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2. Power plant automatic control system improvement with model-oriented decision-making system using

Pedepar:

1. Inceprarist npucBsiyeHa po3poblii yI0CKOHaNIEHOi aBTOMAaTUYHOI CUCTEMH YIIPABJIiHHS €HEPreTUYHOIO0
YCTaHOBKOIO 32 PaxXyHOK BBE,EHHS B CUCTEMY aBTOMATUYHOTO YIIPABJIiHHS MOJI€JIbHO-OPi€HTOBAHOI
iHTeJIEKTyalbHOI CUCTEMU MiATPUMKY NPUNHATTS PillleHHS AJ1s1 3HWYKEHHS aBapiiHOCTI BHACIIIIOK BIVIUBY
"JII0AChKOro GakTopy".V rnepuiomy posnisi 6yso mpoaHalizoBaHO CKJall, CTPYKTYPU Ta MOXKJIMBOCTI cydacHux ACK
€HEePreTMYHOIO YCTAHOBKOIO 3 TOUKU 30PY YIIPaBJiHHS NPOLYKTUBHICTIO Ta 6€3aBapiliHiCTIO BifIOBiIHO 1O BUMOT 3
eKCIuTyaTalil CyJHOBMX €HEPreTUYHUX YCTAHOBOK Ha OCHOBI TUX, 1O Ail0Th HA cygHax ACK Ta cy4aCHUX TeHIEHLiN
IO iX PO3BUTKY y TakuX BUPOOHUKIB K SIEMENS Ta WOODWARD. [TpoananizoBaHO HOpMaTUBHI BUMOTH, SIKi
BUCYHYTI J€pKaBHUMHU 1 Mi’KHApDOJHUMU CTaHIAPTaMU JO CYJHOBAX CUHXPOHHUX F€HEPATOPHUX €JIEKTPOarperaris
3MiHHOT'O CTPYMY, 110 IPUBOJSATLCS B 0O€PTAaHHS [BUTYHAMU BHYTPIIIHbOTO 3TOPSIHHSA. PO3IJISIHYTO OCHOBHI
IIPUYMHY aBapiil B eHepreTUYHUX YCTAaHOBKAX i BIUIMB JIIOJICHKOTO (paKTOpa Ha aBapiiiHiCTb €HEPreTUYHO]

