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1. MeTonu Ta 3ac06M MOHITOPUHTY ra30TypOiHHUX ABUTYHIB BEPTOJIbOTIB HA OCHOBI HEIPOMEPESKEBUX TEXHOJIOTIN
Iif 4ac ix ekcrryararii

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

Pedepar:

1. Y puceprauii BUpilleHO BaXKJIMBY HAYKOBO-TIPUKJIAIHY IPOO6JIEMY MiITPUMKY 6€311€KU MOJIbOTIB BEPTOJILOTIB B
peasyIbHOMY 4aci MIJIIXOM PO3POOKY MaTeMaTUYHOrO i IPOrpaMHOro 3abe3leyeHHs] MOHITOPUHTY i yIIpaBJliHHS
excrutyatauieo ['T]] BepTobOTiB B yMOBaxX JIbOTHOI eKCIITyaTalii yaci. ¥ poboTi 3alpOrIoHOBaHO METO/]
MOHITOPUHTY TEXHIYHOTO CTaHy Ta yIpaBiliHHA eKciutyaTtauiero ['TI] BepToabOoTiB y peskuMi JIbOTHOI eKCILTyaTaiiii.
Mertopm 6a3yeTbCs Ha aHali3i Cy4aCHOTO MaTEMATUYHOTO Ta IPOrpaMHOro 3a6e3le4eHHs], TUII0BOI apXiTeKTypu
€KCIIEPTHUX CUCTEM MOHITOPUHIY Ta iX afjanTalii o BUMOr Cy4yaCHUX TE€XHOJIOTiN. PO3po6iieHO HelipoMepeskeBy

Mopenb a1 Knacudikalii, 1iarHOCTUKY, TPOrHO3yBaHHS Ta aHaJli3y IapaMeTpiB ABUTYHIB, 1110 3a0e3neuye



IIOCTOBIPHICTb BU3HAUYE€HHS MOJKJIMBOCTI 3/1i/ICHEHHS MOJIbOTY Ha PiBHI 99 %. YnockoHaneHo MeToau Kinacudikariii,
KOHTPOJIIO, IiarHOCTHKY, IPOTHO3YBAHHS, HAJIATOP)KEHHS, TPEHI-aHali3y TexHiYHoro crany ['T/l BepToibOTiB Ha
OCHOBi MOJM(]iKOBaHUX aJITOPUTMIB HaBYaHHS i apXiTeKTyp HEMPOHHUX MEPEX, B SIKMX, HA BiIMiHY Bif icHyIOUMX,
3aCTOCOBAHO ribpuiHi KOMOiHAL] aJafTHBHUX €JIEMEHTIB, 10 JO3BOJIWIIO JOCITTH TOYHOCTI 99,5 % 3i 3MEeHIIeHHIM
abCoMIOTHOI MOXMOKH 710 4,5 pa3iB. Po3po6eHo Mozesb TPUKaHAIBbHOI aIallTUBHOI porpaMu ynpasiiHHs (AITY) i3
IOATKOBUM KaHAJIOM PEeryJI0BaHHS 4acTOTU 06EpTiB pOTOPA, L0 JO3BOJIMIO MOKPAILIATH [TOKA3HUKY SIKOCTI
KaHaJIiB yIIpaBJliHHA 10 64,29 % NOPiBHAHO 3 TPAIULINHAMU cUCTeEMaMu. PO3BMHYTO HEMPO-HEYITKI METOIU
MOHITOPUHTY, SIKi JO3BOJISIIOTh 3 BUCOKOIO TOYHICTIO BU3HAYATU 3MiHU [IAPAaMETPIB IBUTYHIB, 30KpEMa BUTPATY
nasnusa (99,2 %) i 3miny KK/ komrpecopa (99,62 %). YnockoHaJeHO METO Y BiIHOBJIEHHSI JaHUX Y pasi BiiMOBU
ceHcopib 3a gonomoroio PB®P-mepesx ta Ppinbrpa Kasmana, o 3abe3nevyye peKOHCTPYKLO [IapaMeTpiB y
peasIbHOMY 4Yaci 3 oxu6kom He 6inbiie 0,762 %. Po3pobeno nporpamuuii 3acio «MONITOR» nj1s1 onnepatuBHOTO
aHaJIi3y CTaHy JABUTYHIB i IPOTOTUII EKCIIEPTHOI CUCTEMH, KA MIOEHHYE aJallTUBHI MOAYJIi MOHITOPUHTY Ta
YIIPaBJIiHHSL. fi 3aCTOCYBAHHS IO3BOJIMJIO NOCSTTY PiBHS IPUNHATTS PillleHb 1010 MOXKJIMBOCTI €KCILTyaTarlii

IBUTYHIB Y 99,2 %, cripusiiour NiiBUILEHHIO 6e3I1eKu Ta e(peKTUBHOCTI eKCIulyaTalii 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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