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Pedepar:

1. ¥V nuceprauiiiniii po6OTi PO3IITHYTO HAYKOBO-TIPUKJIATHI INTAaHHS, IO ITOB’13aHi 3 MpobiieMmamMy po3pooKU
cynHoBux CAY arperartis (CygHOBUX eHepreTnyHux yctaHoBok) CEY i excninyaranii CIIEY, akTyasnbHi HalipssMKy B
obracrti mogepHiszauii CAY i aganrauii arperaris CIIEY go ymoB ekcryarauii. [IpoBefieHO napaMeTpU4Hy
inentudikanio nigcucrem CITY. Po3dpaxoBaHo KoediljieHTH piBHSIHb frHaMiku napametpis CITY mpu ioro po6oTi Ha
TPbhOX TEIJIOBUX peKMMax i BUBHaY€HO iX CTyIiHb afiekBaTHOCTi. Opeps>kaHo HOBI AudepeHiliHI piBHSIHHS
JoKanbHUX cuctem CIIY, gKi O3BOJAIOTH OLiHUTY BIVIUB YIIPaBJIA04uX A CAY Ha Npolecyu BUHUKHEHHS XiMi4HOI
Ta eJIEKTPOXiMiYHOI Kopo3ii B eiemenTax CIIY. 3a IOMOMOrow0 HaTYPHUX €KCIIEPMMEHTIB Ha [il04MX JOTIOMIKHUX
CIIV Mitsubishi MB, ananorax CI1Y - Bupo6Hnunx naposux kotaax I'M i JKBP Ta cyqHOBUX emysiaTOpax 0yJs10
BM3HAUYE€HO MaTeMaTU4YHi MOJeJli II0 KaHajlaM yIPaBJliHHS i 30ypeHHS 1J1s1 TOJIOBHUX, NOMOMDKHUX, YTUJIi3aLlifHAX
Ta KoM6iHoBaHUX CI1Y i o1jiHEHO TOYHICTb OTPUMAHNX Mogesield. Mozesli MOXYTb 6YTH BUKOPUCTaHi B MOAAJbIINX
JocuimkeHHsx BiaactuBocre CIIY 3 MeTO0 MOJINIEeHH S IX €KOJIOTIYHUX | EKOHOMIYHMX XapaKTEPUCTUK.

[TpoBeneHo po3pobKy HelipoMepeskeBux cructeM ineHtudikauii i ynpassinas CITY. 3anporoHOBaHO yHiBEpCaJIbHY



aIaNTUBHY HEVMPOMEPEKEBY CUCTEMY YIIPABJIiHHS IIPOLIECOM FOPiHHA pigkoro nanusa B Tonkax CIIY, sgka 1o3Bosse
MiHIMI3yBaTH BMICT IIKiJJIMBUX BUKUAIB B aTMOCc(epy. ATpo6OBaHO METOY PO3POOKY HEMPOMEPESKEBUX CUCTEM
MOHITOPUHTY i onTUMi3alii eKosoriyHMX oKa3HUKiB poboTu CIIY Ta nokasaHo ix e(peKTUBHICTb B [IOPiBHSIHHI 3
tpaguuirinumu CAY. [IpencrasieHo i anpo60BaHO METOAMKY PO3POOKY, HAJIAMITYBAHHS 1 €KCILTyaTalii
HelipomepeskeBoi CAY peunpKyJisiiii 4umoBux rasis B Tonky CI1Y, sika 3Hmkye BmicT NOX 10 54 %. Po3po6sieHo
HeripomepexxeBy CAY onrTumisallii BUTpaTy NaayBa 32 paxyHOK KOHTPOJIIO 10/4a4i OBITPS B TONKY i razoxip CITY,
KOpeKlii Koe@ilieHTa HaJIMIIKy MOBITPS, BUXOAS4M 3 IApOBOro HaBaHTaXeHHs arperatis CEV ta TypOyizaropa,
mo go3Bose 36inbmuty KK 6pyTtTo CITY 10 6 % B 3a71€5KHOCTI Bif] TEMJIOBOrO HABAHTAXXEHHS i CTaHy ITOBEPXHI
HarpiBy. Ki104o0Bi ¢s10Ba: CyJIHOBA [TapOreHepyoYya yCTaHOBKA, MaTeEMaTUYHA MOZEJb, CUCTEMA YIpaBiiHH, [11-

PETYJATOP, TEMJIOBUN PEKUM, HEUITKA €KCIIEPTHA CUCTEMA, HEIPOMEPEXKEBUN PETYJISTOP.