YCTAaHOBKM Ta Cy4YaCHi TEHJI€HIIii, TOB'43aHi 3 TUCTAHLIHUM YIIPaBJIiHHSIM €HEPreTUYHOIO YCTAHOBKOIO | KOHIIEMIig



BipTyasIbHOTO BaXTOBOT'O MexaHiKa. Takox 6yJi0 pO3IJISIHYTO MOXKJIMBOCTI 3aCTOCYBaHHSI MaTEMAaTUYHUX MOJENEeN y
CKJIa/li aBTOMaTU4HOI CUCTEMU K€PYBaHHS. Y IPYrOMY pO3[iji 6yJ10 PO3p06JI€HO MATEMATUYHY MOAEIb
aBTOMATUYHOI CUCTEMHU YIIPABJIiHHS €HEPTETUYHOIO YCTAHOBKOIO B MEPEXITHUX i UHAMIYHUX PEXKUMAX, gKa Jaja
MOXJIMBICTb OL[iHUTH SIKICTb IEPEXiTHUX IIPOLIECIB IPY JOCIIIKEHHI CTPYMiB, HAIIPYT, YaCTOTU OOEPTaHHS,
aKTMBHOI 1 peaKTMBHOI MTOTYKHOCTI B [IEPEXiAHUX | IMHAMIYHMX PEXMMaX I1if] Yac 3MiHU PEXKUMIB eKCIuTyaTarii. ¥
TPeThOMY PO3iji po3pobseHo cTpyKTypy ACK 3 06'€eKTHO-OpPi€EHTOBAHOIO CUCTEMOIO MiITPUMKU IIPUMHSITTS
pimeHs. O6paHo KpUTEPil A1 OLiHKYU NPOLIECY BKIIOUEHHS TeHepaTopiB B IapajesibHy POOOTy. 3alpOIIOHOBaHi
KpUTePii JO3BOJIIIOTh YACEJIbHO OLiHUTH NPOLIEC BTITYBAHHS F€HEPATOPIiB B CMHXPOHI3M. Bu3Ha4€HO, 0 HANOiIbII
00'eKTMBHUM i 3pyYHMM MIOKa3HUKOM SKOCTI € IJI011a MiJl KPUBOIO YaCTOTU O6EPTAaHHS poTopa reHeparopa. [1pu
3aCTOCYBaHHI 11bOI'O KPUTEPII0 YaCTOTY OOEPTaHHSI MOXKHA He TiJIbKY po3paxyBaTy Ha MOJeJIi, a I BUMIpTU Ha
IiI0OUOMY arperari. 3anpornoHOBaHMI KPUTEPIll N03BOJISE IOPIBHIOBATY MK COO0I0 IPOLIECH BKJIIOUEHHS B
napajiesibHy po6oTy, IPOBOJUTY ONTUMIi3allil0 KOHCTPYKTUBHUX MTaPaMETPIB i ClIOCO6iB yIpaBIliHHS
CHHXPOHIi3allielo reHepaTopiB. YIieplie 3allpONIOHOBaHO MeTog, ¢popmarisallii 3a1au KepyBaHHs, 1110 CKJIaHA€ThCS 3
OLIiHKM 3HA4€Hb CTPYMiB, HAIIPYT, YaCTOTU 00E€PTaHHS, PO3PaXyHKy KPUTEPIiIO JJ1s1 OLIHKY BMUKAHHS Ha NIapajlesibHy
pOO6OTY 3 ypaxyBaHHSIM BU3HAU€HHS TPOJYKTUBHOCTI Ta 6e3aBapiiiHOCTI. Lleit meTox no3BoJiste (popMmanisyBaTu i
OL[iHWMTHY HACJIiIKU 3MiH €KCIIyaTalilHUX PEXXUMIB 32 3MOJI€IbOBAaHMMU IIapaMeTPaMU [0 ixX peasibHOI I10SIBU B
€HEPreTUYHiN yCTaHOBL, 10 Ja€ MOXKJIUBICTb MiHIMI3yBaTH KiJIbKICTh aBapilHUX PEXXMMIB 32 PAXYHOK
nepenoadyeHHs NapameTpiB yCTAaHOBKY B MaliOyTHbOMY i MiIBUIIATH TPOAYKTUBHICTb 32 PAaXyHOK 3HVKEHHS
aBapiHocCTi. TakoX BIiepile 3arIpOIIOHOBAHO METO/, MiIBULIEHHS ITPOAYKTUBHOCTI i 3HMKEHHS aBapiliHOCTI 3a
PaxyHOK BUKOPMCTAHHS anapary HEYiTKOi JIOTiKHY, IKUI MOXXe BUKOPUCTOBYBATUCA Ha cTafii ekcrryaranii ACK
€HEepPreTMYHOIO YCTAaHOBKOIO, 110 [a€ MO>KJIMBICTD BiJlIIpallbOBYBaT €HEPreTUYHil yCTaHOBLi 6y b-5IKi JO3BOJIEH]
pesxumu. O6paHo NporpaMHi 3acobu peanisauii marematnyHoi mogesi ACK cyaHOBOI €71€KTpOeHePreTUYHO1
ycTaHOBKHU. CTBOPEHO KOMIT'IOTEPHY IIpOrpamy IJjIsl LOCJiIPKEHHS PEXXUMIB poOOTH CYIHOBOI €JIeKTPOeHepreTUYHOi
YCTaHOBKU. Y 4eTBEPTOMY PO3[iji O6yJI0 IPOBENEHO CUHTE3 CUCTEMU MiJTPUMKU [IPUMHSTTS pillleHb O CKJIany
CYIHOBOI €JIEKTPOEHEPreTUYHOI YCTaHOBKY, PO3IJIIHYTO MOJKJIMBI allapaTHi peasnisalii METOZIB IPUNHATTS PillleHb
17151 BU3HAUEHHS MO>KJIMBOCTI iHTerpatii po3po6yieHnx MeToiB. Byso 3aiiicHeHo Bubip i popMyBaHHS BXiJHUX i
BUXiJHUX JIHTBICTUYHUX 3MIHHUX JJ1s1 METO/IiB IPUIHSTTS pillleHb Ta BUGIp aJIrOPUTMY HEUYITKOT'O BUCHOBKY.
3anpornoHOBaHO METO, IPUMHSTTS PillleHHs AJ18 OLiHKY BIJIMBY HalliMOBIipHiNX 30ypeHb Ha aBapiliHICTD i
IIPOAYKTUBHICTb. PO3paxoBaHi NPOAYKTUBHOCTI IPYU 3HECTPYMJIEHHSIX IIiJl 4ac peNCy Ta MOKa3aHO 3aJI€XKHICThb
IIPOYKTUBHOCTI Bif KiJIbKOCTi 3HeCTpymJeHb. Ha po3po6ieHOMy [IpOrpaMHOMY IaKeTi 3 3aCTOCYBaHHSIM
PO3p06JIEHUX METOIiB OYJIM LOCIIIPKEH]I HACTYIHI peXXUMHU POOOTU CUCTEMU: BKJIIOYEHHS aKTUBHO-IHIYKTUBHOTO
HABaHTaXEHHS [IOTYXXHICTIO, 1[0 NOPiBHIOE NIOTYKHOCTiI FEHEPATOPHOIO arperary; BKJIIOYEHHS A13€e/b-T€HEPAaTOPiB
B [1apajesbHy pOOOTY NpH 30i/IbIIEHHI HEUYTINBOCTI PETYJIITOPA YaCTOTU OOEPTAHHS; BAHMKHEHHS HECIIPaBHOCTEN
0071aJHaHHS BHACJIiZOK ITPOOOIB i30J1s111ii i 3aMUKaHb; KOPOTKOTO 3aMUKaHHS 0OMOTKH 30y KEHHS. 3allpOIIOHOBAHO

