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dynamic systems. An intelligent agent, which has the properties of autonomy, social behaviour,
reactivity, and proactivity, is such a software object. In this paper, the term "intelligent transport
agent™ is used to refer to an agent that solves routing problems, as well as can move and
characteristics of speed and carrying capacity. The task of improving the quality of solving high-
dimensional routing problems based on the use of coalitions of intelligent transport agents, with
assessments of the success of actions that change during activity, is relevant within the framework of
maritime transport technologies. The most significant result is a method for solving the transport
problem for seaports based on the use of intelligent agents, which involves the formation of coalitions
of agents and the distribution of desired actions with the possibility of changing success ratings.
Within the framework of the corresponding method, procedures are proposed to ensure high quality of
solving the transportation problem. At the same time, the article establishes the computational
complexity of the algorithms used to implement these procedures. The presented approach to creating
agents allows for increased flexibility in their behaviour, easy modification, and separation of the
program code from the description of actions that determine behaviour. An approach based on
improving the characteristics of agents because of the actions performed by agents can be used to
bring the obtained solutions closer to optimal results.
Keywords: seaport, transportation problem, routing, intelligent agent, multiagent, coalition.
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KOHTPOJIEP IIEPEPO3IIOALTY NOTYKHOCTI AJIAA SMEHILNEHHA KOJIMBAHHSA
HABAHTAKEHHSA HA MEPEXKY CYIHA

Memoio cmammi € po3pobka KoHmponepy nepeposnooiry NOMYM*CHOCMI 0N 3MeHUIeHHs
KONUBAHb HABAHMAICEHHS, WO 2EHEePYIOMbCA  CHONCUBAUAMU 8 MepediCi MOPCbKO20 CYOHA.
Ilocmaenena mema OocsaeaemvCs WIIAXOM BUBHAYEHHS CUCMEMU PIBHAHb 000 Nepepo3nooiny
HOMYICHOCMI 8 Mepedci HA MOpcbKoMmy CYOHI. Bcmanognenwo, wo KOHmponep nepeposnooiny
HOMYHCHOCMI IPYHMYEMbCA HA 10€ei KOMOIHY8AHHA Pe2yNI08anHs 4acmomuy 8i0N08iOHO 00 NONUMY mda
WBUOKO20 3HUIICEHHS Hasanmasicenus: y mepedici. OCHOBHA i0es nonseae 8 momy, Wo 3aCmocy8anHs
OUHAMIYHO20 360POMHO20 38'A3KY MINC eHep2OCUCMEMOI0 Ma eleKMPUUHUMU NIOPYII0EAYAMU MOHCE
NOKpawumu pezyno8anHs 4acmomu Ha cyoui. 3a80saKu 6iOHOCHO Genukiu iHepyii CYOHa, WeUuoKa
MOOuGhixayis NOMYH#CHOCMI HA NIOPYNI0BAYAX, 30IUCHEHA KOHMPOJIEPOM Nepepo3nooiy NOMYHICHOCHII,
Maudce He enaugamume Ha peakyiro cyona. Kpim moeco, inwi cnoocusaui, sKi 8UKOPUCIOBYIONb
eHepailo, makKoxic MOddCymov Oymu 3a0iaHi 0Nl KOHMPONIO Nepepo3noodiny euepeii. Takum YuHoM,
PO3p0oOKa KOHmMpoaepa nepepo3snooily NOMYHCHOCMI € BANCIUBUM 3AB0AHHAM, 5Ke O00360JA€
3MEHWUMY KONUBAHHA HABAHMANCEHHS HA Mepexcy CYOHA ma RiOUwumu egpekmusHicmes o2o
enekmpuunoi cucmemu. Haubinow cymmeeum pe3yibmamom € BU3HAYEHHA HO8020 NiOX00Y 00
VIPABIIHHA Nepepo3n0OiIoM NOMYHCHOCMI, AKUU I[PYHMYEMbCA HA KOPUSYBAHHI DIZHUYI MIdC
Gaxmuunoo weuoKicmw obepmanua 2pedHo20 8aly ma to2o 3adauoilo weuoxicmrwo. ILleti nioxio
Micmumo Y coOl BUKOPUCMAHHA 080X PI3HUX cmpameiil YNPAGIiHHA Nepepo3nooiioM NOMYHICHOCHI.
Ilepwa cmpamezis ynpasninHs noasi2ac y UKOPUCMANHI 360POMHO20 38'A3KY 8I0 GIOXUNIEHHA YACMOmMU
Mepedci 01 KopeKyii i0Xunensb weuokocmi epebnoco eany. [pyea cmpamezis ynpasniinHsa Noaseae y
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BUKOPUCMAHHI 360POMHO20 38'43KY 610 2eHepylouoi cucmemu Ol KOpeKyii 6i0XuieHb KpPYmHO20
mMomenmy. Bcmanoeneno, wo Opyea cmpamezia maec noxkpawjeny pobacmuicme, ane O01a il
BUKOPUCTAHHS HeOOXIOHUU cnocmepizay. s nooanbuux 00CIiONHCeHb MONCHA PO3STIAHYMU HANPAMKU
MOOen08anHs PYHKYIOHYBAHHA KOHMPOJIEPY Nepepo3no0ily NOMYHICHOCMI 3a OPY200 CMpPAmezier 3
Memoio 8U3HAYEeHHs. HAOTUHOCMI cnocmepieaya 00 napamempie HemoyHOCmel OAHUX [ MOICTUBOCTE
11020 BUKOPUCMAHHSL 0151 KOHMPOJIIO.

