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Pedepar/anoTamnis:

1. Y puceprauiiiziil po60Ti BUpPillyeThCS 3aBAAHHS IiABULLIEHHS €eHEProeeKTUBHOCTI Ta 3a0e31eYeHHs] TPUBaJIO]
6e3nepeb6iliHoi po60TU TBEPHONATIMBHUX €HEPTETUYHUX KOTJIiB IIJISIXOM BAOCKOHAJIEHHS CUCTEMU MiATPUMKU
[IPUMHATTS pillleHb, 110 BUKOPUCTOBYE IHTEJIEKTyaJIbHI MOZEli Ta aNroputMu. IIpoBeieHo aHari3 TBepAoNaauBHOI
KOTEJIbHOI YCTAaHOBKMU SIK 00'€KTa KepyBaHHS, BU3HAUEHO OCHOBHI €JIeMEeHTU TEXHOJIOTIYHOI CUCTEMH, iX B3AaEMOJI0
Ta OCOGJIMBOCTI PYHKIIOHYBAaHHS B YMOBaX 3MiHHUX PE>KAMIB POOOTU MiJIIPUEMCTB LIyKPOBOI IPOMHUCJIOBOCTI.
BrkoHaHO AE€KOMIIO3U1Li10 06'€KTa i OO CKIIaIOBUX YAaCTUH, IO JO3BOJINJIO CTBOPUTHU [IEPELYMOBH AJ1s1
3aCTOCYBaHHS MiICUCTEM MiATPUMKY NPUNHATTS PillleHb. PO3IJISIHYTO MOXKIIMBICTb 3aCTOCYBaHHS MiJICUCTEM
MiITPUMKU IPUUHSTTS PillleHb OO iX BUKOPUCTAHHS B CKJIaJli CUCTEM aBTOMAaTH3allii TBEPOIAIMBHUX KOTJIIB.
Po3po6s1eH0 HACTYIHI MOJyJli Ta aJITOPUTMU K€PYBaHHS TBEPAONAJIMBHUM KOTJIOM 3 MiICUCTEMOIO MiITPUMKU
[IPUMHATTS PilllEHb: ® MOAYJIb IIPOTHO3YBAaHHSA AKOCTI TOPiHHS TBEPIOrO MajrBa HA OCHOBI MAIIHHOTO HaBYaHHS

(pexypeHTHa HelpoHHa Mepeska LSTM). 3abesneuye JOCTaTHIO TOUHICTD i 3HM)Ky€ PU3UK HeCTabilbHOI poboTH



