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VY pe3ynbrari OUCEpTalIiHOIO JOCHIPKEHHS BUPIIIEHO aKTyallbHE HayKOBE
3aBJIaHHSA - pO3pO0Ka METOJTy OTEepPaTUBHOI AMHAMIYHOIT IMOBIPHICHOT OIIIHKU PU3UKIB
(DPRA) y cucreMax AMHaAMIYHOTO TO3UIIIOHYBaHHS CY/ICH.

CydacHi MOPCBKI omnepallii XapakTepu3yrThCsl BUCOKUM PIBHEM aBTOMATH3AIlll,
CKJIQ/IHICTIO B3A€EMOJIIi TEXHIYHUX Ta MPOTPAaMHUX KOMIIOHEHTIB, a TAK0X 3HAYHOIO
3aJIEXKHICTIO BiA pimeHs omnepatopa cuctemMu (DPO). Brpara mosuiiii BHACHiIOK
TEXHIYHOT B1JIMOBH, 30BHIIIHIX 30ypeHb a00 JIOJCHKOT MOMUIKH MOXKE TIPU3BECTH JI0
KPUTUYHUX HACHiAKIB. Y 3B’A3Ky 3 LMM 3pOCTaE MoTpeda B I1HTENEKTyalbHHX
CUCTEMaX OILIIHKU PU3MKIB Y PEXKUMI peaTbHOTO Yacy.

[cHyroul miaxoau A0 pusnK-MeHeIKMeHTy (30kpema PRA, FTA) rpyHTyroThCs
Ha CTaTHYHHUX MOJIENSAX, AKI HE BPaxOBYIOTh 3MIHHICTh HaBITalifHOTO KOHTEKCTY,
eBoTIONII0 cTaHy cucteMu Ta peakiili DPO. Ile ctBoproe nepeaymMoBu st po3poOKu
HOBOi MeTonosorii - DPRA (JlunamiuHa iMOBiIpHICHA OIliIHKA PU3HKIB), IO JO3BOJISE
dbopmyBaTH aJanTUBHI OILIHKKA PU3UKY Ha OCHOBI CEHCOPHUX JaHUX, KYpHaJiB
OTIEePaTOPCHKUX JIiiA, TPEHAKEPHHUX CIICHAPIiB 1 IepeB MOIiH.

Memow Oucepmayitinoco 0ocnidxcenHsi € TIABUIICHHS pIBHA Oe3NeKu
CYJIHOTIJIAaBCTBA IILJIIXOM PO3POOKH METOJTy OTNEepPAaTUBHOI OI[IHKU PU3HKIB Y CHCTEMax
JUHAMIYOrO TMO3II[IOHYBAHHS 13 BpPaxyBaHHSIM KOMILUIEKCHOTO BIUIMBY TEXHIYHUX,

OpraHi3alifiHUX Ta JIIOJACHKUX YAHHHUKIB Y peaJIbHOMY 4Yacl.
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06’exkm 0ocnioxcenHsi - TPOIIEC OLIHKKA PHU3MKIB Y CHUCTEMaX TWHAMIYHOTO
MO3UIIIOHYBaHHS CY/JICH.

IIpeomem OocniodicenHs - METOIU Ta MOJIEN1 IMOBIPHICHOI OLIIHKUA PHU3HUKIB Y
mporeci B3a€MOMIl TEXHIYHMX CHCTEM 1 JIIOJUHH B YMOBaxX KpPU30BHX CHUTYyallid
JUHAMIYHOTO TTO3UIIIOHYBAaHHS CY/JICH.

VY X011 IpOBEACHOTO NOCTIHKEHHS 0YyJI0 11eHTH()IKOBAHO KOMILUIEKC KIIFOUOBHX
(dakTopiB, 10 BU3HAYAIOTh JUHAMIKY PO3BUTKY aBapiiHUX CHUTyalld y cHCTEMax
nuHamivyHoro Tmo3uiiionyBanHs (DP). Jlo Takux ¢akTopiB BiJIHECEHO: 30BHIIIHI
30ypeHHs (BITPOBI, XBWJIbOBI, T€UilHI BIUIMBH), BTpAaTH a00 CIIOTBOPEHHS CUTHAJIB
no3uiionyBanHa (Hacammiepen PRS), mopyiieHHS B €IeKTPOKUBIEHHI, a TaKOX
JOJCHKUN (PakTOp, 30KpemMa 3aTpUMKHU a0o0 MOMWIKHU B peakiii oneparopa (DPO). Ha
OCHOBI 11IbOT'O aHaJI3y c(pOPMOBAHO y3arajJlbHEHy apXITEKTypy cydacHoi DP-cucremu,
o0 BKJIIOYAE€ THUIOBI JDKepena BXiAHOI 1HGopMalli Takl SK CEHCOpPHI OJIOKH,
iHTepdeiic moauna-mammbaa (HMI), cuctemu ynpapiiHHS TAramu, Ta nependavae
HasBHICTh JMHAMIYHOI 0a3W 3HaHb JJIi HAKOMHWYECHHS W ajanTalii CICHApHOTO
JIOCBITTY.

Po3pobnena cTpykTypHO-(pyHKIIIOHAIbHA CXeMa MOTOKIB JIaHUX JI03BOJIMJIA
OIKCATH B3aEMOJIII0 MK KOMIIOHEHTAMH CHUCTEMH y TIPOIIEC] OLIIHKU PU3UKY, a TAKOK
nodyayBatu (opMajabHUN ONMUC KPUTUYHUX CHUTyallll y BUIIISLAI MaTeMaTHYHUX
mogaeneii: nepesa nojiii (Event Tree), nepeBa BimmoB (Fault Tree) Ta My IbTUTUIKOBUX
CIICHapiiB 13 YaCOBHUMH MITKaMU KJIIOYOBHX (pa3 pearyBaHHs. Y paMKax CIIEHAPHOTO
MozentoBaHHs — BopoBaykeHO DPRA-monens (Dynamic  Probabilistic  Risk
Assessment), sKa MOEIHYE JIOTIKY CIIEHAPHOTO aHATI3y 3 TUHAMIYHUMH 0aileCOBUMU
MepekaMy, 10 JI03BOJISIE MOJIENIOBATH 3MIHY WMOBIPHOCTEH PU3UKY B peaJIbHOMY
Yaci 3aJIe)KHO BiJ 3MIH Y TEXHIYHOMY CTaHI CUCTEMH, HABIral[iiHOMY KOHTEKCTI Ta
noBeainni DPO. Takuii migxim 3a0e3nedye adanTUBHICTh OILIHKH PHU3UKIB 1
MOJKJTUBICTh MTPOAKTUBHOTO MTPOTHO3YBAHHSI 1HIIHICHTIB.

3 METO MiJBUIIEHHS TOYHOCTI MPOTHO3YBaHHS Ta  ONTHUMI3aIll

€HEprocloXKMBaHHS B YMOBaX peajbHUX 30BHIIIHIX BIUIMBIB, Y pPOOOTI TaKOX
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3aMpOIOHOBAHO 3aCTOCYBaHHS MapalOoJIiYHOTO PETryJsATOpa 3 HEUYTJIUBOK 30HOIO.

Takuii migxin 3a0de3neuye cTiike yTpUMaHHA Mo3ulii cyaHa B DP-pexumi HaBiTh 3a
nii KOMOIHOBaHMX 30ypeHb - BITPY, XBWJIb Ta TEUld, 13 OJHOYACHUM 3HWKEHHAM
BUTpAT eHeprii Ha cralbimizamito. [IpoBeneHe ducenbHE MOACIIOBAHHS I03BOJIMIIO
OLIIHUTH BIUIMB BiMOB y KOMIIOHEHTaX CHCTEMH, 300iB y MOJaul CUTHAJIB Ta il
oreparopa Ha MOBEAIHKY CyaHa B auHamiil. OcoOnuBy yBary NpPHAUICHO aHaJI3y
ClieHapiiB BTpartu mo3uiii MoOinpHOI OypoBoi yctaHoBku (MODU) sik ogHOro 3
KPUTUYHUX KEHCIiB.

Jlns mpaktuyHOi mepeBipku Ta KamiOpyBanHs DPRA-moneni crBopeno
CHeIlai30BaHy  TpeHaxepHy  IiaTtdopMmy, 10  BUKOPUCTOBYE  IMIAOJIOHU
OMEepaTOPChKOi TMOBEMIHKH, OTpPUMaHI 3 JaHUX pPEaJTbHOr0 abo CHUMYJIbOBAHOTO
mMoniTopuHry DPO. Ha 1i oCHOBI TakoX peani3oBaHO (PYHKILIOHANbHY CTPYKTYpPY
CUCTEMU MIATPUMKHU MPUHHATTA pimeHb (DSS), sxa 3qaTHa GopMyBaTH KOHTEKCTHO-
3aJeKHI MIKa3KH OMeparopy B MeXax KPUTUYHUX 4YacOBUX IHTEpBATIB, 3
ypaxyBaHHSIM Ou4ikyBaHO1 peakuii moaunu. [aTepdeiic DSS amanroBanuit ans
COPUUHATTS HMOBIPHICHUX OI[IHOK 1 MPOIMOHY€E BapiaHTH MAiil 13 BIANOBITHUMHU
PIBHSIMU PU3UKY.

[IpoBeneno Bepudikamiro po3podisenoi DPRA-momeni Ha 0CHOBI MpaKTUYHHUX
CLIEHapIiB 3 TPEHAKEPHHUX EKCIIEPUMEHTIB 1 ICTOpUYHMX AaHUX. [lopiBHsIIbHUI aHaMi3
MokazaB ii mepeBary HaJ KIACHYHUMH IMIJIXOJaMH JO OIlIHIOBAaHHS PH3UKY B
KOHTEKCTI TOYHOCTI MPOTHO3YBaHHS, 3JaTHOCTI 10 afamnTailli B PeXKHMI pPeabHOTO
4acy Ta CyMICHOCTI 3 eJIeMEHTaMU aBTOHOMHUX HaBIrallliHUX CHCTEM.

3aranoM pe3yJibTaTH JOCHIKEHHS MArOTh 3HAYHUN MPAKTUYHHUM TOTEHIIam:
BOHM MOXYTh OyTH BHUKOpHUCTaHi mis iHTerpauii moneneit DPRA y cucremu
JUHAMIYHOTO TIO3MIIIOHYBaHHS HOBOTO TMOKOJIHHS, amanTuBHI DSS-momymi s
aBTOHOMHOTO (hJI0TYy, TPEHaXXEPHI KOMIUIEKCH 3 OIliHKOI0 moBefainku DPO, a Takox
st popMyBaHHS LIMPPOBUX TONITHUK O€3MEKHM MOPCHKHUX OIepaiii, sKi

3IMCHIOIOTHCS B PEXKUMI PEAIbHOTO Yacy.
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ABSTRACT

Bogachenko E. A. Development of operational safety assessment methods in
dynamic positioning operations of ships. - Qualification scientific work on the
rights of the manuscript. Dissertation for the degree of Doctor of Philosophy (PhD) in
the specialty 271 Maritime and Inland Water Transport, National University "Odesa
Maritime Academy" of the Ministry of Education and Science of Ukraine, Odesa,
2025.

