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KuiBchkuii HalliOHATTFHAN YHIBEPCUTET TEXHOJOTIH Ta TU3aitHy

CUCTEMA KEPYBAHHSA NPOLHECOM YIIOPCKYBAHHA HUJITHAPOBOI'O
MACTHUJIA CYJTHOBUX JIBUI'YHIB I3 HEUITKUM PEI'YJIATOPOM

Cmammio npucesiueHo 00CHiONHCeHHIO NiOX00i8 00 NoOYO0S8U BUCOKOEPEKMUGHUX MA BUCOKOHAOIUHUX CUCHEM
KepYBAaHHs Npoyecom YNOPCKY8AHHs YUTIHOPOBO2O MACMUNA CYOHOBUX OBUSYHIB V PISHUX DeNCUMAX (DYHKYIOHYE8AHHSL.
Memoro docniddcenHs € ananiz NOMEHYIUHUX MONCTUBOCTEU YNPOBAONCEHHSA HEUIMKUX AI2OPUMMIE Kepy8anHs 015 noOY-
008U pe2yliamopa cucmemu 3MaujeHHs, wo 3abesneuysas oOu epexkmiuene Kepy8aHHs Npoyecom 8 ymosax Oii 308HIUHIX
30yprorouux gaxmopis. 06 €kmom 00CIONCeHb € CUCTNIEMU HEHIMKO20 KEPYSAHHS NPOYECaAMU IMNYIbCHO20 TYOPUKAMOp-
HO20 3MAWeHHsl CYOHOBUX 20N0BHUX O8U2YHIE. [Ipedmemom 00CniOdHceHb € pecyiamop CUCmemu KepyeaHHs npoyecamu
IMRYILCHORO JTYOPUKAMOPHOZ0 3MAWEHHSL CYOHOBUX 2ONI0BHUX OBULYHIE HA 6A31 HEYIMKO20 6UB00Y.

s docsienenns nocmaegienol memu 8 pooomi NPOAHANI308AHO CIMPYKMYPY CUCIEMU IMNYIbCHO2O TYOPUKAmop-
HO20 3MAWeHH s, 8USHAYEHO 30yplotoUil hakmopu, 30Kkpema Niu8 napamempie naiuéa Ha npoyec 3MAaweHHs, ma ixHii
8n1U8 HA YHKYIOHY8aHHA cucmemu. Buxodauu 3 eumoz 0o Axocmi npoyecy smaujents, wo nepedbauac nioguuyeHus
pecypcy 2010681020 08UYHA, 3abe3neuents be3neunoi ekcniyamayii, nioguwients HadiuHoCmi ma 3a0e3neuents JHcugy-
yocmi y pazi 6UHUKHEHHs. AGAPIIHUX CUMyayiu, MIHIMI3ayiio sumpam npayi Ha 00CIY208YEAHHS 34 PAXYHOK MOYHO20
003Y6aHHs YULTHOPOBO2O MACMUIA, CHOPMYTILOBAHO 3A0a4y ONMUMALLHO2O KePY8AHHS. Ypaxoeylouu HecmayioHapHuil
Xapaxmep napamempie mMooeni 00 €Kma KepysanHs, 0OIPYHMOBAHO OOYLIbHICMb 3ACMOCYBAHHA HEUIMKUX Al20PUMMIS
0J151 BUSHAYEHHS NAPAMEMPI8 HALAWMYBAHHS Pe2yIamopa.

Pospobreno cmpykmypy Heuimkoeo pezynsimopa, 6usHaueHo 8xXioHi ma UXioHi napamempu, a maxoxc no6yoo-
6aHO 6I0N0GIOHI (hyHKYiT Hanedxchocmi. Buxodsuu 3 ananizy npoyecy (yHKYIOHY8AHHS CUCMEMU 3MAWeHHL Md 6pa-
X08y104U Kpumepiti ONMuMaibHocmi, cqhopmosano 6azy npasui OJisi 6UHAYEHHs NPONOPYIUHUX ma THMe2PalbHUX
CKIIAOHUKIG pe2ysamopd, HaA OCHOBI 4020 NOOYO0BAHO MAMEMAMUYHY MOOEIb HEYimKo20 pe2yiamopd, AKa ONUCYE
11020 pobomy 6 yMO8AX PI3HUX PerHCUMI8 PYHKYIOHYBAHHA. J[0CIONCeHHs, NPOGeOeHT 3 GUKOPUCIAHHAM IMimayitHol
Mooeii, noxkazanu eghpeKmugHicms ma OOYINbHICMb 3ACOCYBAHHA HEUIMKUX ANOPUMMIE V pe2yiamopax cucmemu
3MaujeHHs.

Kniouosi cnosa: neuimkuil pe2ynamop, iMimayiina mooens, ONMuManbhe KepysauHs, cucmema 1yopuKamopHozo
3MAuyenHsl, CyOHOBUIL 20N0BHULL OBUSYH.
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CONTROL SYSTEM OF THE CYLINDER OIL INJECTION PROCESS
OF MARINE ENGINES WITH A FUZZY CONTROLLER

The article is devoted to the study of approaches to the construction of highly efficient and highly reliable control
systems for the process of injection of cylinder lubricant of marine engines in various modes of operation. The purpose
of this study is to analyze the potential possibilities of implementing fuzzy control algorithms for the construction of a
lubrication system regulator that would ensure effective control of the process under the influence of external disturbing
factors. The object of research is the system of fuzzy control of processes of impulse lubricator lubrication of ship s main
engines. The subject of research is the regulator of the process control system of impulse lubricator lubrication of ship s
main engines based on fuzzy output.

To achieve the goal, the work analyzed the structure of the pulse lubricator lubrication system, determined the
disturbing factors, in particular the influence of fuel parameters on the lubrication process, and their influence on
the functioning of the system. Based on the requirements for the quality of the lubrication process, which involves
increasing the resource of the main engine, ensuring safe operation, increasing reliability and ensuring survivability
in the event of emergency situations, minimizing labor costs for maintenance due to accurate dosing of cylinder
lubricant, the task of optimal control is formulated. Taking into account the non-stationary nature of the model
parameters of the control object, the feasibility of using fuzzy algorithms to determine the parameters of the controller
setting is substantiated.
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The structure of the fuzzy controller was developed, the input and output parameters were determined, and the
corresponding membership functions were constructed. Based on the analysis of the operation process of the lubrication
system and taking into account the criterion of optimality, a rule base was formed for determining the proportional
and integral components of the regulator, on the basis of which a mathematical model of the fuzzy regulator was built,
which describes its operation in the conditions of different modes of operation. Research conducted using a simulation
model showed the effectiveness and feasibility of using fuzzy algorithms in lubrication system regulators.

Key words: fuzzy controller, simulation model, optimal control, lubricator lubrication system, ship s main engine.

