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ra3oTypOiHHOTrO JBUTYHA BEPTOJILOTA

2. Models and methods of analysis of dynamic processes in the automatic control system of a turboshaft gas
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Pedepar:

1. Imcepraniiina po60Ta NPUCBAYEHO BUPILIEHHIO aKTyaIbHOI HAyKOBO-TIPUKJIAZHOI IIPO6IEMHU TIPOTHO3YyBAaHHS Ta
YCYHEHHS PO3BUTKY aBTOKOJIMBAaHb B CUCTEMi aBTOMAaTUYHO-TO peryoBaHHs (CAP) 06epTiB BiibHOI Typ6iHU
TypOOBasIbHOro ra3oTyp6iHHoro auryHa (I'TI) BepTosbOTy Ha OCHOBI PO3POOKY BiATIOBITHMUX MaTeMaTUYHUX
Mozenen i MeToziB. B peaysibTari aHaslizy ctaHy po6s1eMy BCTAaHOBJIEHO, 110 HA JaHUI MOMEHT Npo6JieMa po-

3BUTKY aBTOKOJIMBaHb B CAP 06€epTiB BisibHOI Typ6iHu Typ6oBanbHuX ['T]] BEPTOIBOTIB 3 rilpOMEXaHIYHOIO



CHCTEMOIO PETyJIIOBAaHHS BUPIIIEHO He MOBHICTIO, 10 00YMOBUJIO HEOO-XiHICTb YI,OCKOHAJIEHHS KJIACUYHOTO
MaTeMaTU4HOro iHCTpyMeHTapilo. ¥V nucepTaniiiHoi po60oTi po3po6IeHO KOMILJIEKC B3a€MOIIOB I3aHUX Moesiei
nyHamiku CAP o6epTiB Binb-HOi Typ6inu Typ6oBanbHoro I'T/l BepTosboTa i HesliHifHOI 10e1IeMeHTHOI Mogeri
CTaTUY-HUX XapaKTEPUCTHUK ripoMexaHiqyHoro perysastopa. Ha nigcrasi nornubsieHnx eKcrepru-MeHTalbHUX
IOCIIiIKEHD MIPOLECIB i XapaKTEPUCTUK €JIEMEHTIB riIPOMEXaHIYHOIO PEryJsa-Topa OTPUMMAaHi HOBI JAHHI, SKi
IIO3BOJIMJIN YCYHYTH ITPOTUPIYYS Y MaTeMaTUYHOMY IIpefic-TaBjeHHi QyHKIiil enemeHTiB CAP Ta ymockoHanurty ix
MaremaTuydHi Mogei. [Tomanbmuil po3BUTOK OTPUMAIM METOAY JOCJIIKEHHS aBTOKOJIMBAHb Y CKIaAHUX
MEXaHIYHUX CUCTe-Max Ta BU3HAYEHO KPUTEPIiil 1J1s1 IPOrHO3yBaHHS aBTOKOIMBaHb B CAP 06epTiB BiflbHOI Typ6iHN
tTyp6oBanbHoro I'T]] npu #ioro HazeMHUX BUIIPOOYBaHHSIX Ha rilpOrajbMiBHOI yCTaHOBLI Ta ILOTHUX
BUIIPOOYBAHHSIX Y CKJIaZi JBOABUTYHEBOI CHUJIOBOI YCTAHOBL BEP-TOJIbOTY. Po3pobiieHi moei i oTpumaHi
Pe3yJbTaTU JOCIiIKEHb CKJIAAal0Th OCHOBY MEe-TOY IPOrHO3YBaHHS CxUIbHOCTI CAP 06€epTiB BilbHOI TypOiHM
Typ6oBasibHOrO ['T]] 10 pO3BUTKY aBTOKOJIMBaHb. JI7151 3a6€311e4eHHs KOPEKTHUX Ha3eMHUX BUIIPOOYBaHb TypOOBa-
npHuX I'T]] BepTo/IbOTIB B po60TH Briepuie chOpMyJIbOBaHi BUMOTH 10 JMHAMIYHMX Xapa-KT€PUCTUK
riiporajabMiBHOI yCTAHOBKM Ta OOI'PDYHTOBAHO 3aKOH PETYJIIOBAHHS il 3aBaHTa->)KEHHSM, 10 3a6e3I1e4ye IIOBHY
€MYJIALII0 XapaKTEPUCTYK HECYYUX I'BUHTIB BEPTOJILOTIB. JIOCTOBIpHICTh HOBUX HAYKOBUX ITOJIOKEHD i BUCHOBKIB
IyYcepTalifiHOI pO60TH MiATBEP-IKYIOTbCS PE3YJIbTaTAMU €KCIIEPUMEHTAJIBHUX JAHUX, OTPUMAHUX [1PU
IoCHimKeHHIX Gi-3uyHuX 00'eKTiB. [IpakTUYHA 3HAUYIIiCTh OTPUMAaHUX PE3YJIbTATIB I10JIAra€ B TOMY, 110
PO3pO6JIEHI METOIM i MOJIEJIi O3BOJIAIOTH IIPOTHO3YBATH CXUJIbHICTh HacoCiB-peryndaropis tuy HP-3 (IIT XM3
«QE]l», YkpaiHa) 10 pO3BUTKY aBTOKOJIMBAaHb 6€3 BUKOHAHHSI MO-TOPHUX BUIIPOOYBaHb, CKOPOTUTH Yac
BiZJHOBJIEHHSI Ta YCYHYTH IPOGJIEMY aBTOKOJIMBaHb 1151 ABUTYHIB Ty TB3-117 (AT «Motop Ciu», YKpaiHa).