The dissertation research solved an urgent scientific task: the development of a
method for operational dynamic probabilistic risk assessment (DPRA) in dynamic
ship positioning systems.

Modern maritime operations are characterized by a high level of automation,
complexity of interaction between hardware and software components, and a
significant dependence on the system operator's (DPO) decisions. Loss of position
due to technical failure, external disturbances, or human error can have critical
consequences. In this regard, there is a growing need for intelligent real-time risk
assessment systems.

Existing approaches to risk management (e.g. PRA, FTA) are based on static
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models that do not consider the variability of the navigation context, the evolution of

the system state, and the DPO's response. This creates the prerequisites for the
development of a new methodology - DPRA (Dynamic Probabilistic Risk
Assessment), which allows for the formation of adaptive risk assessments based on
sensor data, operator logs, simulation scenarios, and event trees.

The purpose of the dissertation is to increase the level of safety of navigation by
developing a method of operational risk assessment in dynamic positioning systems,
taking into account the complex impact of technical, organizational, and human
factors in real time.

Object of research: the risk assessment process in dynamic positioning systems
of ships.

The study's subject is methods and models of probabilistic risk assessment in
the process of interaction between technical systems and humans in crisis situations of
dynamic ship positioning.

The study identified a set of key factors that determine the dynamics of
emergencies in dynamic positioning systems (DP). These factors include: external
disturbances (wind, wave, current influences), loss or distortion of positioning signals
(primarily PRS), power supply disruptions, and the human factor, in particular, delays
or errors in the operator's response (DPO). Based on this analysis, a generalized
architecture of a modern DP system was formed, which includes typical sources of
input information such as sensor units, human-machine interface (HMI), and traction
control systems, and provides for a dynamic knowledge base for the accumulation and
adaptation of scenario experience.

The developed structural and functional diagram of data flows made it possible
to describe the interaction between system components in the risk assessment process,
as well as to build a formal description of critical situations in the form of
mathematical models: Event Tree, Fault Tree, and multi-branch scenarios with

timestamps of key response phases. As part of the scenario modeling, the DPRA
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model (Dynamic Probabilistic Risk Assessment) was implemented, which combines

the logic of scenario analysis with dynamic Bayesian networks, allowing the model to
change in risk probabilities in real time depending on changes in the technical
condition of the system, navigation context, and DPO behavior. This approach
ensures the adaptability of risk assessment and the ability to predict incidents
proactively.

To improve forecasting accuracy and optimize energy consumption under real
external influences, the paper also proposes using a parabolic controller with an
insensitive zone. This approach ensures that the ship's position is steadily maintained
in DP mode even under the influence of combined disturbances such as wind, waves,
and currents, while reducing energy consumption for stabilization. The numerical
modeling made it possible to assess the impact of system component failures, signal
failures, and operator actions on the ship's dynamic behavior. Particular attention was
paid to analyzing scenarios of loss of position of a mobile drilling unit (MODU) as
one of the critical cases.

For practical verification and calibration of the DPRA model, a specialized
training platform has been created that uses operator behavior templates obtained
from real or simulated DPO monitoring data. It is also the basis for the functional
structure of the decision support system (DSS), which can generate context-dependent
prompts to the operator within critical time intervals, taking into account the expected
human response. The DSS interface is adapted to perceive probabilistic estimates and
offers options for action with appropriate levels of risk.

The developed DPRA model was verified based on practical scenarios from
simulation experiments and historical data. A comparative analysis showed its
superiority over classical approaches to risk assessment in the context of forecasting
accuracy, real-time adaptability, and compatibility with elements of autonomous

navigation systems.
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In general, the study's results have significant practical potential as they can be

used to integrate DPRA models into new-generation dynamic positioning systems,
adaptive DSS modules for autonomous fleets, training systems with DPO behavior

assessment, and digital safety policies for maritime operations carried out in real time.

Keywords: maritime transport, ship operation, navigational systems and
instruments, ship operations, dynamic positioning, risk assessment, event trees,
equipment performance, technical systems, reliability analysis, modeling, decision
support system, propulsion control, positioning systems, failure scenarios, mobile
drilling rig, simulation training, energy efficiency, human-machine interface, adaptive
control, navigation data, safety of maritime operations, ship engine, power failures,

scenario diagnostics, offshore operations.
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ITEPEJIIK YMOBHUX CKOPOYEHb

ADS (Automatic Detection System) - Cucrema aBTOMaTHYHOTO BUSIBJICHHS;
AHTS (Anchor Handling Tug Supply) - Bykcupne cynno 115t poO0oTH 3 IKOpsSiMU
Ta MOCTA4YaHHS;

ASD (Azimuth Stern Drive) - A3umyTanbHUN KOPMOBHIA PUBI;

ASOG (Activity Specific Operating Guidelines) - Crietiniuni onepariiitHi IHCTPyKIIii
JUTsl KOHKPETHOT aKTUBHOCTI;

CREAM (Cognitive Reliability and Error Analysis Method) - MeToa KOrHITUBHOTO
aHaII3y HaAIMHOCTI Ta IIOMUJIOK;

DPO (Dynamic Positioning Operator) - OnepaTop cucTeMu JMHAMIYHOTO
MO3HUI[IOHYBaHHS,

DP (Dynamic Positioning) - Jlunamiune nozumionyBanus (I1);

DPRA (Dynamic Probabilistic Risk Assessment) - [{lunamiuHa iMOBIpHICHA OLIIHKA
PU3HKIB;

DSS (Decision Support System) - Cucrema niaTpUMKUA TPUAHATTS PilLICHb;

FTA (Fault Tree Analysis ) - Anani3 nqepeBa BiJIMOB;

GPS (Global Positioning System) - 'mo6abHa cucTeMa IMo3uIli0HyBaHHS;

HMI (Human-Machine Interface) - JIroquno-mammaaui 1HTEpPEIic;

IMCA (International Marine Contractors Association) - Mi>xkHapo/1Ha acolliaris
MOPCBHKUX TIAPSITHHKIB;

MODU (Mobile Offshore Drilling Unit) - [IepecyBHa Mmopcbka OypoBa yCTaHOBKA;
PRA (Probabilistic Risk Assessment) - IMOBipHICHa OIlIHKa PU3HKY;

PRS (Position Reference System) - Cucrema no3uiiiitHoi NpuB's3KH;

SPAR-H (Standardized Plant Analysis Risk-Human) - CrannaptuzoBanuii anamni3
JIIOJICBKUX TIOMUJIOK Y IPOMHUCTIOBUX CUCTEMAX;

UPS (Uninterruptible Power Supply) - Jl>xkepesno 6e3mnepediitHOro >KUBIICHHS.
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BCTVYII

AKTyaJIbHiCTh TeMH. Y Cy4YaCHOMY MOPCHKOMY CYyJHOIUIABCTBI CHUCTEMU
TUHaMIYHOTO mo3ulioHyBaHHs (DP) BimirparoTh KiI04OBY pojib y 3abe3ledeHHi
TOYHOTO YTPHMMaHHS CYJIGH Ha TMO3HIli 0e3 BUKOPUCTAHHA SIKOPIB. 3aCTOCYBaHHS
TAaKUX CHCTEM € KPUTHUYHO BAKJIMBUM IiJl 4aC BUKOHAHHS BUCOKOTOYHHX ONEpalii
O Tatopm, HAYKOBUX CIIOCTEPEKEHb, OypiHHS a0o0 pATyBalbHUX Aii. BogHouac
3pOCTa€ TEeXHIYHA CKIaAHICTh DP-cucteM, TOCHIIIOETBCS  3alIKHICTh  BIJ
IPOrPaMHOTO 3a0€3MEYCHHS] T4 aBTOMATH30BAHOTO YMPABIiHHS, a POJb JIIOJUHU
(omepatopa DPO) B ekcTpeManbHUX YMOBaX HE BTpadae CBOTO 3HAYEHHH.

[cHytoui Meronu OmiHKKM pusukiB, 30kpeMa PRA (Probabilistic Risk
Assessment), MalOTh MEPEBAKHO CTATUYHUIN XapaKTep Ta HE BPAXOBYIOTh PEaIbHOIO
nepediry mojiid y yaci, 3MIHM YMOB CEpEJOBHINA, MOBEAIHKOBUX XapaKTEPUCTHUK
oreparopa i MDKKOMIIOHGHTHOI B3aemoii. KiacnyHi pH3UK-METOIUKH HE 3]IaTHI B
peXHUMi peaJbHOTO Yacy aJanTyBaTUCS A0 HOBHUX CIIeHapiiB abo mnepeadaynTu
MOTEHITIHHI KacKaaHl BiIMOBH, SIKI MOXKYTh MaTH KaTacTpogidHi HACHIIJIKH, TaKl SK
BTpaTa Mo3ullii, 3ITKHEHHSI, MMOITKOKEHHS 00J1aTHaHHS, 3a0py THEHHS JOBKLIJIS.

AKTYyaJIbHICTh TPOOJIEMH OOYMOBIIOETHCA THM, IO B YMOBaX 3pOCTaI0uOi
IHTEHCUBHOCTI MOPCBKHX OIIEparliii, aBToMaTu3alii Ta Mepexoay 10 aBTOHOMHOTO
CYIHOIUJIaBCTBA, HEOOX1THO CTBOPIOBATH METOJIM JUHAMIYHOT OIIIHKU PU3UKIB, fKI:

- BpPaxOBYIOTh YaCOBY €BOJIIOLIIO CUTYaIllH;

- 0a3yI0ThCSl HA CCHCOPHUX JIAHWX Ta MOBEIIHKOBIM aHATITHIII;

- JI03BOJISIIOTH aJIalTyBaTU YMPABIIHCHKI PIIICHHS 10 KOHTEKCTY HaBirarii
Ta TEXHIYHOTO CTaHy CyJHa.

