O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHH#H 00J1iKOBHI HOMep: 0420U101811
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 01-11-2020

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Komb6apos Bosnogumup BikTopoBuy

2. Kombarov Volodymyr V.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi ceniaIbHOCTI: 05.07.02

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: [IpoekTyBaHHS, BUPOGHULTBO Ta BUIPOGYBAHHS JIiTA/IbHYX allapaTis

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 23-10-2020

CnenianbHICTD 32 OCBIiTOXO: JlitanbHi anapatu

Micue po6oTH 3400yBaya: HaujoHnanbHuii aepokocmiunumii yHiBepeutet im. M.€. JKyKoBcbKoro "XapKiBChKuii

aBialifiHMM iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micne3Haxoa>KeHHS: Bys. Ukanosa, 17, m. Xapkis, XapKiBCbKuii p-H., XapKiBcbka 0671, 61070, Vkpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYUEHOI pagH (Pa30Boi Cleliai30BaHOi BYEHOI pazu): [l 64.062.04

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHuil aepOKOCMiYHMIA yHiBepcuTeT im. M.E.

JKykoBcbKoro "XapkiBCbKUM aBiallilHUM iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: Bys. Ukanosa, 17, m. Xapkis, XapKiBcbKuii p-H., XapKiBcbka 0671, 61070, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: HauioHanbHuil aepokocMiuHumii yHiBepeuteT im. M.E.
JKykoBcbKOro "XapkiBCbKUM aBiallilHUI iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: By/. Ukasosa, 17, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0671, 61070, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PYOPHK: 55.47

Tema guceprauii:
1. TTigBuieHHs KiHeMaTUYHOI TOYHOCTI MeXaHi4HOi 06poOKM Ha BepcTaTax 3 UITK MOHOIITHUX BY3J1iB CUJI0BOI

KOHCTPYKIii IJ1aHepa Jlitaka

2. Improvement of machining kinematic accuracy on CNC machine tools of aircraft airframe structure primary

monolithic elements

Pedepar:

1. O6'eKT BOCIiIPKEHHS — TEXHOJIOTIYHUI NPOLieC BUTOTOBJIEHHS! MOHOJIITHUX BY3J1iB CUJIOBOI KOHCTPYKLi Iy1aHepa
JliTaka Ha METaJIopi3aJbHUX BEPCTATaX 3 CUCTEMOIO YU CJIOBOTO IIPOIPAMHOI0 KEPYBAHHS; METOAM NOCIIIKEHHS —
BUKOPUCTAHO €KCIIEPUMEHTAJIbHI METOJIM TEXHOJIOTII JIiTaKOOYyBaHHS, IIJIaHyBaHHS €KCIIEPUMEHTY, TEOPii
iHpopmaLiitHUX CUCTEM, TEOPETUYHI BUCHOBKY IiATBEPAXKYIOTbCS 6araTbmMa eKCIIepUMeHTaMU; Pe3yIbTaTh —
[TI0Ka3aHO BIIJINB MATEMATUYHUX [TAPAMETPIB IIOJAHHS TPAEKTOPIN y BUIJIAA] B-crialiHiB Ha MJIaBHICTh 3MiHEHHS
KiHEMaTUYHUX NIapaMETPiB OCbOBUX MEPEMIlllEHb BUKOHABYMX OPTaHiB TEXHOJIOTIYHUX CUCTEM BUPOOGHULITBA
IeTajieil JIiTaJbHUX anapariB Ta OOPYHTOBAHO, 11O AJ1s 3a0e3eYeHH s IJIaBHOCTI 3MiHEHHSI IIBUIKOCTI,

