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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA aKTyaIbHIiN 3a71a4i pO3pOOKU paliOHa/ILHOI CUCTEMU YIIPABJIiHHS BUXPOBUM
€Hepropo3aiJIbLHNKOM B YMOBaX HEBU3HAYEHOCT] ecTabini3ylounx BILJIMBIB 3a JOIIOMOIOI0 BUPILIEHHS 33124
IiarHOCTYBaHHS i BiiHOBJIEHHS NpaLe3faTHOCTi. O6’'€KTOM JIOCII>)KEHHS! € IIpoLieC NiarHOCTYBaHHS i BilHOBJIEHHS
IIpaue3faTHOCTi BUXPOBOIO €HEPTropO3AibHUKA K 00'€KTa pallioHaJIbHOTO YIIPaBJiHHS, CXUJIBHOTO [0 Hiil
IeCTabili3yIounx BIIIMBIB. [IpeAMeTOM IOCIiIKEHHS € MOJeJli, METOIY Ta 3aCO0M PalliOHAJIbHOTO YIPaBJIiHHS, IO
IO3BOJISIIOTh BCTAHOBJIIOBATY (PAKT IOSIBY eCcTabii3yodoro BIJIMBY, Horo Micle, Ty i ¢pisnyHuii Buz,. Y poboTi
IIPECTaBJICHUI aHaJli3 iCHYI0UMX CUCTEM YIIPABJIiHHSA BUXPOBUM €HEPrOpO3AiIbBHUKOM, OIIMCaHI KOHCTPYKTUBHI Ta
(yHKLiOHAIBbHI 0COOIMBOCTI BUXPOBUX €HEPrOPO3Li/IbHUKIB, IPOBEAEHO aHAJi3 BUKOPUCTOBYBAaHUX IIPUHLUIIB
yIIpaBJIiHHS Mpale3JaTHICTI0O BUXPOBOTO €HEPropo3/iibHUKA i TUTIOBUX MiIXOiB 10 (OPMYyBaHHS ixX

MareMaTuyHoro onucy. [IpoBesieHo aHasi3 aKTyaJbHUX JOCIIiIKeHb 3 PO3POOKU CUCTEM aBTOMaTUYHOTO