Kpim Toro, anami3z mnpakTHuHUX I1HOUAEHTIB (Ha ocHoBl naHux IMCA)
JEMOHCTPYE, 110 OUTBIIICTh cepilo3HuX BiMoB DP-cucTtem moB’s3aHi 3 KOMOIHALIIEO
JIOJICBKUX TTOMUJIOK, HEKOPEKTHOTO pearyBaHHs Ha 3001 y cucremax PRS, BiamoBu

€HEepProKMBJIEHHS Ta HEJOCTATHHO1 aBTOMATH3allll MATPUMKHU PIllIECHb.
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Y 1poMy KOHTEKCTI BHHHMKA€ TOTpeda B HOBIM I1HTErPOBAaHIM METOOJIOTIT

JOCITIDKeHb, fIKa OPraHiuHO TMOEAHY€ AUHAMIYHY I1MOBIPHICHY OIIIHKY PHU3HKIB
(DPRA), mMonentoBaHHS TOBEAIHKMA CyJHA 1 Oomeparopa Ta aarOpUTMU MIATPUMKH
npuitHATTA pimeHs (DSS) 3 MOXKIMBICTIO MPaKTUYHOTO BIPOBAKEHHS, 30KpeMa, Y
TPEHAXEPHY MIATOTOBKY ¥ MOpPCHKI omeparii. Po3poOka TakWx HOBHX METO/IIB
JO3BOJIUTh HE JIMIIE MiJBUIIUTH Oe3MeKy MOPCHKHX omeparlii, aje i CTBOPHUTH
OCHOBY JUIsl HOBUX CTaHJAPTIB MOPCBKOTO PHU3HK-MEHEKMEHTY B YMOBax
aBTOHOMI3allll CyJHOILJIABCTBA T4 HOBUX BUMOT JI0 €KOJIOTIYHOI BIANOBIAATIBHOCTI.
3B's130k  po0OTM 3 HAYKOBHUMM MNpOrpaMaMi, TeMaMH, ILUIAaHAMM.
Juceprariiiine AOCTIIXKEHHS BIJANOBIIa€ MPIOPUTETHUM HANpsiMaM PO3BUTKY HAYKH i
TEXHIKM, BU3HAYeHUM 3akoHOM Ykpainu «lIpo mpiopuTeTHi HAMmpsIMU PO3BHUTKY
HAyKU 1 TexHIKW» Ta 3akoHOM Ykpainu «IIpo mpiopuTeTHi HampsiMu 1HHOBAILIMHOI
JISATBHOCTI B YKpaiHi», 30KpeMa B 4YacTHHI 3a0e3MeueHHs HaAiiHOCTi, Oe3MeKku Ta
e(eKTUBHOCTI (PYHKIIIOHYBaHHS TPAHCIOPTHOI 1HMPACTPYKTYpHU, BIPOBAIKECHHS
1H(GOpMaLIIHHUX TEXHOJIOT1H yIPaBIiHHS CKIAJHUMH TEXHIYHUMH 00’ €KTaMHU.

PoGota y3romkyeThcsi 3 MOJOKEHHSIMU MOpPCHKOI AOKTpUHM YKpaiHM Ha
nepion 10 2035 poky, sKa aKIEHTYE yBary Ha 3pOCTaHHI PIBHS TEXHIYHOI Oe3IeKH
MOPCBKHUX OIEpaliii Ta BIPOBAKCHHI I1HHOBAIIIMHUX TEXHOJOTIH YMpPaBIiHHS
CyJlHaMH, a Takoxk 13 HailioHanbHOIO TPaHCHOPTHOIO CTPATETiel0 YKpaiHU Ha Mepiof
no 2030 poky, ne BHU3HAUEHO 3aBJaHHs 3a0e3MeueHHs CTajioro (yHKIIOHYBaHHS
MOPCBKOTO TPAHCIOPTY IUIAXOM BIPOBA/KEHHS 1HGOPMAIIHHUX TEXHOJIOTIH,
M1BUILCHHS 0€3MEKU Ta PO3BUTKY JIFOJICHKOTO KaImiTaly.

[IpakTuyna peanizallis pe3yabTaTiB JUCEPTALIHHOTO AOCTIKEHHS 311l ICHEHA Y
MeXaxX HayKOBO-JOCHITHOI TEMaTUKH, sKa BHUKOHYIOThcs B HailioHaapHOMY
yHiBepcuteTi «OJechka MOPChbKa akaJeMis», 30KpeMa, Y HayKOBO-TOCHIAHIN poOoTi
kadenpu ynpasininasa cygHoMm JIP Ne 0123U101463 «CyuacHi MeTOAM yHpaBIiHHS Ta
eKCIUTyaTallli CyieH», y AKui 37100yBaueM BUKOHAHO OKPEMUU PO3LI, MPUCBIUCHUM

cucremam nosuuionyBaHHs (DP) cynen ogpmopsoro diory.
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Meta i 3amaui jgociaigxenHsi. Memorw aucepTaIliiHOTO OCHTIKCHHS €

HiBUIICHHS PiBHS O€3MEKU CYIHOIIABCTBA ILISXOM PO3POOKH METOMY ONEpaTUBHOI
OLIIHKM pU3MKIB Yy CHUCTEMax JWHAMIYOro IMO31LIOHYBaHHS 13 BpPaxyBaHHSIM
KOMIUICKCHOTO BIUIUBY TEXHIUYHUX, OpPraHi3allifHUX Ta JIOACHKUX YHHHHUKIB Y
peaTbHOMY Yacl.

3aoaui 0ocniddcenns:

I. Po3po0Outu METOI0JI0TII0 JAMHAMIYHOI 1MOBIPHICHOI OLIIHKM PHU3HUKIB
(DPRA), sxa [n03BOJIsIE MOJEIIOBATH YacOBY EBOJIOLII0 PHU3UKY 3 ypaxXyBaHHSIM
TEXHIYHUX B1JMOB, TTOBEAIHKOBUX PEAKIIIi onepaTopa Ta 3MiH CepeIOBHUIIIA.

2. [TobynyBat CTpyKTYpU IEepeB BIAMOB Ta CIIEHApiiB aBapiHUX TOIIH,
o0 OXOIUIIOIOTh sIK cTraHnapTHi pexumu (Drive-off, Drift-off, Blackout), Tak i
cnenudiuni KackaaHi 3001 B Jorili poOOTH CHUCTEMH, I TOJAIBIIOTO iX
Bukopuctands B DPRA-mozeni.

3. InterpyBatu  wmogneni moacekoro  ¢akropy (CREAM, SPAR-H,
ATHEANA) y Burnsi 6aiiecoBux Mepesx JJIsl OLIIHKY MOMUWJIOK IPUUHSTTS PIilleHb 3
ypaxyBaHHSIM KOTHITUBHOTO CTaHy oleparopa, iH(OpMaliiHOrO HaBaHTA)KEHHS Ta
PIBHSI CUTYallIHOI 0013HAHOCTI.

4. Po3pobutn marematuyHi MoOjeni KepyBaHHsS CyaHOM y pexumi DP, 3
BUKODUCTAHHSIM  MapalOJIYHUX  PETyJISTOPIB 3  HEUYTIMBOIO  30HOIO, IO
3a0e3MeuyroTh TMOKpAIIeHy CTIMKICTh, €Heproe(eKTHBHICTh Ta IUIaBHICTh IiH Yy
HECTablJIbHOMY CEpPEIOBHIITI.

5. 3mificauTy  mpakTuuHy ampoOamito DPRA Ha kelicax aBapiii Ta
CUMYJISILIISAX, TOPIBHATH 11 edexTuBHICTh 13 kiacuuHumu PRA-pimenHsmu 3a
KpUTEpISIMH  aJIalITUBHOCTI, TOYHOCTI, 4Yacy pearyBaHHS Ta €HEproBUTpaT Ta
OOIpYHTYBaTH MOTEHITia) iIHTerpallii B aBTOHOMHI MOPChKi cuctemu (ASOG).

06’exm OocnioxcenHsi - TPOIIEC OLIHKKA PHU3MKIB Y CHUCTEMaX TWHAMIYHOTO
NO3ULIOHYBaHHS CYJIEH.

IIpeomem Oocniosxcennss - METOIN Ta MOJIENI IMOBIPHICHOI OIIIHKU PU3HKIB Y
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mporeci B3a€MOMIl TEXHIYHMX CHCTEM 1 JIIOJUHH B YMOBaX KpPU30BHX CHUTYyallid

JMHAMIYHOTO MTO3UIIIOHYBAHHS CY/JICH.

Metoau nmocaimkeHHs. JlucepraiiiiHe JOCHIKEHHS BHKOHYBAJIOCh y
BIIMIOBITHOCTI 7O OCHOBHHMX IIOJIOKEHb 3arajbHOi TeOpii CHCTEM, CHCTEMHOTIO
aHaJizy, a TaKOX METOJIOJIOTII PU3UK-OPIEHTOBAHOIO CYAHOIUIABCTBA. TeOpEeTHUHOIO
OCHOBOIO CTaJl TOJIOXKEHHS Teopii HaAIMHOCTI, IMOBIPHICHOTO aHai3y Oe3MeKHu Ta
MaTEMaTUYHOI'O MOJICIIOBAHHS CKJIAJHUX TEXHIYHUX CUCTeM. YHcCenbH1 po3paxyHKH,
nodyaoBa rpadikiB, Bizyamizaiis MoJAeNed Ta CTaTUCTHYHA OO0poOKa JaHuX
MPOBOJIUIIMCS 3a JOMOMOror mporpamHoro 3abesneueHHs MS Excel, Statistica,
MATLAB/Simulink ta Bayes Net Toolbox mis peanizamii JTuHaMi9HHX OalleCOBHUX
MEPEeXK.

HaykoBa HOBH3HAa ofep:KaHUX pe3yabTaTiB. Y [aucepraiiiHiii poOoTi
OTPUMAHO HOBI PE3yJbTATH, SIKI Y CYKYHHOCTI BHUPINIYIOTh AaKTyajJbHYy HAayKOBY
npoOsemMy 3abe3neueHHs: O€3MeKu onepaliii JMHAMIYHOTO TTO3UIIIOHYBaHHS CYyJIeH Ha
OCHOBI ONEpPaTUBHOI OIIHKK pu3uKiB. (OCHOBHI HAYKOBI TIOJIOKEHHS, IO
XapaKTepU3yIOTh HOBU3HY JOCIIDKEHHS, TIOJISTAI0Th Y HACTYITHOMY:

enepuie:

- 3alpOoMOHOBAaHO METOJ OMNEPATUBHOI JUHAMIYHOI IMOBIPHICHOI OLIHKH
pusukiB (DPRA) mist cucteM TuHaAMIYHOTO MO3UIIIOHYBaHHS CYJIEH, SIKUH, HA BIAMIHY
BiJI BIJOMHUX IIIJIXOJIB, BPAXOBY€E€ YacOBY 3aJICKHICTh PO3BUTKY MOJIIN, MOETHAHHS
TEXHIYHUX B1JIMOB, JIIOJICBKMX MOMUJIOK 1 30BHIIIHIX YUHHUKIB Y PeaJIbHOMY Haci, Ta
3a0e3neyye Ha MPAKTHUI MOXKIIUBICTh ABTOMAaTU30BAHOTO MPOTHO3YBaHHS KPUTUYHHUX
CIICHApIiB 1 ONEPATUBHOTO KOPUTYBAHHS PIillIEeHb ONEPAaTOpa CUCTEMH MPU 3MiHI YMOB
CEpENOBUILA;

- po3po0seHO (PYHKIIIOHAIBHO-OPIEHTOBAHY apXITEKTYpPy MOTOKIB JAHUX JJIS
CUCTEM JIMHAMIYHOI'O I[IO3ULIOHYBAaHHS, fKa BKJIIOYA€ HaBirauidiHi M TEXHIYHI
napaMeTpu, MOJENIOE KOTHITUBHUM CTaH, [ii omepaTopa Ta yac pearyBaHHsS Ta

3a0e3MeuyroTh ClieHapii 1 KaliOpyBaHHs OIIHKYA PU3HKIB, 1 HA BIIMIHY BiJl BIIOMHUX
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CTaTUYHUX CXEM, MATPUMYE AMHAMIYHY aJanTallifo PU3UKY IO 3MiH HaBiramiiHUX
YMOB, TEXHIYHOT'O CTaHy Ta KBaJi(iKallii eKinaxy;

VOOCKOHANEHO:

- Meroau iMoBipHICHOI omiHkM pusukiB (PRA), numsixom posmmpeHHs ix
(GyHKIIOHAy Ha JMHAMIYHI MOAIl 1 CUEeHapii 3 ypaxyBaHHSIM 4YacoOBOi €BOJIIOLIII
PU3HKIB, SIKI Ha BIAMIHY BIJ ICHYIOUMX 3JaTHI OI[IHIOBaTH HE TUIbKHM WMOBIPHICTH
BUXOJly CHCTEMH 3 JIay, a i 3MiHy PU3UKY B 4aci 3aJ€KHO BiJl TOBEIIHKU CUCTEMH Ta
orepaTopa;

HAOY0 NOOANLULO20 PO3BUMKY:

- Meroau gopmarnizallii JitoACbKOro (GakTopy B CUCTEMaxX MIATPUMKHU PIIICHb
(CREAM, SPAR-H, ATHEANA), nuisixom po3poOKH CTPYKTYpHHUX MOJACIIEH
OPUUHATTA pIlIEHb ONEPAaTOPOM 13 BUKOPUCTAHHIM AMHAMIYHUX OalleCOBHX MEpEX,
Kl BpPaxOBYIOTh BIUIMB CEHCOPHHMX, KOTHITUBHMX 1 TOBEIIHKOBUX IOMHUJIOK Y
peaNbHOMY Yaci IPH OIIHII PU3HUKIB TUHAMIYHOTO MO3UIIOHYBAaHHS,

- MaTeMaTH4HI MOJEIi pyXy CYyJIeH y PEeKUMI TMHAMIYHOTO MO3UIIIOHYBaHHS,
B SKUX YJOCKOHAJICHO CTPYKTYpy KepyBaHHS 4epe3 BBEACHHS MapaOOIidHUX
PEryJISITOPIB 13 HEUYyTJIMBOIO 30HOKO, 3 METOK MiABUIICHHS TOYHOCTI yTPUMAaHHS
MO3uIlli CyJIHAa B YMOBaX BITPOBHX 1 TEUIWHHUX 30ypeHb, IO MiATBEPIKEHO
pe3yabTaTaMy MOJICITIOBAHHS.

IIpakTnyHe  3HaYeHHs  pe3yJbTaTiB  JocCHil:KeHHsl.  Pesynbratu
JTUCepTaIliiHOT pOOOTH MarOTh CYTTEBE MPAKTUYHE 3HAUCHHS IS T1JBUILECHHS PIBHS
Oe3neKd MOPCBKHX  oOIlepamidi 13  BUKOPUCTaHHSIM  CHCTEM  JAUHAMIYHOTO
no3urtionyBanHs (DP). 3ampomonoBana MeTOOJIOTiSI JT0O3BOJSIE aBTOMATHU3YyBaTU
BHUSBJICHHS TIOTEHIINHO HeOe3nmedHux creHapiiB (drive-off, drift-off, blackout) 3
ypaxyBaHHSIM 30BHIIIHIX 30ypeHb, CTaHy TEXHIYHMX CHCTEM Ta OIeparopa;
3a0e3MeYUTH OMNEpaTUBHE MPOTHO3YBAHHS PO3BUTKY CHUTyallli Ta MiATPUMKY
MPUIHATTS pIlIEHb HA OCHOBI aJaNTUBHUX MOJENEN pU3uKy; (hopMali3yBaTH BILIUB
JIOJICBKOTO YMHHUKA Y TMPOIECl YIpaBIIHHS, BPAaXOBYIOUHM PEAKIIAHY 3JaTHICTh

oreparopa, CTPECOBI CTaHW Ta KOTHITHBHE MEPEBAHTAXKCHHS; IMIJBUIIUTH TOYHICTH
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kepyBaHHs DP-crcteMoro 3aBAsiKu BUKOPHCTAHHIO MOJU(IKOBAHUX MapabOIiyHUX

pPEryJsTOpiB; 1HTETpyBaTH TPEHAXEPHI CIEHapli JJid HaBYaHHA  CKIMMaxy,
kanmOpyBanHss DPRA-mozmeni Ta QopMyBaHHs 1Ia0JIOHIB peakiliii; CTBOPUTH
iHTepdeiicu nns BapoBamkeHHs DSS (Decision Support System), mo HamgaroTh
orepaTopy PEKOMEHIaIllli B KPUTUYHUX CHUTYallisiX; 3aCTOCOBYBAaTH pPO3pOOJIEHi
pillieHHS B aBTOHOMHUX MOpPChKHX cucteMax (ASOG) ang MiABHINECHHS PIBHS
Oe3nexkn ¥ aBTOHOMHOCTI; aaantyBathi DPRA-Mozmeni 10 KOHKPETHHX YMOB
eKCIUTyaTallii, THIy OIeparii, CyJHa, HaBiramiiHOrO CcepeloBUIla Ta PIBHA
MIJTOTOBKH EKIMTaXxYy.

Po3po6iieni moieni BpoBaKeH1 y OCBITHRO-TIPO(ECiiHI Ta HAYKOBI IPOTpaMu
HamionansHoro yHiBepcutety «Omechbka MOpChbKa akafemis» I CTYICHTIB
cnemianbHOCTI J5 Mopchbkuil Ta BHYTpIIIHIA BOJHHUI TPaHCIOPT, BUKOPUCTAHI Yy
poOoTi aepxaBHOro mignpueMcTBa «Mopcbka NOLIYKOBO-pATYBaJIbHA CITyKO0a»,
CYJIHOTJIABHUX KOMITaHii, 30kpema, «Mapin Tex CepBic» Ta JEKUIBKOX IHINKX, a
TaKOX BUKOPHUCTAHI Y MOPCHKUX TPEHAKEPHUX IIEHTPAX 1 COIlIaIbHUX MEPEKaXx.

OcobuctTnii BHecok 3100yBaya. YcCi TOJOXKEHHS, PE3yJbTaTH Ta HAYKOBI
PO3pOOKH, 10 BUHOCSTHCS HA 3aXUCT Y IMCEPTalliiHii poOoTi, oTpuMaHi 3100yBadeM
ocobucto. Y myOmikaiisx, CTBOPEHHMX Yy CIIBaBTOPCTBI, aBTOPYy HaJIeXKaThb Ti
MOJIOKEHHS, 5K IPSMO B1AO0OpakaroTh HOT0 HAYKOBHUI BHECOK Y PO3POOKY MOJIENEH,
CTPYKTYp, JITOPUTMIB T4 BUCHOBKIB, III0 CTAHOBJIATH OCHOBY JHMCEpTAIlii.

3okpema, y myOumikamii [1] 3100yBaueM caMOCTIMHO PO3POOJIEHO CTPYKTYPY
mozaener DPRA, anroputmu ¢dopmyBaHHS JaepeBa TMOMAINM, a TaKOX BHUKOHAHO
YrceNbHE MOJICIIOBAHHS 4acoBOi eBOOMII pu3ukiB y DP-cepenoBumii. Y po6ori [2]
3100yBay 3MiICHUB MaTeMaTHYHE MOJIEIIOBAaHHS TemrepaTypHux pexumiB [J] y
pexumi DP Ta oOrpyHTyBaB BIIMB TEIUIOBUX 30ypeHb HAa TOYHICTh YTPUMAHHS
no3uiii. Y poGoti [3] aBTOPOM 3ampONOHOBAHO CTPYKTYpY MapabOIidHOTO
peryysiTopa 3 HEUYTIMBOK 30HOI0 Ta MPOaHAII30BaHO HOro nepeBard MOPIBHIHO 3

xiracuuauMu [11/[-perynstopamu.
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VY nyGmikamii [4] 3m00yBaueM mpoBeneHO 1IeHTU]IKAIIO MAa0I0HIB ITOMUIIOK

ornepatopiB DP-cucrem (DPO) Ha OCHOBI TpeHaX€pHHMX CIIEHApiiB 1 3A1MCHEHO
MOJIEJIIOBaHHS (PaKTOPIB KOTHITUBHOTO IEpEBaHTaKEeHHs. Y poboti [5] ocoOuctum
BHECKOM aBTOpPa € MOJICTIOBaHHS B3a€MO/Ii1 OYKCHUPIB 13 CyJIHAMH Y CKJIQJIHUX YMOBax
MaHEBPYBaHHSI, 10 CTAJI0 MPOTOTUIIOM JJIsi MOOYJOBH YaCTUHU Mojeni pusuky DP-
CIICHapiiB.

VY Mmarepianax anpo6ariii [6—10] 3m00yBau: chopmyroBaB MPUHIUIIN TOOYI0BU
nepeBa BiamoB DP-cucrem; agantyBaB MeETOAM aHANI3y JIFOACHKOTO YHWHHHUKA
(CREAM, ATHEANA) 10 MOpCBKHX YyMOB; 3allpONOHYBaB eBpUCTHYHI DSS-
MiKa3KK Ha OCHOBI MOBEIIHKOBUX peakilid DPO; 3ailicHUB MoIeIIOBaHHS aBapiitHUX
keiiciB Ta ampooOariito DPRA-anroputmiB y paMkax CHUMYJSIIN Ta TpeHa)KEPHHUX
cleHapiiB. ¥ ogHoociOHii MoHorpadii [11] aBTOpoM y3arajabHEeHO TEOPETHUHY Oa3y
CHUCTEM JIWHAMIYHOTO TO3UIIIOHYBAaHHS, 3aKJIaJICHO METOIOJIOTIYHI OCHOBHU OI[IHKU
PU3HKIB, BUKOHAHO CHCTEMATH3AIlIO0 MIAXOMIB JO aBTOMATHU30BAHOTO MPUMHATTS
pillieHb B YMOBaX JUHAMIYHOI HEBU3HAUYEHOCTI.

Amnpobaniss pe3yabratiB aucepramii. OCHOBHI HAyKOBI TIOJIOKEHHS Ta
pe3yJIbTaTh AUCEPTAIIHOTO AOCTiKeHHs OyIM arnpoOoBaHi Ha HU3I MIXHAPOTHUX
1 BCEYKpaiHCHKHMX HAyKOBHX KOH(EpEeHIii, cemMiHapiB Ta KpPYIJIMX CTOMIIB, IO
JO3BOJIUJIO 3MIMCHUTH iX MyOJiyHE OOTOBOpPEHHS, OTpUMATH (PaxoBi BIATYKH Ta
Bepu(IKyBaTU MPAKTUYHY 3HAYYLIICTh 3alIPOINIOHOBAHUX PILLICHb.