ITocTanoBka nmpoodeMu

Jnist 3a6e3nedeHHs HaliiHOT pOOOTH JU3EJIbHOTO ABUTYHA BOXKJIMBUMU YMHHUKAMH € TIPABUIIb-
HUH peXUM 3MaIlIeHHS, BAKOPUCTAHHS SKICHOTO MAacCTHJIA Ta OYMIIECHHS TTOBEPXOHbB i/ Yac eKCILTY-
ararii [1]. Cuctemu 3MalleHHs TParoTh BAKIUBY POJIb ¥ 3a0e31eueHH] €(peKTUBHOCTI Ta TPUBAIOCTI
pOOOTH AM3ETbHUX ABUTYHIB, 1 11€ MIATBEPIXKYETHCS BIAMOBIAHUMHU AociikeHHsAMU. Lli cuctemu
3MEHIIYIOTh TePTs, BIABOAATH TEIUIO Ta OYMIIAIOTH MIOBEPXHI BiJl 3HOMICHUX MPOIYKTIB, IO € KPH-
TUYHO BAXXKJIMBUM JUTsl Oe3nepediitHol Ta HaAiitHOT poOoTH NBUTYHIB [2]. BoHa BioBiae 3a 10CTaBKY
MacTujIa A0 TEePTs IOBEPXOHb JABUTYHA 3 METOIO 3MEHIICHHS CUJI TEPTI, BIABECHHS TeIlja, 1110 BUHU-
Kae MiJ1 yac TepTs, Ta OYUIIECHHS NOBEPXOHb B1Jl MPOAYKTIB 3HOCY, HAarapy Ta CTOPOHHIX YaCTHHOK.
Oco0nuBa yBara mpHUAUIIETbCS 3MAIEHHIO MIIIHPIB, OCKUTBKHA HESIKICHE MAacTHIIO ad0 HaJMIipHE
HOT0 HaJIXOKEHHS MOXKYTh IPU3BECTHU 10 HArapOyTBOPEHHS Y LIMIIHPI Ta IPUTOPAHHS TOPIITHEBUX
kinenb. Hane)xxHe 3MaieHHs AU3eIpH0T0 ABUTYHA 3a0e3meuye iHoro 6€3B1IMOBHY Ta HaA1HHY POOOTY,
3HMXKYE eKCIUTyaTalliiiHl BUTpAaTu Ta BUTPATH HA OOCITyTOBYBAaHHS 1 PEMOHT.

[MoninmenHst eheKTUBHOCTI CUCTEMH 3MAIlleHHS TOJIOBHOTO JBUTYHA Ta 3a0e3neueHHs] Horo
HaJ1HOCTI i €()eKTHBHOTO 3MAIllEHHS B PI3HUX PEXKHUMaX eKCIUTyaTallli MOXKIMBE 3aBASKH BUKOPHC-
TaHHIO Cy4aCHHUX 3ac00iB MIKPOMPOIECOPHOT TEXHIKH, K1 3a0€3MeUyI0Th ONEPaTUBHUNA 3B’ SI30K 13
CHCTEMOIO JUCTAHIIHOTO YIPABIIHHS Ta 3araJlbHOCYJHOBOIO OOYMCIIOBAIILHOIO Mepexero. Buko-
pHUCTaHHS TaKUX 3acO0IB JJa€ 3MOT'Y 3aCTOCOBYBAaTH BUCOKOC(EKTHBHI aJITOPUTMH, SIKI ITPYHTYIOThCS
Ha MepeIoBUX METOJaX 1IHTEJIEKTYalIbHOTO KepyBaHHs. Lle cripusie 3MeHIIIeHHIO BIUIMBY HECTalllOHAp-
HUX TIPOLECIB Ta 30yprolounx (akTOpiB Ha MPOIIEC 3MAIICHHS, a TAKOXK MIABHUILY€E HOTO HATIHHICTh
Ta 0€3B1IMOBHICTb.

AHaJIi3 OCTaHHIX J0C/TiIXKeHb Ta MyOikanii

CyuacHi cucTeMM 3MalleHHs 00JaJHaHl JaTYMKaMH, €JIEKTPOHHUMH PEryJIATOPaMHU Ta BHUKO-
HaBUUMH NPHUCTPOSMH, SKI MOXKYTh IHTErpyBaTuCs B OO0UYMCIIOBANIbHY Mepexy. Lle mae 3mory pos-
MATIOBATH MACTHJIO 32 JOMOMOTOIO CIICHiaIbHUX (POPCYHOK IO BCHOMY KOJIy BTYJIKH IWUTIHIIPA,
€(DEKTUBHO 3MAIyIO4YH TTOBEPXHIO BTYJIKH. MacTHIIO IMi/T BEJIMKUM THUCKOM HArHiTA€ThCS 13 CUCTEMH
T1IPONPUBOJLY 3a JTOTIOMOT'OO TMOPIIHS 10 BIAMOBIAHUX (POPCYHOK y HMITIHAPOBUX BTYIIKAX, SKi pO3-
MITIOI0TH MAacTWIJIO HA MOBEPXHI MOPITHEBUX Kijenb Ta BTYIOK. [lix 9ac pyXy HOpIIHS 3 HIKHBOI
MEpPTBOi TOYKH JI0 BEPXHbOI, (POPCYHKH BHUIYCKAIOTh MAacCTMJIO Ha MOBEPXHIO MOPIIHEBUX KiIELb
Ta BTYJIOK, KOJIM MAKET MOPLUIHEBUX KiIeLb IPOXOAUTh MOB3 HUX. Lle 3abe3neuye piBHOMIpHE PO3IIO-
JIJIEHHS MacTHJIa IO TIOBEPXHSIX TEPTS, 1110 MOJINIIYE YMOBU (POPMYBaHHS HAIIHHOI IUTIBKY MacTuIa,
JIAF0YM 3MOTY 3HAUHO CKOPOTUTH BUTpPATy IMJIIHAPOBOIO MAacTHJa 3a HAJIEKHOIO CTaHy MOBEPXOHb
Tepts [3; 4].

He3sBaxxaroun Ha BUKOPUCTAHHS Cy9aCHUX KOHTPOJIHHO-BHMIPIOBATBHUX 3aC00IB Ta CKIAaIHUX
QJITOPUTMIB KEpYBaHHs, CUCTEMH IMITYJIbCHOTO JTyOpPHUKAaTOPHOTO 3MAIllEHHs BCE II€ MatOTh HEPO3B s-
3aHi MPOOJIEMH 3 KOHTPOJIEM MTOKa3HUKIB BiIMPALbOBAHOTO IIUJIIHIPOBOTO MAaCTHIIA, THCKOM Y JTyOpH-
KaTropax Ta B’SI3KICTIO MAacTHJIA, a TAaKOXK 13 3a0€3MEUEeHHSIM JOCTaTHhOI HAMIMHOCTI I CYTHOBUX
JBUTYHIB y aBapiiHUX pexxumax [5].

s BuUpimIeHHS OUX MpoOJieM MOXKHA PO3IISIHYTH BIPOBADKCHHS 1HTEJNEKTYaJbHUX CUCTEM
KepyBaHHS, SIKI 3MOKYTh MPOTHO3YBaTH 1 MOAM(IKYBaTH 3aKOHW KEPyBaHHS HAa OCHOBI JIAHHUX IPO
NoTepeIH1 LIUKJIIHM, HaBiTh 3a 0OMexeHoi iH(popMalii mpo pakTUYHUNA cTaH 00’ €KTa.
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Merta gocJuaigkeHHs

MeTo10 10¢/TiI2KeHHS € BIOCKOHAIEHHS CUCTEMH 3MAIIEHHS TOJIOBHOTO JIBUTYHA 1 IMiIBUIIEHHS
1oro e(peKTUBHOCTI Ta HAAIMHOCTI 32 paXyHOK pO3pOOJICHHS Ta BIPOBAHKCHHS HEUITKUX AJITOPUTMIB
KepyBaHHs JUIs pO3B’s13aHHs MPoOsieMH e(peKTUBHOTO KEpYBaHHS IPOIIECOM B yMOBaX 30BHIIIHIX 30Y-
PIOIOUMX YMHHHKIB, TAKUX SIK BIUIMB MTApaMETPiB MajIvBa Ha Mpolec 3MarieHHs. Takuit miaxina Moxe
JIOTIOMOTTH TIOJINIIHUTH SIKICTh Ta €(EKTUBHICTH MPOIIECY 3MaIlEHHS TOJOBHOTO JIBUTYHA, a TaKOX
3HU3UTHU BUTPATU Ha HOTO 0OCITyrOBYyBaHHS.