Knwuosi cnoea: rommponep nepepo3snooily  NOMYICHOCMI, CYOHO, eHepeocucmemd,
HABAHMAJICEHHS, OUHAMIYHULL 360POMHIL 38'A30K, eleKMPUdHULL NIOPYII08ay, CMpamezisi.

IMoctanoBka mnpodsemu. Po3poOka cucTteMHu YNpaBIiHHS ENEKTPOXXKUBICHHAM € BaXIUBUM
HaNpsIMKOM  IIOKpAllleHHs  YNpaBJIIHHA MOPCBHKOIO  €JIEKTPOCHEPreTUYHOK  CHCTEMO0, IO
CIpSMOBAaHMN Ha TMIJBUINEHHS CTIHKOCTI CHUCTEeMHM 10 BIJKJIIOYEHb, BUPILMICHHS OCHOBHUX
HECIPaBHOCTEH €HEeproCUCTEMH, 3MEHILIEHHs eKCIUTyaTalllfHUX BUTpAT Ta 30epeXeHHS KOMIIOHEHTIB
MallliH €HEeproCcHCTeMH IijJ MiHIMAaJIbHUM HAaBAaHTAKCHHAM Yy OyIb-SKMX YMOBaxX eKCIUTyaTarlii.
CyuacHi MOPCBKI €JIEeKTPOCHEPreTHYHI CHCTEMH MalTh BHCOKY (DYHKIIIOHAJIBbHICTh, peali30BaHy B
IHTETpOBAaHMX CHCTEMax aBTOMAaTH3allil, MPOTe I1HCTPYMEHTH Ta METOAM aHaji3y MOPCHKUX
€HepreTUYHUX CHCTEM OOMEXEHI 3HAHHIMM, JIOCTYIHUMH B paMKaX OKPEMHUX MEXaHIYHUX Ta
CIEKTPOTCXHIYHUX JUCIUILIIH.

VY 3B'3Ky 3 TUM, L0 Cy/JHOBAa PyXOBa YCTaHOBKA 3a3BHYail € HaHOLIbIIUM CHOXHBaueM Ha
CyIHi, MK CHCTEMOIO YIIPaBIIiHHS €JICKTPOKUBICHHSIM Ta PYXOBOKO YCTAHOBKOIO iCHYIOTh BaXKJIMBI
B3aemonii. 1li B3aemoii 311iCHIOIOTECS Yepe3 KOHTPOJIEp JUHAMIYHOTO MO3UIIOHYBAHHS, alTOPUTM
PO3MOALTY TSTH, KOHTPOJIEPH JIOKAIBHUX IiPYIIOBAYiB, KOHTPOJIEPHU JIOKATBHOI YaCTOTH Ta HANPyTH
rereparopiB. Cucrema yrpaJliHHS €JIeKTPOKUBICHHAM IOBUHHA 3a0€3euyBaTu:

—  JIOCTYyIHE YNpaBJliHHSA CTATUYHUM HAaBaHTAKEHHSIM MOTYKHOCTI;

—  KOHTpPOJIb OOMEXEHHS IBUAKOCTI HABAHTA)KEHHS;

—  IIBUJKE 3HIKEHHS HaBAaHTAKCHHS.

Ili ¢yHKuii MarOTh Ha METI YHUKHEHHS BIAKIIIOYEHHS €JEKTPOIOCTauaHHs Ta 3a0e3leueHHs
JOCTaTHBOI MOTYXXHOCTI JUIsl CyiHA y OyIb-sKuii MOMeHT. CHuCTeMa yNpaBIiHHS €IeKTPOKUBICHHIM
B3a€MOJIi€ 3 IHIIUMHM CHCTEMaMM YIIpaBIiHHS, 1100 YHUKHYTH IE€pepB y €JEKTPONOCTa4aHHI Ta
3MEHILIUTH eKCIUTyaTaliifHi BUTpaTH. MOXIMBOCTI 301IbIIEHHS TPOAYKTUBHOCTI CyJHA, MOKPAILEHHS
Horo CTiMKOCTI 10 HECHpPaBHOCTEH Ta 3MEHIIEHHS IIBUKOCTI 3HOCY KOMIIOHEHTIB B OCHOBHOMY
pO3IIANAIOTECA  OKPEMO Il KOXHOI CHCTeMH YyIpaBiiHHA. PilleHHS B OCHOBHOMY Oynu
IMIUTIKATUBHUMM (HANpUKJIaa, MiCIIeBE YIPABIIHHA TATOI0), 1 MaJIO yBaru NpUIUIAIOCS B3a€MOIIT MK
[IUMH CUCTEMaMH, €JIEKTPOCHEPTETHYHOI0 CHCTEMOIO Ta CHCTEMOIO YIPABIIHHS €IEKTPOKUBICHHSIM.
Jleski mUTaHHS, K1 MOKYTh BUHUKHYTH LII0JJ0O CUCTEMHHX B3a€MO/IiH, NOJATalOTh Y TAKOMY:

— K BIUIMBa€ (PYHKUIOHAIbHICTh CUCTEMHU YIPABIIHHS ENEKTPOKUBICHHAM Ha MiclLeBe
YIPaBIiHHSA TATOIO;