30kpema, pe3yJabTaTdh AOCHIKEHHS OyJiM TpeACTaBiieHl Ta OOTOBOpEHI Ha
TaKUX HAYKOBHX 33aX0J1ax:

- HaykoBO-TexHIYHa KoH(pepeHiis “CyaHOBOJIIHHS, MOPCHKI MEPEBE3CHHS Ta
texHojorii”  “Navigation, Shipping and Technology” (NST-2021), m. Opgeca,
Vkpaina, 18-19 nucronana 2021 p.;

- HaykoBui cemiHap “OnTumanbHe  YMOpaBIiHHSI Ta  eKCIUTyaTallis
€JICKTPOIIPUBO/IIB CTICIIAIbHIUX YCTaHOBOK’, BilicbkkoBa akanemis, M. Opeca, 20 ciuns

2025 p.;
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- 5-ta MixHapoaHa HaykoBo-nipakThuuHa koHdpepeniis “European Congress of

Scientific Discovery”, bapcenona, Icnanis, 28-30 kBiTHs 2025 p.;

- 10-ta  MixHapoaHa  HayKOBO-IIpakTMYHa  KoHpepeHuiss  “Scientific
Achievements of Contemporary Society”, Jlonnon, Benuka bpuranis, 1-3 tpaBHS
2025 p.;

- 3-1 Mixnapogna koHdepeniis “Modern Science, Economy and Digital
Innovation”, byxapect, Pymynis, 7-9 tpaBus 2025 p.

Iyoaikanii. OcHOBHI pe3yibTaTH aucepTauii BUKiIageHo B 11 myOmikamisix, 3
HUX 3 - HayKOBI CTaTTi, SIKi BKJIIOUEHI JO TEpPeNiKy HAayKOBUX (DaxOBUX BHJAHb
VYkpainu, 2 craTTi y NepioJuYHUX HAYKOBUX BUJAHHSX, MPOIHAEKCOBAaHHX Yy 0a3zax
nanux Web of Science Core Collection Ta/abo Scopus, 5 - Te3u momoBiaei Ha
HAYKOBHUX Ta HAYKOBO- MPAKTUYHUX KOH(pepeHuisnx, 1 - MoHorpadisi.

Ctpykrypa Ta ob6car gucepranii. PoboTa ckinamaerbes 31 BCTymy, 4 po3iiiB,
BHCHOBKIB, IEPEIiKy BUKOPUCTAHUX JHKEPENT Ta T0JATKIB.

OcHOBHa YacTHUHA BHUKIJIAJIeHA HA 167 CTOpPIHKAX TEKCTY, CIHUCOK BUKOPUCTAHUX

JUKepell BKIrovae 251 HaliMeHyBaHHS.
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PO3UI 1. TEOPETUYHI OCHOBU OUIHKHN PU3UKIB ¥ CUCTEMAX

JUHAMIYHOI'O ITO3UILIOHYBAHHA

1.1 BBenmenHs B mnpoOJjeMaTHKy IWHAMIYHOTO TIO3MIIIOHYBaHHS 1 OIIHKH

PU3HKIB

AKTUBHHI PO3BUTOK HA(TOra3zoBoi raiysi Ta BUA0OYBHOI IHPPACTPYKTYpH Ha
MOpPCHKOMY TI€JIb(1 CYyTTEBO MIABUIIMB HEOOXIAHICTh y BHUKOHAHHI TEXHIYHHUX
orepariii y CKJIagHUX MOPCHKUX Ta TiAPOMETEOPOJIOTIYHUX YMOBaX IO, Y CBOIO
4yepry, CyInpoOBOKYEThCSI 3POCTAHHSM PIBHSI €KCIUTyaTalidHux pusukiB. OIHUM 13
KIIFOUOBUX 3aco0iB 3a0e3mneueHHs HaBiramiiHoi Oe3meku Ta Oe3MeKd BUPOOHUYMX
orepalliii, mMpoBeeHHs OypPOBUX, MOHTQKHUX 1 CEPBICHHX POOIT, B TAKUX yMOBAx, €
BUKOPUCTAHHS CUCTEM AWHAMIYHOTO mo3uilioHyBaHHs (DP), ki 103BOJSAIOTH CyIHY
a00 1aBydoMy 00’€KTYy yTpUMYBAaTH 3aJaHy IMO3WIII0 0€3 3aCTOCYBaHHS SKIPHOTO
OCHAIIIEHHS.

AHaJi3 CTaTUCTUYHUX 3BITIB CBIIYMTH MPO CTAOUIBHO BHUCOKUN PpIBEHBb
peectpaiii mojid, mow’s3aHMX 13 miaTpumanHsM no3ullii DP-cynen (DP Station
Keeping Reports), y mexxax 120-140 BunaakiB mopoky BrpooBxk 2018-2023 pokis.
Boanoyac BiIMOBU B pyIIIHHO-TPOMYJILCUBHOMY KOHTYP1 3aJUIIAIOTHCS OJHIEIO 3
HAUNOIIMPEHIIIUX TPUYUH TOPYIICHHS IMO3UlioBaHHsS, cTaHoBisiuM 30-35% Bin
3arajgpHOl KUIBKOCTI 1HIMAEHTIB. [lompu BOpOBaIKEHHS KOMIUIEKCY 3aXO/liB,
CIOPSIMOBAaHUX Ha IMIJIBUIICHHS HAIIAHOCTI EHEPreTHYHHUX Ta KEPYIOUHX CHCTEM,
TEMITH 3MEHIIIEHHS YaCTOTH BiMOB 3aJUIIAIOThCS MOMipHUMH |1, 2].

Tak, 3a octanni nBa poku 3 2022 mo 2023 pokH CHOCTEPIraeThCsi HE3HAYHE
3pOCTaHHS KIJIBKOCTI IHUMICHTIB 3 PYLIiSIMHU, III0 BUMArae MOCWJICHHS KOHTPOIIIO 3a
TEXHIYHUM CTaHOM CHCTEM pYIIIiB Ta YJIOCKOHAJIEHHS METOMIB TMPEBEHTHUBHOI
JIarHOCTHKH. | 1€ MiATBEPKYETHCS TEHICHIIIHO, 110 PYIIil 3aIMIIAI0THECI OCHOBHUM

KPUTUYHUM €JIEMEHTOM IpH ekcrutyaTanii DP-cynen.
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140F [ DP Station Keeping Reports.
mmm Thruster/Propulsion Failures

f=
=]

Number of Reports/Failures

2016 2017 2018 2019 2020 2021 2022 2023
Year

Puc. 1.1 - BizmMoBH py1IiiB Ta pylIiiHUX YCTAaHOBOK Y 3BITax 3 €KCILTyaTallli

craamiii DP (2016-2023 p.p.)

Cucrema auHamiunoro mno3uiiionyBanHs (DP) e iHTerpoBaHo0 Kepyrodoro
CUCTEMOIO, siIKa 00’€JHy€ YHUCJIEHHI TEXHIYHI H omepaTropcbki KommoHeHTH. Ha
pucyHky 1.2 HaBemeHO THNOBY (YHKIIOHAIBHY CTPYKTYpPY B3a€MOJii OCHOBHHX

enemenTiB DP-cucremn.

Dynamic Positioning
Operator

Position Reference

Thrusters Human Machinery Systems

Interface

Puc. 1.2 - CtpykTypa cucteMu JUHAMIYHOTO O3UI[IOHYBaHHS Cy/IHA
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SIk moka3aHO Ha CXeMl, LIEHTPAJIbHUM €JIE€MEHTOM CHUCTEMHU € KOHTPOJEp, SIKUN

BUKOHYE DOJb OOUYMCITIOBAIBHOTO sifpa. BiH mpuilmMae CuUTrHamu BiJ CEHCOPHHUX
npuctpoiB (GPS, ripokommac, rigpoakycTtuka), MO3UIIHHUX pEePEPEeHTHUX CHUCTEM
(PRS), a Takox kepye poOOTO €HEPreTUYHUX CUCTeM Ta pymiiiB [3, 4]. [arepdetic
B3aemonii "moaunHa-mamuuHa" (HMI) 3a6e3sneuye DPO (omepatopy mnporecy
JUHAMIYHOTO TMO3UIIOHYBAHHS) JOCTYI A0 KOHTPOJBHUX IMapaMeTpiB, T03BOJISIIOUH
oMy B peajbHOMY 4Yacl KOpUTYBaTH J1i CUCTEMHU y pa3l BUHUKHEHHS HECTaHIapTHOI
cutyaii [35, 6].

Y cydacamx DP-cucremMax KiIrouoBy posib y 3a0e3MedYeHHI CTa0lIbHOTO
MO3UIIIOHYBAaHHS BIJirpae omeparop auHaMmiuyHOro mnosuiionyBanus (DPO). s
OPUMHATTA pillleHb BIiH BUKOPHCTOBYE CIIElialli3oBaHUN 1HTepdeiic, akuil Hamae
Bi3yali3allil0 MOTOYHOIO CTaHy CyJHA, HaNpsMOK 1 CHIIy 30BHIIIHIX BIUIUBIB (BITED,
TE€Yisl), a TAKOXK MPOTHO30BaHy TPAEKTOPIIO.

Ha pucynky 1.3 HaBeneHo mpuKiIaa THUIOBOIO BiIOOpaKEHHS JaHUX Ha

poboyomy ekpani cuctemu DP.

Puc. 1.3 - Iarepdeiic oneparopa cucremMu THHaMIYHOTO mo3uilionyBaHHs (DP)

Sx BumHO 3 iHTepdeiicy, DPO mae nocTym 10 yciX OCHOBHUX MapameTpiB
HABKOJIMIITHBOTO CEPEIOBHINA, @ TAKOX 10 MPOTHO30BAHOI MO3UIII Cy/JHA HA KiJbKa

XBUJIMH Briepea. BaxximuBum eneMeHTOM € BioOpakeHHst BeKTopiB Jiii BiTpy (WIND)
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ta Teuli (CURRENT), mo no3Bosisie onepaTopy OILIHIOBATH 30BHILIHI 30ypeHHS Ta

KOPEKTYBAaTH HaNAIITyBaHHSI cHUCTeMH. IHTepdeic Takox 3adesreuye Bizyalli3allito
(bakTUYHOTO PyXy CyJHA Ta Ja€ MOXKIMBICTh ONEPATUBHO BTPYTUTHUCS B QJITOPUTM
po0oTH, y pa3i BIAXUICHHS BiJ 3a1aHOTO Kypcy abo MOpYIIEHHS MEX 30HU OC3IEKH.

VY cucremax IMHAMIYHOTO MO3MIIIOHYBaHHS KIIOYOBUMHU HeOe3NeKaMu € JBa
0a3oBi TMNM aBapiitHux cutyamiii - Drive Off ta Drift Off. ¥V mepmomy Bumaaxy
CYJHO CaMOCTIMHO 3MIIIY€ECh Y pe3yJIbTaTi HEKOPEKTHOT pOOOTH PYIIIiB a00 MOMHIIOK
KOHTposiepa. Y JApyroMy CyJHO TAacWBHO Apeldye BHACIITOK BTPaTH 3JaTHOCTI
MPOTUCTOATH 30BHINIHIM 30ypeHHsM (BiTep, Teuis), 3a3BUUail 4epe3 BiJIMOBY pPYIIiiB
abo eneprocuctemu. Lli Tunm momiii MOXyTh OyTH CIPUYMHEH! SK TEXHIYHUMU
3001MH, TaK 1 JIOJICEKUM (pakTopom [7, 8].

