHo pO3paxyHKOBUH
Jiama3oH KyTiB aTaku —5...15° Ta kpok 1°. BukoHaHO KOpUTyBaHHS 1 CyMIIIEHHS TeOMeTpil
€TAJIOHHOTO TopTpera crabimizaropa I1., 13 mpodinem NACA 0012 3a Bu3HAUYECHUMHU
nepepizamu. AE crabinizaTopa nojgaHo Ha pucyHky 14.

Gy

Pucynok 13 — I'padik 3anexxHOCTI Pucynok 14 — AE craOinizaropa 3a
KoeiuienTa migitomMuoi cumm C, Bix npodinem NACA 0012

KyTa aTakd TEOPETUYHOTO PODLTIO
NACA 0012 1 nepepizy aHaTITUYHOTO
nmopTpeTa

BukoHaHo o1liHIOBaHHS KOpEeKTHOCTI pe3ynbTaTiB Pl 3 modynoBu AE crabinizaropa
nuisixom nopiBHAHHA AE 3 11, 3 ypaXyBaHHSIM BU3HAYCHHUX TPAHHIIb MOKIUBUX BiIXHIICHb

KOHTYpYy cTabiii3aropa BiJi CBOTO eTajoHa (J’_llﬂ MM, OTPUMaHUX 3a pe3yJbTaTaMH

PO3paxyHKIB MOOYJOBAHOTO TEXHOJOTIYHOTO JIAHITIOTA CKJIaanbHuX onepaiii asa [TIIM
yB’s13yBaHHs. AHAJII3 pe3yJIbTaTiB Mokasas, 1o koHTypu AE ta 11, nexars y noJji noxuodok
30BHIIIHBOIO KOHTYPY CTa0uIi3aTopa MiJl 4Yac CKJIaJaHHs B cTamesl 3 0a3yBaHHSIM BiJ
noBepxHi kapkaca ta [111IM yB'sa3yBaHHs.

OTpuMaHi y Takuil croci®O pe3yJbTaTH MOKa3ajid, 10 TaKy MaTeMaTHUYHY MOJEIb
pPO3paxyHKy MOKHA 3aCTOCOBYBATH AJis pi3zHUX AO moai0HOro TuIty i 0coOJIMBO 3 OMYKIIO-
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BrHYTHMMHU MOBEPXHAMU. TeXHOIIOTiA HE TOTpeOye BUKOPUCTAHHS IPOMI3IKOTO KOIITOBHOTO
o0naiHaHHs, TOMY MOe OyTH JOCUTH IIBUIKO BIIPOBAKEHA Y BUPOOHUITBO. CKaHyBaHHS
i o0y 1oBu AE BUKOHY€ETHCSI TOPTATUBHUMH CKaHEPaMH Ta MOYKE 3aCTOCOBYBATHUCS SIK B
aHrapax, Tak 1 30BHi, III0 CIIPOIILY€E pOoOOTY omepaTopa 3 00’ €KToM. AHaII3 aepoIMHAMIYHUX
XapaKkTepucTuk notpedye nuiie HasiBHOCTI nporpamu XFOIL abo Oynb-gK01 aHaJIor14HoO1,
TOMY TIpOLielypa MOK€ BUKOHYBATHUCS 0€3 yCKJIaJHEHb. 3a3HAYMMO, 110 ISl YCHIIIHOTO
NPAaKTHYHOTO 3aCTOCYBaHHS Ha BHUPOOHUIITBI PEKOMEHAYETHCS CIIOYATKY IPOBOIUTH
poOOTY 3 TECTOBUM 00’ €KTOM JIJIsl KOPUTYBAHHS MTOKA3HUKIB.

Po3po6iieno koHIenio moAo yB’ s3yBanHs ogHopinaux AK, orpumanux 3a [THIM,
npu BukopuctanHi AE Ha 6a3i PI rexnosorii (pucyHok 15).

[InazoBo-ma6nonnuit merox (ITLIM) Y miii wmomemi  CO

7 7 i i MOKa3aHo  SIK 6gp%[gTaB}ngKH
onHopimauX BUP0OiB CO1 — COs,

€O, co, o, o, OTpUMaHMX 3 BHUKOPHUCTAHHIM
(TTIM) (TILLIM) (TTHIM) (ITHIM) [TIIM. Ilicns ckaHyBaHHS IHUX
$ $ $ $ CO CTBOPIOIOTHCA ixH1
CxanyBaHHs BIAMOBIHI TTOpTpeTH [1co 1 nani

il il 7 Lan TiJcTaBl Cl\g)z[em polecy
Crn.(L...i OJCPKaHH:

Ilco, Ilco, Ico, Ico, BiHHOB(mH)HX AE. Tporec

¢ ‘ ¢ ¢ OTpUMAaHHA X CTaJIOHIB
—> Mil..., . OXOTLTIOE nooy10By
¢ * ¢ ¢ TPIAHTYJALIAHOT ~ MOJEIl  Ta
AEco, AEco, AEco, AEco, Oazosux HTOBCPXOHD,
dbopMyBaHHsI, penaryBaHHs Ta

v v v v KOHTPOJIb MOJEJI 1, Hapemiri,
Mii,.,, noOynoBy eranoHa. Jlami 3a

¢ orpumanumMu  AE  oIHOpigHUX

BHCHOBOK BUPOOIB Oynyerbes
PO SIKICTh AE, y3aranpHenniit AE CO AK -
f * AE¢cx,. Mosiennb OTpUMaHHS [IbOTO

Hosi y3aranpbHeHOTOo  AE  BupoOy

Ico, all cO MICTUTh YMOBH 3a0€3ICUCHHS

B3a€EMO3aMIHHOCTI ¥ TOYHOCTI
Pucynox 15 — Monens yB’si3yBanus ogHopigaux AK, HoBux BHpoOiB. [IJIs BUKOHAHHS
orpumanux 3a [11IM, 3a Bukopuctanus AE Ha 6a3i  mux yMOB MOXKJIMBa 4YacTKOBa
PI rexnomorii 3miHa KoHcTpykiii CO  abo
BUKOPHUCTAHHS METO/I1B KOMIIEHCAIlll po3MipiB mif yac ckiananus. Takuit AE ¢y, nae 3MOry
3a0€3Me4YnTH CTBOPEHHS CKJIAJAIIbHOIO MPUCTOCYBaHHS A oTpuMaHHs HoBux CO, 110
3aJI0BOJILHSIIOTH BUMOTAM iX CKJIaIaHHsI B KOHCTPYKIIii, 310paHiii paHiiie 3 BUKOPUCTAHHSIM
[IIIIM. Kpurepiem npupataocti AE TyT moxke OyTH OTpUMaHHsS MOPTpeTa 310paHOro
HOBOT'O BUPOOY i1 MOPIBHSIHHS MOPTPETA 3 paHillle OTPUMAHUMH HOCIIMH PO3MIpIB.
3po0aeH0 BUCHOBKH IPO Te, 110 BUKOpUCTaHHS MeToxy Pl mist ckopodenHs uacy
TIIB HOoBOrO BUPOOY HE Ja€ ICTOTHOTO BHUTrpamry B daci. Bukopucranus meroxiB Pl mis
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BUPIIIEHHS 3aBJIaHb Y MPOMHUCIOBOCTI PEKOMEHI0BaHO B pasi pemoHTy AK, mo motpedye
MoOIepHi3aIlii a00 KOHBepTalliil /i1 BUKOPUCTAHHS 3 HOBOIO SIKICTIO cepBiCy a00 3a HOBUM
npu3HadyeHHsIM. OCHOBHI HamnpsMKu ckopodeHHsi TpuBasiocTi TIIB 3rpymnoBano B Takiii
IIOCJIIJIOBHOCTI:

1. Illupoke BUKOpPUCTAHHS METOJY 3BOPOTHOIO MPOEKTYBAHHS Tij 4ac BUPIIICHHS
3BOPOTHHUX 3aBJaHb TEXHOJIOTTYHOI MiATOTOBKHU.

2. BuxopuctanHs MeTOAY 3BOPOTHOIO MPOEKTYBAHHS MijJ Yac KOHTPOJIIO SKOCTI
aeraneil 1 BUpoOiB reTiKoNTepHOro BUPOOHHUIITBA.

3. 3acrocyBaHHS CKaHEpIB MiJ dYac PEMOHTY Ta KOHBEpTallii TeliKONTepiB,
BUTrOTOBJIEHNX MeToaamu [1I1IM.

4. Y nockoHaneHHs OpraHizaliiHuX (GOpM TEXHOJIOTIYHOI MIATOTOBKH BUPOOHHUIITB.

5. Vuidikamisg, cTaHAapTH3AIIs Ta TUII3AIlis TEXHIYHUX Ta OpraHi3aliifHuX pileHb.

6. BiampairoBanHsi KOHCTPYKIIA Ha TEXHOJIOTIYHICTb M1l 4YaC KOHCTPYKTOPCHKOI Ta
TEXHOJIOT1YHO1 MiJrOTOBKY BUPOOHUIITBA.

7. ABToMaruzailisi Ta MeXaHizalig 1HQOpMaliifHOrO O0OCIYrOBYBaHHS BCIX
BUKOHABIIIB.

8. ABTOMaTH3a1lisl KOHCTPYKTOPCHKOTO M TEXHOJIOTTYHOTO POEKTYBAHHSI.

9. Bubip HalikpaIioi cCXeMH CKJIaJaHHs Ta YB'SI3KHU 3aroTiBEJIBHOTO 1 CKJIAaIbHOIO
OCHAUICHHS 3 BUKOPUCTAHHSIM TEXHIKO-€KOHOMIUYHOT'O aHaJI3y.

Buxopucranns 3D-ckaHepiB Juisi BUPIIICHHS 3BOPOTHUX 3aBJaHb y MPOMUCIOBOCTI
PEKOMEHIOBAHO B TAKUX BUMAJIKAX:

— mip vac 3aiicaedHs Pl Bupo6is AK;

— IS KOHTPOJIIO SIKOCT1 BUTOTOBJNIEHHS AK;

— mijg 9ac peMoHTy Ta koHBepTailli AK, Burorosiaenux merogamu I111IM;

— s onM(pyBaHHS CTBOPEHOTO BpYyuyHy nu3aiiH-makera AK, sk ocHOBH s
MOIaJIBIIIOTO OMPAIFOBAHHS;

— ISl BUSIBJICHHS, peecTpalli Ta i1eHTudikaiii He 3aIOKyMEHTOBAaHUX 3MIH M1J] Yac
BHUT'OTOBJICHHS JIOCITHUX 3Pa3KiB MPOIYKIII;

— JI7Isl BUTOTOBJIEHHS (DAKCUMIIBHOTO TTAaKyBaHHSI JiJIsl TOTOBOTO BUpoOy AK.