OO0’ €KTOM TOCTIHKEHD € CHCTEMH HEYiTKOTO KepyBaHHS MPOIECaMH IMITYJIbCHOTO JTyOpHUKaTOp-
HOTO 3MalleHHsI CyIHOBUX IOJIOBHUX JBUTYHIB. [IpeaqmeTom nociikeHb € peryasTop CUCTEMU Kepy-
BaHHS MPOIECAaMU IMITYJIbCHOTO JIyOPHKaTOPHOTO 3MAIEHHS CYIHOBHUX TOJIOBHHUX JIBUTYHIB Ha 0a3i
HEYITKOTO BHBOJTY.

Jl71s moCsITHEHHS TOCTABJIEHOT METH HEOOX1THO BUPIIIUTH TaKi 3aBIAaHHSA:

1. AHauni3 CTPYKTYpH CUCTEMH IMITyJILCHOTO JTyOpHUKAaTOPHOTO 3MAIlleHHs Ta BU3HAaUeHHS ii 30y-
prorounx (hakToOpiB, IO € BAXKIUBUM KPOKOM JUISI PO3YMIHHS IHOTO IPOLIECY Ta BUSBICHHS MOYKIJIUBO-
CTEH I OTO OIITUMI3artii.

2.IlocTaHoBKa 3aBIaHHS ONTHMAJIBHOTO KEPYBaHHS, 1[0 BPaXOBY€ KIIOYOBI aCMEKTH SIKOCTI
IpoLecy 3MalleHHs s MiJBUIIEHHS pecypcy TOJIOBHOTO JBUTYHA, O€3MeUHOi eKcIuTyarailii, 3a0e3-
MIEYEHHS HAAIMHOCTI Ta 3AaTHOCTI KepyBaHHs y pa3i aBapiiHUX CUTYaIlil.

3. Po3po0iieHHs HEYITKOTO peryasTopa Uit BA3HAYCHHS TapaMeTpiB HAJAIITYBaHHS PEryIsATOpa
3 ypaxyBaHHSM HECTAI[IOHAPHOTO XapaKTepy MapaMeTpiB Mozeli 00’ eKTa KepyBaHHS.

Bukaa ocHOBHOro MaTepiay 10CTiIzKeHH

Cucrema JryOpHKaTOPHOTO 3MAIIEHHS BKIIIOYA€ MACTHIIBHY MaricTpaib 3 OCHOBHHM MaCTHIIb-
HUM HacOCOM, MacTHJILHUU pe3epByap, IMIYIbCHUN JO3YIOUHM HACOC, aKyMYJIATOp Ta KEPOBAHHIA
KJIanaH, mo 3abe3mneuye mogady mactuia 10 ¢GopcyHoK. OKpiM TOTo, JJisi KepyBaHHS MPOIECOM
HasiBHI KOHTPOJIbHO-BUMIPIOBAIbHI IPUIIAIA Ta MMPUCTPOI KepyBaHH [6]. OnTuMizallis CUCTEMH 3Ma-
IICHHS € KIFOUOBUM YMHHUKOM JUISL JOCATHEHHS MaKCHMAJbHOI MPOAYKTUBHOCTI Ta €(h)eKTUBHOCTI
B PI3HMX YMOBaX €KCIUTyaTaIlii.

CyuacHuit MeTon 3abe3neueHHs O0e3meyHoi, e)eKTUBHOI Ta €KOJIOTIYHO BIAMOBIAHOI €KC-
niyaramii UUIIHAPO-TIOPIIHEBUX TPYIN JU3ENiB 13 HU3BKOIO 00EPTOBOIO YACTOTOIO IOJIATae
y KOHTPOJII MOKAa3HHWKIB BUKOPHCTAHOTO IMIIHApOBOro Mactmia. OQHaK 3 ypaxyBaHHSAM pi3-
HOMAaHITHOCTI HMJIIHAPOBUX OJIMB, YMICTY CIPKH Yy MajuBl Ta 0COOIMBOCTEH KOHCTPYKIIII CHC-
TEM 3MallleHHs Ba)XJIMBO PETYJIOBATH J1I03YBAaHHS 3 YpaxyBaHHSIM XapaKTEPHUCTHUK MaluBa, 1100
YHUKHYTH HEOJHO3HAUYHOCTEH MiJ yac BUOOPY ONTHUMAJIBHOIO PiBHS CIIOKUBAHHS LIMJIIHIPO-
BOr'0 MacTHIIA.

OTxe, cucTeMa 3MalleHHs TOJIOBHOTO JIBUT'YHA € CKJIaJHUM 00’ €KTOM, SIKHI MOTpedye KOHTp-
OJIIO 32 OaraTbMa IMmapamMeTpaMy B peajbHOMY Yaci, TAKUMU K TeMIepaTypa MacTHIIa, TUCK Y JIyOpH-
KaTopax Ta B’s3KicTh MacTuia [7; 8]. Jlyis mocsirHeHHs eeKTUBHOT pOOOTH CHCTEMH 3MaIeHHS HE00-
X1JIHO po3poOUTH e(EKTHBHI CTpaTerii onThUMizallii kepyBaHHs (POpPCYHKaMH YIIOPCKYBaHHS MacTHJIa,
YpaxoBYIOUH PI3HOMaHITHI YMOBH €KCILTyaTaIlli.

Takum 4MHOM, 337]a9y ONTUMAIBHOTO KEPYBaHHS MTPOLIECOM 3MAIIEHHS CYTHOBOTO AU3EIISI MOXKE
OyTu chopmynboBaHO Tak [9]:

3HaiiTu A1 00’ €KTa, OMUCAHOTO Y MPOCTOPI CTaHIB K

i = F(x,u)
: (1)
y=F(x,u)

KepyBaHHS u, 110 JOCTaBIsA€ MIHIMYM (YHKIIOHATY SIKOCTi, SIKHUW OLIIHIOE CEpeTHbOKBaApa-
TUYHE BIIXWJICHHS BiJl 337]aHOTO TPOQLITI0 3MAIICHHS
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J=[(=y)dt, )
3a BpaxyBaHHs OOMEXEHb 32 3SMIHHUMH CTaHY:
X<Xx . (3)

JIe X — BEKTOP CTaHy, ¥ — BEKTOP BXOJY, # — BEKTOp KEpPyBaHHA, y — KIIbKICTh 10JaHOT0 MacTUIIa,
¥, — 3anaHe 3HaueHHs. Onrumizanis QyHkiioHany MeTH (2) 3riiHo 3 yMoBaMHu (3) € 3aBIaHHSIM CIIiJ-
KyBaHHSI, IKC BUMArae 3HaXO/KCHHS KepyBaHHS, CIIPSIMOBAHOTO HA MiHIMI3aIlif0 BiIXUICHb BUX1THOT
BEJIMYMHU BiJl 33J1aHOT METH 3 ypaxXyBaHHSIM O0OMEKEHb Ha 3MIHHI CTaHYy.