3aCTOCYBaHHS CUCTEMHU 151 HABUYAHHS 1 OLIiHKY PiBHS 3HaHb MOPCbKUX (axiBLIiB.

2. The dissertation is devoted to development of an improved power plant automatic control system by
introducing a model-oriented intelligent decision support system into the automatic control system to reduce
accidents due to the influence of the “human factor”. The first section analyzes the composition, structure and
capabilities of modern ACS power plant in terms of performance management and safety in accordance with the
requirements for the operation of ship power plants based on ACS operating on ships and current trends in their
development by manufacturers such as SIEMENS and WOODWARD. The normative requirements put forward by
the state and international standards to the ship synchronous alternating current electric units, which are put into
rotation by internal combustion engines, are analyzed. The main causes of accidents in power plants and the
impact of the human factor on the failure of the power plant and current trends related to remote control of the
power plant and the concept of a virtual shift mechanic are considered. Possibilities of application of mathematical
models as a part of automatic control system were also considered. In the second section, a mathematical model of
the automatic control system of the power plant in transient and dynamic modes was developed, which made it
possible to assess the quality of transients in the study of currents, voltages, speed, active and reactive power in



transient and dynamic modes. In the third section, the structure of ASC with an object-oriented decision support
system is developed. A criterion for evaluating the process of including generators in parallel operation is chosen.
Proposed criteria, that allows to calculate quantify the process of pulling generators into synchronization. It is
determined that the most objective and convenient indicator of quality is the area under the frequency curve of
the rotor of the generator. When applying this criterion, the speed can not only be calculated on the model, but
also measured on the existing unit. The proposed criterion allows to compare the processes of inclusion in parallel
operation, to optimize the design parameters and methods of control of generator synchronization. For the first
time, a method of formalizing control problems is proposed, which consists of estimating the values of currents,
voltages, speed, calculating the criterion for evaluating the connection to parallel operation, taking into account
the definition of performance and safety. This method allows you to formalize and assess the effects of changes in
operating modes on the simulated parameters before their actual appearance in the power plant, which allows you
to minimize the number of emergency modes by predicting future parameters and increase productivity by
reducing accidents. Also, for the first time, a method of increasing productivity and reducing accidents by using a
fuzzy logic device, which can be used at the stage of operation of the ACS power plant, which allows the power
plant to work out any permitted modes. The software means of realization of the mathematical model of ACS of
the ship electric power installation are chosen. A computer program for studying the modes of operation of the
ship's power plant has been created. In the fourth section, a synthesis of the decision support system for the ship's
power plant was carried out, possible hardware implementations of decision-making methods were considered to
determine the possibility of integration of the developed methods. The selection and formation of input and
output linguistic variables for decision-making methods and the choice of fuzzy inference algorithm were
presented. A decision method is proposed to assess the impact of the most likely disturbances on accidents and
performance. Performance at power outages during the flight is calculated and the dependence of productivity on
the number of power outages is shown. The following operating modes of the system were investigated on the
developed software package with the use of the developed methods: - inclusion of active-inductive load with a
power equal to the power of the generator unit;- inclusion of diesel generators in parallel work at increase of
insensitivity of the regulator of frequency of rotation; occurrence of equipment malfunctions due to insulation
breakdowns and short circuits; short circuit of the excitation winding. The application of the system for training
and assessment of the level of knowledge of marine specialists is proposed.
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