OCHOBHI HAyKOB1 pe3y/ibTaTH, HABEJIEHI B YETBEPTOMY PO3IiTi, OMyOJIKOBAaHO B
npansgx aBropa [10, 11, 14, 16, 18, 19, 23].

Y m’aroMy po3aii NMOJaHO MPaKTUYHY peani3alilo BUKOPUCTaHHS PE3yJIbTATIB
nociikeHs 3 PI Ha AO ckitagaux GpopM (OMmyK10-BrHYTHX) 3 pO3pOOJIEHHSIM IPOrpaMHOro
MOJIyJISI aBTOMAaTH30BaHOTO (DOpMYBaHHSI MOHOJIITHUX TIaHENeH 3 KePYBaHHAM iX (GOPMOIO
METOJIOM TPOTOTHITYBAaHHS, a TaKOXX HAJaHO PEKOMEHJallii MO0 BUPIMICHHS 3aBJaHb
(hopMOyTBOpEHHS 3 BUKOpUCTaHHIM TexHouorii PI mix wac TIIB.

PeanizoBano ampooOarito Pl Ha 3ami3i Kijisl J€rkoro Jiitaka, a came: JJii KOHTPOJIO
BHUT'OTOBJICHOI JIETal Ta 3aroTiBelbHO-TeXHOJOTiyHOro ocHaimeHHs (3TO) msixom 3D-
CKaHyBaHHsI ¥ MOPIBHSHHS OTpuMaHoro mopTpera 3 BignosigauMm AE. Ilim gac anamizy
JaHUX, HaBeACHUX Y c(hopmoBaHOoMYy 3BiTi 3 iporpamu Geomagic Control X, Oyiio BUsIBIEHO
HasIBHICTh CYTTEBUX MOXMOOK BUTOTOBJICHHS 3aJli3y KiJIsl JIETKOTO JIITaKa: MaKCHMallbHa
noxuOka ctaHoBwia +5,39 MM — momatHa 1 —5,26 Mm — Bix’emHa. [lpu nbomy cepenHi
3HAYCHHS He Oynu HACTUIbKU KpuTudHUMU: +0,94 MM 1-0,65 MM BignoBigHO. OHAK OLTBII
CYTTEBY pOJb BiJirpaja BIJHOCHA IUIOIIMHA 3ali3y KIS, 3aiiHATa MOBEPXHEI0, IO
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3HAXOAUTHCS 32 MEKAMH TIOJIS IOMYCKY: 1IeH MOKa3HUK cTaHOBUB 85 %. ToOTO Maiike BeCh
3aJ113 KUIST MaB BeauKl BiaxuiieHHs B AE, 3a skuM B1H BUTOTOBJICHHH.

Pesynbpratu kouTpomto 3TO 3a qonomororo 3D-ckaHyBaHHS MOKa3ajid 1IGHTUYHICTD 3
pe3ynbTaTaMu KOHTPOJIIO, OTPUMAHUMU IS 3a113y KU, [0 CBIAYMIIO TPO 3HOC (popmu.
Bbyno 3anmponoHOBaHO BUTOTOBUTHM HOBE TEXHOJIOTTYHE OCHAILEHHS HE 31 CKJIOIIACTHUKY,
AKUW MIMPOKO BUKOPUCTOBYETHCS sl TakuX AK y BUpPOOHUITBI, a 3 OPraHOIUIACTHUKY.
OcHOBHUM KpuTepieM BHOOpPY OPraHOIIACTUKY Oy OUIbIlIa MIIHICTh 1 MEHIA Maca
MOPIBHSHO 31 CKJIOTUTACTHKOM, a TaKOX BiJICYTHICTh BiIBOJIOKYBaHHS.

HoBe TexHOMOTrIYHE OCHAIICHHS CKJIaJajiocs 3 MaTPUIll Ta CKJIaJEHOTO MyaHCOHa, Je
ix (gopmoyTBOpIOBaJIbHI MOBEpxXxHI Oyio moOynoBaHo Ha 0a3i HasBHoro AE 3amizy kins

(pucyHok 16).

B T

a — matpuus (i3omerpisi); 6 — myaHCOH (130MeTpisl); B — MaTpUIs
(popmoyTBOpIOBaNIbHA TOBEPXHSI); T — MyaHCOH ((pOPMOYTBOPIOBAJIbHA TIOBEPXHS)
Pucynok 16 — TexHonoriyHe oCHaILEHHs AJI1 BUTOTOBJICHHS 3aJ113y K1JIs

Hianazon moxuOok BiaxuieHb Bil AE 3aiizy Kijisi, BATOTOBJICHOTO 332 TEXHOJOTTUHUM
OCHAIIICHHSAM 3 oOpraHomiacTtuky, BuzHadueHo Bigx —0,51 mm no +0,34 MM, a BigHOCHA
TJIOLMHA 3aJi3y KU1, sIKa BUXOJIMJIA 3a MEXI1 MOoJisl JOMYCKy, He nepeBuiyBaia 15 %. L
pe3yJabTaTH TMOKa3aJd aJeKBAaTHICTh MapaMeTpiB 1 €(PEeKTUBHICTh MPUUHSATOTrO PIIlIEHHS
o0 BurotoiieHHs 3TO 3 HOBOro marepiany — opraHoriactuky. OTxe, pe3yJbraTaMu
anpoOartii TexHosorii PI nis 3a0e3nedeHHs 3aaH01 TeOMETPUYHOT TOYHOCTI 3ali3y Kijs
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JIETKOTO JliTaka cTano BuroToBieHHs HOBHX 3TO (Marpuili Ta myaHCOHA) 3 IHIIOTO
MaTepiaiay (OpraHoILIaCTHKY).

Po3po06iieHo mporpaMHUN MOIYJTh aBTOMAaTH30BAaHOTO (HOpPMYBaHHS MOHOJITHUX
naHenel 13 KOHTPOJeM iX (OpMH METOJOM MPOTOTUITYBaHHS. Y HOTO OCHOBY MOKJIAJICHO:
(dhopMyBaHHS MTOCTIJOBHUM CTYIMIHYACTUM METOJOM 13 ToeTarnHuM KoHTposiem KBM 1 3D-
CKaHyBaHHS; aHali3 JaHuX KOHTpoio (cymimeHHs moptpera 3 AE); po3paxyHOK
HEOOX1THUX OJATKOBUX il — KOPUTYBaHHS 3yCHIIb JIOKaJTLHOTO (hOpMYBaHHS; BUKOHAHHS
aiil — opMyBaHHS TaHENl; KOHTPOJIb 13 HACTYIMHOI0 KOPEKIE NaHuX (opMyBaHHS 3a
HEoOXiqHOCTI (prcyHOK 17).

a—eran 1; 0 —eram 2; B —etan 3; T — eTan 4
Pucynok 17 — Cxema nociiJOBHOTO CTYIIIHYACTOTO METO1Y OTPUMAHHS MaHel
MOJBIMHOT KPUBU3HHM IIISXOM 0araToTOYKOBOI JIOKAIbHOT Aedopmartii

[Ticnst 3aBepiieHHsT KOXKHOTO eramy naedopmarii OymyBamucs 1udpoBi MOPTPETH
naneneit [h, Il, 113, I1,. Koxen moptper mopiBHIOBaBca 3 BianosigauM AE. fAxino
BIIXWJICHHS B YCIX KOHTPOJIbOBAaHMX TOUYKAaX HE MEPEBUIINYBAJIO JOMYCTUME, BilIOyBaBCS
nepexii 0 HACTYyMHOro eramy. B 1HIIOMY BHUMAAKy BUKOHYBAJIHMCS KOPUTYBAJIbHI i,
PO3paxoBaHi KEPyBaJIbHOIO MPOrPAMOIO.

VY po3rnsiHyTIA 3a7adi AJig NOoOyAOBH MOPTPETIB OyJI0 BUKOPUCTAHO TEXHOJIOTIIO
Ja3epHoOro ckanyBaHHs. Ha pucynky 18 momaHo mpHHIIMIIOBY CXeMY aBTOMAaTH30BAHOTO
dbopMyBaHHS IHTETpaTbHUX MaHenei. OCHOBHUM €IEMEHTOM I[OTO MPOLIECy € PUCTPiii 6,
KU BCTAaHOBIIOBABCSI B pPyKy poOoTa-maHimynaropa 4 Juisi peaaryBaHHS —Ta
JOOMpaIloBaHHs naHene 3 yepe3 po3BigHuil npuctpiii 2. IlpusHadyeHHs pyku poOoTa-
MaHImyJsiTopa 4 mojsirajio B Horo po3TairyBaHHi B MOTPi1OHIN TOYII HA MaHell 10 HOpMalll
70 JOTWYHOI TUIOIIMHUA B TOYIIl JO/IaBaHHs TEBHOI il HA JIMIbOBIM MOBEPXHI MaHEI.
[Ipu3HaueHHs OMIOPHOTO MPUCTPOIO 6 MOJIATATIO B TOMY, 00 BUKITIOYUTH JIIF0 MACOBHUX CHII
Ha MPYXHY Aedopmartito camoi MOHOJIITHOT ranedi. J{s KoHTpoito GopMu peKOMEHI0BaHO
BUKOPUCTOBYBaTH 00’emHI 3D-ckanepu 5, ski Janu 3MOTy TOPIBHIOBAaTH OTPHMaHi
TPUBUMIPHI aHAJIOTH 3 PEATbHHUMH 00’ €MHUMH MOAEISAMH B (opMmari crepeoitorpadii
(toukoBa nmudysis y popmati «STL»). 3a3HaunMo, 0 TOCTyNMHA Ha PUHKY JdiHilka 3D-
CKaHEpIB J1a€ 3MOTry TOBHICTIO OIM(pyBaTH BETUKOTabApWUTHI IHTETPAJbHI TaHEN 3
mnomero 50-100 M2 3a jocuts KopoTkuii yac (6—10 roaun) 3 Bucokoro TouHicTio (5 ... 10
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1 — koHCONMBHUH Tpec; 2 — pO3BIIHUN MPUCTPIH 3 BUTUHOM; 3 — nedopmyBaIbHa
naHesnb; 4 — poO0TH30BaHa pyKa 3 I'siThbMa CTyneHs MU cBoOoau; 5 — 3D-ckanep;
6 — TOMOMDKHUI PUCTPIid
Pucynok 18 — IIpuniunoBa cxema aBTOMaTH30BaHOTO (POPMYBAHHS 1HTETPaTbHIX
naHeJsel 13 kepyBaHHSIM (opMoIo 3a goromororo 3D-ckanepa:

BianoBigHO 10 BUXITHUX T€OMETPUYHMX MapaMETPiB JOCIHIHKYBAaHOT MOHOJITHOT
naHeni (pucyHok 19) 0ys10 BU3HAUEHO MOJIOKEHHS MaHEeIbHOI CHCTEMH KOOPIMHAT, a TAK0XK
pPO3pOOJICHO CXEMy B3aEMHOTO 3B'S3KYy CHCTEMH KOOPAHMHAT TMaHell 3 TJI0OAIbHOIO
CHCTEMOIO KOOPJIMHAT TIij] 9ac 0OpoOJIICHHS OTPUMaHUX JTaHUX BUMIPIOBAHb.

