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Pedepar:

1. Iucepraliiio pUCBsIYEHO BUPIIIEHHIO BasKJIMBOI HAyKOBO-TEXHIYHOI Tpo6IeMH, sIKa I10JIIrae B He0OXigHOCTI
IIPUCKOPEHOr0 BUPOOHULITBA B YMOBAX )KOPCTKUX OOMEXKEHbD i3 3a6€3M1e4eHHSIM 3aaHO0i TOUHOCTI Ta
TEXHOJIOTIYHOCTI IIJISIXOM CTBOPEHHSI HAYKOBO OOI'PYHTOBAHMX METOLIB i Mozesel peBepc-ikuHipuHry (PI)
aBianiiiHux KOHCTPYKLiii (AK). Lle mocsraeTbcsl 3aBIIKM ONTHUMI3ALii TEXHOJIOTIYHUX MIPOLECiB 3 BUKOPUCTAHHSIM
iHpopmaLiiHMX TEXHOJIOTii1 Ta BHACIIOK PO3POOKU HOBUX €(PEKTUBHUX MeTOiB P, sKi 7aloTh 3MOTYy OllepaTUBHO
OTPUMYBATH reOMETPUYHY iH(pOPMalLilo PO iCHYI0Ui BUPOOM Ta BUKOPUCTOBYBATH ii 17151 IPOEKTYBaHHH,
IIPOTOTHUITYBAHHS 1 KOHTPOJIIO feTasnel i By3iiB AK. BogHo4Yac BifCyTHICTD LiJliCHUX HAyKOBUX OCHOB (POPMYBaHHS

Ta KepPyBaHHS IIPOLieCaMu CTBOPEeHHs 1u(poBoro nepoaxepesa inpopmauii Takux geTanel i KOHCTPYKLiN Ha 6a3i