2. The thesis is devoted to the solution of the actual scientific and applied problem of predicting and eliminating
the development of self-oscillations in the automatic control sys-tem of the revolutions of a free turbine of a
turboshaft gas turbine engine of a helicopter based on the development of appropriate mathematical models and
methods. As a result of the analysis of the state of the problem, it was found that at the moment the problem of the
development of self-oscillations in the automatic control system of the free turbine revolu-tions of turboshaft
GTEs of helicopters with a hydromechanical control system has not been completely solved, which necessitated
the improvement of the classical mathematical tools. In the dissertation work, a complex of interrelated models of
the dynamics of the au-tomatic control system of revolutions of a free turbine of a turboshaft GTE of a helicopter
and a nonlinear element-by-element model of the static characteristics of a hydromechani-cal regulator was
developed. On the basis of in-depth experimental studies of the processes and characteristics of the elements of
the hydromechanical regulator, new data were ob-tained, which made it possible to eliminate contradictions in the
mathematical representa-tion of the functions of the ACS elements and improve their mathematical models.
Meth-ods for studying self-oscillations in complex mechanical systems were further developed and a criterion for
predicting self-oscillations in the automatic control system of the revolu-tions of a free turbine of a turboshaft
GTE during its ground tests on a hydraulic brake system and flight tests as part of a twin-engine power plant of a
helicopter was determined. The developed models and the obtained research results form the basis of the method
for predicting the tendency of the automatic control system of revolutions of the free turbine of a turboshaft GTE
to the development of self-oscillations. To carry out correct ground tests of turboshaft gas turbine engines of
helicopters, the requirements for the dynamic characteristics of the hydraulic brake system were formulated for
the first time and the law for regulating its load was substantiated, which provides complete emulation of the
charac-teristics of helicopter rotor. The reliability of the new scientific provisions and conclusions of the thesis is
confirmed by the results of experimental data obtained in the study of phys-ical objects. The practical significance
of the obtained results lies in the fact that the devel-oped methods and models make it possible to predict the
tendency of pump-regulators of the HP-3 type (SE KhMP "FED", Ukraine) to the development of self-oscillations
without carrying out motor tests, reduce the repair time and eliminate the problem of self-oscillations for motors
of the type TV3-117 (Motor Sich JSC, Ukraine).
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