Pucynok 19 — 3pa3ok iHTerpajgpHOI MaHesi NoABIHHOT KpUBU3HU, 10 (POPMYETHCS
Ta KOHTPOIIOEThCA 3a Pl

SIK  KOHTPOJBHI TapaMeTpy BUKOPUCTOBYBAJIUCSA TIUIBKM BIIAXWIEHHS TOYOK
PEKOHCTPYHOBAHO1 MOBEPXHI BiJ 0a30BOi «XMapu» TOYOK. KUTbKICTh CErMEHTIB TTOBEPXHI
Ta iX 4YEpProBiCTh [JIi KOXXHOTO BHUIAJAKy OYIIBHUIITBA CHCTEMa pO3paxoByBasia
aBromatudHo. Ha pucynky 20 momano rpadiuae mopiBHIHHS TOPTPETa 30BHIITHBOTO OOKY
naneni 3 AE nocnigoBHoro ae)opMyBaHHS Ha OJTHOMY 3 €TariB popMyBaHHS MMaHEI.
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+5.22%

+3.56%

+7.47%

+3.98%

Pucynok 20 — I'padiune nopiBHAHHA nopTperta naneni 3 AE Ha onqHOMY 3 eTamiB
il popmyBaHHs

JinsHku, ki BiApI3HAIOTHCA Big AE maneni B Mexkax JOMYyCKy, BUILIEHO 3€ICHUM
KOJIbOPOM, TOJ1 SK JIISHKK TMaHeml, SKi MalTh BEJIWKl BIAXHICHHS 1 TOTpeOyIOTh
JOOTIPAIFOBAHHS, BUIJICHO TIOMapaH4YeBUM KOJIHOpOM. BuaHO, 1110 HaOUIBIIN BIAXUICHHS
CIIOCTEPIraloThCs Ha KpasX MaHelNl, a CKpy4yBaHHsI IOBEPXHI CIIOCTEPITAEThCS HA TUISHII 3
HaiOLIbIUM BiaxmieHHIM (12,29 %). Po3paxyHKOBi 3HaYCHHS BiIXUJICHD OYJI0 OTPUMAHO
MOPIBHSAHHSAM 3QJaHUX pPajJiyciB KPUBU3HHM IIaHEIIEM 1 OTPUMaHUX CKaHyBaHHSIM
(Tabnuus 6). 1 po3paxyHKOBOTO METOY OyJIO BUMIPSIHO PajilyCl KPUBHU3HU MOMEPEYHHUX
(R1...Rs) 1 mozmoBxHiIX (Ri-1...R3-3) mepepiziB maHenex.

Tabnus 6 — Po3paxyHoK BiIXWieHb opTpera naHeni 3 ii AE

[apamerp 3 Benuuuna R 3a [Tapamerp 3a Bennuuna R | Bigxunenns,
OTPUMAHUM
IIOPTPETOM, MM orpumanuM AE 3a AE, mm %
IIOPTPETOM
R 2160,70 Rue 2074,70 3,98
R> 1671,20 Rue2 1548,90 7,32
R 1437,20 RuE3 1329,90 7,47
R4 1636,50 Rues 1435,40 12,29
Rs 2074,90 Rues 1996,10 3,80
R 11 7438,90 Ruer1 7174,10 3,56
R 22 5175,80 Rue2-2 4905,40 5,22
R 33 7172,00 RuEs3-3 7298,10 -1,76

OO6uuncneH1 BIIXWICHHs (TaOnuIs 6) alpOKCUMYIOTHCSA Y BIJCOTKOBUX 3HAUEHHSX
BIIXWJIEHb 3a pajlycaMd KOHTPOJBHUX MJUISHOK JOCHiIKyBaHOT mTaHeni. Posmoain
B1JIXMJIEHb 3yMOBJICHO MOSIBOIO CYMapHO1 MOXUOKU BUMIPIOBAaHHS, BUIAAKOBOIO CKJIa/I0BOIO
AKOI € IIyM, 10 BHMHHMKA€ MpPU OTPUMAHHI HOBUX Xapakrtepuctuk. Ilo crocyerbcs
CKaHyBaHHsI, TO 15 TAaHEJIb Ma€ CKJIaJHYy T€OMETPII0 Yepe3 CBOIO OJTHOPIAHICTb, 1 HANOUIbIII
TPYIHOIl BUHUKAIOTh TIPU MOPIBHAHHI MOPTPETIB M1 YaCc CKAaHYBAHHS.

[Tpu ampoOartii mpormoHOBaHOi TeXHONOTIT (PopMyBaHHS IHTETpaNbHOI MaHem Oyio
OTPUMAHO TaKi pe3ynbTaTH: 4ac (popMyBaHHS MaHeNel MOJBIMHOI KPUBU3HH 3aBIOBKKU
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5,5 ™ 1 3aBmmmpmiku 1,1 M 3 kouTponem ¢opmu 3D-ckanepoMm CTaHOBUB 5—6 roJWH; yac
(iHiITHOTrO 00POOJICHHS MaHeNel cTaHOBUB 1—2 roauHu. 3a3Ha4nMO, 1110 TIpU (HOPMyBaHHI
nonyckanucs BiaxuiaeHHs 0,7 ... 0,9 MM Bij 3a1aHO01 TOBEPXHI, a Micis ¢iHIIIHOI 00poOKH
dbopmu — 0,3 ... 0,5 mm.

OTxe, exkcrepuMeHTallbHa BepUQiKallisl 3almpONOHOBAHOI TEXHOJOT1i (OopMyBaHHS
MOHOJIITHUX IHTETpaJIbHUX TMaHesjedl (AuB. PUCYHOK 19), BUKOHaHA 3 BUKOPUCTAHHSIM
aBTOMATH30BaHOTO KOMILUIEKCY (IMB. pUCYHOK 18) moka3zajia afieKBaTHICTh TCOPETUUHUX
3aca]] 3a3HaY€HOI TeXHOJIOT1].

CdopmoBaHo Taki peKoMeHAAIll1 010 €PEeKTUBHOTO BIPOBAKEHHS Y BUPOOHHUIITBO
MetoaiB opmoyTBOpeHHs neraneit AK 3 Bukopuctanusm Pl:

1. IlpoBecTu aHami3 HaBHUX TEXHOJOTIYHHX JIAHLIIOTIB Ta BUPOOHUUYHUX MPOLIECIB Ha
npeaIMeT BY3bKUX Miclib, Ae Pl 3Mir OM miABUIIMTH TPOAYKTUBHICTH BHPOOHUIITBA.
Busnauntu TN npoAykiii Ta AeTaneil (3a3BUuail 11e KPUBOIIHINHI, CKIagHI BUPOOH, K1
BAKKO OOMIPSITH 32 IOTIOMOTOI0 CTaHJAPTHOTO BUMIPIOBAJIBLHOTO 1HCTPYMEHTY), JUJISL SIKUX
JO1IIbHO BUKOpUCcTOBYBaTH 3D-ckanyBanHs Ta 3D-MonentoBanssa. ToOTO ¢l BU3HAYUTH,
ne Pl nacte 3MOr'y CKOPOTUTH Yac Ha MPOEKTYBAaHHS, PEMOHT Ta BUTOTOBJIEHHS JeTajlel
ta/abo BupoOdy AO 3aramom. OcTaHHE, y CBOIO 4Yepry, 30UIBIIUTH EKOHOMIYHY
e(hEeKTHUBHICTb.

2. BuszHauntu «touky Bxoay» PI B mporiec (Hampukiiam, peMOHTHI poOOTH, KOHTPOJIb,
NPOEKTYBAHHS OCHACTKU TOIIO): OMPAIFOBATH 1 CTBOPHUTH TEXHOJIOTIYHY IMOCIIIOBHICTS,
10 MICTUTh BUPILIEHHS MPSMHUX 1 3BOPOTHUX 3aBAaHb PI, gk mokazaHo Ha puCyHKy 5.15.

3. [Micns ananizy 3aBaans PI ta KTP geraneit (po3mipiB, TOYHOCTI, TUITIB MaTepiaiiB
TOIII0) HEOOXITHO MiAiOpaTy oOnagHaHHsA s 3D-CkaHyBaHHS (CTal[lOHAPHI, TOPTATUBHI
ab6o pyuHi 3D-ckanepu), sike BIANOBiAaJI0 O BUMOTaM BHUPOOHUIITBA IO AOCIIIXKYBaHOI
neraini Ta/ado Bupody AK.

[Tpumitka. [Jocsin 13 PI nmoka3sye, mo B OUTBIIOCTI BUNAAKIB, SIKII0O HOMEHKIJIATypa
BUpOOIB BEJIHMKA M Ma€ TyKe BEIUKY PO3ODKHICTH Y TOYHOCTI Ta po3Mipax, BUPOOHHUKY
Tpeba OyTH TOTOBUM JI0 HEOOX1THOTO BUKOPUCTAHHS pi3HuUX TUMIB 3D-ckaHepis.

4. HeoOXiIHO BUPIIIUTH, SIKE MPOrpaMHe 3a0e3reueHHs Tpebda BUKOPUCTOBYBATH,
100 BOHO OyJi0 cymicHHM 3 yxke BrpoBamxeHuMu CAM/CAE-cucremamMu BUPOOHHIITBA
(manpuxuan, nms onepariiiii kontposo — Artec Studio/PolyWorks/Geomagic Control X, ais
MopemoBanHs — Geomagic Design X/PowerShape Toiio).

5. [Ticna Bubopy 006sagHAHHS Ta TPOrPaMHOro 3a0€3MeYeHHS] HACTYITHUM KPOKOM €
HAaBUYaHHS CIIBPOOITHUKIB: 1HXXEHEpIB-KOHCTPYKTOPiB (cTBOopeHHsi CAD-monenei),
TEXHOJIOTIB (aHaji3 1 BpoBakeHHs mojened y CAM), npaiiBHUKIB BIIILTY TEXHIYHOTO
koHTpoJt0 (BTK) (koHTposib reoMeTpii CKaHOBAaHUX 00’ €KTIB).

6. Po3poOutu iHCTpYKIlIi 3 ekcIulyaTalii oOjajgHaHHSA Ta pPOOOTH 3 MPOTPAMHHUM
3a0€3MeUYCHHSIM.

7. HazHauntu BiAMOBIIAJIBHUX 3a 30epexeHHs Ta apxiBallito 3D-manux.

8. 3ampoBaauTu €IUHY CTPYKTYpY 30epexeHHs ckaHiB, STL- ta inmux CAD-daiinis,
CTBOpHTH 0a3y.