KOTJIa. 3 €KOHOMIYHOI TOUKY 30pYy, MOZeJb J03BOJISI€ 3MEHIIUTH KiJIbKiCTb MayinBa [1715 TOPiHHS, 10 € NPSIMUM
ITOKa3HUKOM €KOHOMii peCypcCiB. ® MOZlyJIb IPOTHO3YBAHHS iIHTEHCUBHOCTI YTBOPEHHS BiKJIaJl€Hb, 110 3aCHOBaHi Ha
HelpoHHIN Mepesxi NARX. 3MmeHIlye BIIMB JIIOACHKOTO GaKTOPY Ta HELLO0JiK HEAOCTaTHbOI TOYHOCTI TPafULIIMHUX
METO/IiB BUMIPIOBaHHS i pearyBaHHs. 3aCTOCYBaHHS MOJEJli SMEHIIUTb BUTPATH HA EHEPTETUYHI PECYPCH, a TAKOXK
3HUBUTH BUKUY 3a0PYIHIOIOUNX PEYOBUH B aTMOcdepy. ® MOAY b BUSIBIEHHS aHOMAaJIill y po6OTi KOTJIa, 0
3acHOBaHU Ha anroputmi “Isolation Forest”. Jlo3BoJisie BMEHIIUTHU KijIbKiCTh aBapiliHMX CUTYyaLlill, 32 paxyHOK YOTro
MiHIMIi3yeTbCsl KiJIbKiCTb [IPOCTOIB 00J1aJHAHHS. ®* MOLYJ/Ib ONITMMI3allii IepiofUYHOCTI Ta TPUBAIOCTI OYMILEHHS
IIOBEPXOHb HArpiBy. 3abe3nedye YHUKHEHHS] HAIMIpDHOI BUTPaTU €HEeProHOCis 17151 06[jyBaHHSI Caxi, 30epiraiouu npu
IIbOMY BUCOKY e(eKTHUBHICTb TellyIoepeadi IOBepXOHb HarpiBy. Po3pobeHo nopagdy cucTemMy CHOBIleHHS
orepaTopa KOTJja [P0 HEOOXiAHICTb 3ayCKy UM 3yIIMHKU IIPOLECY CAKO0OYBY, 110 3HAYHO CIIPOLIYE IIpoLec
eKCIulyaTallii TBepAoNaIMBHOTO KOTJIa Ta 3HiMAa€e HABAHTAKEHHS 3 ollepaTropa. 30KpemMa, Io0YL0BaHO PO3rOPTKY
KapTH 3a6pyAHEHOCTi €EKPAaHHUX IOBEPXOHb BOJOTPYOHOI CUCTEMU TOIKU. Take BidyasbHe 300pa>kKeHHsI PiBHS
3a0pyJHEHOCTI eKpaHHUX [I0BEPXOHb HArpiBy TOIKU JOIIOMArae oIlepaTopy po3yMiTy IOTOYHUM CTaH [I0BEPXOHb Ta
IIpUMMaTH pillleHHS PO HEOOXiAHICTb 3allyCKy MIPOLECY CaKOOOAYBY TUX [1I0BEPXOHb, 10 MAIOTh 3HAYHE
3a6pyiHeHHs. Po3p0671€HO 6JI0K JIOTIYHOTO BUBEL,EHHSI CUCTEMU MiITPUMKU IPUIHSTTS pillleHb, SIKUil 06pobJisie
IaHi Ta BUBOJUTH 3aIIPOIIOHOBaHI pillleHHs ornepaTopy yepes inTepdetic B3aemoaii (IMI/SCADA). 3anporioHoBaHa
B J1aHii1 pobOTi cucTema MifTPUMKU i IPUMHSTTS PillleHb [103BOJIsSI€ BpaxOBYyBaTU XapaKTEPUCTUKY Pi3HUX BUTIIB
nanuBa, popMyBaTH KapTy 3a0pyHEHOCTi €KpaHHUX [10BEPXOHb TOIKU Ta CBOEYACHO PEKOMEHIYBATHU 3aIlyCK
npouenypu caxkoobnyBaHHs. JJoIaTKOBO, MicucTeMa BUSIBIIEHHSI aHOMAJIH crpusie 3ar106iraHHIO aBapiiHuX
3YIIMHOK TBEPJOMNAJIMBHOIO IaPOBOT0 KOTJIA. 3allpOIIOHOBAHA CUCTEMA J03BOJISIE BPaXOBYBAaTH XapaKTEPUCTUKU
pi3HUX BUJIB NIanuBa, (POPMyBaTH KapTy 3a0pyJHEHOCTi EKPaHHUX [1I0BEPXOHb TOIKM Ta CBOEYACHO PEKOMEHYBaTU
3aMyCK MPOlLeNypU CaK000ayBaHHS. [IpakThyHe BIPOBAIKEHHS PE3YJIbTATIB OCHITKEHHS CIIPUSITUME
IiABUILEHHIO eHeproedeKTUBHOCTI KOTeJIbHUX YCTaHOBOK, 3MEHIIEHHIO BUTPAT Ha OYUILEHHS [I0BEPXOHb HarpiBy
Ta 3HIKEHHIO MIJIMBY JIIOICHKOT0 PAKTOPY Mif, Yac eKcIulyaTalii TBepAonalnuBHUX KOTJiB. B naHill po6oTi
IIPeJCTaBIEHO KOMILJIEKCHUI MiJXif, 10 ONlepaTUBHOIO MOHITOPUHIY Ta ONTHMIi3allii CUCTEMU C)KOOOLYBKU B
KOTJIaX, 10 IIPalioi0Th HAa TBEPAOMY IaynBi. MeTou, 3aIIpOIIOHOBaHI B Lill pO60Ti, MOXYTb OyTH 3aCTOCOBAHI 1151
OIIiHKM CTaHy Ta YIIPaBJliHHSAM POOOTOIO0 CUCTEMU OOYBKY KOTJIA JJIsl JOCSITHEHHSI METH eHepro3depeskeHHsl.
IHTenexTyanbHe BUAAJIEHHS CaXi € MOeHAHHSIM MOJIEJII0BaHHS, TEXHIKY IPOTPaMHOr0 OOUUCJIEHHS Ta OHJIANH