2. The first section deals with scientific and applied issues related to the development and operation of ship
automated control system (ACS), current areas in the field of modernization and adaptation of ACS ship steam
boilers. Based on the analysis of existing problems associated with the development and operation of ACS ship
steam generating units (SGU), the purpose and objectives of the dissertation research. The purpose and tasks of
research are put, the scientific hypothesis about urgency of use of intellectual methods and algorithms in
processes of development, modernization and adaptation of ACS of water-tube SGU of wide constructive purpose
is put forward. In the second section the parametric identification of SGU subsystems is carried out. The
coefficients of the equations of the dynamics of the SGU parameters during its operation at three thermal regimes
are calculated and their degree of adequacy is determined. New differential equations of local SGU systems are
obtained, which allow to estimate the influence of ACS control actions on the processes of chemical and
electrochemical corrosion in SGU elements. By means of full-scale experiments on operating auxiliary SGU
Mitsubishi MB, analogs of SGU - production steam boilers GM and DKVR and ship emulators, mathematical models
were determined by control and perturbation channels for main, auxiliary, utilization and combined SGU, and the
accuracy of the obtained models was evaluated. In the third section the modeling of nonlinear SGU systems is
performed. Based on the simulation results performed in the System Identification Toolbox, a wide class of
nonlinear Wiener-Hammerstein models that implement a neural network, nonlinear ARMAX models and other
models that allow to describe the experimental processes of controlled SGU parameters with a high degree of
adequacy. The expediency of introducing a nonlinear model of regular wave oscillations in the form of the van der
Pol differential equation (oscillator with nonlinear attenuation) as an additional component of the external
perturbation channel for effective analysis of the stability of ship ACS SGU by Rauss - Hurwitz method, which
reduces the occurrence of emergencies. The combined expert criterion of an estimation of efficiency of process of
adjustment of ACS of parameters of SGU is offered and tested and research of methods of adaptive management of
units of SGU is carried out. The fourth section identifies methods for developing fuzzy output systems, which
allow to obtain optimal quality indicators of transients of control systems of SGU parameters and to provide
support of the set thermal regime of SPU. An expert system of adaptation of setting parameters of a standard
regulator has been developed, which operates on the basis of identification of indicators of operational processes
of SGU. The efficiency of the proposed methods and expert systems that implement the theory of fuzzy logic is
shown. It is noted that the use of expert systems ensures the adaptation of the SGU to the operating conditions
and the maintenance of the specified thermal regime of the SGU without significant deviations. Also, maintaining a
given vapor pressure with the proposed system helps to reduce emergencies by 25 % and slow down the growth of
chemical corrosion in the elements of the SGU, ie in general increase the reliability of the SPU. The developed
methods form the basis of a new concept of creating highly efficient ACS. In the fifth section, the development of
neural network systems for identification and control of SGU. A universal adaptive neural network control system
for the combustion of liquid fuel in SGU furnaces is proposed, which allows minimizing the content of harmful
emissions into the atmosphere. Methods of development of neural network systems of monitoring and
optimization of ecological indicators of SGU work are tested and their efficiency in comparison with traditional
ACS is shown. The method of development, adjustment and operation of the neural network ACS of flue gas
recirculation to the SPU furnace, which reduces the NOx content to 54 %, is presented and tested. Developed



neural network ACS optimization of fuel consumption by controlling air intakes in the furnace and flue SGU,
correction of excess air, based on the steam load of the units SGU and turbulizer can increase the gross efficiency
of SGU up to 8 % depending on heat load and heating surfaces. Key words: ship steam generating installation,
control system, mathematical model, PI-controller, thermal regime, fuzzy control system, neural network
regulator.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTEeTHUI HAIIPSIM iHHOBaLilHOI IiJIBHOCTI:
ITiZcyMKH BOCTiI>KEeHHS:

Iy6sikamii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaykeHHs pe3yJIbTaTiB AHCepTalii:

3B'S130K 3 HAYKOBHMH T€EMaMH:

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Top6 Ceprit IBaHOBUY

2. Gorb Sergiy Ivanovich

KBasigikamis: n.r.1., 05.08.05
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoO KeHHSI:

dopma By1acHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Top6 Cepriti IBaHOBUY

2. Gorb Sergiy Ivanovich

KBasigikamis: 1. 1. 1., 05.08.05

ImenTudikarop ORCID ID: He zacrocoyerbcs



JoparkoBa iHdpopmamnist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizmomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Apcipiit Bacunib AHaToJi0BHY

2. Arsiriy Vasyl Anatoliyovych

KBasigikamis: 1. 1. n., 05.14.14
InenTudikarop ORCID ID: He 3acrocosyetbcs
JopaTrkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. TumoweBchkuil bopuc 'eopriitoBuy

2. Tymoshevsky Boris Georgievych
KBasigikamis: 1. 1. 1., 05.08.05
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHpopmamist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHoOCTI:

Cdepa ynpasiriHHS:



InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. €dimos Onekcannp B'sueciaBoBuY

2. Yefimov Olexander Vyacheslavovych

KBasigikanis: 1. 1. 1., 05.13.07
InenTudikarop ORCID ID: He 3acrocosyetscs
JopaTrkoBa inpopmanis:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Koz, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi
TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi
BignoBigasibHUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

MirmocoB Muxaino BajeHTUHOBUY

MirocoB Muxaino BaieHTUHOBUY

IOpuenko T.A.