9. Buznauntu mpolenypy mepeBipku Ta 3aTBepkeHHs 3D-Mopeneit s
BUKOPUCTAHHS Y BUPOOHUIITBI.

OCHOBHI HayKOBI pe3yJbTaTH, HaBEJIEH1 B I1"ITOMY PO3/ILJIi, OMyOJiKOBAaHO B MpaLsiX
aBTopa [6, 8, 9, 13, 22, 34].
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BMUCHOBKU

PesynbratoM mnpoBeneHMX Yy JUCEpTaIliiiHii poOOTI KOMIUIEKCHHUX TEOPETUYHMX 1
EKCIEPUMEHTATILHUX JIOCHIDKEHb € PO3pO0JIeHI HAyKOBI OCHOBM BUPOOHHMIITBA aBiallliHUX
KOHCTPYKIIIH 13 3a0€3MeUeHHAM 3aJaHHX MMOKAa3HUKIB TOYHOCTI Ta TEXHOJIOTTYHOCTI B YMOBaxX
00OMEXEHOT0 4acy 13 3aCTOCYBaHHSM METOJIIB PEBEPC-IHKUHIPUHTY. [[i 0CHOBU TIONATAIOTh Y
CTBOPEHHI HOBOT'O IHCTPYMEHTApPi0 BHUPIIICHHS HAYKOBO-TEXHIYHOI MPOOJIeMH HEOOX1THOCTI
MPUCKOPEHOTO BUPOOHUIITBA B YMOBaX KOPCTKMX OOMEKEHb 13 3a0e3MeYeHHAM HEOOXiTHOT
TOYHOCTI Ta TEXHOJOTTYHOCTI MUISXOM PO3POOJICHHS HAYKOBO OOIPYHTOBAaHMX METOMIB 1
MoJIeTiel peBepC-IHKUHIPUHTY aBlallifHUX KOHCTPYKITIH.

[lim yac BWUKOHAHHS TIOCTABJICHWX 3aBlaHb JOCTIDKEHHS IUCEPTAIiiHOI poboTH
OTPUMAHO TaKi pe3yIbTaTu.

1. Po3po0riieHO HayKOBO OOIPYHTOBaHHM KiacHU(piKaTop METOJIB peBEPC-IHKHHIPUHTY
JUIS TIPOTOTUITYBAHHS OMYKJIO-BTHYTUX 1 CKJIQAHONPO(MUILHUX JETalel Ta BY3JIIB aBlallliHUX
KOHCTPYKIIIM  3a0e3riedye  OOIpyHTOBaHUM  BUOIp  TEXHOJIOTIi  MPOTOTUITYBaHHS U
BUMIPIOBAJILHOTO O0JIaTHAHHS 3 YpaXyBaHHSM I€OMETPUYHOI CKIQHOCTI 00’ €KTa, TEXHIYHUX
MO>KJIUBOCTEH CKaHEPiB 1 KOOPJMHATHUX 3aCO0IB BUMIPIOBAHHS, & TAKOK BUMOT JI0 TOYHOCTI.
Lle nae 3mMory peanizyBaTh OE3KOHTAKTHE OTPUMAHHS BUCOKOTOUHHUX MOJITOHAIBHUX MOJIENEH
3 TouHicTIO 10 0,05 MM 1 MiBUIIUTH JTOCTOBIPHICTH BIITBOPEHHSI KPOMOK, 1110 B CYKYITHOCTI
miaBUILye eheKTUBHICTD 1 MPOTHO30BAHICTH MPOIIECIB MPOTOTUITYBAHHS.

2. 3anponoHOBAHO MIX0AU 10 (POPMOYTBOPEHHS B MPOIIECT TEXHOJIOTIYHOT MiITOTOBKU
BUPOOHHUITBA JETaJICH 1 BY3JIIB aBlalliiHUX KOHCTPYKIIM, 110 IPYHTYIOThCS HA BUKOPUCTAHHI1
AQHAIITUYHOTO E€TAJIOHY, SK TMEpIIOoKEpena Ta HOCIA TOBHOI 1H(oOpmalii mTpo BUPIO,
3a0e3Meuy0oTh CUCTEMHY (PopMatizallito MpoIeCiB TEXHOJIOTIYHOT MIATOTOBKU BUPOOHMIITBA.
JloBezieHo, 10 3aCTOCYBaHHS AHAITUYHOTO €TAJIOHY, SIK 1H(OpMAaLiiHOI OCHOBH U1 TOOYI0BU
MOJIENIE MPOLECIB aBlalllfHUX KOHCTPYKIIA Ta BUPIIICHHS MPSIMOrO 1 3BOPOTHOTO 3aBAaHb
(hOpMOYTBOpPEHHSI JTa€ 3MOTY CYTTEBO CKOPOTUTH TEPMIHM W 3arajbHy TPYAOMICTKICTb
TEXHOJIOTIYHOI ~ MIITOTOBKM BUPOOHHWIITBA 3aBAAKM YHidiKamii BuOOpY 0OJaaHAHHS,
THCTPYMEHTY, CII0c001B 6a3yBaHHS Ta BUMIPIOBAILHUX MPOLIEAYP.

3. JlocmimpKeHHS MIATBEPAMIIN JOIUTBHICTh 3aCTOCYBAaHHS METO/IIB PEBEPC-IHKUHIPUHTY
JUTS1 CKOPOUYEHHS TPUBATIOCTI TEXHOJIOTIYHOI MIATOTOBKH BUPOOHUIITBA aBlallitHIX KOHCTPYKIIIH
IUITXOM (POPMaTi30BaHOTO BHPIIIEHHS MPSIMOTO Ta 3BOPOTHOTO 3aBJaHb (POPMOYTBOPECHHSI.
3anpornoHOBaHUIN TEOPETUKO-IMOBIPHICHUNA TIJIX1J IO OIIHIOBAHHS TPYAOMICTKOCTI poOIT 3i
CTBOPEHHSI AHAIITUYHOTO €TAJOHY Ja€ 3MOTYy KUIbKICHO OOIpyHTYBaTd eQeKTHBHICTD
TEXHOJIOTIi peBepC-1HKUHIPUHTY. Jl0BEIEHO, 1110 BIPOBAKEHHSI METOIB PEBEPC-IHKUHIPUHTY
3a0e3reuye CyTTEBE 3HIDKEHHS TPYJIOMICTKOCTI TOPIBHSHO 3 TPAIUIIMHUMU I11a0JIOHHUMHU
MeToJIaMH, 30KpeMa B 3,7 pa3za mpu BUPILIEHHI 3BOPOTHOTO 3aBJaHHS Ta B 1,5 paza — mpu
BUPILIEHHI PSIMOT'O 3aB/IaHHS.

4. ocnimkeHo yMOBH eEeKTUBHOI peatizaliii METO/IIB PEBEPC-1HXKUHIPUHTY (3BUYAIHOTO
1 cTajoro) mpu 3a0e3MeueHH] 3a/aHo0i TOYHOCTI 3 MIHIMAJIBHUM YacOM Ha BUTOTOBJICHHS
CKJIATHOTIPO(UIbHUX JeTanedl aBlaliiHuX KOHCTpykuii. Ha mpuknami kopmycy pymiboOBOT
MAIllMHU aBlalliiHUX KOHCTPYKIIM JOBENEHO, IO 3a YMOB TO4yHOCTI +0,5 MM Ha po3mip
BUTOTOBJICHOI JETami, 10 Ma€ CKJIaJHy MPOCTOPOBY TEOMETPIiI0, SKAa XapaKTePU3YEThCS
HAsBHICTIO Malux pajiyciB 3aokpyrieHHs (mo 0,5 M), mepemuukr ¥ 3MiHM JiaMeTpiB
ITIHAPUYIHUX TTOBEPXOHb «CXOJWHKAMM», OTBOPIB MaJioro jiamerpa (MEHIIIOro 3a 5 MM), a



32

TaKoXX TOCTpiB KyTiB (MeHmmx 3a 30°) 1 pi3pOM, 3aCTOCYBaHHS CTaJOr0 METOIy pPEBEpC-
IHKUHIPDUHTY HE 3a0e3Ne4YnTh TI'€OMETPUYHOI TOYHOCTI 3a TOPTPETOM JIeTalll aBialliiftHOi
KOHCTpYKIIii. ToMy Jy1st moaiOHMX JeTaneil aplaliiHiX KOHCTPYKIIM Ha IMIJICTaBl OTPUMaHUX
pe3ysbTaTiB  OOIPYHTOBAHO JIOLUIBHICTh BUKOPUCTAHHS 3BUYAHOTO METOIY peBepc-
IHKUHIPUHTY.

5. Po3pobneHo ¥ mochipkeHO (OpMyBaHHS KpPOMOK IIPH  PI3HUX HaNpsMKax
MIKpPOHEPIBHOCTEH YTBOPIOBAIBHUX ITOBEPXOHb JETAJCH aBlallifHMX KOHCTPYKIIIH, a came:
OPTOTOHAJIBHUX TIOBEPXOHb, IO CHUMETPUYHO TEPETHHAIOTHCS; OPTOTOHAJIBHO KOCHX
MOBEPXOHb; CAMETPUYHO KOCHX 1 aCHMETPUYHO KOCHX TIOBEPXOHb. BUBEICHO 3a/I€KHOCTI JIs
BU3HAYCHHS MIHIMAIBGHOTO pajiyca 3a0KpYIJIEHHS KPOMKH TPH BCIX BHIIQJKaX, 3a SIKUMU
JIOBEJICHO, IO 13 30UIBIIEHHAM IMOKA3HHUKIB IIOPCTKOCTI 30UIBIIYETHCS PaAAlyC OKpPYTJICHHS
KpoMkd. OCTaHHE CITiI BpaXxOBYBaTH TiJl YaC CTBOPEHHS AHATITUYHOTO €TAIOHY Ta Ha HOro
ocHOB1 3D-mopeneit s BUpOOHUIITBA JIETalel aBiallliHMX KOHCTPYKIIM, a TaKOX i Yac
BUOOPY TEXHOJIOTTi BUTOTOBJICHHS JI€Talleil aBiallliHUX KOHCTPYKIIM 3 METOI0 3a0€3MeYeHHS
BHMOT JIO TOYHOCTI Ta JIOIYCKIB HA PO3MIPHU TTOBEPXOHB 1 KPOMOK, @ TAKOX IMOPCTKOCTI.