VIPaBJiHHS BUXPOBUM €HEPropo3inbHUKOM (BE). OCHOBHMM HEJOIKOM LUX OOCHIIKEHD € BiICYyTHICTb IIOBHOTO
Ta a/IeKBaTHOT'O OIIKCY NPOLIECiB, 110 BifdyBaoThcst BcepenuHi BE. ExcriepyumeHTasnbHi JocinkeHHs poboTu
CHACTEMU aBTOMATUYHOI cTabinizalii TeMneparypy, o copMoBaHa 3a LOIIOMOTOI0 [IPUHLIUITY YIIPaBJIiHHS 32
BiIXWJIEHHSM, BKa3YyIOTb Ha iCHyBaHH: (AKTOPIB, 5IKi CYTTEBO BIUIMBAIOTb HA POOOTY CUCTEMU. 3aCTOCYBAHHS TaKOTO
nigxomy 1o yrpasiliHHA BE K HesliHiITHMM 06'€KTOM He € IOCTaTHbO €(PEKTUBHUM, OCKiJIbKM BUHMKAE 33/1a4a
perymoBaHHs napametpiB BE. Takox y pasi nosiBu gecTtabisnizalliil BUKOPHUCTAaHHS IPUHLIUITY YIIPaBJIiHHS 32
30ypEHHSIM He 1a€ MOKJIMBICTb BUSHAYUTH Miclle Ta NIPUYMHY AecTabimnisalii, a KoMIeHcallisl BiibyBaeTbCsl y MaJINX
Jliara3oHax BiIXWJIEHHS [IAPAaMETPIB Bif| iX HOMiIHAJILHOrO 3Ha4€HHS. TOMY aKTyaJIbHOIO € HAyKOBO-TEXHIYHA 3a/ja4a
3 pO3pOOKU paLlioHaIbHOI cucTeMu yIpaBiiHHs BE misgxom GpopmyBaHHS JIHIMHUX AiarHOCTUYHUX MOJesieil Ta
aJITOPUTMIB 1iarHOCTYBaHHS i BiHOBJIEHHS M0Oro npauesfatHocTi. OnucaHo pesyiapraty Computational Fluid
Dynamics (CFD) mogei0BaHHS IPOLECY BUXPOBOT'O €HEPreTUYHOro noginy. [lpencrasieHo pe3ysibTaTi 0OpOOKU
€KCIIEpMMEHTAJIbHUX XapaKTEPUCTHK BUXPOBOT0 €HEepropo3inbHUKA JIs [10Aanbloi inenTudikaunii rioro
MaTeMaTU4YHOI MozeJli. Bu3HadeHi CTpyKTypa Ta napaMmeTpy MaTeMaTUYHOI MOZEJli BUXPOBOI'O €HEPrOpO3AiIbHUKA
K 00’eKTa aBTOMaTHUYHOro yIpasiiHHs (OAY) 3a 10IIOMOr0I0 iHTepBaJIbHOI JliHeapu3allii Ta aHai3y BiioMux
€KCIIepUMEHTAIbHUX YaCTOTHUX XapaKTEPUCTUK. PO3po6sieHa CTPYKTypa pallioHaJIbHOI CUCTEMU YIIPaBJIiHHS, 1110
MicTuTb B co6i BE sk 06'eKT panjioHanbpHOro ynpasininas (OPY), Moaysb 4iarHOCTUKY i MOZAYJIb YIIPABJIiHHSL.
Po3pob6seHo nporpaMHuil MOZYJIb AiaTHOCTUKY Y BUTJIS] JIiHIMHMX AiarHOCTMYHUX MOJieslel palioHaabHOl
cucremu ynpasiaiHHs BE gk OPY gjis1 nociigoBHOrO 3HSTTSI HEBU3HAUYEHOCTI Ta iarHOCTYBAaHHS 1eCTabili3younx
BIUIMBiB. PO3p006JI€HO MOJyJIb YIIPABJiHHS Y BUIJISAIi aITOPUTMIB BiIHOBJIEHHSI IIPalLle34aTHOCT] (PYHKIIOHATBHUX
esniemeHTiB OPY. Po3pobsieHo Mozesb paljioHaIbHOI cucTeMH yipasiliHHg BE y cepenoBui Simulink, sike Bkitouae
B cebe MOJyJli IiarHOCTUKU Ta YIpaBJliHHs, MaTremaTndHi mogesi BE sik OAY. [IpoBenieHa cepist 004U CII0BaJIbHUX
eKCIIEPMMEHTIB 3 [[iarHOCTYBaHHS i BiTHOBJIEHHS NPaLe31aTHOCTI PYHKIIOHAJIbHUX €JIEMEHTIB 00’eKTa
palioHaJIbHOTO YIIPaBJIiHHS, MigNAaHUX PI3HUM BUIaM AeCTabiizylounx BILJIMBIB, METOOM KOMITIOTEPHOTO
MmogesoBaHHs. [Ipencrasyeni rpadiku cBiguaTh Npo Te, 10 po3pobiieHa palioHasbHa CUCTEMA YIIpaBiliHHS BE
OIIE€PaTUBHO i OJIHO3HAYHO JIiarHOCTy€e Henpale3aaTHi GyHKIioHanbHi etleMeHTH OPY Ta e(eKTUBHO napupye
BUSIBJIEHI BUIM [1€CTa0ii3yl0unx BIIMBIB. EpeKTMBHICTE POOOTH palioHaIbHOI CUCTEMU YIIPABJIiHHS OLiiHEHa 3a
IOTIOMOTOI0 YMCEJIbHUX MTOKA3HUKIB SIKOCTI [J151 Pi3HUX JecTabinizyiounx BIIMBiB. HaykoBa HOBU3HA OTPUMAaHUX
Pe3yJbTaTiB: - BIeplle po3pobJieHi JiHiNHI AialrHOCTUYHI MOJieJli BUXPOBOI'O €HEPropO3AiJbHUKA K 00’eKTa
PaLiiOHaJILHOTO YIIPABJIiHHS, 110 BiAPI3HAIOTLCA Bill BiJOMUX BUKOPMCTAaHHSAM CTPYKTYPHUX I MIapaMeTPUYHUX
0CO6IMBOCTEN HEMTAaTHOrO QyHKIIOHYBaHHS BUXPOBOTO €HEPTOPO3LiIbHYKA, IO al0Th MOKJIMBICTh aHATITUYHO
(opMyBaTU aJITOPUTMHU PalliOHATILHOIO YIIPaBJIiHHS; - BLOCKOHAJIEHO METO], CTPYKTYpPHO-TIapaMeTpU4HOi
inenTudikauii 3a eKCIepUMEHTAILHYUMU YaCTOTHUMU XapaKTePUCTUKAMU KEPOBAHUX O0'€KTIB, 10 BiAPi3HSIETHCS
BiJl BilOMMX BUKOPUCTAHHSM IOXiIHUX I10JIIHOMA, 110 JO3BOJISE MiABUIIATY a€KBATHICTD JIIHIMHOTO
MaTeMaTUYHOrO OIUCY; - OTPMMaB MOAAJIbIINI PO3BUTOK MeTO], GOPMYBaHHS aJIFOPUTMIB JiarHOCTYBaHHS
BHXPOBOTO €HEPrOpO31iJbHUKA SIK 00’'€KTa pallioHAJIbHOTO YIIPABJIiHHY, 1O BifIPi3HSETHCS BiJl BilOMUX
BUKOPUCTaHHSIM (PparMeHTapHUX JIiHIHHUX [iarHOCTUYHUX MOJEJe, 10 NO3BOJISIE CIIPOCTUTH CTPYKTYPY
aJIrOpUTMIYHOrO 3a6e3re4eHHs IIPOLEeCY PallioHaNbHOTO YIIPABJIiHHS; - OTPMMAaB IIOJAJIBIINEI PO3BUTOK METO],
(opMyBaHHS aNrOPUTMIB BiJHOBJIEHHS MIpale3faTHOCTI QYHKIiOHATIBLHUX €JIEMEHTIB 00’€KTa pallioHaJIbHOTO
VIPaBJIiHHS, O BifPi3HSIOTHCS BiJl BilOMUX KOHKPETHU3alli€l0 BUKOPHUCTAHHS (PYHKIIOHAIBHUX OiarHOCTUYHUX
Mogesel i 3aco6iB napupyBaHHs JeCTabili3ylounx BIUIMBIB, IO JO3BOJIIE PO3PO6JIITU €(PEKTUBHI aJITOPUTMU

BiTHOBJIEHHS [1Pale€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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