BuxopucranHs epeioBUX TEXHOJIOTIH YIpaBIiHH (POPCYHKaMU CUCTEMH 3MAIlEHHs, 30KpeMa
3a JIOTIOMOTOI0 HEUITKUX AJITOPUTMIB, Aa€ 3MOTY MOJIMIIUTH TOYHICTh Ta €(EKTHBHICTH MPOLECY
3MAIlleHHS TOJIOBHOTO IBUTYHA. Lle crpsMoBaHO Ha ONTHUMI3alil0 HOro ()yHKIIOHYBaHHS Ta IiJBU-
IICHHS 3arajbHOI NPOXyKTUBHOCTI. IIInsxoM aHami3y BiAXWJIEHHS THCKY BIIOPCKYBAaHHS HEUITKUN
PETYJSITOp YCTAaHOBIIOE ONITUMAITBbHI MapaMeTpu HajamTyBaHHs [1l-perynsropa ais cucreMu Kepy-
BaHHS [10J]aY€I0 MAaCTHJIa y CUCTEMY JIyOpHKAaTOPHOIO 3MalleHHS.

MexaHi3M JIOT1YHOTO BUBOAY BKJItoYae 4yotupu eranu [10; 11]:

— (azudikarrito (yBeICHHS HEUITKOCT1);

— HEYITKUH BUBIL;

— KOMIIO3HMIIIIO;

— nedasudikaiiro (MPUBEAECHHS 0 YITKOCTI1).

OCHOBHUM KOMITOHEHTOM JIJIsl [TPOBEICHHS OIepallii HeUiTKOIro JIOIiYHOro BUBOAY € 0a3a mpa-
BUJI, II0 MICTUTh HEYiTKi yMOBU y (opmi «Skmo — To» Ta (yHKIII HANIEKHOCTI A BiANOBIA-
HUX JIHTBICTUYHUX TepMiB. [[1s1 e(heKTUBHOI poOOTH CUCTEMU PEKOMEHIYETHCS BUKOPHUCTOBYBATH
MOJIeJIb HeUiTKOro BUBoAYy MamaaHi [12], ockiIbKM 1i CTPYKTypa JIErKO IHTEPIPETYEThCS B TEPMi-
Hax, 3p03yMUIHX 00CITyTrOBYIOUOMY ITEPCOHAITY.

TepM-MHO)KMHU BX1THUX HEUITKUX JTIHMBICTUYHUX 3MIHHHX IS HEYITKOTO PETYIISATOPA BKIFOYAIOTh:

— PI3HUIIIO MK 33JJaHUM THCKOM YIIOPCKYBaHHS 1 JaKTUYHUM 3HAUEHHSM (B. 0.):

AP = {«LOW», «NORMALY, «<HIGH»};

— YMICT IPOJYKTIB 3HOCY y BiAIPalbOBAHOMY MAacTHJI1 MiANOPLUIHEBUX TOPOKHHUH 32 PI3HOTO
HarpaIroBaHHs IIIHAPIB (B. 0.):

= {«LOW», «MEDIUM», «<HIGH»}.

OyHKIIIT HaEKHOCTI JUIS BXITHUX 3MIHHUX HaBeJIeHO Ha puc. 1.
TepM-MHO)KMHU BUXIJHUX HEUITKHUX JIIHTBICTHYHUX 3MIHHUX HEUITKOTO PETYIISTOpA:
— mponopiiinuii cknaguauk [1l-perynsaropa:

k,= {«LOW», «MEDIUM», «HIGH»};
— IHTerpaJIbHUN CKJIaTHUK:

k,= {« LOW», «MEDIUM», «HIGH»}.
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T T T T T
LOw MORMAL HIGH

1 T I I I
input variable “AP™
a)

T T T T T T T
Law MEDIUM HIGH

| 1 1 1 1 1 | 1

input var‘siai)ls‘cFa' o
0)

Puc. 1. @yHkuii HaJIesKHOCTI BXiIHUX JIHIBICTUYHHX 3MIHHUX: Pi3HUISA MiXkK 32JaHHM THCKOM BIOPCKYBAHHSA

i pakTHYHMM 3HAYEHHAM (A), YMICT IPOAYKTIB 3HOCY y BilIpanboBaHOMY MACTHJIi NiANOPIIHEBUX NOPOKHUH
3a pi3HOro HaNpanBAHHA NHIIHAPIB (0)

ODYHKIIIT HAIEKHOCTI /IS BUX1THUX 3MIHHUX HAaBEJIEHO Ha puc. 2.

Buxonsun 3 aHanmizy NpUHIMITY i CHCTEMH JTyOPHUKAaTOPHOTO 3MAIIeHHS Ta 0COOIMBOCTEH ii
(yHKIIIOHYBaHHS B PI3HUX peXUMax, chopMyeMO €BpUCTUYHI MPpaBUIIA-TIPOAYKIlT HEUITKOT MOJEi
JUTSL BU3HAYEHHS TapaMeTpiB HanamrtyBaHb [1I-perymnsitopa:

1. SIxmo (¢ = LOW) ta (AP = LOW), To k, =MEDIUM, k, = HIGH.

2. SIxmo (¢ =LOW) ta (AP = NORMAL), 10 kK, = LOW, k, = LOW.

3. Sxmo (¢ = LOW) ta (AP = HIGH), To k, = MEDIUM, k, = HIGH.

4. SIxmo (¢ = MEDIUM) ta (AP = LOW), 1o k, = HIGH, k, = HIGH.

5. Axmo (¢"* = MEDIUM) Ta (AP = NORMAL), 10 k, = MEDIUM, k, = LOW.

6. Sxmo (c"* = MEDIUM) Ta (AP = HIGH), 10 k, = HIGH, k, = HIGH.

7. SIxmo (¢ = HIGH) Ta (AP = LOW), T0 k, = HIGHR, k, = HIGH.

8. Sxuo (¢ = HIGH) ta (AP = NORMAL), 1o k, = HIGH, k, = HIGH.

BuxopucTanHsa aganTUBHOTO HEUYITKOTO PETyIsSTOpa CUCTEMHU 3MAIIeHHS 3a 3aIpONOHOBAHOIO
0a30¥10 MpaBWII IS HAJTAMITYBaHHS ONTUMaTbHIX mapameTpiB [1I-perymsitopa ais kepyBaHHS MpoIie-
COM yTHOPCKYBaHHS ITWJITHAPOBOIO MaCTHIIa MOXKE 3a0€3MeUUTH CTa01IbHE (PYHKITIOHYBaHHS CUCTEMH
3MaIeHHS Y PI3HUX eKCIUTyaTalliifHUX pexuMax.