6. CTBOpeHO MeTo/ BHOOPY palllOHAIBHOI TEXHOJIOTII IIBUIKOTO BUPOOHUIITBA Ta/abo
PEMOHTY JeTaliell aBialliiHUX KOHCTPYKIIIN MPH iX MPOTOTUITYBAHHI 32 pEBEPC-IHKUHIPUHTOM
3a€XKHO BiJl KUIBKOCTI (MapTii) Ta BUMOI JOMYCKIB Ha TOUHICTh JIeTajieil aBilallliiHUX
KOHCTPYKIIH. JloBeneHo, 110 Asis qetaneit apialiiiiHiX KOHCTPYKITH y KutbkocTi moHas 10 mit. B
yMoBax JpiOHocepiiiHoro BupoOHuITBa (10 100 mT.) i ToYHOCTI po3mipiB moHan 0,5 Mm
OOI'PYHTOBAHUM € BUKOPHCTaHHS TEXHOJIOT I ITamimyBaHHs. [ Ipu Tiil ke KUTbKOCT1 AeTalieH, aje
TouHOCTI MeHie =+0,5MM goruibkHO Oyae BukopucToByBaTH Bepcrtatn 3 UIIK abo
BHCOKOIIIBHIKICHY OOpOOKY IITaMIIOBaHOi 3aroToBkM abo 1umTH. Ilpu KuibkocTi aeraneit
Mentre 10 mT. Ta ToyHOCTI moHaa +0,5 MM HaJaHO PEKOMEHJAIlli 00 BUKOpUCTaHHS 3D-
APYKY 3 MOJANIBIINM PYYHUM 3a4nIeHHsIM. [IpH Tii ske KUTbKOCTI IeTaJlei, ajie TOYHOCTI MEHILIE
HiK 10,5 MM oULTBHUM € 3acTocyBaHHs BepeTaTis 13 UITK abo BUCOKOIBHUIKICHY 00pOOKY Ipr
(dhpe3epyBaHHI TUIMTH 200 IIITAMITOBAHO1 3arOTOBKH.

7. Hamano cnioci6 3D-ckanyBaHHSI Ta BU3HAYEHHsI JOMYCKIB Ha BIIXWJICHHS PO3MIpIB
BUTOTOBJICHOI OIMYKJIO-BIHYTOI JIeTali aBlallifHOI KOHCTPYKIIii BETUKUX po3mipiB. CTBOpEHO
HOBHIA METOJ] IPOTOTHUITYBAHHS OMYKJIO-BrHYTHUX JIeTajiei Ha 0a31 CTaJIoro peBepC-IHKUHIPUHTY
3a yMOB 3a0e3ledeHHs 3aJaH0i TeOMETPUYHOI TOYHOCTI IX BHUTOTOBJICHHS, 3MEHIICHHS
TPYAOMICTKOCTI Ta TEPMIHIB TEXHOJIOTTYHOI IIITOTOBKA BUPOOHMIITBA. AJIEKBATHICTH
TEOPETUYHUX 3acaJi METOJAYy MIATBEP/PKEHO HATYpHUMH BUIIPOOYBAaHHSAMHU  IIUISIXOM
BUTOTOBJICHHS 3pa3KiB IOCIHKYBaHOI JIE€Tall aBlalifHOI KOHCTPYKIIIi aTUTUBHUAM CIIOCOOOM 3a
MIPOTOPIIIIHO 3MEHIIICHUMHU PO3MIpaMH €TajIOHHOTO roptpera. Lle pileHHs Ja€ MOKITUBICTD
BHUPOOHMKaM BUKOPHUCTOBYBATH CaMe JI0ONPAIbOBaH1 MOPTPETH 32 HEOOX1THOCTI IIBUAKOTO (32
YMOBH OOMEXKEHOT0 Yacy) MPOTOTUITYBAHHS ACTaJICH 11]1 Yac pEMOHTY aBlalliiiHOiT KOHCTPYKIIIi.

8. BUKOHaHO KOMIUIEKCHMI aHalll3 MpOLECIB MEPEHECEHHS Ta OTPUMAaHHS PO3MIpIB
feranedl po3’e€MiB 1 CTUKIB aBlallliHUX KOHCTPYKLIM MiJ 4Yac iX NPOTOTHUITYBaHHS 3a
TEXHOJIOTTYHUMH PO3MIpHUMH JiaHItoramu. Ha ocHOBI po3paxyHKiB BiIXUJIEHb KOHTYPY J€Tali-
MIPOTOTHITY Bifl JCTATI-OPUTIHATY JOBEJIEHO, 10 MPOIIEC BUTOTOBJICHHS MPOTOTHUIIIB METOIOM
3D-npyky 3a xapakrepoMm (OPMOYTBOPEHHS Ta TOYHICTIO € OJM3BKUM JIO TPOIIECIB TOYHOTO
Tt MetamiB. Jlyis 30UIBIICHHS TOYHOCTI MPOTOTUITYBAaHHS JAETaiell po3’€MIB 1 CTHKIB
aBlallifHUX KOHCTPYKIIIH OOTPYHTOBAHO Ta 3alPOIIOHOBAHO 3aCTOCYBAaHHS CHCTEMH KaTiOpiB 1
KOHTPKaTIOPIB 32 JaHUMH aHAJIITUYHOTO eTasioHa. J{oBeZieHo, 110 MPY BUKOPUCTAHH1 KamiOpiB 1
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KOHTPKaTIOpIB MOXHOKa yB’SI3yBaHHS CTHUKIB JETall Ta JAETali-IPOTOTHUILY 3MEHIIYETHCS B
3,78 paza mopiBHSAHO 3 BUKOPUCTAHHSM TUIbKA CKaHYBaHHS peBepc-1HKuHIpUHroM. Kpim toro,
PO3pOOJICHO Ta 3ampONOHOBAHO BEPCTaTHE MPUCTOCYBAHHS Ui BUCOKOTOYHOTO OOpOOJICHHS
CTUKOBUX TIOBEPXOHb 3 OTBOpaMHU JETATI-NPOTOTUITY, IO 3a0e3redye IMiBUILCHHS
BIZITBOPIOBAHOCTI Ta CTA0UTBHOCTI TEOMETPHUUHHUX TTapaMeTpiB.

9. JloBesieHo, 1110 3aCTOCYBaHHS METOTy 0€3I1J1a30BOr0 YB’ si3yBaHHS (POPMH Ta PO3MIpiB
3 BUKOPUCTAHHSM JIa3€pHUX BUMIPIOBAJILHUX 3aC001B Y BUPOOHUIITBI Ta CKJIQJaHHI aBialliitHOl
KOHCTPYKIIIT 1a€ 3MOT'Y 3HAYHO 3HU3UTH TPYAOMICTKICTH BUTOTOBJICHHS T MOHTAXHUX POOIT 710
10 paziB. Po3risiHyTO TEXHOJOTIYHY TOCIIIOBHICTh YyB’SI3yBaHHA BHUOPAaHOI CKJIQAaibHOI
OJTMHMIII — CTa0LTi3aTOpa TeNKONTEepa, OTPUMAHOTO PAHIIIE 32 TUIA30BO-IA0JOHHIM METOOM,
npy MOJEpHI3aIli aBialifHOT KOHCTPYKIII 3a JIOTIOMOTOI0 PEBEPC-IHKHUHIPUHTY, a TaKOX
MOJIAHO OpTraHi3alliifHi Ta TEXHOJOITYHI METOAM CKOPOUEHHS TEPMIHIB TEXHOJIOTIYHOI
mAroToBKA BUpoOHMIITBA. [lokazaHo e(EeKTUBHICTh BHUKOPUCTAHHS METOMIB peBeEpcC-
IH>KUHIPUHTY 111 4ac 3aIycKy Y BUPOOHUIITBO HOBOTO BUPOOY 32 YMOBH OOMEKEHOTO Yacy.

10. VYiockoHaneHO TEXHOJOI0 aBTOMAaTHU30BAHOTO (POPMYBaHHS BEIMKOTrabapUTHHX
naHesnel 13 KkepyBaHHSIM (OPMOIO 3a 10TOMOror0 3D-ckaHyBaHHS, JI€ BUPILIYEThCS 3BOPOTHE
3aBJIaHHs (POPMOYTBOPEHHS SIK Onepailii KOHTpoJro. Ha BiqMiHy BijI paHillie BUKOPUCTOBYBAaHHUX
I1JIXO/1IB 3aIPOIIOHOBAHO 3/1MCHIOBATH MOETAHUM KOHTPOJIb (POPMYBAHHS TaKUX 3aTOTOBOK
[IUITXOM TIOPIBHSIHHS JJAHUX OTPUMAHOTO IMOPTpPEeTa 3aroTOBKM (32 30BHIIIHIM KOHTYPOM) 3
AHATITUYHMM €TAIIOHOM TaHeI Ta KOPUT'YBaHHS HACTYITHUX HaBaHTaKeHb (hOpMYBaHHsI TTaHE
yepe3 MporpaMHUM MOAy/ldb Yy PEXKuUMI peadbHoro uacy. HamaHo pekoMeHpaiii 1010
BIIPOBA/KEHHS 1 peati3allii 3aBJjaHb (POPMOYTBOPEHHS 3 BUKOPHCTAHHAM TEXHOJIOIi peBepc-
IHKMHIPUHTY B HasiBHE HAJIaroyKeHe BUPOOHUITBO aBIAIIMHUX KOHCTPYKIIIH.

CITMCOK OITYBJIKOBAHUX ITPALb 3A TEMOIO JUCEPTALIIL

Criucok myOuikanii, y SKix oIryOJIIKOBAaHO OCHOBHI HAYKOBI Pe3y/bTaTH JUCEPTALIIHOT
poOoTH.

Cmammi 6 HayKo8UX SUOAHHAX, GKodeHux 0o Illepeniky Haykosux ¢haxosux eudais
Ykpainu:

1. Improvement of the repair method of the aircraft components made of polymer
composite materials with operational damage / O. Andreev, K. Maiorova, B. Lupkin,
M. Boiko, Y. Korolkov. 4siayitino-xocmiuna mexuixa i mexnonoeis. 2022. Ne 1 (177). C. 42—
50. DOI: 10.32620/aktt.2022.1.05. (KaTeropis «by).

2. Po3pobka anropuTtmiB mporieciB (hOpMOYTBOPEHHS JIJIsi BUTOTOBJICHHS aBlaIliiftHOT
TEXHIKHM TP TeXHOJoruHii miarorosii Bupoonunrsa / B. T. Cikynbcekuit, K. B. Maiiopoga,
1O. A. Bopo6itoB, M. M. boiiko, O. JI. KomicapoB. Asiayitino-kocmiuna — mexHika i
mexnonoeis. 2022. Ne 2 (178). C. 64—73. DOI: 10.32620/aktt.2022.2.08. (Kareropist «b»).

3. @®opmyBaHHS BUMOr 710 1H(OpPMALIHHOTO  CYNPOBOAY  BUPOOHMIITBA
ACpPOKOCMIYHMX BHpOOIB i 3a0e3nedeHHsa ix skocti / 1. B. buukoB, A.C. Cene3HnoBa,
K. B. MaiiopoBa, }O. A. Bopo0GiioB, B. T. Cikynbcbkuil. Agiayitino-kocmiuna mexwika i
mexnonozis. 2022. Ne 4 (180). C. 22-35. DOI: 10.32620/aktt.2022.4.03. (Kareropis «b»).