IIPUCKOPEHHS 1 pYBKa TPAEKTOPi0 HEOOXiNHO NoaBaTy CIJIaiiHaMU He HIDKYE IT'SITOrO MOPSAKY, YIIOCKOHAJIEHO



cTpykTypy cuctemu UIIK ni1sg 3a6e3neyeHHs] BUCOKOIBUIKICHOTO 0OPO6JI€HHS MOHOJIITHUX BY3J1iB CUJIOBO]
KOHCTPYKIii Is1aHepa ! eKCliepruMeHTaIbHO JOBEJEHO MiBUIIEeHHS TOYHOCTI TPAeKTOPHUX IlepeMilieHb Po6oYnx
OPraHiB METaJIOPi3aJbHOrO BEPCTATA MPY 3aCTOCYBAHHI 3alIPOIIOHOBAHOI MOZEJI, YIOCKOHAIEHO iHTEPIIOJIATOP
cucremu UIIK 1151 3a6e3ne4eHHs Kpim iHTepIIOJIsLii I0JI0KEHHS pO3PaxXyHKy MIBUIKOCTI pyXy pOOO4YMX OpraHiB
TEXHOJIOTIYHUX CUCTEeM BUPOOHUIITBA JeTajlell JTaJbHUX araparis, 3a6e3redeHo 30iIbIIeHHS TEXHOJIOTIYHUX 1101ad
y 1,5-2 pa3u 0gHOYaCHO 3 NiABUILIEHHSIM TOYHOCTI Ha 20...50 % 3aB1sIKu 3aCTOCYBaHHIO PO3PO06JIEHOIO METOLY
MigBUIIEHHS TOYHOCTI IPY MOJepHi3allii HasBHOTO Ha aBiamiAnpueMCTBax 00J1aiHAHHS, 3a06e3[1e4eHO CKOPOUYEHHSI B
1,8 paza MalIMHHOTO Yacy BUTOTOBJIEHHS JeTaii «Kpulka jioKay MyIsIXOM 3aCTOCYBaHHS pO3pO0JIE€HOTO0 METOLY
MigBUIIEHHS KIHEMAaTUYHOI TOYHOCTI MpU MoAiepHizalii o6manHanHs Ha XJIABII, ekcriepuMeHTaIbHO TIOKA3aHo, M0
noxu6ka GOpMOYTBOPIOIOYUX PYXiB 5K 32 XapaKTEPOM, TaK i 3a BEJIMUMHOI BU3HAYAETHCS CUCTEMATUYHOIO
CKJIa/I0BOIO ITOXMOKH, IO CBITYUTh IIPO MO>KJIUBICTh NOAJIBIIOTO MiIBUILIEHHS TOYHOCTi OOpPOO6IEHHS MIISIXOM
BUKJIIOYEHHS CUCTEMAaTUYHOI CKJIaZ0BOi OXMOKY; HOBM3HA — yrepiue cpopMyIbOBaHO i €KCIIEPUMEHTANbHO
IiATBEPAKEHO TinoTesy rJagKoCTi KIHeMaTUYHUX 1apaMeTpPiB PyXy, sIKa IOJISITa€ B TAKOMY: SIKIIO Oyb-sKa
IvdepeHLiaTbHa XapaKTepUCTUKa IepPeMIllleHb Y3/10BK TPAaeKTOpii 00p0o6JIeHHs BIVIUBAE HA TOUHICTb PYyXY
BHMKOHABYUX OPraHiB TEXHOJIOTIYHUX CUCTEM BUPOOHUIITBA JieTajieil JITaJbHYX arapariB, TO BOHA Ma€e 3MiHIOBATHUCS
IIJIaBHO 3 YPaxyBaHHSIM OOMeXXeHHs il MaKCMMaJIbHOI BEJIMYMHY, YAOCKOHAJIEHO Teopilo cTabinizawii TeXHOJIOoriyHO]
noznayi B cuctemax UITK BUCOKOMBUIKICHOTO 0OpO6IEHHS feTajiel JiTalbHUX arnapaTiB HISIXOM Kiacu@ikarii
MeTOIiB cTabinisauii nogadi 1 po3po6JIeHHS TPhOX YMCJIOBMX METOZIB, 110 3a0€3Me4yI0Th HEOOXiIHUI piBEHb
TOYHOCTi TEXHOJIOTIYHMX CUCTEM BUPOOHUIITBA JeTajlel JIiTaJlbHUX allapariB, yeplle 3alpOIIOHOBAHO METOAUKY
BM3HAYEHHS TEXHOJIOTYHO OOI'PYHTOBAHOI YaCTOTH LIMKJTYy KepyBaHHs 32 TOYHICTIO arlpokcumaliii TpaexTopii 3
ypaxyBaHHSIM OOMEXXEeHb MaKCUMaJIbHOI I0/1ayi, IPUCKOPEHHS /i pUBKa POOOYUX OPraHiB BEPCTATIB i BLOCKOHAJIEHO
BUMOTH JI0 CTa6iIbHOCTI 3a/1aHHS iHTEPNOJISILiHOI MBUIKOCTI PyXy po60YMX OpPraHiB 10 PiBHS He ripie +
0,01...0,001 %, Habysa MoJaIbIIOT0 PO3BUTKY MOEJIb KEPyBaHHS POOOYMMYU OPraHaMU TEXHOJIOTIYHUX CUCTEM
BUPOOHULITBA JleTajlel JiTaabHUX arnapaTiB 3 po3ilbHUM 33JaHHIM BeJIMUUH NepeMillieHHs i NBUIKOCTI, sKa
XapaKTEePU3Y€EThCs GiIbLIOI0 PO3PSIIHICTIO 33JaHHS BeJIMYMHY IBUKOCTI IOPIBHSHO i3 3aJaHHSM MOJIOKEHHS SIK
MiHiMyM Ha 3-4 nopsigKy, o 3ab6e3revye OpraHizallilo KepyBaHHS 3 ypaXyBaHHSIM AU(epeHLialbHAX KIHEMAaTUYHUX
XapaKTEePUCTUK, TAKUX SIK MIBUAKICTh, IPUCKOPEHHS 1 PUBOK, yIIepIle Ha OCHOBI €KCIIEPUMEHTAIbHOTO
IOCJiI)KEHHS BIUIMBY CXEMHU OpraHizallii IMK/y KEPYBaHHS Ha TOYHICTb TPA€KTOPHUX [lepeMillieHb II0Ka3aHo, 110
IIPU BUCOKOIIBUIKICHOMY 06p06JIeHHI aBialiiiHiX feTanel HeoOXigHO CTabiizyBaTy LIMKII 32 MOAi€I0 BUMipIOBaHHS
MIOJIOKEHHS; CTYIIiHb BIIPOBAJ)KEHHS — PE3YJIbTaTU BIPOBAIKEHI HA XapKiBCbKOMY €P>KaBHOMY aBialliiHOMy
BUpoOHMYOMY NinnpueMcTsi, y TOB «Cxin-Jli3», TOB «Bupo6Hude nignpueMctso [1nactap» i BAKOPUCTOBYIOTHCS B
HaBYaJILHOMY Ipoleci Kadepi TeXHOJIOri BUpOOHUIITBA JiTalbHUX anaparis HallioHaJlbHOro a€poKOCMIYHOTO
yHiBepcuTeTy iM. M. €. J)KykoBcbKoro «XAl»; rany3b BUKOPUCTaHHS — OOPOOJIEHHS CUJIOBHUX i CKJIAAHO (PaCOHHUX