JIJIsT KOMII’ FOTEpHOTO MOJICITIOBAHHS BUKOPUCTAHHS aalITUBHOTO HEUITKOTO PETyIIsTOpa CHUC-
TEeMU JIyOPUKATOPHOIO 3MallleHHs y penakropi HeuiTkux cucrem FIS mporpamHoro komriekcy
MATLAB [13; 14] notpeOye moainy BCiX JIHTBICTHYHHX 3MIHHUX Ha BX1JIHI Ta BHXIJHI, a TaKOX
MIPEACTABICHHS MOJIENl Y BUIISII JIepeBa 3 BOMa OAaThKIBCBKUMU By3iaamu — «Bxim» ta «Buximy.
HeuiTki MEHOXHHH Y MOy 11X (pasudikaliii BU3HAUAIOTHCS 3a JIOMTOMOTOI0 (DYHKITIH HAJIEKHOCTI THITY
Tpaneii (puc. 1, 2), 10 OMUCYIOTHCS 3a JOIIOMOTOI0 MOBH IIPOTpaMyBaHHS, 1110 HaOIMKEeHa 10 PH-
POIHOI MOBH.
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T T T T T T T T
LOW MEDIUM HIGH

1 1 1 T 1 1 1 1

output variable "Kp*

a)

T T T T T T T T T
Low MEDIUM HIGH

| | | | T | | | |
0.1 02 03 0.4 0 06 08 0

input variable "cFe™

0)
Puc. 2. ®yukuii HaJIesKHOCTi BUXITHUX JIHTBICTHYHUX 3MiHHHX:
nponopuiinnii ckiaguuk II-perynsaropa (a), inTerpanbHa ckJIagHuk (0)

3aranpHUI BUIIISA]] TIPOMIOHOBAHOI MOJIENi HEUITKOTO BHBOAY HaBeneHO B pemaktopi FIS mpo-
rpamHoro nakery Matlab na puc. 3.

[#] Fuzzy Logic Designer: lubrication

File Edit View

lubrication P

LXXN

{mamdani)

ALXXN
T~

—
XX

&P 3
FIS Name: lubrication FIS Type: mamdani
And method min o Current Variable
Or method max o R i
Type output
Impiication min o
Range o1
Aggregation max -
Defuzzification -
centroid ~ 7 G
Updating Membership Function Edtor

Puc. 3. Moaenas HeuiTkoro BuBoay B penakropi FIS
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[IpaBuiia HEYITKOTO BUBOMY Ul PO3POOTIOBAHOI CUCTEMH IPEICTABISIOTHCS 32 JIOTIOMOTOIO
penakropa npasui. @parmMeHT 0a3u MpaBuil y peaakropi HeuiTkux cuctem FIS mporpamHoro xommn-
nekcy MATLAB naBeneno Ha puc. 4.

OTpuMaHi 3HaYEHHS CTYIEHIB ICTUHHOCTI KOXXHOTO TpaBWiIa Jal0Th MOXKIUBICTH MPOBECTH
aKTHBALIIIO, M/ Yac sIKOT pe3yabTyroda (PyHKIIS A7 KOKHOI BUX1AHOT 3MiHHOI TpUKMae MiHIMaIbHE
3HA4YEeHHS 3 BIJIIOBIAHOIO CTYNEHs ICTUHHOCTI MpaBWila Ta BUX1JHOI (QYHKIIT HAJIEKHOCTI 3a3Haye-
HO1 BuXigHO1 3MiHHOI. [Ticis akymysiiii oTpuMyeThes 3araiibHa (GyHKITISI HAJIGKHOCTI IS BUXITHUX
3MiHHMX k, Ta k, 32 BCIMa TEpMaMH.

r
| |4 Rule Editor: lubrication = O X

File Edit View Options

1. If (cFe is LOW) and (AP is LOW) then (Kp is MEDIUM)(Ki is HIGH) (1)
2. 1f (cFe is LOW) and (4P is NORMAL) then (Kp is LOW)(Ki is LOW) (1)

3. If (cFe is LOW) and (AP is HIGH) then (Kp is MEDIUM)(Ki is HIGH}) (1)

4. 1f (cFe is MEDIUM) and (4P is LOW) then (Kp is HIGH)(Ki s HIGH) (1)

5. If (cFe is MEDIUM) and (AP is NORMAL) then (Kp is MEDIUM)(Ki is LOW) (1)
B. If (cFe is MEDIUM) and (4P is HIGH) then (Kp is HIGH)(Ki is HIGH) (1)

7. 1f (cFe is HIGH) and (4P is LOW) then (Kp is HIGH)(Ki is HIGH) (1)

8.1f (cFe is HIGH) and (AP is NORMAL) then (Kp is HIGH)(Ki is HIGH) (1)

9. If (cFe is HIGH) and (AP is HIGH) then (Kp is HIGH)(Ki is HIGH) (1)

If and Then and

cFeis APis Kpis Kiis
Low Low Low Low
WMEDIUM NORMAL WEDIUM MEDIUN
HIGH HIGH HIGH HIGH
none nene none none
(Jnat (] nat ([J et (et

Connection Weight:
O or
0 ans 1 Delete rule Add rule << | ==

|nueruieischanged | Clase ||

Puc. 4. ®parmenT 6a3u npaBua y peaakropi FIS

Ha puc. 5 HaBeneHO MOBEPXHI PIMIEHHS I BUXIAHUX 3MIHHHMX K, Ta k, sSKi GOPMYIOThCS 3a
PO3po0IIEHO0 0a3010 TTPABHIL.

Kp

AP AP

a) 0)
Puc. 5. llosepxHi pitnenns Juist BUXiaAHUX 3MinHux k, (a) Ta k, (0)

Jlnis uuciaoBUX po3paxyHKIB Ha eTari fedasudikaiii Mu OyaeMo KOpUCTYBATHUCS METOJOM IIeH-
TPy Baru. 3riJJHO 13 LIUM METOJIOM, YiTKl 3HaYE€HHS MapaMeTpiB HaJalllTyBaHb PETYISITOpa BIOPCKY-
BaHHsI MAacTHJIa BU3HAYAIOTHCS K aOCIIMCH IIEHTPY Baru IUIackoi (irypu, ska oOMexeHa rpadikom
KpUBOi (YHKIIIT HaJEKHOCTI BIAMOBIAHOTO mapamerpa (BuxinHoi 3MmiHHOI). [Ipuknaa po3paxyHKy
HaBEeJIEHO Ha puc. 6.
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4. Rule Viewer: lubrication - a x

File Edit View Options

Kp=552 Ki=0.318

1 10 0 1

B [06:0.05] T 101 Loz Eft ‘ right | down | wp |

(Opened system lubrication, 9 rules

Help | Close | J

Puc. 6. [Ipuxiag 3HaX0qKeHHs YiTKUX 3HAYeHb 3 OTPUMAHUX HEUiTKHUX 3MiHHHX

byno mpoBeneHO OMmiHKY €(QEKTHBHOCTI 3ampONOHOBAHUX PIIICHb MUISIXOM BHUKOPUCTAHHS
KOMII'FOTEPHOTO MOJICNIFOBaHHs B IporpamHomy nakeri Matlab Simulink. Onniero 3 ocoGnuBocTeit
i€l KOMI'FOTEPHOT MOJIEJIi CUCTEMH ONTHMAaJIbHOTO KEPYBAaHHS MPOLIECOM BIIOPCKYBAaHHS € HasiB-
HICTh KOHTYPY aJamnTarlii, SKMi aBTOMaTHYHO MiA0Upae mapaMmeTpu HajamryBanHs [1I-perymstopa
3 ypaxyBaHHSM aHaji3y AMHAMIKU pOOOTH AU3es.