4. Mathematical models creation for calculating dimensional accuracy at the
construction stages of an analytical standard using the chain method / I. VVorobiov,
K. Maiorova, I. Voronko, O. Skyba, O. Komisarov. Technology audit and production reserves.
2024. Ne 1/1 (75). P. 13-21. DOI: 10.15587/2706-5448.2024.297732. (Kateropis «b»).
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5. VB’s3yBaHHS TOpHU MPOTOTHITYBAaHHI CKJIQJHUX aBlallliHUX JeTalled BUCOKOI
TOYHOCTI 3 PO3’€MaMU Ta CTUKaMU Ha OCHOBI peBepc-iHxkuHipuHry / B. T. Cikynbcbkuid,
K. B. MaiiopoBa, 1. O. Bopoubko, O. O.Kaminyc, O.C. Ckuba. Asgiayitino-kocmiuna
mexuika [ mexnonocis. 2024. Ne 6 (200). C.80-93. DOI: 10.32620/aktt.2024.6.08.
(Kareropis «by).

6. ExcriepuMeHTaNbH1 JOCHIIKEHHS T€OMETPUYHOI TOYHOCTI 3y04acToro Kojeca 3a
J0TIOMOT'010 KOOpIMHATHO-BUMIptoBasibHOI Maminuu / B. T. Cikynbecbkuit, K. B. Maiioposa,
C. O. 3aknincekuii, A. C. CycnoB. Asiayitino-xocmiuna mexwixa i mexuonoeis. 2025.
Ne 1 (201). C. 50-58. DOI: 10.32620/aktt.2025.1.05. (Kareropist «b»).

7. MaitopoBa K. B. KoHCTpYKTHBHO-TEXHOJOTIYHANA aHaTI3 TUIOBUX aBlalliiHUX
AeTaneil Ta KOHCTPYKIIH, 10 MiUIsraloTh BUPOOHUITBY a00 PEMOHTY 3a TEXHOJIOTISIMH
peBepc IHKUHIPUHTY. Agiayitino-kocmiuna mexuika i mexnonozisa. 2025. Ne 3 (203). C. 66—
74. DOI: 10.32620/aktt.2025.3.07. (KaTteropis «b»).

8. Thread inspection using the waveline W800R profilometer: methodology for
method verification / K. Maiorova, V. Kalinichenko, V. Bocharov, |. Voronko,
N. Khayyam. 4siayiiino-xocmiuna mexnixa i mexnonozis. 2025. Ne 2 (202). C. 38-46. DOI:
10.32620/aktt.2025.2.04. (Kareropis «by).

9. CyuacHi miaxoy A0 METPOJIOTIYHOTO KOHTPOJIO 3y04acTHX KOJIC PEIyKTOPIB y
Bakkux ymoBax ekciutytamii / K.B. Maiioposa, B.A. Kaminiuenko, B.b. bouapos, 1.B.
Boponbko, M.I. buukoB. Asiayiiino-xocmiuna mexuika i mexnonocisi. 2025. Ne 4 (25).
C. 60-78. DOI: 10.32620/aktt.2025.4.08. (Kareropis «by).

Cmammi y HayKosux nepioOudHUX GUOAHHIX THUUX 0epAHCAs I3 HANPAMY:

Cmammi y HayKo8ux nepioOuyHux 8UOAHHAX 8KII0UeHUX 00 kamezopii «A» Ilepeniky
HayKosux axosux eudanv Yxpaiunu, abo y 3aKOpOOHHUX BUOAHHSX, NPOIHOEKCOBAHUX Y
bazax oanux Web of Science Core Collection ma/abo Scopus:

10. Implementation of reengineering technology to ensure the predefined geometric
accuracy of a light aircraft keel / K. Maiorova, |. Vorobiov, M. Boiko, V. Suponina,
O. Komisarov. Eastern-European Journal of Enterprise Technologies. 2021. Vol. 6,
Ne 1 (114). P. 6-12. DOI: 10.15587/1729-4061.2021.246414. (Scopus, Q2)

11. Forming the geometric accuracy and roughness of holes when drilling aircraft
structures made from polymeric composite materials / K. Maiorova, I. Vorobiov,
O. Andreev, B. Lupkin, V. Sikulskiy. Eastern-European Journal of Enterprise
Technologies. 2022. Vol. 2, Ne 1 (116). P. 71-80. DOI: 10.15587/1729-4061.2022.254555.
(Scopus, Q3)

12. Implementation of reengineering technology to reduce the terms of the technical
preparation of manufacturing of aviation technology assemblies / V. Sikulskiy,
K. Maiorova, lu. Vorobiov, M. Boiko, O. Komisarov. Eastern-European Journal of
Enterprise Technologies. 2022. Vol.3, Ne1(117). P.25-32. DOI: 10.15587/1729-
4061.2022.258550. (Scopus, Q3)

13. Modeling the forming process by successive local deforming for monolithic
stiffened panels / V. Sikulskiy, S. Sikulskyi, K. Maiorova, Y. Dyachenko. The International
Journal of Advanced Manufacturing Technology. 2023. Vol. 124, Ne 5-6. P. 1569-1578.
DOI: 10.1007/s00170-022-10582-9. (Web of Science, Scopus, Q2)

14. Formation of the quality of holes obtained by drilling in aviation structures made
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from polymer composite materials / K. Maiorova, O. Andrieiev, B. Lupkin, V. Antonyuyk,
S. Vysloukh. Eastern-European Journal of Enterprise Technologies. 2023. Vol. 3,
Ne 1 (123). P. 59-67. DOI: 10.15587/1729-4061.2023.279618. (Scopus, Q3)

15. Devising a methodology for prototyping convexconcave parts using reverse-
engineering technology providing the predefined geometric accuracy of their manufacturing
/ K. Maiorova, O. Kapinus, V. Nikichanov, O.Skyba, A. Suslov. Eastern-European
Journal of Enterprise Technologies. 2024. Vol.4, Nel(130). P.112-120.
DOI: 10.15587/1729-4061.2024.308047. (Scopus, Q3)

16. Implementation of reengineering technology in the technological preparation for
general aviation airplane wing tip manufacturing based on the construction of a digital
mock-up / K. Maiorova, V. Nikichanov, I. Lysochenko, S. Myronova. Eastern-European
Journal of Enterprise  Technologies. 2024. Vol.5, Nel(131). P.43-53.
DOI: 10.15587/1729-4061.2024.311478. (Scopus, Q3)

Momnoepadii (po30inu y konekmugHux Monozpagisx):.

17. TndopmariiiiHi Ta TEXHOJOTIYHI CUCTEMHU CYNPOBOAY KUTTEBOTO IIUKIY BUPOOIB
aBiamiitHoi TexHiku : MoHorpadis / I. B. buukos, K. B. Maiiopoa, M. I. buukos,
O. B. Jloces, I'. C. Cene3nboBa. Xapkis : @OII Ilanos, 2023. 224 c. ISBN 978-617-8113-
63-6.

Ilamenmu na sunaxio, wio npouuiiu Kearigikayilny excnepmusy:.

Cnucok my0Jtikalii, siki 3acBiI4yIOTh alpoOallito MaTepiaiiB AUCEPTAIlIi:

18. Implementation of the reengineering in additive technologies in the manufacture
of aerospace parts / A. Mialytsia, I. Buchkov, K. Maiorova, V. Suponina. [Ipobremu
CMBOPEHHS Ma 3a0e3NeUeHHs HCUMMEBO20 YUKITY ABIayiliHOi mexHiKu : Te3U J1on. MiKHap.
HayK.-T€XHIYH. KOH(., 23-24 xsit. 2019 p., XapkiB / Hau. aepokocMm. yH-T iMm.
M. €. )KyKkoBcbKOTO «XapKiB. aBiail. TH-T». XapkiB,  2019. C. 47-48.
URL.: https://library.khai.edu/
library/fulltexts/metod/Problemi_Stvorennya_Ta.pdf. (15.09.2025).

19. Reengineering based on 3D-scanning in the process of propeller analytical
standard constructing for an ultra-light twin-seat aircraft / I. Bychkov, K. Maiorova,
V. Suponina, S. Riabikov. Integracion de las ciencias fundamentales y aplicadas en
elparadigma de la sociedad post-industrial : col. de doc. cientificos «AOI'OZ» con actas de
la conf. Intern. cientifica y practica, 24 de abril de 2020. Barcelona, 2020. Vol. 2. P. 32-38.
DOI: 10.36074/24.04.2020.v2.09.

20. Maiioposa K. B. PeimxuHIpyHT aBialliiHUX 00’€KTIB Ta MOPIBHAJIbHUN aHAII3
CTBOPEHHS AHAIITUYHOTO €TaJOHY. Asiayis, NpoMuUcio8icmb, CYCHIIbCMBO . Mareplaiu
[ Mixxknap. Hayk.-nipakT. koH(., Kpemenuyk, 14 tpas. 2020 p. : y 2 4. / XapkiB. Hall. yH-T
BHYTp. cmpaB, Kpemenuyn. npoTHHUM Konemk. Xapkis, 2020. Y.1. C.37/7/-380.
URL: https://lib.Intu.edu.ua/sites/default/files/2021-03/
Aviatsiia%?20promyslovist%20suspilstvo Kpemenuyk 1 2020.pdf (07.09.2025).

21. Amnani3 TeHJEHIIH BITYM3HSIHOTO aBiarliiiHoro BupooHumrea / 0. A. Bopo6iios,
I. B. buukos, K. B. Maiioposa, O. JI. Komicapos, C. M. Psa6ikos. Current Issues and
Prospects for the Development of Scientific Research : proc. of the 4th Intern. sci. and pract.
conf., Orléans, France, Dec. 7-8, 2021. Orléans, 2021. C. 329-333. (Scientific Collection
«Interconf» ; Ne 90). DOI: 10.51582/interconf.7-8.12.2021.038.


https://doi.org/10.15587/1729-4061.2023.279618
https://journals.uran.ua/eejet/article/view/311478
https://journals.uran.ua/eejet/article/view/311478
https://journals.uran.ua/eejet/article/view/311478
https://doi.org/10.15587/1729-4061.2024.311478
https://doi.org/10.36074/24.04.2020.v2.09

36

22. The Process of Forming Integral Ribbed Panels by Sequential Local Phased
Deformation with Information Support / V. Sikulskyi, S. Sikulskyi, K. Maiorova,
V. Suponina, O. Komisarov. International Scientific and Technical Conference on
Integrated Computer Technologies in Mechanical Engineering. ICTM 2021  proceedings,
28-29 Oct. 2021, Kharkiv, Ukraine. Cham : Springer, 2022. P. 157-165. (Lecture Notes in
Networks and Systems. LNNS ; vol. 367, ISSN 2367-3370). DOI: 10.1007/978-3-030-
94259-5 15. (Web of Science, Scopus, Q4)

