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2. Synthesis of intelligent control systems for aircraft gas turbine engines

Pedepar:

1. IIpoananizoBaHo NprHLMIM TOO6YAO0BY, GYHKII, 33a7a4i, METOOYU 1 aJITOPUTMU CUHTE3Y iHTEJIeKTyaJIbHUX CUCTEM
KepyBaHH$ aBiallilHUMU ra3oTypOiHHUMU JBUTYHAMU. JJOCTIIKEHO CTPYKTYpH Ta iHpopMalliliHi IOTOKU B
€JIEKTPOHHHUX CUCTEMAx KepyBaHHs aBialiiinumu ['T]l, CTBOpEHO KOMIIJIEKC METOMUK i aJITOPUTMIB ifeHTrPikawii
asianiftnux ['T]I i1 06po6ku indopmarii B CAK ['T/] Ha OCHOBI METO[IiB iHTEJIEeKTYaJIbHOTO KEPYBaHHS.
CdhopMys1bOBaHO HAYKOBO-METOAUYHI OCHOBU ITPOEKTYBAHHS HEMPOMEPEKEBUX PEryJsaTOPiB y cTpyKTypax ICK
asiauifinumu ['T/l; HaBYaHHS, aJITOPUTMU CHHTE3Y Ta HajlalTyBaHHs; popmyBaHHs cTpykrypu ICK I'T]] ta
iHTEeJIEKTyalbHOTO BeNBIEeT-PinbTpy. Po3pobseHo metonuky cuHtesy HeuiTkux ICK I'T]l 3a 1onomorowo MeTony
rapMOHIYHOI JliHeapu3allii Ta aaropuTMmiyHe 3a6e3nedeHHs iX QyHKIIOHyBaHHS. 3 03U CUCTEMHOTO MiAX0my
3aIpoOIIOHOBaHO KoHIenito ontumizanii ICK I'T/I, kepyBasibHa 4acTHHA SIKOi sBJIsIE COO0I0 €UHUNM MaTeMaTUYHUI
oIepaTop, 10 NepeTBOPIOE BXiAHY iHPopMallilo B KepyBaJbHi BIIJIMBY. Ha OCHOBI KOHLENIIii pO3p06JI€HO METOZ, i
METOAMKY onTruMisanii 3akoHiB kepyBaHHs B ICK ['T]] y mpolieci eKcryarariii Ha CTalnx Ta MNepexifHuX pexkuMax 3a

00paHMMU KPUTEPISIMU: IBUIKOLisl, MiHIMasIbHA BUTPATa I1ajMBa. 3allpOIIOHOBAHO BUPIlIEHHS 3a71adyi CUHTEe3y



anropuTMiB BigMoBocTiiikoro kepysaHHs ICK I'T]] Ha OCHOBI HEUiTKOi JIOTiKM Ta HEIPOHHUX MepexX. Po3pobieHo
anroputm i MetoauKy cuntedy HM-perymsaropa B cknani ICK I'TI. JocaigKeHo 3a1eXHiCTh TOKa3HUKIB SIKOCTi
kepyBaHHs CAK Bif BUOOPY apxiTekTypu Ta cTpyKTypyu HM. 3anporioHOBaHO ajirOpUTM 3a6e3Te4eHHs
BigmoBocTiikocti CAK I'T]I, 6a30BaHM} Ha BUKOpUCTaHHI MeTtoxny FDI, sikuii Bifpi3HsE€TbCS TUM, 1O BUSIBJIEHHS
BiIIMOB Y CUCTEMI 3[1i/ICHIOETHCS UISIXOM NOPiBHSHHSA esieMeHTiB CAK I'T]] 3 aHa/0riYyHMMY BUXOAMY €JIEMEHTIB
€TaJIOHHOI HeripomepexxeBoi mogeni CAK, HasalmToOByBaHil y PEKUMIi PeasibHOTO 4acy, M0 J03BOJIS€ MiABUIIUTU
OII€PATUBHICTB i OCTOBIPHICTb BUSIBJIEHHS BiIMOB y LIMPOKOMY Jialia3oHi 3MiHU po6oTu Ta xapakrepuctuk CAK
I'TH.

2. The thesis analyses the synthesis of intelligent control systems of aircraft gas turbine engines principles of
construction, functions, tasks, methods and algorithms. The thesis studies the structures and information flow in
aviation gas turbine engines electronic control systems and establishes the methods and algorithms for
identification of aviation gas turbine engines and information processing in the system of automatic control
system of gas turbine engines based on intelligent control methods. The study establishes scientific and
methodological bases of designing neural network regulators in the structures of intelligent control systems of
aviation gas turbine engines: training, synthesis algorithms and settings; intelligent control systems of gas turbine
engines formation and intelligent wavelet filter. The method of synthesis of fuzzy intelligent control systems of gas
turbine engines using the method of balanced straight line approximation and algorithmic maintenance of their
functioning is developed. The thesis proposes the concept of intelligent control systems of gas turbine engines
optimization in terms of system approach. The control part of the systems is a single mathematical operator that
converts input information into control effects. The study provides the method and methodology for the
intelligent control systems of the gas turbine engine control laws optimization in the course of operation in stable
and transient modes according to the criteria: speed, minimum fuel consumption, based on the abovementioned
concept. The thesis offers the solution to the problem of failure-resistant control algorithms synthesis of
intelligent control systems of gas turbine engines on the basis of fuzzy logic and neural networks. The algorithm
and method for the synthesis of neural network regulator as a part of intelligent control systems of gas turbine
engines are developed. The study analyses the dependence of intelligent control systems management quality on
the choice of neuron network architecture and structure. The failure-resistance algorithm for intelligent control
systems of gas turbine engines is proposed. The algorithm is based on the use of FDI method, characterized in that
the detection of failures in the system is carried out by comparing elements of intelligent control systems of gas
turbine engines with the elements of the reference neural network model of intelligent control systems. The
reference model is used in real-time mode. Therefore, the reliability of the failures detection in a wide work and
characteristics variation range of intelligent control systems of gas turbine engines.
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