Jis mocIipKeHHs 3aIpOTIOHOBAHOTO METOAY KEepyBaHHS MOXHA CKOPUCTATUCH IMITAIIITHOIO
mozaemo [15]. Ha puc. 7 npeacTtaBieHo koM r0TepHy Mozaensb [1I-perynstopa 3 KOHTYpoM ajanra-
uii napametpiB. CUrHAIM, 110 BKa3yIOTh HAa 3MiHY THCKY BIIOPCKYBAaHHS Ta KOHIIEHTPALIIO JOMIIIOK
y BIANpalbOBAaHOMY MACTWJI1, MOAI0ThCA Ha BX1J aJallTUBHOTO perynstopa. OCKUIbKY NOTPIOHUM
TUCK YIOPCKYBaHHS MPSAMO MPONOPLIHHUNA po301’KHOCTI TUCKY, PO3PAaXOBY€ETHCS 3HAYEHHS Oa’kaHOi
IIBUJIKOCTI MACTUJIBHOTO HAcoCa.

Koutyp apmanrtauii nmapamerpi [ll-perynsaropa, sikuii BHUKOPHUCTOBYE HEUITKHI KOHTpOJIEP
JIOTIKHM, aHaJli3y€e OTPUMaHi 3HAYEHHS PO301KHOCTI 1 peaiizye alropuT™M HEYITKOrO BUBOY, BCTAHOB-
JIOIOYH ONTUMAJIbHI MMapaMeTpu HanamrtyBanHs [1I-perynstopa uist HOTOYHOTO peXXUMy Ta JUHAMIY-
HUX TTOKAa3HHUKIB CHCTEMH BITOPCKYBaHHSI.

Lk -

+ 1 Fuzzy Logic
Controller
u Transport % = alld
Delay <

Puc. 7. Moaeab cucTeMH KepyBaHHS BIIOPCKYBAHHSIM MacTHJIA
3 KOHTYpoM aaanTauii napamerpis I1I-peryasitopa
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Pesynprartu MozenoBaHHs TUCKY MacTHUJIa B CUCTEMI BIIOPCKYBaHHs y ABOX BapianTtax (3 I1I-pe-
TYJISTOPOM Ta 3 HEYITKUM KOHTYpPOM aJlanTallii) HaBeJeHo Ha puc. 8.

ime offset: 20.001

Puc. 8. PesyabraT MOIeTI0BAaHHA THCKY MACTHJIA B CHCTEeMi BIIOPCKYBAHHS:
—— i3 I1I-peryaaTopoM; e°eee i3 HEYiTKUM KOHTYPOM aganTaiii

Pesynbratn MonentoBaHHs CBiAYaTh NMPO €(PEKTUBHICTH 3alpPONOHOBAHUX pilieHb. [IopiBHSAHO
13 CUCTEMOIO KepyBaHHS, 110 BUKOpUCTOBYe Ill-perynarop, HEUITKUIA PerymnsaTop HpOsIBIsSE 3HAYHO
MEHIIIE BiIXWJICHb BiJ] 33JJaHOTO 3HAYEHHS THCKY. Lle MOsCHIOEThCS THM, IO BiATOBIAHO JI0 pO3pO-
071eHOT MOJIeITl HEeUITKOTO BUBO/Y, KOHTYp aJlanTallii B ONTUMAJIbHOMY PETryJISITOpl HAIAIITOBY€E Napa-
METpPH TaK, 100 3a0e3MeUnTH anepioguyHI XapakTep MepexiqHoro Mpolecy 3 MiHIMalIbHUM Tepe-
PETYJIIOBaHHSAM Ta CKOPOYCHHSAM Yacy pPeryjIrioBaHHA. TakuM YMHOM, 32 BEJIMKHUX BIIXHICHb THUCKY
PEryisITop NPUCKOPIOE MEPEXIAHUI MPOLEC, a 3a MAJINX, HABIAKU, — 3a0e3Iedye IIaBHE HaJlallTy-
BaHHs TUCKY BIIOPCKYBaHHS J10 0a’kaHOTO 3HAYCHHS.

BucHoBku

Jnis 3a0e3meueHHs! ONTUMalIbHOI poOOTH CUCTEMHM 3MAallleHHs TOJIOBHOTO JIBUTYHA Ta 3abe3re-
YEeHHs 0ro HaAIMHOCTI i €PEeKTUBHOCTI B PI3HUX YMOBaX eKCIUTyaTallii He0OXiJHO aKTUBHO BITPOBa-
JOKYBATH TIEPEIOBI 3aCO0M MIKPOIPOIIECOPHOI TEXHIKH, M0 3a0€3MeUyI0Th ONIEPATUBHUI 3B’ 30K 13
CHCTEMOIO JIUCTAHIIHHOTO YHPaBIiHHS Ta 3arajlbHOCYIHOBOI OOUHCIIIOBAIBHOIO Mepeskero. Po3po-
OJIeHHS BUCOKOC(DEKTHBHUX AJITOPUTMIB JIJISI TAKMX CHCTEM BHMArae 3acTOCYBaHHS HOBITHIX ITiIXO-
JIIB J10 KEpYBaHHsI, 30KpeMa BIPOBAKEHHS 1HTEIEKTyaJIbHUX CUCTEM.

Buxoasuu 3 BUMOT 710 SIKOCTI NMPOIIECy 3MaleHHs Ta HECTALlIOHAPHOTO XapakTepy napamMe-
TpiB MOJEeJl 00’€KTa KepyBaHHs, OOTPYHTOBAHO JOLUIBHICTh BUKOPUCTAHHS HEUITKUX aJITOPHT-
MIB Ul BU3HAYEHHS MapaMeTpiB HaJAIITYBaHHS PErylsaToOpa CUCTEMH 3MalleHHs. Po3pobieHo
CTPYKTYpPY HEUITKOTO PEeTyJasTOpa, BUSHAYEHO BX1HI Ta BUX1/IHI apaMeTpPH, a TAKOXK MOOYI0BAHO
BIAMOBIHI (YHKIII HaJIE)KHOCTI. AHalli3 Mpouecy (PyHKIIOHYBaHHS CUCTEMH 3MallleHHs Ta Bpa-
XyBaHHSI KPUTEPII0 ONTUMAIBHOCTI Jaju 3Mory chopmyitoBatu 6a3y HmpaBuil Uil BU3HAYEHHS
MPOTMOPLIHHUX Ta IHTETpaJbHUX CKJIATHUKIB peryisTopa. Lli qaHi nsarim B OCHOBY MareMaTH4HO1
MOJIeJIl HEUITKOTO PEerynasaropa, sika BinoOpakae ioro poOOTy B yMOBaxX pi3HHUX peXUMIB (PyHK-
uionyBanHs. [IpoBeneHi JOCTiKEHHSI 3 BUKOPUCTAHHSIM OTPUMAHOI iMiTaliifHOI Mozeni mpoje-
MOHCTPYBaJU €(PEKTHBHICTh Ta JOIUIBHICTh 3aCTOCYBAHHS HEUITKUX aJTOPUTMIB y PEryasiTOpax
CUCTEMU 3MalleHHS.