PI 3a BU3HaUYEHMX YaCOBUX OOMEXKeHb He 3a6e3Ieyye rapaHTOBAHOTO TOCATHEHHS 334aHOi TeOMETPUYHOI TOYHOCTI,
TEXHOJIOTIYHOCTI Ta BiITBOPIOBAHOCTI pe3yJbTartiB. Lle i 06yMOBUIIO HEOOXiAHICTh PO3POOIIEHHS HAYKOBO
OOI'PYHTOBAaHUX METO/IiB, MiAXOAIB i MOesIeld, sIKi [J03BOJIUIIY TIOEAHATU BUCOKY TOUHICTh CTBOPEHHS LUPPOBUX
MoJeJier | BATOTOBJIEHHS aBialliiHUX JeTayel 1 KOHCTPYKLiN 3 MiHiMi3allielo TpuBasoCTi TEXHIYHOI Ta
TEXHOJIOTIYHOI HiIrOTOBKY BUPOOHMIITBA, 10 1 BUBHAUMJIO aKTyaJIbHICTh JAaHOI JOKTOPCHKOI Aucepralii. Y nepuomy
PO3[iji Ha OCHOBI IIOPiBHSIJIBHOTO aHaJIi3y iCHYI0OUMX METO/iB IPOTOTUITYBaHHS CKJIAIHUX 32 (popMoOlo AeTanei i
By3J1iB AK, a TaKOX TEXHOJIOTTYHMX OCOOJIMBOCTEN CKaHYBaHHS1, KOOPAMHATHO-BUMIPIOBAJIbHOI'O KOHTPOJIIO Ta
iHIMX 3aC06iB 1[M(POBOTrO BiITBOPEHHS F€OMETPil BU3HAYEHO M€PCIIEKTUBY 3aCTOCYBAaHHS MeTOiB Pl 11 pisHuX
IpyI AeTasnel i ckiajasbHUX OOUHULE aBianiitHoi TexHiku. CHOopMyIbOBaHO METY JOCHIIKEHHS, sIKa IIOJISITaE y
PO3p0o06JIeHHI HAYKOBUX OCHOB BUpOo6HULITBA AK i3 3a6e3ne4eHHsIM 33JaHUX [I0OKa3HUKIB TOYHOCTI Ta
TEXHOJIOTIYHOCTI B yMOBaX OOMEXEHOT0 4Yacy i3 3acTocyBaHHsIM MeTOLiB Pl. Y npyromy po3szini po3po6ieHO MOLeslb
npoueciB GOpMOYTBOPEHHS IIPU TEXHOJIOTIYHIN MigroTOBLi BUPOOHMLITBA AeTajel i ckiananpHux oguHuLp AK, gka
3abe3rneyvye peasisallilo IpsSMOro Ta 3BOPOTHOrO 3aBaHb (GOpMOYTBOpeHHs Ha 6a3i PI. O6rpyHTOBaHO
BUKOPUMCTAHHS aHAJIITUYHOTO eTajloHa sIK MepHioyKepea OBHOI reoMeTpUyYHOi iHdopmaliii mpo Bupio, 1110
3abe3nevyye CKOPOYEHHS 3arajlbHOI TPYLOMICTKOCT] TEXHOJIOTIYHOI MiIrOTOBKY BUPOOHUIITBA. 3aIIPOIIOHOBAHO
IIOHSITTS CTAJIOro Ta 3BUYaliHOro MeToiB PI, BU3HaueHo 06J1acTi ix paljioHasbHOrO 3aCTOCYBaHHS 3aJ1€5KHO Bifl
BMMOT JJ0 TOYHOCTI. J/loBeieHo, 1110 3a BUMOT TOYHOCTi +0,5 MM cTanuil metoy, Pl He 3a6e3nedye HEOOXigHO]
reOMETPUYHOI TOYHOCTI, TOMY J1J1 TaKUX JieTajlell pEKOMEHL0BAHO BUKOPHUCTOBYBATH 3BUYAMHUI METO[I,
YII0CKOHAaJIEHO METOJ, BipTyaJIbHOTO 6a3yBaHHS L(POBOTo MopTpeTa AeTadli i 9ac ii o6pobieHHs Ha BEpCTaTax 3
YIIK Ta po3pobsieHo MeTo, BUbopy paLlioHaIbHOI TEXHOJIOTi IBUIKOrO BUTOTOBJIEHHSI 200 PEMOHTY JleTajeil
3aJIEXKHO Bif NapTii BUPOOHMIITBA Ta BUMOT 10 TOYHOCTI. Y TPETbOMY PO3/iJii BIIEpLIe 3a[IPOIIOHOBAHO TEXHOJIOTIIO
Ta IPUIOMU CKaHYBAaHHS aBiallilHUX JeTalel OMyKJI0-BrHyTOi (P OPMU 3 BUSHAUYEHHSIM JONYCTUMUX BiJXUJIEHb
reoMeTpii Mif yac MpoTOTUITyBaHHS. PO3p06ieHO HOBUI METO, TPOTOTUITYBaHHS TaKuX AeTasnel crtaaum Pl i3
3a0€e31e4YeHHSIM 33jaH0i TOYHOCTI. JloBe1eHO MOXJIMBICTb BUKOPUCTAHHS OOIIPaLbOBAHOTO LIU(PPOBOro €TajoHa
1711 BUTOTOBJIEHHS I€TaJIel aIUTUBHUMU I €KCTPAKTUBHUMU TEXHOJIOTISIMU 6€3 TOBTOPHOTO MTPOXOIKEHHS
MIOBHOTO 1MKJTy Pl. 3anpornoHOBaHO METO, IIOTIEPEIHBOTO BUIIPOOYBAHHS €TaJIOHHUX IIOPTPETIB IIJISIXOM
IIPOIIOPLIIAHOTO MacIITabyBaHHS MoZesiel i3 BUBHAUEHHSIM JIONyCTUMUX BiixujeHsb ix reomeTpii. Bukonano
PO3paxyHKH OXUOOK YB'sI3yBaHHS JleTajleil BUCOKOI TOYHOCTI 3i CKJIAIHMMHU PO3'eMaMu Ta CTUKAMHU, & TaKOX
PO3pO6JIEHO TeXHIYHE pillleHHSs ISl MiIBUIIEHHS TOYHOCTI iXx 06p06JIeHHS. Y 4eTBEPTOMY PO3AiJi JOCIiIKEHO
BIIPOBaKeHHs MeToiB Pl B icHytoue aBiabyniBHe BUpoOHULTBO. [TokazaHO e(peKTUBHICTb BUKOPHCTAHHS JIa3€PHUX
BMMIipIOBaJIbHUX 32C00iB, 110 3a0€31€4YyI0Th CKOPOYEHHS TPYLOMICTKOCTI Ta TPUBAJIOCTi MOHTaKHUX POGIT 10
IecsiTv pasiB. Po3apobsieHo MaTeMaTU4Hi MOZEJIi pO3paxyHKy TOYHOCTI OOYJOBY aHAJITUYHOTO €TaJIOHA Ta MOJEli
VB'SI3yBaHHS CKJIaJIaJIbHUX OAVHULIb, BATOTOBJIEHUX 32 I1J1a30BO-111a0JIOHHUM METOJIOM, Ha OCHOBi POPMyBaHHS
aHaJIITUYHOrO eTajioHa 3acobamu Pl 1151 NpOOBXKEHHS XKUTTEBOTO LIMKJy BUPOOiB. 3alIpONIOHOBAHO OpraHizallifiHi
Ta TEXHOJIOTIYHI MiTX04M 10 CKOPOYEHHS TEPMiHiB TEXHOJIOTIUHOI MiTOTOBKY BUPOOHULTBA. Y II'SITOMY PO3iJi
€KCIIepUMEHTAJIbHO MiATBEPIKEHO aJl€eKBATHICTh PO3POOIEHNX TEOPETUYHUX N10JI0KEHD i MeTofiB PI aysa AK
ckiagHoi popmu. PeasnizoBaHO OOYAOBY aHaNITUYHUX €TAJIOHIB /J1s IeTajleil Kijlsl JIeTKOro JiTaka Ta 3aco0iB
TEXHOJIOTIYHOI'0 OCHAIIEHHY, 110 [4aJI0 3MOTY BUKOHATH OLiHIOBAHHY iX TEXHIYHOTO CTaHy, 3L4iICHUTH
BHOPaKOBYBaHHS HENPUIATHOTO OCHAIIEHHS Ta BUTOTOBUTHU HOBI MAaTPUIIIO i IyaHCOH 3 OPTraHOIJIACTHKY.
Burnpo6yBaHo MeTonu BUPiLIEHHS [IPSMOTO i 3BOPOTHOTO 3aBIaHb GOPMOYTBOPEHHS [JIs1 TOBITPSIHOTO IBUHTA

