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Pedepar:

1. Inceprauiiina po60Ta NpUCBSIY€HA aKTyalbHill 3a1a4i pO3pOOKM pallioHaIbHOI CUCTEMU YIIPABJIiHHS BUXPOBUM
€Hepropo3/iJIbLHUKOM B YMOBaX HEBU3HAYEHOCT] JeCcTabili3yrounx BIIJIMBIB 3a JOIIOMOIOI0 BUPillIEeHHS 33124
IiaTHOCTYBaHHSI i BilHOBJIEHHS NpaLe3JaTHOCTI. O6’'€KTOM JIOCIiI)KEHHS! € NIpOoLeC NiarHOCTYBAaHHS i BiTHOBJIEHHS
[Ipale3AaTHOCTi BUXPOBOrO €HEProPO3MiIbHYKA SIK 00’€KTa pallioHAIbHOTO YIIPaBJiHHS, CXUIIBHOTO JIO Il
IecTabinisyrouux BIIMBIB. [IpeamMeToM IOCiIKeHHS € MOJieJli, MeTOI Y Ta 3aco0y PalliOHaTbHOTO YIIPaBJIiHHS, [0
IO3BOJISIIOTh BCTAHOBJIIOBATU (PAKT I10SIBY [leCTabili3yo4yoro BIJIMBY, ioro Mmicue, Ty i ¢pisnyHuit Buz,. Y poooTi