Cnucox BUKOPHCTAHOI JiTepaTypu
1.  Tadros M., Ventura M., Guedes Soares C. Optimization of the Performance of Marine Diesel
Engines to Minimize the Formation of SOx Emissions. Journal of Marine Science and

https://doi.org/10.32782/mathematical-modelling/2024-7-1-1
19



ITPUKIIA/THI ITHNTAHHA MATEMATHYHOI' O MOJE/IFOBAHHA T. 7, Ne 1, 2024

10.

11.

12.

13.

14.
15.

Application. 2020. T. 19. Ne 3. P. 473—-484. URL: https://doi.org/10.1007/s11804-020-00156-0
(mara 3Bepuenns: 10.05.2024).

Woodyard D. Introduction: A Century of Diesel Progress. Pounder’s Marine Diesel Engines and
Gas Turbines. 2009. C. ix—xxvii. URL: https://doi.org/10.1016/b978-0-7506-8984-7.00034-5
(nara 3Bepuenns: 10.05.2024).

Perseas pappas. Alpha lubricator system 707X-40C alpha lubricator system operation manual
MC engines. Academia.edu — Share research. URL: https://www.academia.edu/29710496/
Alpha_Lubricator System 707X 40C_Alpha Lubricator System OperationManual MC
Engines (nara 3Bepuenns: 10.05.2024).

RTA and RT-flex low-speed engines. Wartsila.com. URL: https://www.wartsila.com/products/
marine-oil-gas/engines-generating-sets/rta-and-rt-flex-low-speed-engines (mara 3BepHEHHS:
10.05.2024).

borau B.M., loBuzaenko FO.M., Cno6ozastaiok [.M. OcoGuBOCTi IyOpUKaTOPHUX CUCTEM JTU3EIIb-
Hux nBUTyHIB MAN-B&W. Cyonosi enepeemuuni ycmanoexu. 2020. Bumn. 40. C. 144-151.
CimanenkoB A.JI., birya C.B., Jle6enenko FO.O. Ilizxonu 10 moOyq0BH CHCTEM KepyBaHHS
npoliecaMy YIOPCKYBaHHS [IMJIIHAPOBOTO MacTHJIA CYTHOBUX ABUTYHIB. CyuacHi enepeemuuni
YCMAHOBKU HA MPAHCHOPMI, MEXHON02ii ma 001aA0HAHHA 05l iX 00CIY208Y68aHHA : MATepialld
14-i Mi>xHapoTHOT HayKOBO-TIPaKTHYHOI KoH(pepeHtii, M. Oneca, 16—18 6epesns 2023 p. Oneca,
2023. C. 369-371.

Sun Z., Shen Z., Li X. Experimental study on influence factors of atomization performance of
air-blast lubricator. Journal of Central South University (Science and Technology). March 2018.
49(3). P. 600-605. DOI: 10.11817/5.issn.1672-7207.2018.03.012.

Hanexxun A.B., lannukun B.H., be3BepOusiii A.B. [lonxonsl u kputepuu ais odecreyeHus
6e3omacHOi 1 3 (HEeKTUBHOM IKCIITyaTallMH CYJOBBIX KpEeHIIKOTI(PHBIX TU3eseil Mo mapaMmeTpam
oTpaboTaHHOTrO HUIHHIPOBOrO Macia. Cydocmpoenue. 2011. Ne 2. C. 30-33.

biryn C.B., CimanenkoB A.Jl., Jlebenenko 1O.O. 3amaua onTuManabHOTO KEpyBaHHS IMPOIlE-
COM YMOPCKYBaHHS IIMJIIHIPOBOTO MacTUIa CYIHOBUX NBUTYHIB. CyuacHi enepeemuyni ycma-
HOBKU HA MPAHCNOPMI, MexXHON02li ma 001aoHanHs 015 ix obciyeoeyeanns . marepiamm 15-1
MixHapoHO1 HayKoBO-IIpakTHUHOi KoH(epeH1ii, M. Oxneca, 16-18 Gepesns 2023 p. Opeca,
2023. C. 93-94.

Wang H.O., Tanaka K. Fuzzy Control Systems Design and Analysis: A Linear Matrix Inequality
Approach. Wiley & Sons, Incorporated, John, 2004. 320 p.

Altrock C.V. Fuzzy logic and neuroFuzzy applications in business and finance. Upper Saddle
River, N.J : Prentice Hall PTR, 1997. 375 p.

Jlebenenko FO.0., Kone6anos O.K., /lanuk B.B. AnantuBHa cuctema kepyBaHHSI KOMOIHOBaHHM
IPOMYJIECUBHUM KOMIUIEKCOM 13 HEUITKUM PETyISITOpOM. Bicnuk Xepconcvko2co HayioHanbHo2o
mexHiunozo ynieepcumemy. 2021. Ne. 2(77). C. 30-37. DOI: 10.35546/kntu2078-4481.2021.2.3.
Kupuk B.B. Maremarnunuii arapar ITy4HOTO 1HTEJIEKTY B €ICKTPOCHEPTETUYHUX CHCTEMaX :
niapyuynuk. Kuis : [Tomitexnika, 2019. 224 c.

Tomamescrkuit B.M. MonentoBanns cuctem : miapyunuk. Kuis : BHV, 2005. 352 c.

biryn C.B., CimanenkoB A.JI., Jlebenenko F0.0. ImiTariiina Moesb CHCTEMH KEpyBaHHS IPOIIe-
COM YNOPCKYBaHHS [IMJIIHAPOBOTO MACTHIIA CYTHOBUX IBUTYHIB. [IpuKkiaoui numanus mamema-
muunozo mooenosanus. 2023. T. 5. Ne 2. C. 9—18. URL: https://doi.org/10.32782/mathematical-
modelling/2022-5-2-1.

References
Tadros, M., Ventura, M., & Guedes Soares, C. (2020). Optimization of the Performance of
Marine Diesel Engines to Minimize the Formation of SOx Emissions. Journal of Marine Science
and Application, 19(3), 473—484. https://doi.org/10.1007/s11804-020-00156-0 [in English].

https://doi.org/10.32782/mathematical-modelling/2024-7-1-1

20



ITPUKIIA/THI ITHNTAHHA MATEMATHYHOI' O MOJE/IFOBAHHA T. 7, Ne 1, 2024

2.

10.

I1.

12.

13.

14.

Woodyard, D. (2009). Introduction: A Century of Diesel Progress. U Pounder’s Marine
Diesel Engines and Gas Turbines (s. ix—sxxvii). Elsevier. https://doi.org/10.1016/b978-0-
7506-8984-7.00034-5 [in English].