23. Study of a geometry accuracy of the bracket-type parts using reverse engineering
and additive manufacturing technologies / K. Maiorova, V. Sikulskyi, I. Vorobiov,
O. Kapinus, A. Knyr. International Scientific and Technical Conference on Integrated
Computer Technologies in Mechanical Engineering. ICTM 2022 : proceedings, 28-29 Oct.
2022, Kharkiv, Ukraine. Cham : Springer, 2023. P. 146-158. (Lecture Notes in Networks
and Systems. LNNS ; vol. 657, ISSN 2367-3370). DOI: 10.1007/978-3-031-36201-9 13.
(Scopus, Q4)

24. Improving the Method of Virtual Localization of Near-Net-Shaped Workpieces
for CNC Machining. Lecture Notes in Networks and Systems / S. Plankovskyy, O. Kapinus,
K. Maiorova, S. Myronova. Mathematical Modeling and Simulation of Systems : proc. 17th
Inter. conf., Chernihiv, Ukraine, Nov. 14-16, 2022. Cham : Springer, 2023. P. 119-128.
(Lecture Notes in Networks and Systems. LNNS; vol. 667, ISSN 2367-3370).
DOI: 10.1007/978-3-031-30251-0_10 (Scopus, Q4)

25. Bumm matematudHoi Mojaelni reomMerpii 00’ekTiB. JlocToiHCTBA 1 HEAOMIKH /
I. B. buuxos, K. B. MaiiopoBa, M. I. buukos, B. JI. Manamenko, C. M. Psa0ikoB. Haykosi
opieHmupu. meopisi ma npakmuka 0ocaioxceHv . Marepianu | MixHap. HaykK. KoHQ.,
Xapkis, 14 xBit. 2023 p. / MixkHap. HeHTp HayK. Aocaimkenb. Binauig, 2023. C. 102-104.
URL.: https://archive.mcnd.org.ua/index.php/conference-proceeding/issue/
view/14.04.2023/23 (18.09.2025).

26. BmuB mporecy CBEpJIIHHA Ha MapaMeTpu SKOCTI OOpOOJICHHS MOJIMEPHUX
komnosuiidaux Matepiamie / Jlynkin b.B., Anmgpees O.B., Maiioposa K. B.,
Antonwok B. C. Ilpoepecusna mexwnika, mexuonozis ma iHdcenepHa oceima . MaTepiain
XXIII Mixnap. Hayk.-TexH. KoH}., M. KuiB, 30 TpaB. — 1 ueps. 2023 p. Kuis : KIII im. Irops
Cikopcbkoro, 2023. C. 210-213. DOI: 10.20535/2409-7160.2023.XXI111.280013.

27. BuxopucTtaHHs peBepC-IHXHUHIPUHTY 1 aIUTUBHUX TEXHOJIOT1M B aBiallliHOMY
Bupobnuntei / K. B. MaitopoBa, I. B. buukos, B.JI. Manamenko, M. I. buukos,
0. JI. Komucapos. Advanced Discoveries of Modern Science: Experience, Approaches and
Innovations : proc. IV Intern. Sci. and Theoretical conf., Amsterdam, Netherlands, 11 Aug.,
2023. Amsterdam, 2023. P. 116-119.

28. AHani3 BHUKOPUCTAHHA TEXHOJIOTii peBepc-imxuHipunry / 1. B. buukos,
K. B. Maiioposa, B. T. Cikynscbkuii, B. JI. Manamenko, M. 1. buukos. Grail of Science.
2023. Ne 31. P. 258-260. DOI: 10.36074/grail-of-science.15.09.2023.41. (Kareropis «b»)

29. AHani3 YUHHUKIB MO0 (HopMaTi3yBaHHS MaTEMaTUIHOT MOJIEI BUCOKOTOYHUX
neraneir cknagHoi Gopmu / B. T. Cikynscwkuii, K. B. Maiioposa, C. O. KpacoBchekuii,
A. C. CycnoB. Akmyanvui numanus po3sumky eanysetl Hayku : matepianu [I MixHap. HayK.
koH(., 1 rpyn. 2023 p., Uepniris, Ykpaina / Mixkaap. eHTp HayK. 1ocaik. Binauig, 2023.
C. 282-284. URL.: https://archive.mcnd.org.ua/index.php/conference-
proceeding/issue/view/ 01.12.2023/47 (31.08.2025).
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30. Algorithm for Selecting the Optimal Technology for Rapid Manufacturing and/or
Repair of Parts / V.Sikulskyi, K. Maiorova, O.Shypul, V. Nikichanov, O. Kapinus,
O. Tryfonov. International Scientific and Technical Conference on Integrated Computer
Technologies in Mechanical Engineering. ICTM 2023 : proceedings, 27-29 Dec. 2023, Kharkiv,
Ukraine. Cham : Springer, 2024. Vol. 1. P. 25-39. (Lecture Notes in Networks and Systems.
LNNS ; vol. 1008, ISSN 2367-3370). DOI: 10.1007/978-3-031-61415-6_3. (Web of Science,
Scopus, Q4)

31. Experimental and numerical investigations on impulse self-pierce riveting of
lightweight aircraft aluminium and mixed structures [Electronic resource] / 1. \Vorobiov,
N. Nechyporuk, K.Maiorova. 22nd International Scientific Conference ‘“Transport Means
2018” . proceedings, 3-5 Oct. 2018, Trakai, Lithuania. Kaunas : Kaunas University of
Technology, 2018. P. 121-128. URL: https://transportmeans.ktu.edu/wp-
content/uploads/sites/307/2018/02/Transport-means-I-dalis-2018-09-25.pdf (Web of Science,
Scopus, Q4)

32. Po3BUTOK TeOpii Ta HAYKOBHX OCHOB (JOPMOYTBOPEHHS JeTaned CKIagHuX (hopMm
Bucokoi tounocti / K. Maitoposa, C.Kpacoscbkuii, C. Muponosa, 0. Tpyouanin. Actual
problems of science and technology — from theory to practice : col. of abstr. XXX Intern. sci. and
pract. conf., July 3-5, 2024, Bern, Switzerland. [S.1.], 2024. C.94-96. URL.: https://isu-
conference.com/wp-
content/uploads/2024/07/Actual_problems_of science_and_technology from theory to practi
ce July 3 5 2024 Bern_Switzerland.pdf (20.09.2025).

33. Experimental studies of the holes quality parameters in polymer composite materials
/ B.V.Lupkin, O.V.Andrieiev, K.V.Maiorova, V.S.Antonyuk, S.A.Tolstoi. New
technologies, development and application. NT’2024 : proc. 10th Intern. conf. 2024. Cham :
Springer, 2024. Vol. 1. P. 589-602. (Lecture Notes in Networks and Systems. LNNS ; vol. 1069,
ISSN 2367-3370). DOI: 10.1007/978-3-031-66268-3_60. (Web of Science, Scopus, Q4)

34. Study of the Technological Parameters of Surface Plastic Deformation for
Monolithic Aircraft Panels by the Impact-Drum Method / Y. Dyachenko, . Voronko,
V. Sikulskyi, K. Maiorova, S. Shapar. International Scientific and Technical Conference on
Integrated Computer Technologies in Mechanical Engineering. ICTM 2024 : proceedings, 12—
14 Dec. 2024, Kharkiv, Ukraine. Cham : Springer, 2025. Vol. 2. P. 429-440. (Lecture Notes in
Networks and Systems. LNNS ; vol. 1474, ISSN 2367-3370). DOI: 10.1007/978-3-031-94852-
7_36. (Scopus, Q4)

35. Analysis of Modern Approaches to Approbation of Aircraft Parts Geometric Data
Digitization by Reverse Engineering / K. Maiorova, I. Lysochenko, O. Skyba, A. Suslov,
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AHOTAIIIA

MaiiopoBa K. B. HaykoBi ocHOBM BHPOOHHMIITBA aBlallliHUX KOHCTPYKIIH 13
3aCTOCYBAaHHSAM TEXHOJOTIA pPEBEpC-IHKUHIPUHTY 32 YMOBHU OOMEXKEHOTO 4Yacy. —
Kpanidikariitna HaykoBa mparis Ha IpaBax PyKOIIUCY.

Hucepraiiss Ha 3700yTTS HAYKOBOTO CTYINEHA JOKTOpa TEXHIYHMX HayK 3a
cretianpHicTIO 05.07.02 — mpoekTyBaHHS, BUPOOHMIITBO Ta BUIPOOYBAaHHS JITAIbHUX
amapatiB. — HallloHallbHMIT aepOKOCMIYHHMM YHIBEPCUTET «XapKIBCbKUM aBialliiHuN
THCTUTYT», XapkiB, 2026.

Jluceprariiito MpUCBSYEHO BUPIIICHHIO BAXXIIMBOT HAYKOBO-TEXHIYHOI MPoOIeMH, sIKa
MoJIITae B HEOOX1AHOCTI CTBOPEHHSI HAYKOBO OOTPYHTOBAHHMX METOJIIB 1 MOJCIICH peBepc-
IHKUHIpUHTY aBlamiiHux KoHCTpyKuid (AK), crnpsiMoBaHMX Ha BHPOOHUIITBO B yMOBAax
KOPCTKUX OOMEXKEHb 13 3a0€3MEeUCHHSIM HEOOX1THOTO PIBHS TOYHOCTI Ta TEXHOJIOTTYHOCTI
KOHCTpYKIiM. lle mocsraeTbcs 3aBASKM ONTHMI3alli TEXHOJIOTIYHMX MPOLECIB 13
BUKOPUCTAHHAM 1H(HOpMAIITHUX TEXHOJIOT1H 1 BIPOBAKEHHIO HOBUX €()EKTUBHUX METO/IIB
peBepc-imkuHipuary (PI), siki gaioTh 3MOry ONEpaTUBHO OTPUMYBATH T'€OMETPUUYHY
iHdopMaIlilo Mpo ICHYIOUl BHUPOOM Ta BHUKOPUCTOBYBATH 1ii JJisi TMPOEKTYBAHHS,
MPOTOTUITYBaHHSI 1 KOHTpoiito neraneil 1 By3nmiB AK. BomHowac BIJCYTHICTH IUTICHHX
HAyKOBUX OCHOB (DOpMYyBaHHS Ta KEPYBaHHS TMPOIECaMU CTBOPEHHS IMUGPOBOro
nepiiopkepena iHpopMmarii Takux aerajged 1 KOHCTpyKiii Ha 6a3i Pl 3a BH3HaueHUX
4acoBUX OOMEXKEHb He 3a0e3leuye rapaHTOBAHOI'O JOCSITHEHHS 3a/laHO0i T€OMETPUYHOI
TOYHOCTI, TEXHOJIOTTYHOCTI Ta BIATBOPIOBAHOCTI pe3ybTatiB. Lle 3yMoBIItO€ HEOOXIAHICTh
pO3p00JICHHSI HOBUX HAayKOBO OOTPYHTOBAHUX METOJIB, MIAXOAIB 1 MOJENEH, siKi Janu 0
3MOTY TIOETHYBAaTH BHICOKY TOYHICTH CTBOPEHHS NHU(PPOBUX MOACICH 1 BUTOTOBJICHHS
aBlallifHUX JeTajied 1 KOHCTPYKUIA 13 MIHIMI3AIlEl0 TPUBAJIOCTI TEXHIYHOI Ta
TEXHOJIOT1YHOI MIAroToBKM BUpoOHuuTBa (TIIB), mo i BHU3HAYae aKTyaJbHICTH L€l
JIOKTOPCHKOI TUcepTallii.