— 5K BIUIMBAE MICIIEBE YIIPABJIIHHS TATOI0 HAa NPOAYKTHUBHICTh €EHEPTOCUCTEMH;

— SK BIUIMBAIOTh JESKI CIIOKHMBAayl Ha NMPOJYKTUBHICTH €HEProCUCTEMHU Ta, BIANOBIAHO, Ha
IHIIIMX CIIO)KUBAYiB;

—  SIK BIUIMBA€E poOOTa €HEPrOCUCTEMH Ha CXMJIBHICTD /IO HECTIPABHOCTEH Ta B1JIKIIFOUECHHS;

—  SIK IOTOJIHI Ta eKCIUTyaTalliiiHi yMOBH BIJIMBAIOTh HA MPOJYKTHBHICTH €HEPrOCHCTEMH Ta Ha
3arajibHy  TPOAYKTHBHICTh  CyJHAa 4epe3 KOHTPOJb TMOTYKHOCTI  CHCTEMH  YIPaBIiHHS
€JIEKTPOXKHBIICHHSIM;

—  sIKi HECIIPAaBHOCTI MOKHA YHUKHYTH, SIKILIO CUCTEMA YIIPaBIiHHs Oy/ie epecTpyKTypOBaHa,;

— K MO)XHa MIHIMI3yBaTH €KCILTyaTaliliHi BUTPATH Ta BIOPATHUCS 3 CYNEPEWIMBUMH LLISIMHU.

Otxe, po3poOka KOHTpoJiepa Tepepo3NOJUly TMOTYXKHOCTI, SKUHA 3MEHIIYE KOJHMBAHHS
HaBaHTa)XCHHS HA MEPEXKY Cy/HA, IO TeHEPYETHCS CIIOKUBAYaMH CY/IHA, € aKTyaJTbHUM 3aBJaHHSM.

AHani3 ocTtaHHIX AocaiKeHb i myOuaikamiii. B icHyloUMX DOCHIIDKEHHAX PO3MIIAJAIOTHCS
PI3HOMAaHITHI MiAXO/U AJISl YIIPABIIHHS MOTY>KHICTIO MEPEX1 Ha MOPCHKUX Cy/IHAX.
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Hanpuknan, B po6orax [2, 10—-14] ans ynpaBiiHHS TATOIO Ta TBUHTaMH Ha MOPCBHKUX CyJIHAaX
PO3TIISAAIOTECA PI3HI KOHIEMINT, Takl SK He3aJleKHa MIBUAKICTb-KPYTHUM MOMEHT-TIOTY>KHICTh Ta
KOMOIHOBaHE YNpPaBIiHHS 3 aHTUCIIHOBUM KOHTpoJeM. Lli MeToan MOXyTh 3a0e3MeunTH CTabiiabHy
BUXI1JIHY MOTYXHICTb IIPU BEJIUKUX BTPATax KPYTHOTO MOMEHTY, IO CIPUYUHIOETHCS OOEPTaHHSIM
rBuHTa. OHAK, €PEKTH JEKUTBKOX MiAPYTIOBATBHUAX MPUCTPOIB TA IHIIMX CIIOKHWBAYiB MOTY>KHOCTI B
CHUCTEMI HE BpPAaXOBYIOTbCS MpPHU pO3poOIll aJTOPUTMIB YIpaBIiHHA HHU3bKOro piBHA. KoHTposep
JIOKaJIbHOI TSATH BPaxOBY€E TUIBKU JOKaJIbHI KOJMBAHHS MOTYKHOCTI KO)KHOTO OKPEMOT'0 HiIpyJIroBaya,
HE 3BEpTal04M yBard Ha HAaBaHTAXXEHHS HAa CUCTEMY B LILIIOMY.

Hanpuknax, anropuTtMu  onTHMi3amii  po3moAily  TATM  MalTh Ha  METI  3HHM3HUTH
€HEepProCOXKUBAHHSA IIAPYIIOBAIBHUX IPUCTPOIB 1 CKOPOTUTH BUTpPATH MaluBa, 3a0e3MeUyrouu
ONTUMAIILHUM PO3MOJALT TOTYXKHOCTI MDK CyTHOBMMH mifgpyitoBadyamu. Lli amroputmMu yacrto
BUKOPHUCTOBYIOTHCSI B MOPCBKHX CHCTEMaXx, 1 pO3IIISIAIOTLCA Y JDKEpenax, Takux sk [4, 6—8]. OxnHak,
QITOPUTM PO3MOAUTY TSITW MPHUITYCKAe, IO TUIABHI 3MIHM Yy TMOTYXHOCTI 3a0e3neyarh IUIaBHI
IIEpeXo/I0Bl MpOLECH B €HepreTuuHii cuctemi. lle He 3aBkAM MOXIMBO, KOJM I'BUHTU 3a3HAIOTh
3HaYHUX BTPAT TATH 1 KPYTHOrO MOMEHTY. KpiM TOro, airoputM OOMEXEHHMH IHUIIE PYXOBUMH
HaBaHTAXXEHHSAMH, a IHII HAaBaHTAXEHHS, SKI MOXYTb IPU3BECTH [0 3HAYHUX KOJIMBAHb
HAaBaHTAXXCHHS B MEpEeXi, HE BpaxoBYIOThCSA. Hapemiri, aniroputM po3mojiay TSATH HE BUPILIYE
po0IeMH HeclpaBHOCTEH ab0 MOJIOMOK, K1 MOKYTh BIUIMHYTH Ha 3arajlbHy Peaklliio cyHa.