CHACTEMHU JIJI1 MOHITOPUHTY 3a0pyAHEHOCTI KOTJIA.

2. This dissertation solves the problem of increasing energy efficiency and ensuring long-term uninterrupted
operation of solid fuel power boilers by improving the decision support system using intelligent models and
algorithms. An analysis of a solid fuel boiler plant as a control object was carried out, the main elements of the
technological system, their interaction and features of functioning in conditions of variable operating modes of
sugar industry enterprises were determined. The decomposition of the object and its components was performed,
which allowed creating prerequisites for the application of decision support subsystems. The possibility of using
decision support subsystems for their use as part of solid fuel boiler automation systems has been considered. The
following modules and algorithms for controlling a solid fuel boiler with a decision support subsystem have been
developed: * a module for predicting the quality of solid fuel combustion based on machine learning (recurrent
neural network LSTM). Provides sufficient accuracy and reduces the risk of unstable boiler operation. From an
economic point of view, the model allows you to reduce the amount of fuel for combustion, which is a direct
indicator of resource savings. * a module for predicting the intensity of deposit formation based on the NARX
neural network. Reduces the impact of the human factor and the lack of insufficient accuracy of traditional
measurement and response methods. The use of the model will reduce energy resource costs, as well as reduce
emissions of pollutants into the atmosphere. * a module for detecting anomalies in the operation of the boiler,
based on the “Isolation Forest” algorithm. Allows you to reduce the number of emergency situations, thereby
minimizing the number of equipment downtimes. * module for optimizing the frequency and duration of cleaning
heating surfaces. Ensures avoidance of excessive energy consumption for blowing soot, while maintaining high
efficiency of heat transfer of heating surfaces. An advisory system has been developed to notify the boiler operator



about the need to start or stop the soot blowing process, which significantly simplifies the process of operating a
solid fuel boiler and relieves the operator of the load. In particular, a map of contamination of the screen surfaces
of the water-tube system of the furnace has been built. Such a visual image of the level of contamination of the
screen surfaces of the furnace heating helps the operator understand the current state of the surfaces and make a
decision on the need to start the soot blowing process of those surfaces that have significant contamination. A
logical output block of the decision support system has been developed, which processes data and displays the
proposed solutions to the operator via the interaction interface (HMI/SCADA). The support and decision-making
system proposed in this work allows you to take into account the characteristics of different types of fuel, form a
map of contamination of the screen surfaces of the furnace and recommend the launch of the soot blowing
procedure in a timely manner. Additionally, the anomaly detection subsystem helps prevent emergency shutdowns
of a solid fuel steam boiler. The proposed system allows you to take into account the characteristics of different
types of fuel, form a map of contamination of the screen surfaces of the furnace and recommend the launch of the
soot blowing procedure in a timely manner. The practical implementation of the research results will contribute to
increasing the energy efficiency of boiler plants, reducing the costs of cleaning heating surfaces and reducing the
impact of the human factor during the operation of solid fuel boilers.
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KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisSIIBHOCTI

bamtora Cepriit Mukosainosud

bamota Cepriii Mukosiaiiosud

MenbHUK Hatasiga

Opuenko TersHa AHaTosIiiBHA

FOpuenko TetsiHa AHaTOJiiBHA