Y po6oTi CTBOPEHO HAYKOBO OOTPYHTOBAHMM Kiacu(ikaTop I0J0 OCOOJIUBOCTEH
BUKOpUCTaHHA MeToiB Pl mist pizHux rpymn ckinaanux 3a gopmoro aetaneit Ta By3niB AK.
CyTb mongrasnga B MOKIJIMBOCTI MMPOTOTUITYBAHHSA Ti€1 YU 1HIIOI TPYIH JIETaIeH 3a1eKHO BiJl
TEXHIYHUX MOKJIMBOCTEH PI3HUX CKaHEPIB Ta IHIIUX BUMIPIOBAIBHUX MPUCTPOIB, & TAKOK
y BU3HAYECHHI HEOOXIAHOTo OOJNIaJIHaHHA I pealiizailii caMoro IMpoIecy IIBUIKOTO
nporotunyBanHs. Kimacudikarop BpaxoBye BIIaCTUBOCTI OTPUMAHHS MOJIITOHAIBLHOT MOJIEII
3 BUCOKOIO TOUHICTIO (0,05 MM) G€3KOHTaKTHUM CIIOCOOOM, a TaKOX PO3AUIbHY 3/1aTHICTh
CKaHepa, [0 BIUTMBAE HA TOYHICTh CKAHYBaHHS KPOMOK.

CdopmynboBaHO i BUPIIICHO 3aBJaHHS peaiizailii METO/IB CTAJIOr0 Ta 3BUYAHOTO
PI 3a ymoB 3a0e3nedeHHsl 3alaHOi T€OMETPUYHOI TOYHOCTI B YMOBaxX HIBHUIKOIO
BUPOOHUIITBA W BHUIOTOBJEHHS CKIagHuX 3a ¢dopmoro aetaneit AK. Pospobieno i
OOCIHIKEHO  (OpMYyBaHHS  KPOMOK 32  pI3HUX  HalpsMKIB  MIKpOHEPIBHOCTEH
YTBOPIOBAJILHUX TMOBEpXOHb aeraneii AK, a came: OpTOTOHAJIBHUX TOBEPXOHbB, IO
CUMETPUYHO TEPETUHAIOTHCS; OPTOTOHAJIBLHO KOCHUX MOBEPXOHB; CUMETPUYHO KOCHX 1
ACUMETPUYHO KOCHX TOBEPXOHb, 110 CJI1J]] BpaxoByBaTH mij yac ctBopeHHss AE Ta Ha #oro
ocHOBI 3D-Moxeneit mist BupooHuiTBa neraini AK. BusemeHo 3aexxHoCT1 1719 BUSHAYCHHS
MIHIMQJIBHOTO pajiiyca 3a0KPYyTJICHHS KPOMKHU B YCIX BUNaakax. JloBeaeHo, 1m0 HalKpari
MOKAa3HUKA KPOMKH PEaNi3yIOThCS 3a CHUMETPUYHO IMapajelIbHOTO PO3TallyBaHHS
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MIKpOpenIbe(y MIOPCTKOCTI, ACIIO TipIii — 3a MapaleIbHO OPTOrOHAIBHOTO.

Po3pob6ieno migxoaun 10 cuHte3y npoieciB popmoyrBopenns mia yac TIIB AK, mo
MICTSITh €Tald BUOOpPY HEOOX1MHOro oOOJagHAHHS, 1HCTPYMEHTY, CIOCO0Y KpITIJICHHS
3aroTOBOK, BUMIPIOBAIBHUX IPOIEAYP TOII0, TOOTO (hOpMyBaHHS BIAMOBITHUX MOJEICH
IIPOIIECIB.

Ha 6a3i TeopeTnko-iMOBIPHICHOTO METOJy BUKOHAHO OIIHIOBAHHS TPYIOMICTKOCTI
po0OiT 31 ctBopeHHs AE mij yac BUpIIIEHHS IPSAMOI0 Ta 3BOPOTHOTO 3aBJIaHbh HA MIPUKJIIAII
OMYKJIO-BIHYTOI CKJIAJaJbHOI OAWHMIN — crabimizaropa rexikontepa. CdhopmoBaHO
Oprasizailiiiii Ta TeXHOJOT14H1 MeToau ckopoueHHs TepMiHiB TIIB i3 Bukopuctanusm Pl
TEXHOJIOT1i.

CTtBOpEHO MeTO/1 BUOOPY paIliOHATbHOT TEXHOJIOT1] IIBUAKOTO BUPOOHUIITBA Ta/ab0
pemonTy netaneit AK min gac ix mpototumyBanss 3a Pl 3anexHo Bix KiabkocTi (TapTii) Ta
BuMor TouHocT1 feraneit AK. CdpopmMoBaHO MOCIIIOBHICTh TEXHOJIOTTYHUX onepartiii 13 3D-
CKaHYBaHHsI 1 CTBOPEHHS MTOPTPETA, a TAKOK BU3HAYCHO JIOMYCKHU HA BIIXUICHHS PO3MIPIB
MMOBEPXOHBb BUTOTOBJIEHO1 AeTami AK.

CTBOpEHO HOBUU METOJ MPOTOTUITYBaHHS OMYKJIO-BrHYTHX Aetaiied ctaium Pl 3a
YMOB 3a0€3I€YeHHs 3aJaHOi T'€OMETPUYHOI TOYHOCTI iX BHUTOTOBJICHHS, 3MEHILEHHS
TpyanomicTkocTi Ta TepmiHiB TIIB.

Po3pobneno BepcTaTHe MPHUCTOCYBAaHHA (CHCTEMY KaliOpiB 1 KOHTPKaNIIOpPIB) Jis
00poOJIeHHsI TIOCKOTO CTUKY 1 YB’SI3yBaHHS MOTrO OTBOPIB y TOMY uwmcii. Po3poGieHo
aBTOMATHU30BaHUN KOMIUIEKC (POpMYBaHHS MOHOJITHHX TaHeNed MOABIHHOI KPUBU3HH 3
KepyBaHHIM QopMoro 3a 1oroMororo 3D-ckanyBaHHS.

CTBOpeHO  peKOMEHJalli 100  BIOPOBAKEHHA W peamizailii  3aBJaHb
dhopmoyTBOpeHHS Ha 06a3i TexHosorii Pl y BupoOuunteo AK.

KitouoBi cioBa: peBepC-1HKUHIPUHT, CTajdUuil pPEBEPC-IHKUHIPUHT, aHATITUYHUN
etanoH, 3D-mMonens, opMOYTBOPEHHSI TOBEPXOHB, KPOMKA, IOPTPET, «XMapa TOUOK.

ABSTRACT

Maiorova K. V. Scientific Foundations of the Aircraft Structures Manufacturing
Using Reverse Engineering Technologies Under Limited Time Conditions. — Scientific
study on the rights of manuscript.

Dissertation for the degree of Doctor of Technical Sciences in the specialty 05.07.02
— Design, Manufacture and Testing of Aircraft. — National Aerospace University “Kharkiv
Aviation Institute”, Kharkiv, 2026.

The dissertation is devoted to solving an important scientific and technical problem
that is the need in scientifically proven methods and models for reverse engineering of
aircraft structures (AS) creation, aimed at production under strict constraints while ensuring
the required level of accuracy and manufacturability (technological efficiency) of those
structures. This is achieved through the optimization of technological processes using
information technologies and the implementation of new effective reverse engineering (RI)
methods, which allow to obtain quickly the geometric information of existing products and
use it for the further design, prototyping and technical inspection of AS assembly
components. At the same time, the lack of holistic scientific foundations as to the formation
and control of the processes of creating by RI a digital primary source of information for
such parts and structures within certain time limits does not ensure guaranteed achievement
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of the specified geometric accuracy, manufacturability, and reproducibility of results. This
necessitates the development of new scientifically based methods, approaches and models
that allow to combine high accuracy both while creating the AS digital models and in their
manufacturing with minimizing the terms of technical and technological preparation for
production (TPP) that determines the relevance of this dissertation.

It’s created a classification on the peculiarities of RI methods applicability for various
groups of complex-shaped parts and assemblies of AS in the work. Concept of it is the
possibility of that or another group of parts prototyping depending on the technical
capabilities of various 3D scanners and other measuring devices, as well as determining the
need in equipment for implementing the rapid prototyping process itself.

It was stated and solved the problems of implementing the methods of sustainable and
conventional RI under the conditions of specified geometric accuracy ensuring in complex-
shaped AS assembly components rapid manufacturing. It was studied the edges forming for
different directions of AS assembly components adjacent surfaces micro-roughness (namely
symmetrically intersected orthogonal surfaces, symmetrically parallel and parallel
orthogonal ones, orthogonally oblique, symmetrically oblique and asymmetrically oblique
ones), which should be taken into account when creating digital mock-up (DMU) and 3D-
models based on it for the AS assembly components production. Dependencies for the edge
fillets minimum radius are obtained for all the cases. It is proven that the best edge
performance is achieved with a symmetrically parallel arrangement of the surface roughness
microrelief, somewhat worse performance — with a parallel orthogonal one.

The approaches for forming processes creating while AS assembly components TPP
are developed, which include the stages of selecting the necessary equipment, tools,
workpieces clamping methods, measuring procedures, etc., i.e., creating the models of
appropriate processes.

It was done an assessment of the DMU creation labour input, by probabilistic method,
when solving direct and inverse problems on example of a convex-concave assembly unit —
a helicopter stabilizer. Organizational and technological methods for reducing the TPP terms
due to using RI technology have been developed. A method for selecting the most rational
technology for rapid manufacturing and/or repair of AS assembly components when
prototyping them using RI has been created, depending on the batch size and tolerance
requirements for the AS geometry accuracy. A sequence of technological operations for 3D
scanning and creating a digital portrait was developed, tolerances for dimensions of
manufactured AS part were determined. A novel method for prototyping the convex-
concave parts by sustainable RI has been created providing the specified geometric accuracy
ensuring of their manufacture, reducing the labour input and TPP terms. A machine tooling
(a system of gauges and counter-gauges) has been developed for a flat junction processing
and its holes co-ordination. An automated complex for double-curvative monolithic panels
forming with shape control using 3D scanning has been developed.

Recommendations for the forming tasks implementation in the AS production using
RI technology have been developed.

Keywords: reverse engineering, sustainable reverse engineering, digital mock-up, 3D
model, surface forming, edge, digital portrait, “point cloud”.
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