Jeski nmpuctpoi anst 30epiraHHsi eHeprii, Taki K aKyMyJSITOpH, KOHJICHCATOPH Ta MaXOBHKH,
MOXYTb BUKOPUCTOBYBAaTHUCh i KOMIIEHCAlli KOJMBaJbHOI NOTpeOM B €Heprii B eJNEeKTPUUHii
Mepexi. HacTo mpomoHYy€eThCS yIPaBIiHHS TIOPUIHUME €IEKTPUYHUME TPAHCIIOPTHUMH 3aco0aMH Ha
OCHOBI ONTHMI3allii CUCTEM YIIPaBIIiHHS €EeKTPOXKUBICHHAM cTaTTaX [1, 5, 9]. He3paxkatouu Ha Te, 1110
Il TEXHOJIOTiSl MOXe 3a0e3MeYUTH EKOHOMII0 €HEeprii Ta MOKpalleHHS PEryJIOBaHHS YacTOTH Ta
HalpyTrH, BOHA HE IIUPOKO BUKOPUCTOBYETHCSA HA MOPCHKUX CyJIHAX uepes3 ii BeJIMKi po3Mipu Ta Bary.

PerynroBanHs KOMyTallii YaCTOTHOTO MOIUTY IOJIATA€ Yy 3aCTOCYBaHHI MPUCTPOIB YIIPABIiHHS,
K1 aBTOMaTUYHO BMHUKAIOTh Ta BUMUKAIOTh MAIlIMHU Ta IPUCTPOT BIAMOBIAHO 10 BIAXWIEHb YaCTOTH 3
METOI0 3a0e31eueHHs OallaHCy MIX TIOIMUTOM Ta IIPOTO3UIIIEI0 elleKTpoeHeprii [3].

MeTo1o cTaTTi € po3poOka KOHTpOJIEpY MEePepo3NOUTy HOTYKHOCTI Ul 3MEHILIEHHs KOJIMBaHb
HABaHTAXXCHH, 1110 TCHEPYIOTHCS CIIOKUBAYaMHU B MEPEKi MOPCHKOTO CyTHA.

OcHoBHI pe3yabTaTu aAocaimkenHs. Kontponep nepeposnoainy noryxxuocti (KIIIT) 6a3zyerscs
Ha TOETHAHHI 1€ 100 PEryJIOBaHHS YacTOTH Ha OCHOBI TOMHUTY Ta IIBUJKOTO 3HIKCHHS
HaBaHTaxeHHsA. OCHOBHA iJed TNOJsIrae B TOMYy, IIO JUHAMIYHUM 3BOPOTHMM 3B'S30K Bif
€HEepPrOCHCTEMH [0 EIEKTPHUYHUX IiIPYTIOBadiB MOXE BIOCKOHAJIUTH PETYJIIOBaHHS YacTOTH Ha
MOPCBKOMY CYJIHI. 3aBASIKM BIIHOCHO BENUKIiM iHepIii cyJqHa, MmBHIKAa MOAMQIKallis MOTYKHOCTI Ha
nigpymoBauax, BeefaeHa KIIII, He cyTTeBo BrmMBatMMe Ha peakuio cyaHa. Kpim Toro, iHmI
CHOXHBaui, K1 MOKJIJal0ThCSI HAa €HEPTito, TAKOXK MOXKYTh OYTH BUKOPHCTaHI1 JUIsl KOHTPOJTIO.

3anponoHOBaHe YHPABIIHHS IEPEPO3MOAUIOM TMOTYKHOCTI € TIO€THAHHAM PeTyJIOBaHHS
IIBUJIKOCTI Ta TMOTYXHOCTI TATHM Ha OCHOBI Mepexi. Lle ympaBiiHHS Moke OyTH BUKOpPUCTaHE s
3HUKEHHS KOJIMBaHb HAaBAaHTAXXEHHS HA HECMPaBHIN MJAPYJIbOBIM YCTAaHOBIIl Ta MEPEPO3MOALTY
Ha/UTMIIKOBOI eHeprii B Mepexi MK IHIIMMM HiApYyJIOBadaMu Ta CHOXHBauaMH, 110 3a0e3nedye
3HAYHI MOKpAIIEHHs CTa0UIHLHOCTI MepexXi Ta 1HTeNeKTyaabsHO1 00poOku obmannanns. KIIIT oOmexye
KOJINBAaHHS HAaBAaHTAXKCHHS Ha MiAPYJIIOBAIbHY YCTAaHOBKY B YMOBaxX BEIMKHX BTpaT TAru. Kpim toro,
BIH MOXe€ OOMEXYyBaTW TATY Ha TiMl K€ MiAPYJOBaJbHINA yCTaHOBII JIMILE Yy BUIAJKY, SIKIIO TAra
BUKJIMKA€E B MEPEX1 BUCOKHUI PIBEHb KOJIMBAaHb HABAHTAXKEHHSI.

[IportoHOBaHMH MIAX1A LIOJ0 YHpPABIIHHS TEPEPO3NOAUIOM TOTYKHOCTI 0a3yeTbcs Ha
BHIIPABJIEHHI Pi3HMIII MDK IIBMAKICTIO 00€pTaHHs TPEOHOrO Baly Wy, i HOro 3alaHOr0 HIBHIKICTIO
00epTaHHs Wy, 1 BAKOPUCTOBYE JIBI PI3H1 CTPATETIi yIpPaBIIiHHSL.

