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AHHOTALIUS

Huniomuas pa6ora, 40 ctp., 17 HCTOUHHUKOB.

Kimouessle cioBa: PA3PABOTKA IL[M®POBOI'O JIBOMHUKA,
T'MIPABJIMYECKUIA HACOC, BAJIMJIALIA MOJIEJIN,
IMPEJUKTHUBHAS MOJIEJIb, MAIIIMHHOE OBYUEHHE.

OOBEKT UcClIeI0BaHUS:

HudpoBoil ABOMHUK TPEXIUIYHXKEPHOrOo TruApoHacoca. l3MeHeHue
BBIXOJIHBIX JIAaHHBIX paccMaTpUBAEMOW MOJENU (J1aBieHUE, 0OBbEMHBIN pacxo/y
KUJKOCTH) TIPU PA3TUYHBIX KOHPUTYPAITUSX HEUCTIPABHOCTEH.

Llens nccnenoBanms:

BpiBOg 3aKOHOMEpPHOCTEM MEXAY HEHUCHPABHOCTSAMHM MOJEIU U
BBIXOJHBIMU JTAHHBIMU JJISI TIOCJIEAYIOIIETO MCIOJIb30BaHUSI UX B alrOPUTME
oOy4yeHuss TPEAUKTUBHOW Mojenu. BHeapeHue MNpeIuKTUBHONW MOJETHU B
1 poBOY JTBOMHUK JJIsI IPEJICKAa3aHUsI HEUCIIPABHOCTEN B paboTe Hacoca.

MeTtoab! ucclieI0OBaHMS:

UccnenoBanne W aHaliu3 JUTEpPATYyphbl, OIIEHKA MapamMeTPOB MO/ICIIH,
BBIBOJI 3aKOHOMEPHOCTEH M BHEAPEHUE UX B AITOPUTM MAIIMHHOTO OOy4YEeHUS
JUISL CO3aHUsI IPEAUKTUBHON MOJIEIIH.

[Tony4yeHHbIe pe3ysIbTaThl U UX HOBU3HA!

Coznan uudpoBoil BOWHUK, NPENCKA3bIBAIONIMNA HEUCIIPABHOCTH B
paboTe Hacoca.

OO6nacTb BO3MOXKHOTO NMPUMEHEHHUS: MH)KCHEPHBIE, TIPOU3BOJICTBEHHbIE
obJacTu.

ABTOp paboThl TONTBEPKAACT, UTO TMPUBEICHHBI B HEH pacueTHO-
AHAIMTUYECKUM MaTepuan MpaBUIBHO W OOBEKTUBHO OTPAXKAET COCTOSTHUE
HCCIIEAYEMOTO MPOLIECCa, a BCE 3aMMCTBOBAHHBIC U3 JIMTEPATYPHBIX U APYTHUX
HWCTOYHHUKOB TEOPETUYECKUE, METOJOJIOTHUECKUE U METOIUUECKUE MOJIOKECHUS
Y KOHUEIIIUU COMTPOBOKIAKOTCS CCBUIKAMU HA UX aBTOPOB.



AHATALBIS

Jpimnomuas npauna, 40 c., 17 KpbIHiL.

Kimouabte cioss: PACIIPAIIOYKA JIIUBABOT'A JIBAMHIKA,
TTIPAYJIIYHAS TIOMIIA, BAJIIJIAIIBIA MAJDJI, IIPOJBIKTBIYHAS
MAI2JIb, MAIIILIHHAE HABYYAHHE

MbsTa apIUIOMHAN TIpaLbl:

aHaJi3 CydYacHBIX MeETaJay paclpaloyki 3K3allkuieray 3 sjeMeHTaMi
3MEHHAaM )KOPCTKACIIi;

pacmparoyka —ajrapelTMay — ajganThlyHara 3MSHEHHS  YKOPCTKACII
AJIeMEeHTay KaHCTPYKLIbII;

MaJPJIsIBaHHE TTABO31H dK3allIKIJIeTa ¥ mparpaMHbiM komriekce ANSY'S.

ACHOYHBISI BBIHIKI Mpallbl:

nmpaBe3eHbl arJisii TICTOPBIl  pa3BIlIlsl dK3alIKUIeTay 1 Cy4acHBIX
najpIxo/1ay Ja iX MpacKTaBaHHS,

pacmiparaBaHbl MaJdIi KaHCTPYKIIBIA PO3HA# CKIJIaJIaHACIll, YKIIOYaIOUbI
0J113Kid J1a aHaTOMI1 YajnaBeyai pyKi;

plalli3aBaHbl alTapbITMBI ayTamMaThlyHAra 3MSHCHHS JKOPCTKACIl Ha
aCHOBE 33J]a13€HBIX KPBITAPHIAY (MepaMsIIYdHHE BY3JI0Y, ByTrall aBapoTy);

BBIKAHAHBI Pa3NiKi JUIsl PO3HBIX ThIMAY Harpy3ak (BepThIKalIbHa,
pacisrBaibHasi, KpyUUIbHBI MOMAHT);

paaHasizaBaHbI BBIHIKI MaJJIsIBaHHA, KIS MaIBSIPIKAIOIb
2(heKTHIYHACI[H TIpallaHaBaHbIX PALIIHHAY.

[IpakTeruHast 3HaYHACITH TIPAILIBL:

Briniki gacnemaBaHHS MOTYIb OBIIb BBIKAPBICTAHBI TPHI MpaceKTaBaHHI
aJanTBIYHBIX DSK3aIlIKUIeTay JJIsI MEIBIIBIHBI, MPAMBbICIOBACII 1 1HIIBIX TajiH.
PacrpaniaBanblsi  anrapbITMBl  Ja3BalisiIOIb  alThIMi3aBallb  KOPCTKACIh
KaHCTPYKIIBII ¥ pKbIME piajbHara yacy, MaBbIIAlOuYbl Oscreky 1 kamdopT
KapbICTAJIbHIKA.

JlpimomMHasi Tipaima Mae MPBIKJIAHYI0 HaKipaBaHACIh 1 MOXKa CITY>KbIIb
acHOBaM JIJIs JAJCHIIBIX JacieaBaHHgY y TaiHe poOaTaTIxHiki 1 OiIMeXaHiKi.



ANNOTATION

The thesis contains: 40 pages, 17 sources used.

KEYWORDS: DIGITAL TWIN DEVELOPMENT, HYDRAULIC
PUMP, MODEL VALIDATION, PREDICTIVE MODEL, MACHINE
LEARNING.

The object of the research:

Digital twin of a three-plunger hydraulic pump.

Variation of the output data of the model under consideration (pressure,
volumetric fluid flow rate) under different fault configurations.

The purpose of the research:

Deriving patterns between model faults and output data for later use in the
predictive model training algorithm. Implementing the predictive model in a
digital twin to predict pump faults.

Methods of research:

Literature research and analysis, estimating model parameters, deriving
patterns and implementing them into a machine learning algorithm to create a
predictive model.

The results of the work and their novelty: A digital twin that predicts pump
malfunctions has been created.

Recommendations on usage: engineering, manufacturing fields.

The author of the work confirms that computational and analytical material
presented in it correctly and objectively reproduces the picture of investigated
process, and all the theoretical, methodological and methodical positions and
concepts borrowed from literary and other sources are given references to their

authors.