Perseas pappas (n.d.). Alpha lubricator system 707X-40C alpha lubricator system operation
manual MC engines. Academia.edu - Share research. https://www.academia.edu/29710496/
Alpha_ Lubricator System 707X 40C_Alpha Lubricator System Operation Manual MC
Engines [in English].

RTA and RT-flex low-speed engines. (n. d.). Wartsila.com. https://www.wartsila.com/products/
marine-oil-gas/engines-generating-sets/rta-and-rt-flex-low-speed-engines [in English].

Bogach, V.M., Dovidenko, J.M., & Slobodianiuk, .M. (2020). Osoblyvosti lubrykatornykh
system dyzelnykh dvyhuniv MAN-B&W [Features of systems greasing of diesel engines
MANB&W]. Sudnovi enerhetychni ustanovky [Ship power plant], 1, 144—151. https://doi.
org/10.31653/smf340.2020 [in Ukrainian].

Simanenkov, A.L., Bihun, S.V., & Lebedenko, Yu.O. (2023). Pidkhody do pobudovy system
keruvannia protsesamy uporskuvannia tsylindrovoho mastyla sudnovykh dvyhuniv [ Approaches
to building management systems cylinder injection processes marine engine lubricants]. Suchasni
enerhetychni ustanovky na transporti, tekhnolohii ta obladnannia dlia yikh obsluhovuvannia:
materialy 14-toi Mizhnarodnoi naukovo-praktychnoi konferentsii [Modern energy installations
in transport, technologies and equipment for their maintenance: proceedings of the 14rd
International Scientific and Practical Conference], p. 369-371 [in Ukrainian].

Sun, Z., Shen, Z., & Li X. (2018). Experimental study on influence factors of atomization
performance of air-blast lubricator. Journal of Central South University (Science and Technology)
49(3). 600—605. https://doi.org/10.11817/j.issn.1672-7207.2018.03.012 [in English].
Nadezhkin, A.V. Danichkin V.N., & Bezverbnyi, A.V. (2011). Podkhody i kryterii dlia
obespecheniia bezopasnoi i1 effektivnoi ekspluatatsii sudovykh kreitskopfnykh dyzelei po
parametram otrabotannoho tsylyndrovoho masla [ Approaches and criteria for ensuring safe and
efficient operation of marine crosshead diesel engines based on the parameters of used cylinder
oil]. Sudostroenye, No 2. p. 30-33.

Bihun, S.V., Simanenkov, A.L., & Lebedenko, Yu.O. Zadacha optymalnoho keruvannia protsesom
uporskuvannia tsylindrovoho mastyla sudnovykh dvyhuniv [The task of optimal control of the
process of injection of cylinder lubricant of marine engines.]. Suchasni enerhetychni ustanovky na
transporti, tekhnolohii ta obladnannia dlia yikh obsluhovuvannia: materialy 15-toi Mizhnarodnoi
naukovo-praktychnoi konferentsii [Modern energy installations in transport, technologies and
equipment for their maintenance: proceedings of the 15rd International Scientific and Practical
Conference], p. 93—94 [in Ukrainian].

Wang, H.O., & Tanaka, K. (2004). Fuzzy Control Systems Design and Analysis: A Linear Matrix
Inequality Approach. Wiley & Sons, Incorporated, John [in English].

Altrock, C.V. (1997). Fuzzy logic and neuroFuzzy applications in business and finance. Prentice
Hall PTR [in English].

Lebedenko, Yu.O., Kolebanov, O.K., & Danyk, V.V. (2021). Adaptyvna systema keruvannia
kombinovanym propulsyvnym kompleksom z nechitkym rehuliatorom [Adaptive control
system of the combined propulsive complex with a fuzzy regulator]. Visnyk of Kherson
National Technical University, 2, p. 30-37. https://doi.org/10.35546/kntu2078-4481.2021.2.3
[in Ukrainian].

Kyryk, V.V. (2019). Matematychnyi aparat shtuchnoho intelektu v elektroenerhetychnykh
systemakh [Mathematical apparatus of artificial intelligence in electric power systems]. Kyiv:
Politekhnika [in Ukrainian].

Tomashevskyi, V.M. (2005). Modeliuvannia system [Modeling of systems]. BHV
[in Ukrainian].

https://doi.org/10.32782/mathematical-modelling/2024-7-1-1

21



ITPUKIIA/THI ITHNTAHHA MATEMATHYHOI' O MOJE/IFOBAHHA T. 7, Ne 1, 2024

15. BihunS.V., Simanenkov A.L., & Lebedenko Yu.O. (2023) Imitatsiina model systemy keruvannia
protsesom uporskuvannia tsylindrovoho mastyla sudnovykh dvyhuniv [Simulation model of
the control system of the cylinder oil injection process of marine engines]. Applied Questions
of Mathematical Modeling. Vol. 5, no. 2. (p. 9-18). https://doi.org/10.32782/mathematical-
modelling/2022-5-2-1 [in Ukrainian].

biryn Cepriii BonogumupoBuu — acmipaHT kadeapu eKCIuTyaTallii CYTHOBOTO €JIeKTpO-
oOnaaHaHHSA Ta 3aco0iB aBTOMaTH3alii XepCOHChKOI Jaep:kaBHOI Mopchbkoi akaaemii. E-mail:
bigunsergej4@gmail.com, ORCID: 0009-0007-6385-3296.

CimanenkoB AHpiit JIeoHITOBUY — K.T.H., CTApIIMKA BUKIagad Kadeapu eKcIuTyarailii CyIHO-
BOTO €JIEKTPOOOIaHaHHS Ta 3ac00iB aBTOMaTH3allli XepCOHCHKOI Jep)KaBHOI MOPCHKOI akajemii.
E-mail: simanenkov.andrii@gmail.com, ORCID: 0000-0003-0797-5276.

Jlebenenko HOpiit OnexcanapoBud — K.T.H., IOIEHT Kadeapu iHGOpMaIiiHUX Ta KOMI O-
TEPHUX TEXHOIOTIH KHIBCHKOro HaIliOHAJBHOTO YHIBEPCHUTETY TEXHOJOTiM Ta nmsaiiny. E-mail:
lebedenko.yo@knutd.edu.ua, ORCID: 0000-0002-1352-9240.

Bihun Serhii Volodymyrovych — Postgraduate Student at the Department of Operation of Ship
Electrical Equipment and Automation Devices of the Kherson State Maritime Academy. E-mail:
bigunsergej4@gmail.com, ORCID: 0009-0007-6385-3296.

Simanenkov Andrii Leonidovych — PhD in Engineering, Assistant Professor at the Department
of Operation of Ship Electrical Equipment and Automation Devices of the Kherson State Maritime
Academy. E-mail: simanenkov.andrii@gmail.com, ORCID: 0000-0003-0797-5276.

Lebedenko Yurii Oleksandrovych — PhD in Engineering, Senior Lecturer at the Department of
Information and Computer Technologies of the Kyiv National University of Technologies and
Design. E-mail: lebedenko.yo@knutd.edu.ua, ORCID: 0000-0002-1352-9240.

https://doi.org/10.32782/mathematical-modelling/2024-7-1-1
22