[lepmra crpareris nondrae y BUKOPUCTaHHI 3BOPOTHOTO 3B'SI3KY BiJl BIIXMJICHHS YaCTOTH MEpexi
JUTST KOPEKITii BIIXUJIEHB MIBUAKOCTI TPEOHOTO BaTy

ep = wop —wp + kgp (wg — wog)- (1)
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Hpyra ctpareris ynpaBiiHHS TOJIATAE€ Y BHUKOPHUCTaHHI 3BOPOTHOTO 3B'SI3KY Bijl T€HEPYHOYOi
CHCTEMH JUIsl KOPEKIIii BIIXUJICHb KPYTHOTO MOMEHTY

ep = Wop —wWp + kgp (ng* _Qeg ), (2)

ne K g, — IIPUPICT 3BOPOTHOTO 3B'A3KY.

[Ticns 3MeHIIeHHs KPYTHOrO MOMEHTY MEXaHIYHOTO JBUTYHA 3a0e3medyeTbes AeMIlpyBaHHS
reneparopa. OuiHOBaY cTaHy (crocrepirad), BHKOPHCTOBYETbCS Ui IIyMOBOi  (pimpTparii
BUMIpIOBaHb YaCTOTH Ta KPYTHOTO MOMEHTY.

Ha puc. 1 nokazano konuentyanbHy cxemy KIIII amst npyroi crparerii.

CyTHICTD aHali3y 3aMKHYTOTO LUKy Ta €()eKTH HaBaHTAXXEHHS HAa MEPEeXy B paMKaxX IBOX
PI3HUX CTpaTerii yIpaBIiHHS MOJISATAE Y TAKOMY.

3a J0MOMOTOI 3BOPOTHOTO 3B'SI3KY BiJl BIAXWJICHHS 4YacTOTH Mepexi B piBHsAHHI (1), mepia
CTpaTerisi IPU3BOAUTS JI0 3MiHH KPYTHOTO MOMEHTY JIBUTYHA TATH

Qmp = kpp (Wop — wp ) + kppkgp(wg — wog ). ©)

Jlu3ens reneparop L +

—b[ KoHTponep H AsuryH ]—P[ FenepaTtop +
A

Jluzens reneparop i ‘

—b[ KoHTtponep H JeuryH H leHepaTop
S — i
|

MexaHiuHui1

Eneprorenepyioua
cHCTEMa

CmoxnBagi

|
| KoHtponep
LaTHAK

KpyTHOro
MOMEHTY

! nepeposnoainy

NOTY}KHOCTI
QoMemeHHsT

MBHIKOCT
Bid cucmemu wieudkozo

HABAHTAXKECHHA
3HUMEHHA HABAHMANEHHA

Perynatop ObmemeHHA AnHamika AunHamika
KOHTpOnepa MOMEHTY ABUTYHA Bany

Cnocrepirad
TOPCIOHHOrO
HABAHTAMEHHA

Bid HoreHo!

nom, yx‘mocmi

OpieHTUp
TAMU

IMpuBia ABATYHA TAPYIIONYOT0 IPHCTPOTO

Pucynok 1 — KonnentyanbHa cxema KOHTpoJIepa Nepepo3noILTy NOTYKHOCTI HA MOPCbKOMY CY/IH1

[Tpu bOMy piBHSHHS 3aMKHYTOT'O LIMKJIY (POPMAJIbHO 337Ja€THCA K

d _ _Wog Dg wpkpp kgpwpkpp
at 9 = 2Hyon [ng - w_og(wg Wog) = ( Wop = Wp) — Prgtog (wg = ‘UOg)] (4)

3ayBajkuMo, 1110 BUKOPUCTAHHS 3BOPOTHOT'O 3B'A3KY TATH 3 YACTOTHUM BiJIXUJICHHSAM I'€Heparopa
cipusie 30UTBLICHHIO JAeMII(yBaHHSA y DPIBHSHHI 3aMKHYTOrO LMKy d4acToTH. lle mpusBomuTh a0
3MEHIICHHSI KOJIMBAaHb YaCTOTH LUIIXOM KOMIIEHCAIlll HaBaHTaXXEHHS, 110, Y CBOIO 4epry, MiJABHIIYE
CTaOUTBHICTh CHUCTEMH. SIKIIIO YacTOTa TeHepaTopa 3pOCTa€, OMOpHA TATa THMYACOBO 3POCTaE, IO
JoroMarae 30UIbIINTH €HEeprilo CUCTEMH. SIKIIO 4acToTa 3MEHIIY€EThCS, OMOpPHA TAra 3MEHIIYEThCS,
TOMY 3MEHIIYETHCSI HABAHTA)KEHHS Ha CUCTEMY. 3MiHa OIOPY HABAHTAXEHHS € TUMYACOBOIO, TOKU HE
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Oyae AOCTYNHHM MeXaHIYHUW KPyTHMA MOMEHT Qmg BiZ OBUTYHIB 1 He OyJe NOCATHYTO HOBOTO
OaylaHCy HaBaHTA)KEHHS.