IeTasneil B aBialliilHO-KOCMiYHOI TPOMUCJIOBOCTI Ta 3arajlLHOMy MallMHOOYyBaHHI.

2. Object of research - technological process of manufacturing monolithic units of the power structure of an
airplane glider on metal-cutting machines with a numerical program control system; research methods - used
experimental methods of aircraft technology, experimental planning, information systems theory, theoretical
conclusions are confirmed by many experiments; results - the influence of mathematical parameters of
representation of trajectories in the B-splines form on smoothness of kinematic parameters change of axial
movements of executive bodies of production technological systems of details of aircraft is shown and it is
substantiated that to ensure the smoothness of the change of speed, acceleration and jerk the trajectory must be
submitted by splines not lower than the fifth order, the structure of the CNC system was improved to ensure high-
speed processing of monolithic units of the power structure of the glider and the increase of the accuracy of
trajectory movements of the working bodies of the metal-cutting machine was experimentally proved when
applying the proposed model, improved interpolator of the CNC system to provide in addition to interpolation the
position of the calculation of the velocity of the working bodies of the technological systems of production of
aircraft parts, the increase of technological feeds in 1,5-2 times simultaneously with increase of accuracy by 20...
50% thanks to application of the developed method of increase of accuracy at modernization of the equipment



available at the aviation enterprises is achieved, 1.8 times reduction of machine time of manufacturing of a detail
"Hatch cover" by application of the developed method of increase of kinematic accuracy at modernization of the
equipment on KSAMC is provided, it is experimentally shown that the error of shape-forming movements both in
nature and in magnitude is determined by the systematic component of the error, which indicates the possibility
of further improving the accuracy of processing by eliminating the systematic component of the error; novelty —
for the first time the hypothesis of smoothness of kinematic parameters of motion is formulated and
experimentally confirmed, which consists in the following: if any differential characteristic of movements along the
trajectory of processing affects the accuracy of movement of the executive bodies of technological systems for the
production of aircraft parts, it must change smoothly, taking into account the limitation of its maximum value, the
theory of stabilization of technological feedrate in CNC systems of high-speed processing of aircraft parts by
classification of methods of stabilization of feedrate and development of three numerical methods providing
necessary level of accuracy of technological systems of production of aircraft parts is improved, for the first time
the method of determination of technologically substantiated control cycle frequency on accuracy of trajectory
approximation taking into account limitations of maximum feedrate, acceleration and jerk of working bodies of
machines is offered and substantiated requirements for the stability of the interpolation velocity of the working
bodies to a level not worse than + 0.01... 0.001%, the model of control of working bodies of technological systems
of production of details of aircrafts with the separate task of position and velocity is proposed which is
characterized by bigger resolution of value of velocity in comparison with the position at least on 3-4 orders that
provides the possibility of control organization into account differential kinematic characteristics, such as speed,
acceleration and jerk, for the first time on the basis of experimental research of influence of the scheme of the
control cycle organization on accuracy of trajectory movements it is shown that at high-speed processing of
aviation parts it is necessary to stabilize a cycle on event of measurement of position; degree of implementation -
The results were implemented at the Kharkiv state aircraft manufacturing company, JSC «SkhidLiz», LLC
«Production enterprise Plastar» and are used in educational process by the Department of Aircraft Production
Technology of the National Aerospace University named after M. E. Zhukovsky "KhAI"; field of application -
processing of primary monolithic elements and complex shaped parts in the aerospace industry and general
mechanical engineering.
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