Jlisg kpamoro po3ymiHHS TOCTIAOBHOCTI aBapiiHux cueHapiiB y DP-cucremi
JOIUTPHO BUKOPUCTOBYBATH METOJ MOOYyIoBU jaepeB moxii. Lle mimxim mo3Bossie
Bi3yali3yBaTH SIK OKpeMi BIJIMOBH, TakK 1 iX KOMOIHaIlli, 110 MPU3BOAATH 0 PI3HUX
KiHlleBUX cTaHiB. Ha pucynky 1.4 HaBeneHO CIpoIleHE AEepeBO MO, sKe
JNEMOHCTpPY€E CLEeHapli Jerpajauii CUCTEMH Ta MHMOBIpPHI pe3yJbTaTH, YCIIIIHE

yrpuManns no3utlii abo DRIFT OFF.

Emergency Human Error Human Errog
DPS Operating Shutdown Failure to Correct Failure to Orient Control System Power
Normally N Vessel for Elevated Failure
System Failure Input DP Offset Weather

e N .

DRIFT OFF
9
DRIFT OFF
o—
DRIFT OFF
DRIFT OFF
DRIFT OFF
DRIFT OFF

Puc. 1.4 - JlepeBo mofiii cucTeMy JUHAMIYHOTO MO3UIIIOHYBAHHS 3 KIHIICBUMHU

CTaHaMH
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Tak, nepeBo MO AEMOHCTPYE THMOBY JOTiIKy nerpanamii DP-cuctemu e

MOYATKOBUI CTaH Iie HopManbHa pobdota cuctemu (DPS Operating Normally). Jlami
B1IOyBa€ThCA IMOETAallHE HAKOMMYEHHS 300iB BIIMOBAa CHUCTEMM aBapiiiHOTrO
BuMkHeHHs (Emergency Shutdown), Tr0AChKI MOMUJIKY MPU OpiEHTYBaHHI cyaHa abo
BBEJICHHI MapameTpiB, 3001 B KOHTPOJLHIA CHCTEMI, 1, HAPEIITI, BIAMOBA YKUBJICHHS
abo pymiiB. Y OuibmiocTi creHapiiB kineunum pesynbratoM € DRIFT OFF, to6to
BTpaTa 3/JaTHOCTI yTPUMYBAaTH TMO3MIIIIO, IO 3arpokye Oesmeml sIK JIoJeH, Tak 1
00'exTiB goBkuwA [9, 10].

Kpim pepeB mopiii, sl CTPYKTYpOBAaHOTO aHAJi3y MNPUYMH Ta MEXaHI3MiB
dbopmyBaHHS aBapiHMX cuUTyamii y DP-cucreMax HMIMPOKO 3aCTOCOBYETHCS IIIXiN
nepeB BigmoB (Fault Tree Analysis), Takuii miaxig J03BOJISIE OMHCYBATU 1€pPApXIiio
3001B, BiJl 3arajlbHOr0 HACIIAKY (HAalIpUKJIaA, BTpaTa MO3MIIil) 10 NEPBUHHUX MPUYHH,
SIK1 BKJIFOYAIOTh K TEXHIYHI, TaK 1 JJIOACbK] YHHHUKH.

Ha pucynky 1.5 300pakeHO y3arajibHEHy CTPYKTypy JieépeBa BIIMOB 13

JEKITbKOMA PIBHAMU IPUYUHHOTO 3B’ SI3KY.

Power sys fault

[ |
Power generation Bus Power
fault coupler Bus bar management fault
ﬁ breaker ﬁ]

[ . . ) r —
Power gen R1 Power gen R2 Power gen R3 Power gen R4 l PMS R1 fault ] [ PMS R2 fault ]
fault fault fault fault [

o %]

[ [ l | [ l
Engine
components
fault

A A A A A A A

Puc. 1.5 - Y3aranbHeHa cTpykrypa aepesa BiiMoB y DP-cucremi

Control Excitation Electrical
equip fault sys fault fault

Cooling sys

Fuel sys fault Oil sys fault fault

SAx BUIHO 31 CTPYKTYpH, BEpXHIH pIBEHb BIIOOpa)kKa€ KPUTHYHY IMOIIIO

(HampukJaa, BTpATy IMO3UIIli CyJIHA), APYTUN - OCHOBHI KaTeropii mpuyuH (BiIMOBa
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obnagHanus, nmomuwiku DPO, 3061 mporpamHoro 3abe3rnedeHHs), a HUXKHI PIBHI

JNETANli3YI0Th TEpPBUHHI (PAKTOpW, IO MOXYTh AaKTHUBI3yBaTW IIi ClLEHapii, MI0
3a0e3neuye cucTeMHE OaueHHsI pU3MKIB 1 BUKOPUCTOBYEThCS SIK Y KiacuyHuUX PRA-
MOJECIISIX, TaK 1 B cydacHuX nuHamivanx DPRA-cucremax [11, 12].

Sk mokaszaHo, BIIMOBa OKpemMux enemMeHTiB DP-cuctemu Moxke NMpu3BOAUTH J0
KpUTUYHUX HachiakiB. [Ipote peanbHi aBapii 4acto (OpMYyIOTbCS HE 4Yepe3 OAHY
IPUYMHY, @ BHACTIAOK HAKJIaJaHHS TEXHIYHUX 3001B, 30BHIIIHIX YMOB Ta JOJCHKOTO
dakTopy.

Ha pucynky 1.6 npeacraBieHO IHTErpOBaHy MOJIEb, IO JIEMOHCTPYE OCHOBHI
TpaekToOpii PpO3BUTKY aBapiiHux creHapiiB tumy Drive Off Tta Drift Off i3
JETalli3alll€l0 JIIOACHKUX MMOMWIOK. Mojenb JEMOHCTPYE B3a€MO3B 30K MIX
TEXHIYHUMHU 1 JIIOJACBKUMU YMHHUKAMH, SIK1 3@ MIEBHUX 30BHIIIHIX YMOB (HaIpUKJIa,

MOTOJI) MOXKYTh IIPU3BECTH JI0 BTPATH MO3UIllTi a00 KOHTAKTy 3 00’ €KTamHu.

A

[ Drive Off } ( Drift Off

Weather

Technical Failure .
conditions

A

Fault is not Incorrect . Incorrect
. . Late action .
recognized action judgement

<

| Human Error ’

T

Lack of Lack of

- I Physical state Mental state
training familiarization

Puc. 1.6 - [HTerpoBana mpuaMHHO-HACIIAKOBA MOJIeNb aBapiil y DP-cuctemax
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[IpencraBnena cxema UTIOCTpPY€E 1HTErPOBaHY MOJEiIb (POPMyBaHHS aBapiMHHUX

cienapiiB y DP-cuctemax, Jie KiItouoBYy poJib BiJirpa€e B3a€MO/lis TEXHIYHUX BiJAMOB i
JIOJICBKOT0 (DaKkTOpy B KOHTEKCTI 30BHINIHIX YMOB (30KpeMa, METEOPOJIOTIUHHUX).
30kpemMa, BIZIMOBAa TEXHIYHMX KOMIIOHGHTIB MOXE CIOyryBaTH KaTajli3aTopoM
OTIEPATOPCHKUX TMOMUJIOK, SIKI MPOSBISAIOTHCSA Yy (POPMiI HECBOEYACHOTO pearyBaHHS,
HEaJIeKBaTHOI OI[IHKU CUTYyallii a00 BUOOPY HEKOpPEKTHUX Jiil. Taki MOMUIIKH, CBOEIO
Yeprorw, 4acTO € HACIIJKOM HEIOCTAaTHbOI'O HaBYaHHS, BIJICYTHOCTI ajamTauii 10
KOHKPETHOI CHCTEMH, a TaKOX BIUIMBY NCUXO(]i310J0TIYHOTO CTaHy IE€pPCOHAIY.
Moaens miaTBEPIKYE, IO peaibHi aBapii MaroTh OararodakTOpHUN XapakTep, 1 TOMY
noTpeOyroTh JUHAMIYHOI, OaraTOpiBHEBOI OIIIHKK PU3HKIB, 3/IaTHOI BpPaxoOBYBaTU
4JacoBi, CUTYyaIliiH1 i moBeaiHKOBI aciekTu [13, 14].

Ha cxemi (puc.1.7) BimoOpaxeHo GaraTomapoBy apXiTEKTypy, /1€ BXiAHI MOIil
pI3HOI TPHUPOAM arperyrThCid Ha CEPeIHbOMY pIBHI BIUIMBY Ta BHU3HAYaIOTh
y3arajbHEHI BHXIJIHI CIIEHapii, SIK JEMOHCTpAIlisl CKJIATHOCTI MOOYJOBH MPUYUHHO-

HACJIIKOBUX 3B’s13KiB y DP-cucremax.

Work
processes

Available
time

Fitness
for duty

Ergonomics Procedure

Mistake Mistake Routine
rule-based knowledge-based violation

Optimizing
violation

Lapse

Reference
system

Puc. 1.7 - Monens B3aeMoii MHOXXUHHUX (DaKTOPIB PU3UKY

(HelipoMepexeBUH MiAX11)
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VY jeskux HMOCHIDKEHHSX JUIsl MOJENIOBAHHS CKJIaJHOI OaratoakTopHO1

B3aeMoziii y DP-cucremax BUKOPUCTOBYETbCS HEpomepe)keBa KOHIEMLlis BIUIUBIB,
sKa JI03BOJISIE arperyBaTH sSIK TEXHIYHI, TaK 1 JIIOJCHKI a00 30BHIIIHI YUHHUKU Y
BUTJISI/II BXIIHUX HEHPOHIB, 00'€IHAaHMX dYepe3 MPHUXOBaHI PiBHI y3arajibHEHHs, 1
dbopmyBaTH TPOTHO30BaHI CIIEHApli BIAMOB, a TaKWW TMiJX1J] BUKOPHUCTOBYETHCS B
DPRA sk iHCTpyMEHT MPOTHO3Y PU3HKIB y peaibHoMy 4aci [15, 16].

3a pIBHEM B3a€MOJIl Ta aBTOHOMHOCTI. SIK moka3aHo Ha pHUCYHKY 1.8, cucremu
MOXKYTh TPAIIOBATH SK Y LEHTPali30BaHii KoH(Dirypaiiii, Tak i K MyJIbTHAreHTHI, 3

MOBHOIO KOOTEpaIi€ro abo po3noAiIeHUM YIPaBIiHHIM.

Operational and environmental variable

Available time
(Low/high)

Location (] Limitations

(open/obst) / \ (Yes/No)
(] <> @

System state
Human behavior /

Thrusters PRS
(Faulty/Healthy) (Faulty/Healthy)

Monitoring Detection
(Done/In progress) (Done/In progress) ® <> @
~— @ 0 {
Power sensors
< > (Faulty/Healthy) ‘i E (Faulty/Healthy)
Position execution Action performance $ :D
(Auto/Manual) (Done/In progress)

Controller HMI
(Faulty/Healthy) (Faulty/Healthy)

<>

<>

Puc. 1.8 - Knacudikauis DP-cucteM 3a cTynieHeM aBTOHOMHOCTI Ta B3a€MOJIL

Mogenp naeMOHCTpye pi3Hi piBHI DP-cucteM: Bix II€HTpalli30BaHOTO JI0
PO3IOICHOr0 KEpyBaHHS, BKIIOUYAOYX OOMIH JTaHUMHM MK MOIYJISIMH W BapiaHTH
KOOTIEPAaTUBHOTO YTMPABIiHHS B aBTOHOMHMX cucTemax. llel moain BaxnuBHil mpu
po3po0Ill  aNropuTMIB OLIHKM pU3UKy Ta BOpoBapkenHi DPRA y cucremu
HACTymHOTO nokouiHH:A [17, 18].