3a J01OMOTOI0 3BOPOTHOTO 3B'SI3KY BiJ BIAXWJIEHHS KPYTHOTO MOMEHTY, IO TEHEPYETHCS
CHCTEMOIO, JIPyTa CTpaTeris MpU3BOIUTH A0 3MIHU KPyTHOTO MOMEHTY JBUT'YHA TSTH

Qmp = kpp ((‘)Op — Wy )+ kppkgp (Omg* - Qeg ). (5)

s nemoHcTpartii 3acTocoBHOCTI 3amponoHoBaHoi konmemniii KITII Oyno BKIFOYEHO TUHAMIKY,
sKa OyJia MpoirHOpOBaHa paHilie, A0 iMiTauiiHOI Moaei

_ 2Hpnon d
Qmp = kpp(@op — @p ) + kppkyy wog at 9" (6)

Taka 3aJ1e)KHICTh BiJ] IPUCKOPEHHS I€HEPYIOUY0i CUCTEMHU POOUTH KOHTPOJIEP TATH 3AJICKHHUM BiJ
Hei. Y 3B'A3Ky 3 MM, PIBHAHHS 3aMKHYTOTO UKy HA0YBAIOTh HACTYITHHI BUTJIST

d wa [ ® kpp ]
@g = ——(w; —w - —w
g 2HNon(1+kppkgpP ) Qmg wa( g Og) ( Wop p)

dt
rg®g

Bipryanphe 30inblIeHHS iHEpIil cUCTEMHU 31MCHIOETHCS 3a JOMOMOTOI) 3BOPOTHOTO 3B'S3KY
NPUCKOPEHHS a00 KOHTPOJIO IHEPIIHHOI peakiii, IO NPU3BOAUTH IO 3MEHIICHHS YacCTOTHHX
KOJINBaHb.

SIkmo B opHIN cucTeMi mparroe aBi abo Oinblne KepoBaHI MaIlMHU, TO 3aCTOCOBYIOUHM IEPIIY
CTpaTerito 3BOPOTHOTO 3B'S3KYy BiJ BIAXWJIEHHS YacTOTH MEpPEXi, MOKHA OTPUMATH TaKi PIBHSHHS
3aMKHYTOTO ITUKITY

(l)og
w — _
9 = 2HNon [Q mg w

o (wg wa) ZT 1Wp pp(wOp wp)_%(wg -

“)Og) Zp=1 kgp WpKpp |- (8)

SKII0 BUKOPHUCTOBYBAaTH JpPYry CTpaTeril0 3BOPOTHOTO 3B'I3KY 3 BIAXWUJIEHHSM KpPYTHOIO
MOMEHTY T€HEpYI4O01 CUCTEMH, TO MOXHA OTPUMATH TaKl PIBHAHHS 3aMKHYTOT'O IIHKITY

d Wog

2Hpyon| 1+

Dg T ]
x - Wy — Wog ) — w Wop — W
" ) [ng wog( 9 Og) Prgw Z =1%p pp( op p)
Prgwg Yp=1@pkppkgp

9)

ne kpp = kpy = kpp, mmap = 1L,w, =wy Taqmap = 2,w, = wy.

SIKIO w4 3MEHIIMTHCS 33 paxyHOK 30UIbIIEHHS HaBaHTaKeHHs Ha rpeOHMH Ball 1 wg— wq > 0, TO
KOHTpoJsiep OyJe IisiTH, 100 BpiBHOBAKUTH HABAHTAXKEHHS, 30UTBIIMBIIN W, 1 3POOUBIIH Wop— Wy <
0.

BuchoBku. VY crarri 3amnpononoBaHo KIIII, skuii ponmomarae 3MEHIIUTH KOJHMBAaHHS
HAaBaHTAXXCHHS Ha MEpPEeXy CyIHa, sSKe TeHepyeThcsl crnokuBadamu cynHa. KIIIT Gasyerbcsi Ha
YaCTOTHOMY PETYJIIOBaHHI Ha OCHOBI MOMMTY 1 IIBUIAKOMY 3HM)KEHHI HaBaHTakxeHHS. OCHOBHa ijes
NoJisira€ B TOMY, MO PETyJIOBaHHS YacTOTH Ha MOPCHKOMY CyIHI MOJXKHAa BJIOCKOHAJIHTH,
BUKOPUCTOBYIOUM JUHAMIYHMMA 3BOPOTHUM 3B'A30K B EHEPrOCUCTEMU [JO EJIEKTPUUYHUX
MiapyJtoBaviB. 3aBISKH BITHOCHO BENTWKIM 1HEPIi CyaHa, MBHUIKA MOAMQIKAISA TMOTYKHOCTI Ha
nigpymoBauax, BeefeHa KIIII, He Mae 3HaYyHOrO BIUIMBY Ha peakuilo cyjaHa. [HmI crmoxkuBaui, ski
MOKJIAJIAl0ThCA HA €HEPrito, TaKoK MOXYTh OyTH BUKOpUCTaH1 A KoHTpoumto. [linxia ympaBiiHHS
KITIII, 3ampornoHoBaHM B CTaTTi, IPYHTY€ETHCSI HA KOPUTYBaHHI PI3HMII MIXK IIBUIKICTIO O0OepTaHHS
rpeOHOrO Bally Ta 3aJaHOI0 IIBUAKICTIO OOepTaHHS Tporenepa, 1 0a3yeThCs Ha 3aCTOCYBaHHI JTBOX
pI3HUX CTpaTeriil yrnpapiiHHA. X0o4a Mepiia cTpaTeris € Ay’ke MPOCTO0 y peati3allii Ta Moke HeraitHoO
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NOJIMIIUTH PEryJIOBaHHS YacTOTH, Jpyra crparteris 3alesmedye OUIBII MIBHAKY KOPEKIIO
HaJIAIITYBaHHS IMIBHJKOCTI Ta Kpalle PEryJIIOBaHHS YacTOTH 3 MEHIIMMH 3YCHJUIAMH YIIPaBIiHHS.
Kpim Toro, apyra crparterisi 103BoJiss€ BCTAHOBIIOBATH (DIKCOBaHI MeXi HIBHAKOCTI HABaHTA)KEHHS
Oe3rmocepeIHhO Ha ABUTYHU. B 000X cTparerisix 3amponoHOBaHO BAOCKOHAJICHY YacTOTHY (huIbTpallito
3 BUKOPHCTaHHIM CIIOCTEpirada OLiHIOBaHHS CTaHy. IIpu mpomy Jpyra cTpaTeris Mae BIOCKOHaJICHI
BJIaCTUBOCTI pobacTtHocTi. OmHak, g i1 3acToCyBaHHsA HEOOXiMHWM crmoctepirady. Hampsimxammu
NOJANIBIINX JOCHIDKeHb € MozemoBanHs ¢yHkumionyBanHs KIIIT 3a nmpyroro crpaTeri€ero 3 MeETOO
BU3HAUCHHS TOTO, IO CIIOCTEpirad HaAiiHWK O MapameTpiB HETOYHOCTEH MaHUX 1 MPUIATHUH JUIA
KOHTPOJIIO.
JITEPATYPA

