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1. MeTonu Ta 3aCO0M MOHITOPUHTY ra30TypOiHHUX IBUT'YHIB BEPTOJIbOTIB HA OCHOBI HEIIPOMEPEXEBUX TEXHOJIOTIN
IiJ] 4ac iX eKcIruryaranii

2. Methods and means of monitoring helicopter turboshaft engines based on neural network technologies during
their operation.

Pedepar:

1. Y puceprauii BUPilIEHO BOXJIMBY HAYKOBO-MIPUKJIALHY IIPOGJIEMY MiATPUMKU 6€3IEKM MOJIbOTIB BEPTOJILOTIB B
peabHOMY 4aci IUIIXOM PO3POOKMA MAaTEMATUYHOTO i IPOrPaMHOro 3a6€3T€4€HHSI MOHITOPUHTY i YIIPaBJliHHS
ekcrutyaTanieto ['T]] BepTosbOTiB B yMOBaX JIbOTHOI eKcITyaTalii yaci. Y poboTi 3alporioHOBaHO METO[]
MOHITOPHHTY TEXHIYHOIO CTaHy Ta yIIpaBiliHHA ekcIuryarauieo ['TI] BepToibOoTiB y peskKUMi JIbOTHOI eKCILTyaTaliii.
Mertopg 6a3yeTbCs Ha aHali3i Cy4aCHOTO MaTEMATUYHOTO Ta IPOrPAMHOr0 3a6€3e4eHHSs, TUIIOBOI apXiTEKTypU
€KCIIEPTHUX CUCTEM MOHITOPHHIY Ta iX afanTalii o BUMOr Cy4YaCHUX TEXHOJIOriN. PO3p06ieHO HellpoMepeskeBy
Mogesb A knacudikalii, iarHOCTUKY, IPOrHO3yBaHHS Ta aHaJli3y IapaMeTpiB IBUTYHIB, 110 3abe3neuye
IOCTOBIpHICTh BU3HAUEHHS MOKJIMBOCTI 37iICHEHHS [10JIbOTY Ha PiBHI 99 %. YIocKoHaneHo meTonu Kiacugikaii,
KOHTPOJIIO, IiarHOCTUKY, IPOTHO3YBAHHS, HAJIATOAKEHHS, TPEHI-aHali3y TexHiyHoro crany ['TJl BepTo/IbOTIB Ha

OCHOBi MO M(]iKOBaHMX aJITOPUTMIB HaBYaHHS i apXiTeKTyp HEMPOHHUX MEPeX, B SIKMX, Ha BiIMiHY Bif icHyO4MX,



3aCTOCOBAHO ribpuHi KOMOiHAL] alalTUBHYX €JIEMEHTIB, 10 JO3BOJIWIIO JOCITTH TOYHOCTI 99,5 % 3i 3MEHIIeHHSIM
abCoJII0THOI 1TOXU6KY 10 4,5 pasiB. Po3po6eHo Moieb TPUKaHAIBbHOI ajallTUBHOI porpaMmu yrpasiiiHHg (AITY) i3
IOJATKOBUM KaHaJIOM PEeTyJI0BaHHS 4acCTOTU 06EPTiB pOTOPA, L0 J03BOJIMIIO MOKPAILIATH TOKA3HUKY SIKOCTI
KaHaJIiB yIrpasJliHHA 10 64,29 % NMOpiBHAHO 3 TpAAULIMHUMU cUCTeMaMu. PO3BMHYTO HEMPO-HEYITKI METOU
MOHITOPUHIY, SIKi JO3BOJISIIOTH 3 BUCOKOIO TOYHICTIO BU3HAYATU 3MiHU [TAPAaMETPIB IBUTYHIB, 30KpE€Ma BUTPATY
nanusa (99,2 %) i 3miny KK/ kommpecopa (99,62 %). YnockoHajeHO METOY BilHOBJIEHHS! JaHUX Y pasi BiiMOBU
ceHcopib 3a gonomoroio PB®-mepex Ta Ppinbrpa Kasmana, o 3abe3neyye peKOHCTPYKLIO [IapaMeTpiB y
peanbHOMY 4Yaci 3 NoXU6Kolo He 6inbie 0,762 %. Po3pobseHo nporpamuuii 3aci6 «MONITOR» 11 onepaTuBHOTO
aHaJIi3y CTaHy JABUTYHIB i IPOTOTUII €KCIIEPTHOI CUCTEMY, SIKA MIOEAHYE alallTUBHI MOAYJIi MOHITOPUHTY Ta
YIIPaBJIiHHSL. fi 3aCTOCYBAHHS [IO3BOJIMJIO NOCITTY PiBHS IPUMHATTS PillleHb 100 MOXKJIMBOCTI €KCILTyaTarlii

IBUTYHIB y 99,2 %, cripusiiour NiiBUILEHHIO 0€31eKU Ta e(peKTUBHOCTI eKCIUTyaTalii aBialiliHOi TeXHIKU.

2. The dissertation solves an important scientific and applied problem of supporting helicopter flight safety in real
time by developing mathematical and software monitoring and control of helicopter turboshaft engines (TE)
operation at flight operation conditions. The dissertation proposes a method for the helicopter TE monitoring the
operational status and operation control at flight operation mode. The method is based on modern mathematics
and software analysis, the typical architecture of expert monitoring systems, and their adaptation to modern
technology requirements. A neural network model has been developed for classification, diagnostics, predicting,
and engine parameters analysis, which ensures the flight possibility determining reliability at the level of 99 %.
Methods for classification, control, diagnostics, predicting, adjustment, and trend analysis of the helicopter TE
operational status have been improved based on modified training algorithms and neural network architectures, in
which, unlike existing ones, the adaptive elements hybrid combinations have been used, which allowed achieving
an accuracy of 99.5 % with a reduction in absolute error of up to 4.5 times. A three-channel adaptive control
program (ACP) with an additional rotor speed control channel model has been developed, which allowed improving
the control channel's quality by up to 64.29 % compared to traditional systems. Neuro-fuzzy monitoring methods
have been developed, which allow for high-precision determination of changes in engine parameters, in particular
fuel consumption (99.2 %) and changes in compressor efficiency (99.62 %). Methods for data restoration in the
sensor failure event have been improved using RBF networks and the Kalman filter, which provides real-time
parameter reconstruction with an error of no more than 0.762 %. A software tool “MONITOR” has been developed
for the engine status operational analysis and an expert system prototype that combines adaptive monitoring and
control modules. Its application has allowed for the achievement of a decision-making level regarding the engine
operation possibility of 99.2 %, contributing to increasing the helicopter operation safety and efficiency.
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