VY 3B’S3Ky 3 BHCOKOIO KPUTHUYHICTIO aBapiil, 10 BUHHUKAIOTh y CHUCTEMax
JUHAMIYHOTO T[IO3MIIIOHYBaHHS, ICHYye OO0’€KTHMBHA IMOTpeda y MiJABUILEHHI

e(eKTUBHOCTI METOJIIB OLIHKM pU3HKIB. TpaauiiiHiI MJIXOIU, OpPIEHTOBaHI Ha
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MOTIEpEIHIN aHami3 HeOe3IeK, He BPaXOBYIOTh 3MIHHICTh YMOB, MOBEIIHKOBI (pakTopH
orepaTopa Ta YacOBY €BOJIOIII0 CUCTEMHOro craHy. Lle 0OyMOBIIO€ aKTyanbHICTh
pO3pOOKM JUHAMIYHUX IMOBIpHICHUX Mogenei ouiHku pusukiB (DPRA), ski 6
JO3BOJIUJIN 3/IIMCHIOBATH pearyBaHHs HA PU3UKU B PEAIbHOMY 4Yaci 3 ypaxyBaHHSAM
KOMILUIEKCHOTO BIUIMBY TEXHIYHHUX, OpraHi3alliiHuX Ta JOAChKUX (akTopiB [19, 20,
21].

Ha ocnosi ananizy nonan 700 iHUMAEHTIB, 10 ctanmucsa y nepion 3 2004 mo
2015 pik, 3a 3BiTamu IMCA, Oyji0 BHUABJICHO KJIIOYOBI TEHJICHLII y TUMAX CYyJCH,
¢dazax ekcruryararii Ta IPUIMHHO-HACIIIIKOBUX MEXaHi3Max BTPaTH MO3UIIIi.

3riqHo AaHUMU Ha PUCYHKY 1.9, Haii0inblla yacTka 1HIIMACHTIB MPUIIAAE Ha

CyJIHa, 1110 BUKOHYIOTh OypoBi, 00CIyroBy0OUi Ta KaOebHi onepartii.

Kabene-
/Tpy6oyknapaui

8,4%
Heeigomo 18,0%

ObcnyroeyBaHHA
B8040Na3HMX pOBIT
JAocniaHuupki 15,7%
0,1%

NocrayaHHA OBcnyrosyBaHHA

12,5% ﬂ BOAO0NA3HMUX

po6iT/ROV 2,3%

Byposi 14,6%

ROV/IMR 16,8%
HadToHanmeHi
10,1%

Puc. 1.9 - Po3noxin inmuaenTiB 3a TunoM cyneH (ROV: qucraniiitHo kepoBaHwHii

amnapart, IMR: o0GcityroByBaHHs Ta p€MOHT MiIBOJHUX CBEPJIOBUH)

Pucynok 1.10 gemoHCTpye, 1m0 HaiOiIbIne 300iB TpaIIA€TbCS T Yac
crabimizamii mo3uiiii abo MmepeMilieHHs], TO/l K 3HaYHa YacTKa IHIMJACHTIB He Oyia

MpUB’s3aHa 10 KOHKPETHOI (ha3u.
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Habnuxenna
Hesigomo 3,1%_,,,,77_77 | 6%

o __Bin'epHaHHA
0,4%

Pobota 88,6%_—

Puc. 1.10 - Knacudikaris 3a gazamu excruryararii

SAx BuaHo 3 puc. 1.11, nOMiIHYIOTH TEXHIYHI BIMOBH CHUCTEM pYIIIiB 1

reHepaTopiB, a TAKOXK JIFOJIChKI MOMUIKH orepaTtopiB DP.

Hesigomo 0,3% Noropa/308HiwHi

HecnpasHicTte
pasHl dakTopmn 7,8%

ONOPHOI CUCTEMM
19,6%

HecnpasHictb
KOMN'toTepHOT
L cuctemu 17,0%

Momunka

HecnpasHicTb_______ Y “~._onepaTopa 11,1%

NPONYyAbCUBHOT
cuctemm 25,0%

—  Hecnpashictb
EHeprocucTemm
18,9%

Puc. 1.11 - Po3noain TpurepiB IHUUACHTIB (MIOYATKOBUX MO/1i)

Kinnesi cranm Takux iHuaAeHTIB (Puc. 1.12) 31e011b110T0 KI1acUPiKyIOTHCS K
"drive off", "drift off" abo "BTpaTa mo3miii", 110 MIATBEPIKYE CKIAIHICTh MOJEIEH

B3a€MOJII MK TEXHIYHUMH 1 JTIOACBKUMHA YNHHUKAMU.



s.a7%  45,88%

35,95%

£2,85%
10,46% 15,18%

17,56%

=] 38,50%

3HeCeHHA Biaxig 3 no3uuji LOP 1l

39,52%
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Puc. 1.12 - Hacnigku iHIIUACHTIB Ul pi3HUX THITIB cyaeH Ta oneparliii (LOP: BrpaTta

no3utlii, PI: morenuitnuii innunent, ROV: quctanumiitno kepoanwuii anapat, IMR:

00CITyrOBYBaHHSI Ta PEMOHT I1JBOAHUX CBEP/IJIOBUH)

[IpencraBnena ctatuctuka B Tabmui 1.1 UTIOCTpye peasibHy CKIIQIHICTh PU3HK-

npodinro cucrem DP, ne O11bIIicTh 1HIUACHTIB CIPUYMHEHI KOMOIHAIIEI0 TEXHIYHUX

BIJIMOB Ta MOBEAIHKOBUX NOXuOOK. lle miaATBepKye MOUUIBHICTh MNEPEXOay [0

TUHaMIYHUX Mojenei omiHku pusuky (DPRA), mo BpaxoBylOTb 3MiHHICTH yMOB,

aJIanTarIlilo CUCTEMH B Yaci, Ta B3a€MOJII0 MK TEXHIKOIO Ta OIIepaTOpOM.

Ta6mums 1.1 - Po3nonin innuaenTiB cucrem DP 3a 3Bitamu IMCA (2015-2025)

Ne Kareropis OcHoOBHI criocTepexeHHs Yacrtka (%)
Tun cynna Bypogi, kabensni, ROV/IMR ~65
2 | ®a3a oneparmii Crabimizanis, nepexiz, yrpuMaHHs ~55
[Tpuuunu inuuaentis | BinMoBa pymris, reHepaTopa, CeHCOpiB; ~60 TexH., ~25
JOJCHKUN (pakTop JIFOI.
4 | Kinnesi cranu Drive-off, Drift-off, Brpara no3urii ~70
IHI[MIEHTIB

Jxepeno: amantoBaHo 3a naHnuMu 3BiTiB IMCA Ta aHati3y iHIIHICHTIB
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[IpencraBnena CTaTUCTHKA UIIOCTPYE peajbHy CKIQAHICTh PUBHK-TIPOPLIIO
cucteMm DP, e G1IbI11CTh 1HITMICHTIB CIPUYMHEHI KOMOIHAITIE€I0 TEXHIYHUX BIJIMOB Ta
MOBEIIHKOBUX MOXUOOK, IO MiATBEPIXKYE IOUUIBHICTh MEPEXOay M0 TUHAMIYHHX
mozenel omiHku pusuky (DPRA), mo BpaxoBylOTh 3MIHHICTh YMOB, aJalTallito

CHUCTEMH B 4acl, Ta B3aEMO/III0 MK TEXHIKOIO Ta OIEPaTOPOM.

1.2 OcHoBH nuHAMIYHOI IMOBIpHICHOI OIliHKK pu3ukiB (DPRA)

Tpanuuiiiai miAXoAu 0 aHali3y PU3MKIB, 30KpeMa KIACUYHHM IMOBIPHICHUHN
anami3 pusuky (PRA), 6a3yroTbcs Ha PiKCOBaHMX CLEHAPISAX PO3BUTKY MOJIIN, SIK1 HE
BPaxoOBYIOTh 3MIHHICTh YMOB y 4aci Ta aJaiTUBHY MOBEAIHKY TEXHIUYHUX 1 JIFOJICHKUX
KOMITOHEHTIB CHCTEMHU.

VY cucreMax JIUHAMIYHOTO TIO3MIIIOHYBaHHS CYJEH, € XapakTep 3arpo3
NOCTIMHO 3MIHIOETHCS BHACHIJOK BIUIMBY HABKOJMIIHBOTO CEPEIOBUIIA, CTaHy
oOnaZHaHHS Ta TOBEIIHKH OIEepaTropa, 3acTocyBaHHs crtatuyHUX PRA-mogneneii e
OOMEXEeHO e(peKTHUBHUM. Y 3B’S3Ky 3 IIMM BHHHKae MoTpeda y BIPOBAKEHHI
JUHAMIYHO1 1MOBipHiICHOI omiHkKM pusukiB (DPRA), miagxomy, skuii 1q03BOISIE
MOJICJTIOBATH PO3BUTOK IMOAINM Yy dYaci, BKIIOYAIOYHM B3aEMOJII0 TEXHIYHUX 300iB,
MOMUJIOK JIFOJAMHHU Ta 3MiH y 30BHIIIHIX yMOBax [22].

OcHoBHOW0 BiaMiHHICTIO Tigxony DPRA € momynbpHa apxiTekrypa CHUCTEMHU
OIIIHKA PHU3UKIB, MOOYyJ0BaHA HA MPHUHIIMII TOCIITOBHOTO TMEPETBOPECHHS BXITHHUX
JAHUX y (dbopmamnizoBany OLIIHKY IIOTOYHOTO piBHs PU3HKY.
[ToTik maHuX peami3yeThCsl SIK MOCIIOBHA 00poOKa CHTHAJIB Ta MOJINA Y YOTUPHOX
GYHKIIOHAIBHUX  JOMEHaxX: ifeHTudikamii mojii, OIIHKKH HAIIHHOCTI CHUCTEM,
BU3HAYCHHS MOTOYHOT'O TEXHIYHOTO CTaHy Ta MOJICIIOBAHHS PU3HKY.