1. Aoyagi, S., Hasegawa, Y., Yonekura, T., & Abe, H. (2001). Energy efficiency improvement of
series hybrid vehicle. JSAE Review, 22(3), 259-264. https://doi.org/10.1016/S0389-4304(01)00100-X
2. Bakkeheim J., Johansen T. A., Smogeli @., Segrensen A. J. Lyapunov-Based Integrator Resetting
With Application to Marine Thruster Control. IEEE Transactions on Control Systems Technology.
2008. Vol. 16(4). P. 908-917. https://doi.org/10.1109/TCST.2007.916340

3. Black J. W., llic M. Demand-based frequency control for distributed generation. IEEE Power
Engineering Society Summer Meeting. 2002. Vol. 1. P. 427-432, doi: 10.1109/PESS.2002.1043270.

4. Fossen T. I, Johansen T. A. A Survey of Control Allocation Methods for Ships and Underwater
Vehicles. 14th Mediterranean Conference on Control and Automation (MED'06). Ancona, Italy, 2006.
P. 1-6. DOI: 10.1109/MED.2006.328749.

5. He B., Ouyang Minggao. Optimisation-based energy management of series hybrid vehicles
considering transient behavior. International Journal of Alternative Propulsion. 2006. Vol. 1. P. 10-
22. DOI: 10.1504/1JAP.2006.010759.

6. Johansen T.A. Optimizing nonlinear control allocation. 2004 43rd IEEE Conference on Decision
and Control (CDC) (IEEE Cat. N0.04CH37601). Nassau, Bahamas, 2004. P. 3435-3440 Vol. 4. DOI:
10.1109/CDC.2004.1429240.

7. Johansen T. A., Fossen T. ., Tendel P. Efficient Optimal Constrained Control Allocation via Multi-
Parametric Programming. AIAA Journal of Guidance, Control and Dynamics. 2004. Vol. 28(3). P.
506-515.

8. Johansen T.A., Fossen T.l., Berge S.P. Constrained nonlinear control allocation with singularity
avoidance using sequential quadratic programming. IEEE Transactions on Control Systems
Technology. 2004. Vol. 12(1). P. 211-216. DOI: 10.1109/TCST.2003.821952.

9. Koot, M., J. Kessels, B. de Jager and P. van den Bosch. Fuel reduction potential of energy
management for vehicular electric power systems. International journal alternative propulsion. 2006.
Vol. 1(1). P. 112-131.

10.  Pivano L., Johansen T. A., Smogeli O. N., Fossen T. I. Nonlinear Thrust Controller for Marine
Propellers in Four-Quadrant Operations. 2007 American Control Conference, New York, NY, USA,
2007, P. 900-905. DOI: 10.1109/ACC.2007.4282514.

11. Radan D., Asgeir J. Serensen, Tor Arne Johansen. Inertial Control of Marine Engines And
Propellers. IFAC Conference on Control Applications in Marine Systems. 2007. Vol. 40(17). P. 323—
328.

12. Smogeli @. N., Serensen A. J., Fossen T. 1. Design of a hybrid power/torque thruster controller
with loss estimation. IFAC Proceedings Volumes. 2004. Vol. 37(10). P. 409-414. URL:
https://doi.org/10.1016/s1474-6670(17)31766-4 (date of access: 02.02.2024).

13.  Smogeli @. Control of Marine Propellers: from Normal to Extreme Conditions : PhD thesis.
2006. 335 p.

14. A New Method of Thruster Control in Positioning of Ships Based on Power Control / A. J.
Serensen et al. IFAC Proceedings Volumes. 1997. Vol. 30(22). P. 199-206. URL:
https://doi.org/10.1016/s1474-6670(17)46514-1 (date of access: 02.02.2024).