IIpeICTaBJICHUH aHaJli3 iCHYIOYMX CUCTEM YIPABJiHHS BUXPOBAM €HEPrOPO3LiJIbHUKOM, OIMCaHi KOHCTPYKTUBHI Ta



(PYyHKULiOHAJIBbHI 0COOIMBOCTI BUXPOBUX €HEPTOPO3Li/IbHYKIB, IPOBEAEHO aHAJi3 BUKOPUCTOBYBAaHUX IIPUHLUIIB
yIPaBJIiHHS [Ipalle3JaTHICTIO BUXPOBOI'O €Hepropo3aijibHMKA | TUIIOBUX MifX0AiB 40 popMyBaHHS iX
MaremaTu4Horo onucy. [lpoBeneHo aHasi3 akTyaJbHUX NOCTIKEHb 3 PO3POOKM CUCTEM aBTOMAaTUYHOTO
VIPaBJliHHS BUXPOBUM €HEPropo3inbHUKOM (BE). OCHOBHUM HEJO/IKOM LUX OOCIIKEHD € BiICYyTHICTb IIOBHOTO
Ta a/IeKBaTHOT'O OIKCY IPOLECIB, 1o BifdyBaoThcs BcepenuHi BE. ExcriepyuMmeHTasnbHi JocinkeHHs po6oTu
CHCTEeMU aBTOMATUYHOI cTabinizalii Temneparypy, 1o cgopMoBaHa 3a LOIIOMOTOI0 [IPUHLIUIY YIIPaBJIiHHS 32
BiIXWJIEHHSM, BKa3yIOTbh Ha iCHyBaHH: (aKTOPIB, 5IKi CYTTEBO BIUIMBAIOTb HA POOOTY CUCTEMHU. 3aCTOCYBAHHS TaKOTO
nigxomdy 1o yrpasiliHHS BE sIK HesliHITHMM 00'€KTOM He € IOCTaTHbO €(EKTUBHUM, OCKiJIbKM BUHUKAE 3371a4a
perymoBaHHs napameTpiB BE. Takox y pasi nosiBu gecTtabisnizaliil BUKOPHUCTAHHS IPUHLIUITY YIIPaBJIiHHS 32
30ypEHHSIM He /1a€ MOJKJIMBICTb BUSHAYUTH Miclle Ta NIPUYMHY AecTabinizalii, a KoMIeHcallis BiibyBaeTbCsl y MaJIUX
Zliara3oHax BilXWJIEHHS IapaMETPiB Bifl iX HOMiHA/JILHOTO 3HaYeHHS. TOMY aKTyaJbHOIO € HayKOBO-TE€XHIYHA 3aja4a
3 PO3pOOKU palioHaNIbHOI CUCTEMHU yIIpaBiiHHS BE misxom GopMyBaHHS JiHIHUX IiaTHOCTUYHUX MOJEJIeN Ta
aJITOPUTMIB 1iarHOCTYBaHHS i BiTHOBJIEHHS Moro npauesfnatHocTi. OnucaHo pesyapraty Computational Fluid
Dynamics (CFD) moetoBaHHs IPOLLECY BUXPOBOT'O €HEPreTHYHOro noAiny. [lpencrasieHo pe3yibTaTi 06poOKu
€KCIIePUMEHTAJIbHUX XapaKTEPUCTUK BUXPOBOI'O €HEPrOpO3AiNIbHUKA 1715 TOJAJNbIIO] ineHTUdikalii fioro
MaTeMaTU4HOI MoJesli. Bu3HadeHi CTPyKTypa Ta NapameTpyu MaTEMATUYHOI MOJIeJli BUXPOBOT'O €HEPropo3ibHUKA
K 00’eKTa aBTOMAaTHUYHOro yIipasiiHHs (OAY) 3a 1OIIOMOT0I0 iHTepBaJIbHOI JliHeapu3allii Ta aHasi3y BiioMux
€KCIIEPMMEHTAJIbHUX YaCTOTHUX XapaKTepUCTUK. Po3po6iieHa CTPyKTypa pallioHaIbHOI CUCTEMH YIIPABJIiHHS, 110
MicTuTb B co6i BE sk 06'exT panjioHanbHoro ynpasininsas (OPY), Monysb 4iarHOCTUKY i MOZYJIb YIIPABIIiHHSL.
Po3pobseHo nporpaMHuil MOZYJIb AiarHOCTUKY Y BUTJISAL] JIiHIMHMX AiarHOCTUYHUX MOJieiel palioHaabHOi
cucremu ynpasiaiHas BE gk OPY g1 nocioBHOro 3HSTTSI HEBU3HAUYEHOCTI Ta [IiarHOCTYBaHHS 1€CTabili3ylounx
BIJIMBIiB. PO3p006J1€HO MOMYyJIb YIIPABJIiHHS Y BUIJISTi @JIFCOPUTMIB BiTHOBJIEHHSI IPALIE3JaTHOCTI (PYHKLiOHATIbHUX
esnemeHTiB OPY. Po3pobsieHo Mozesb palioHaIbHOI cucTeMH yiipasiliHHg BE y cepenoBumi Simulink, sike Bkitouae
B cebe MOJyJli IiarHOCTUKU Ta YIpaBiliHHs, MaTemMaTnyHi mozesi BE sik OAY. [IpoBenieHa cepist 004MCIII0BaJIbHUX
€KCIIEPMMEHTIB 3 [[iaTHOCTYBaHHSI i BiIHOBJIEHHS IPALIE3JaTHOCTI (PYHKILIIOHAJIbHUX €JIEMEHTIB 00'€KTa
palioHaTBHOTO YIIPaBJIiHHS, [MigAAHUX PiI3HUM BUIAM AeCTabislizylounx BILJIMBIB, METOZOM KOMITIOTEPHOTO
MogzesoBaHHs. [IpencrasieHi rpadiku cBifyaTh Mpo Te, 10 po3pobsieHa paljioHasbHa cucTemMa yipasiiHHs BE
OIIEpPaTUBHO i OJIHO3HAYHO JIiarHOCTy€e Helnpale3aaTHi GyHKiioHanbHi etleMmeHTH OPY Ta e(eKTUBHO napupye
BUSBJIEHI BUIIM [,eCTabili3ylounx BIJIUBIB. E(peKTUBHICTE PpOOOTU palliOHaIbHOI CUCTEMU YIIPABJIiHHS OLiHEHA 32
IOTIOMOTOI0 YHMCEJIbHUX MTOKA3HUKIB SIKOCTI [J151 Pi3HUX AecTabinizyiounx BIMBiB. HaykoBa HOBU3HA OTPUMAaHUX
Pe3yJbTaTiB: - BIeplle po3po0bJieHi JiHiNHI AiarHOCTUYHI MOJieJli BUXPOBOI'O €HEPropo3AilibHUKA K 00’eKTa
PaLiOHAJILHOTO YIIPABJIiHHS, IO BiAPI3HAIOTHCA Bill BiJOMUX BUKOPMCTaHHSAM CTPYKTYPHUX i IapaMeTPUYHUX
0co6MBOCTEN HEemTAaTHOrO GyHKIIOHYBaHHS BUXPOBOTO €HEPTOPO3MiIbHIKA, IO al0Th MOKJIMBICTh aHATITUYHO
$opMyBaTU aJITOPUTMHU PalliOHAILHOTO YIIPaBJIiHHS; - BLOCKOHAJIEHO METO], CTPYKTYpPHO-TIapaMeTpU4HOi
ineHTH@ikanii 3a excnepruMeHTaIbHMMU YaCTOTHUMU XapaKTEPUCTUKAaMU KEPOBaHUX O0’€KTIB, 110 Bifpi3HIETHCS
BiJl BilOMMX BUKOPUCTAHHSM IOXiIHUX I1OJIIHOMA, 10 JO3BOJISIE MiABUIIATY aJ€KBATHICTD JIIHINHOTO
MaTeMaTHU4HOI'O OIKCY; -~ OTPUMAB [I0JAJBIINI PO3BUTOK METO (DOPMYBaHHS aJIrOPUTMIB [IiarHOCTYBaHHS
BHUXPOBOTO €HEPropo37i/bHUKA SIK 06’'€KTa pallioHAJIbHOT'O YIIPaBJliHHS, 1O BifIPi3HSETHCS BiJl BilOMUX
BHMKOPHCTaHHSIM (parMeHTapHUX JiHIHUX OiarHOCTUYHUX MOZEJIEH, O AO3BOJISIE CIPOCTUTU CTPYKTYPY
aJITOPUTMIYHOrO 3a6€e3MeUeHHs IPOoLEeCy pallioHaIbHOrO YIIPABJIiHHS; - OTPUMAB MOJAbIINI PO3BUTOK METO]
(dhopMyBaHHS aNrOPUTMIB BiTHOBJIEHHS Ipale3haTHOCTI QYHKIiOHATIBLHUX €JIEMEHTIB 06’€KTa pallioHaJIbHOTO
VIPaBJIiHHS, WO Bifpi3HSIOTHCS BiJl BilOMUX KOHKPETHU3alli€lo BUKOPUCTAaHHS (PYHKIIOHAIBHUX JiarHOCTUYHUX
Mogesel i 3aco6iB napupyBaHHs JeCTabii3ylounx BIUIMBIB, IO JO3BOJIIE PO3PO6JIITU €(PEKTUBHI aJITOPUTMU