HaJIJIErKOr'O IBOMICHOTO JIiTaKa.

2. The dissertation is devoted to solving an important scientific and technical problem associated with the need for
accelerated manufacturing under severe time constraints while ensuring the required accuracy and
manufacturability through the development of scientifically substantiated methods and models of reverse
engineering (RE) for aircraft structures (AS). This is achieved by optimizing technological processes using
information technologies and by developing new efficient reverse engineering methods that enable rapid
acquisition of geometric information from existing products and its application to the design, prototyping,
manufacturing, and inspection of aircraft parts and assemblies. At the same time, the absence of comprehensive



scientific principles for creating and managing digital master geometry based on reverse engineering under strict
time constraints prevents the guaranteed achievement of the required geometric accuracy, manufacturability, and
repeatability. This necessitated the development of scientifically substantiated methods, approaches, and models
that combine high-accuracy digital modeling and manufacturing of aircraft structures with reduced engineering
and technological preproduction time, thereby determining the relevance of this doctoral dissertation. The first
chapter presents a comparative analysis of existing methods for prototyping complex-shaped aircraft parts and
assemblies, as well as scanning technologies, coordinate measuring machine (CMM) inspection, and other digital
geometry acquisition techniques. Based on this analysis, the prospects for applying reverse engineering methods
to different groups of aircraft components are identified. The research objective is formulated as the development
of scientific foundations for aircraft manufacturing that ensure the required accuracy and manufacturability under
limited time conditions through the application of reverse engineering. The second chapter develops a model of
shape-forming processes for the technological preproduction of aircraft parts and assemblies that supports both
direct and inverse shape-forming problems using reverse engineering. The analytical reference model is
substantiated as the primary source of complete geometric information, enabling a reduction in the overall labor
intensity of preproduction. The concepts of stable and conventional reverse engineering are introduced, and their
fields of application are determined according to accuracy requirements. It is demonstrated that the stable RE
method cannot ensure the required geometric accuracy for a tolerance of +0.5 mm; therefore, the conventional RE
method is recommended for such cases. A virtual alignment method for digital part models during CNC machining
is improved, and a method for selecting the optimal rapid manufacturing or repair technology according to
production batch size and accuracy requirements is developed. The third chapter proposes, for the first time, a
technology and procedures for scanning aircraft parts with convex-concave geometry while determining
permissible geometric deviations during prototyping. A new method for prototyping such parts using stable
reverse engineering is developed. The feasibility of using the refined digital reference model for manufacturing by
additive and subtractive technologies without repeating the complete reverse engineering cycle is demonstrated.
A method for preliminary validation of reference models by proportional scaling is proposed. Calculations of
alignment errors for high-precision parts with complex joints are performed, and a technical solution for
improving machining accuracy is developed. The fourth chapter investigates the implementation of reverse
engineering methods in existing aircraft manufacturing. The effectiveness of laser measurement systems is
demonstrated, providing up to a tenfold reduction in the labor intensity and duration of assembly operations.
Mathematical models for analytical reference model accuracy assessment and assembly alignment are developed,
including assemblies previously manufactured using the loft-template method, to support aircraft life-cycle
extension through reverse engineering. Organizational and technological approaches for reducing technological
preproduction time are also proposed. The fifth chapter experimentally confirms the validity of the developed
theoretical principles and reverse engineering methods for complex aircraft structures. Analytical reference
models are created for a light aircraft fin rib and its production tooling, enabling assessment of tooling condition,
rejection of unsuitable tooling, and manufacture of new dies from organoplastic composite material. Direct and
inverse shape-forming methods are validated for an ultralight two-seat aircraft propeller.
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