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1. MeToau Ta 3aco6M MOHITOPUHTY ra30TypGiHHUX JABUTYHIB BEPTONLOTIB HA OCHOBI HEMPOMEDPEXKEBUX TEXHOJIOTIH
mif yac ix eKkcruryarauii

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

Pedepar:

1. Y guceprauii BUpilI€HO BaKJIUBY HaYKOBO-TIPUKIIA/IHY POGIEMY MiITPUMMKY GE3M1EKU MOJIbOTIB BEPTONIBOTIB B
peasibHOMY 4aci HIJISIXOM PO3POGKY MaTEMATUYHOTO i MPOTPaMHOrO 3a6€e3IeYeHHs] MOHITOPUHTY i yIpaBIIiHHS
excrutyarauieio ['T]l BepTonboTiB B yMOBax JAbOTHOI eKcIUTyaTallii yaci. ¥ po6oTi 3anporioHOBaHO METO]|
MOHITOPHHTY TEXHIYHOTO CTaHy Ta yrnpasJiHHs exkcinyarauieio [T BEPTOILOTIB y PEXUMI JIbOTHOI €KCIUTyaTallii.
MeToz 6asyeThCs Ha aHaMi3i Cy4acHOTO MaTeMaTHYHOTO Ta POrPaMHOr0 3a6€e3IeYeHHsl, TUTIOBOI apXiTeKTypH
eKCTIEPTHUX CHCTEM MOHITOPUHTY Ta ixX aganTaliii 10 BUMOT Cy4aCHUX TEXHOJIOTIN. PO3POGIEHO HEMPOMEPEKEBY
mopenb A Kiaacudikallii, JiarHOCTHKY, POrHO3yBaHHS Ta aHasli3y MapaMeTpiB JIBUTYHIB, 1[0 3a6e3neydye



JIOCTOBIPHICTh BU3HAYEHHS MOXKJIMBOCTI 3[ilICHEHHS TTOBOTY Ha piBHi 99 %. YIOCKOHAIEHO METON knacudikaii,
KOHTPOJIIO, JiarHOCTUKY, TIPOTHO3YBAHHSI, HA/IATO[KEHH S, TPEH -aHaisy TexHiyHoro crady I'T]l BepTobOTiB Ha
OCHOBI MOIM(IKOBAHUX aNTOPUTMIB HABYAHHS i apXITEKTYD HEMPOHHMX MEPEXK, B AKMX, Ha BIZIMIHY Bifl ICHYIOUUX,
3acTOCOBaHO ribpuaHi KoMGiHaLl afanTUBHUX €JIEMEHTIB, 10 Z03BOJIUJIO OCATTH TOYHOCTI 99,5 % 31 3MEHIIEeHHAM
aBCOMOTHOT OXMUBKM 110 4,5 pasis. Po3po61eH0 MOJielIb TPUKAHAIBHOI alanTUBHOI porpamu yripassidHs (AITY) i3
JIOJIATKOBUM KaHAJIOM PETyJIIOBaHHS YaCTOTH 00EPTIB POTOPA, MO A03BONNIIO NIOKPAMMUTH TOKABHUKM SKOCT
KaHAaIiB YIPaBMiHHS 10 64,29 % MOPIBHAHO 3 TPaAUUIMHUMHU CHCTeMaMu. PO3BUHYTO HEMPO-HEYiTKi MeTozu
MOHITOPUHTY, SIKi 03BOJIAIOTH 3 BUCOKOIO TOYHICTIO BUSHAYATH 3MiHM [TapaMETPIB JIBUTYHIB, 30KpeMa BUTpATy
nanuga (99,2 %) i aminy KKJ komnpecopa (99,62 %). VioCKOHaleHO METO/U BifHOBJIEHHS JaHUX Y Pasi BiZIMOBH
ceHcopiB 3a fioriomoroio PB®-Mepex Ta pinbTpa Kanmana, 1o 3abesnevye peKOHCTPYKIIO rapameTpiBy
peanbHOMY 4aci 3 oxubkoio He Ginbime 0,762 %. PoapobneHo nporpamuuii 3aci6 «MONITOR» ania onepaTuBHOTO
aHaJli3y CTaHy ABUTYHIB i TPOTOTUII EKCTIEPTHOI CUCTEMHY, AKa MOELHYE aNanTUBHI MofyJli MOHITOPUHTY Ta
ynipassinys. Ii 3acTOCYBaHHS JO3BOJIUIIO IOCATTH PiBHS IPUAHSATTS PilieHb MO0 MOJKJTMBOCTI eKCrulyarartii
aBUryHiB y 99,2 %, CrIpUSIIOYH MiIBUIIEHHIO G€3MEKH Ta €PEKTHBHOCTI EKCI‘IJIyaTéIIﬁ aBianiffHoi TEXHIKM.

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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