157


https://doi.org/10.1016/S0389-4304(01)00100-X
https://doi.org/10.1109/TCST.2007.916340

Bomuuii Tpancmiopt Ne 1 (39) 2024
REFERENCES

1. Aoyagi, S., Hasegawa, Y., Yonekura, T., & Abe, H. (2001). Energy efficiency improvement of
series hybrid vehicle. JSAE Review, 22(3), 259-264. https://doi.org/10.1016/S0389-4304(01)00100-X
2. Bakkeheim, J., Johansen, T. A., Smogeli, @., & Serensen, A. J. (2008). Lyapunov-based
integrator resetting with application to marine thruster control. IEEE Transactions on Control Systems
Technology, 16(4), 908-917. https://doi.org/10.1109/TCST.2007.916340

3. Black, J. W., & llic, M. (2002). Demand-based frequency control for distributed generation. In
IEEE Power Engineering Society Summer Meeting, Vol. 1, 427-432.
https://doi.org/10.1109/PESS.2002.1043270

4, Fossen, T. I., & Johansen, T. A. (2006). A survey of control allocation methods for ships and
underwater vehicles. In 14th Mediterranean Conference on Control and Automation (MED'06), Italy,
1-6. https://doi.org/10.1109/MED.2006.328749

5. He, B., & Ouyang, M. (2006). Optimisation-based energy management of series hybrid
vehicles considering transient behavior. International Journal of Alternative Propulsion, 1(1), 10-22.
https://doi.org/10.1504/1JAP.2006.010759

6. Johansen, T. A. (2004). Optimizing nonlinear control allocation. In 2004 43rd IEEE
Conference on Decision and Control (CDCQ), Vol. 4, 3435-3440).
https://doi.org/10.1109/CDC.2004.1429240

7. Johansen, T. A., Fossen, T. 1., & Tendel, P. (2004). Efficient optimal constrained control
allocation via multi-parametric programming. AIAA Journal of Guidance, Control and Dynamics,
28(3), 506-515. https://doi.org/10.2514/1.9133

8. Johansen, T. A., Fossen, T. I., & Berge, S. P. (2004). Constrained nonlinear control allocation
with singularity avoidance using sequential quadratic programming. IEEE Transactions on Control
Systems Technology, 12(1), 211-216. https://doi.org/10.1109/TCST.2003.821952

Q. Koot, M., Kessels, J., de Jager, B., & van den Bosch, P. (2006). Fuel reduction potential of
energy management for vehicular electric power systems. International Journal of Alternative
Propulsion, 1(1), 112-131. https://doi.org/10.1504/1JAP.2006.010761

10.  Pivano, L., Johansen, T. A., Smogeli, O. N., & Fossen, T. I. (2007). Nonlinear thrust controller
for marine propellers in four-quadrant operations. In 2007 American Control Conference, 900-905.
https://doi.org/10.1109/ACC.2007.4282514

11. Radan, D., Serensen, A. J., & Johansen, T. A. (2007). Inertial control of marine engines and
propellers. In IFAC Conference on Control Applications in Marine Systems, Vol. 40, No. 17, 323-328.
https://doi.org/10.3182/20070830-3-SF-4913.00052.

12. Smogeli, @. N., Serensen, A. J., & Fossen, T. I. (2004). Design of a hybrid power/torque
thruster controller with loss estimation. IFAC Proceedings Volumes, 37(10), 409-414.
https://doi.org/10.1016/s1474-6670(17)31766-4.

13.  Smogeli, @. N. (2006). Control of marine propellers: From normal to extreme conditions
[Doctoral dissertation, Norwegian University of Science and Technology]. NTNU Open.
http://hdl.handle.net/11250/261338

14, Serensen, A. J., Sagli, J. R., Strand, J. P., & Merk, T. (1997). A new method of thruster control
in positioning of ships based on power control. IFAC Proceedings Volumes, 30(22), 199-206.
https://doi.org/10.1016/s1474-6670(17)46514-1

Voichenko T.O., Shevchenko A.P., Trofymenko A.O., Tryshyn V.V.
POWER REDISTRIBUTION CONTROLLER TO REDUCE LOAD FLUCTUATIONS IN
THE SHIP'S NETWORK

The aim of the article is to develop a power redistribution controller to reduce load fluctuations
generated by consumers in the ship's network. This goal is achieved by determining a system of
equations for redistributing power in the network on a ship. It has been established that the power
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redistribution controller is based on the idea of combining frequency control according to demand and
rapid load reduction. The basic idea is that the use of dynamic feedback between the power system and
electric thrusters can improve frequency regulation on a ship. Due to the relatively large inertia of the
ship, a rapid power modification at the thrusters by the power redistribution controller will have little
effect on the response of the ship. In addition, other energy-using consumers can also be brought
under control. Thus, the development of a power redistribution controller is an important task that
reduces load fluctuations on the ship's network and increases the efficiency of its electrical system. The
most significant result is the definition of a new approach to power redistribution control based on the
correction of the difference between the actual speed of the propeller on the shaft and the set speed.
This approach involves the use of two different control strategies. The first strategy is to use the
feedback from the grid frequency deviation to correct the screw shaft speed deviations. The second
control strategy is to use feedback from the generating system to correct torque deviations. It was
found that the second strategy has improved robustness, but an observer is required to use it. For
further research, it is possible to consider the directions of modelling the functioning of the power
redistribution controller according to the second strategy in order to determine the reliability of the
observer to the parameters of data inaccuracies and the possibility of using it for control.

Keywords: power redistribution controller, ship, power system, load, dynamic feedback, electric
thruster, strategy.
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