BiTHOBJIEHHS I1PaLE€31aTHOCTI.

2. The dissertation is dedicated to a vital problem of development of a rational control system for the vortex
energy separator under conditions of uncertainty by solving problems of diagnosing and restoring performance.
The object of research is a process of diagnosing and restoring the vortex energy separator performance. The
subject of research is models, methods and facilities of vortex energy separator rational control under conditions



of uncertainty caused by destabilizing effects of various origins. The work presents an analysis of existing control
systems for the vortex energy separator, design and functional features of the vortex energy separator are
determined, and an analysis of the used control principles for vortex energy separator efficiency and typical
approaches to a mathematical description of the vortex energy separator is carried out. An analysis of relevant
research on development of the vortex energy separator automatic control systems has been carried out. The
main shortcoming of these researches is the lack of a complete and adequate description of the processes taking
place inside the vortex energy separator. Experimental studies of the operation of the automatic temperature
stabilization system, formed using the deviation control principle, indicate the existence of factors that
significantly affect the system operation. The application of such an approach to the control of the vortex energy
separator as a non-linear object is not effective enough, since the problem of regulating the vortex energy
separator parameters arises. The results of a Computational Fluid Dynamics (CFD) simulation of the vortex energy
separation process are presented. The structure and parameters of the vortex energy separator mathematical
model as an automatic control object are determined using interval linearization and analysis of known
experimental frequency characteristics. The structure of the vortex energy separator rational control system has
been developed, which includes the vortex energy separator as a rational control object, a diagnostic module and a
control module. The diagnostic software module has been developed in the form of linear diagnostic models of the
rational control system of vortex energy separator as the rational control object for the consistent removal of
uncertainty and diagnosing destabilizing effects. The control module has been developed in the form of algorithms
for restoring the performance of the rational control object. The model of the vortex energy separator rational
control system has been developed in the Simulink environment, which includes diagnostic and control modules,
mathematical models of the vortex energy separator as the automatic control object. A series of computational
experiments was carried out to diagnose various types of destabilizing effects and restore the performance of the
functional elements of the rational control object using computer modeling. The presented graphs show that the
developed rational control system of the vortex energy separator quickly and unambiguously diagnoses inoperable
functional elements of the rational control object and effectively counters detected types of destabilizing effects.
The effectiveness of the rational control system is evaluated using numerical quality indicators for various
destabilizing effects. The scientific novelty of the obtained results: - for the first time, linear diagnostic models of
the vortex energy separator as a rational control object have been developed, which differ from the known ones by
using the structural and parametric features of abnormal functioning of the vortex energy separator, which makes
it possible to analytically formulate rational control algorithms; - the method of structural-parametric
identification based on the experimental frequency characteristics of controlled objects has been improved,
differing from the known one by using polynomial derivatives, which makes it possible to increase the adequacy of
the linear mathematical description; - the method of forming algorithms for diagnosing the vortex energy
separator as a rational control object has been further developed, which differs from the known use of fragmentary
linear diagnostic models, which makes it possible to simplify the structure of algorithmic support for the rational
control process and improve performance; - the method of forming algorithms for restoring the performance of
functional elements of the rational control object has been further developed, which differs from the known one by
specifying the use of functional diagnostic models and means of parrying destabilizing effects, which makes it
possible to develop effective algorithms for performance restoration.
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