Ha pucynky 1.13 mpexacraBieHO y3arajabHEHY CTPYKTYpy HOTOKY HaHUX Y

cucrtemi DPRA.
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36ip aaHux
mant B PEASIbHOMY Yaci Basa gaix
HaBkonuwHe cepeposuie [Oani npo HaBKONMLLIHE
ExkcnnyatauiiiHi Ta cepefosuLle, anapaTHe
TeXHiYHi AaHi inporpamHe 3abesneyeHHs
JlloAcbKi Ta opraHisauiiHi Ta onepartopa
dakTopun
O HakonuueHi aaHi . IcTopif iHUMAEHTIB
IcTopia TexHiYHOro
06cyroByBaHHA
OuiHKa pu3uKis
MpUYnMHHO-HacAigKoBUIA Moy b OujiHKa HaginHoCTi
Mogynb cTaHy npaue3gaTHoCTi Mogenb pusmnky

MpuinHATTA
pilweHb

o ) ) ) ) ) o | ] ) ) | | ) ) ] T ) —

IHTepdeic KopucTyBaya

*  Beb-iHTepdeic KopuctyBaya
*  Bisyanizauia
*  ®dopmyBaHHA 3BTy

I:I basa aaHux I:I Mogeni

Puc. 1.13 - V3aranbHenuit notik nanux y cuctemi DPRA

CxeMa 1TI0CTpy€E JIOTIYHY MOCIIIOBHICTh Nepeaadi iHPopMallii MiXX MOIYJISIMU
aHaJli3y MOJ1M, HAIIHOCTI, TEXHIYHOIO CTAaHy Ta OLIHKH PHU3UKY, LIO J03BOJISE
OTpUMATH aJaNTUBHY WMOBIPHICHY XapaKTEpPUCTUKY MOTOYHOI cuTyalii. Ik BUAHO 31
CXEMH, KOXXEH €eTall MEepeTBOPEHHs JaHUX BIJINOBIAE OKPEMOMY MOIYJIO, TOOTO
NPUYUHHO-HACTIAKOBUN MOJYJb, SIKHH BHSBIISE B3a€MO3B’SI30K MIDK OKPEMUMU
noniamu. Jlanmi ime Moaynb HamIMHOCTI, SKHM pO3paxoBye HWMOBIPHICTH 3001B
CUCTEMH, MOJyJIb TEXHIYHOTO CTaHy BIJACTEXKYE pIBEHb Jerpajaiii KIYOBUX
KOMITOHEHTIB, Ta MOAYJb PU3UKY arperye pe3yiabTaTd JUisi MOOYI0BU 1HTETpaIbHOTO

MOKa3HUKa PU3UKY, L0 J03BOJISIE BPAXOBYBATH HE JIMIIE HASBHICTh YW BIJCYTHICTb
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OKpEeMHUX BIJIMOB, & ¥ MOTOYHMM TEXHIYHUN KOHTEKCT CUCTEMH, 11 CXUJIBHICTH O

aBapiii, a TAaKOX 30BHINTHI YMHHUKH [23, 24].

[lepmnm soriyHUM KoMIOHEHTOM y cuctemi DPRA € monynps npuynnHHO-
HACJIIIKOBMX 3B’SI3KiB, IO BiAMOBiNae 3a iaeHTU(iKalio moaid Ta MmoOyJaoBY
CIeHapiiB 3 ypaxyBaHHAM iXHIX TNpu4YuH 1 HachiakiB. e momyns anHamizye
HAKOIMMUYEHI JIaHl pa3oM 3 1H(POPMAIEIO B PeKUMI pealbHOro yacy, i GopMye OCHOBY
JUIS TOAATIBIIOTO MOJIETIIOBAHHS JIEPEB MOJIH 1 1epeB BIAMOB. BUSIBIEHHS KIIIOUOBUX
pekuMIB 300iB, iXHIX MPUYMH Ta MUIAXIB PO3BUTKY J103BOJIsi€e CHOpPMYBaATH
CTPYKTYpPOBaHYy MO/ICJIb ITOBEIIHKH CHCTEMH Y KpUTHYHUX CTaHax [25, 26].

Cxema Ha puc. 1.14 neMoHCTpye B3a€MO3B’S30K MIDK HAKOMUMYECHUMHU
ICTOpUYHUMH JaHWMH, JaHUMHU B peajbHOMY uYaci, 1 MexXaHi3mMaMu (QopMyBaHHS

CTPYKTYp PH3HUKIB 4epe3 JepeBa Moiii Ta BiIMOB.

HakonuyeHi gaHi Ta gaHi B peasnbHoMy Yaci

lpeHTMdIKauiA BiAMOB,
TUMIB BiAMOB Ta NPUYUH

_________________________

I===="
I:I O6MiH gaHMMK MiXK Nigmoaensamm 1 1 Nigmogeni
L

Puc. 1.14 - Moaynb NpuYuHHO-HACIIIKOBUX 3B 53KIB Y CTpykTypi DPRA

OcHOBHOIO (DYHKIIIEIO MOIYJsl € CHUCTeMHa TpaHchopmallis HeoOpoOeHol
iHpopmanii y ¢dopmManizoBaHl NPUUYMHHO-HACTIAKOBI MOJENl, L0 3a0e3MeuyroTh

OCHOBY ISl 00UMCIIEHHS WMOBIpHOCTEH y HacTynHUX mMoayisix DPRA, mo no3Bosisie
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B1I0Opa3UTH JIOTIKY PO3BUTKY BIIMOB, CIPOTHO3YBaTH TMOTEHIIMHI CIIeHapii
Jerpajaiiii CHCTeMHU Ta BUBHAYUTH KJIFOUOBI BY3JIM BPa3JIHBOCTI.

JpyruMm (QyHKIIOHaIBHUM ejleMeHTOM y cTpykTypi DPRA € moayne ouiHku
HAJIAHOCTI, IO BIJAMOBIJA€ 3a OOYMCICHHS HMOBIPHOCTCH BHHHKHEHHsS 300iB Ta
BU3HAYEHHS CTyNEHS HAIIMHOCTI OCHOBHUX MIiACHUCTEM. Y I[bOMY MOy
3MIIACHIOETbCA O0poOKa BUXIAHOI i1H(OpMalli 3 MOIYyJss HPUYUHHO-HACIIAKOBUX
3B’sI3K1iB, 30KpeMa, JIepeB MO 1 JepeB BIAMOB, a TAKOX CUCTEMHHMX HAKOMUYCHHUX
naHuXx 1 iHGopmarlii B peasibHOMy 4aci. Cxema Ha pucyHKy 1.15 umoctpye MexaHizm
OOpoOKM BXIIHUX JAHHUX IS OOYMCIICHHS HMOBIPHOCTEH BUHUKHEHHS KPUTHUYHUX
BiIMOB, BKJIIOUAIOUM OO0’ €HAHHS CTATUCTHYHUX XAPAKTEPUCTHK Ta JUHAMIYHUX

napametpis [27, 28, 29].

Jepesa I'IOLI,iVI Ta HakonuueHi gaHi Ta AaHi B peasibHOMY Yaci
Bi,CI,MOB (QaHi BUpobHMKa, pe3epByBaHHS,
dYHKLiOHaNbHWI onuc, AaHi Npo BigMOBM,

€KCNepTHi OLIHKM GaKTODIB HAaBKONULIHBLOTO

IMOBipHicTb Hebe3neyHoi noaii

r=———
I:I O6MiH AaHUMU MiXK NigMoaenamMn ! ! Miamogaeni
I____l

Puc. 1.15 - Moayns omiHKu HaliiHOCT1 y cTpykTypi DPRA

O1minka HaaIMHOCTI TMPOBOAUTHCA 3 BHUKOPUCTAHHSM TIOPHUIHUX MOJCICH Ha
OCHOBI CTaTUCTHYHUX JaHUX, (PI3UYHUX PIBHAHb a00 X IMOEIHAHHS Ta J03BOJISE
BiOOpa3UTH SIK ICTOPUYHY 4YACTOTy BiJIMOB, TaK 1 TNOTOYHUN TEXHIYHHH CTaH

€JIEMEHTIB, IO 3MIHIOEThCA y uaci. OTpuMaHi IMOBIPHICHI XapaKTEPUCTHUKU €
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OCHOBOIO /I PO3PaxyHKYy IHTErpaJbHOTO PU3UKY Y (iHATBHOMY MOJIYJi, a TaKOX

JAI0Th 3MOTY a/IalTyBaTy MOBEIHKY CUCTEMU B pexuMi peanbHoro yacy [30, 31].

Tperim enementom B apxitektypi DPRA € Moaynp OIIHKM CTaHy
MpaIe3aaTHOCTI CHUCTEMH, 3aBIAHHSIM SIKOTO € BU3HAYCHHSI BIAXWICHb MOTOYHHX
XapaKTePUCTUK BiJl 0a30BHUX EKCIUTyaTAIlIMHUX HOPM. Y MeXaxX I[bOTO MOJIYJIsS
3MIIACHIOETHCS MOPIBHIHHS JAHUX Y PEAIbHOMY 4Yaci 3 €TaJIOHHUMHU MMOKa3HUKaAMU, 1110
J03BOJIsIE€ 171eHTU(DIKYBAaTH MOTEHIIHHI 3001 a00 aHoMalii B poOOTI CUCTEMHU 10 iX
(bakTHU4HOI peanizarii.

Ha pucynky 1.16 mokazano cxemy JIOTiKH pOOOTH I[bOTO MOTYJISI.

HakonuyeHi gaHi Ta gaHi B peasnbHOMY Yaci
(AaHi BUpOOHMKa, pe3epByBaHHA, PYHKLIOHANbHUIA ONUC, CTaHAAPTU, EKCNEPTHI
OUHKM $aKTOpiB HABKOIMLIHLOMO CEPEeA0BHLLA, aNapaTHOro i NPOrpamHoOro
3abe3neyeHHs Ta I0ACbKOro GpakTopy)

——— e oy

OHoBANEHI CTaHAAPTHI

MOKa3HUKK ed)eKTMBHOCTi

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

P MNepesuLLeHNiA S~ »| OK
~o nopir? _-

o |
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=
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=
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I
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i=]
=
o
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=
=c

lgeHTudiKauia npuunH
noaii

CraH cuctemun

Puc. 1.16 - Moaynb OLIiHKH CTaHy Mparie31aTHocTi B cTpykTypi DPRA
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AHaJi3 TPOBOIUTHCS 3a JIONMOMOTOI0 TOPIBHSHHS CTaTUYHUX TTOKAa3HUKIB
OPOAYKTUBHOCTI CHCTEMH 3 JMHAMIYHO OHOBJIEHUMHU [AHUMH, OTPUMaHUMHU 3
CEHCOPIB Ta CUCTEMHOI'0 MOHITOPUHTY. Y pa3l BUSABJICHHS CYTTEBUX BIJIXHWIICHb Bij
HOPMH, aKTUBYETHCS MOAYJbh MPUYMHHO-HACITIAKOBOI JIarHOCTUKH, SKUU 3IIACHIOE
1IeHTUGIKAII0 MOXJIMBOI MPUYMHM 3HIDKCHHS TMPaIe3aTHOCTI Ta 31MCHIOBATH
NPEBEHTHBHE pearyBaHHS Ha TEXHIUHI 3arpo3d 10 IXHBOTO (PAKTUYHOTO MPOSIBY B
aBapiiiHiil cutyamii [32, 33].

YerBeptuMm etanoM B apxiTektypi DPRA € Monynbs MozentoBaHHS pUBHKY,
KUl BHUKOHY€ IHTETpallil0 pPe3yJIbTAaTiB TMOMEpPEHIX eTamiB Uil PO3PAXyHKY
IHTETPAIIBHOTO PIBHA PU3HKY CHCTEMH. Y MEXKax I[bOr0 MOIYJS 3IIHCHIOETHCS
OOYHCIIEHHSI PU3UKY K NOOYyTKY WMOBIPHOCTI BMHUKHEHHS MOJIi Ha BENWYHUHY Il
HACJI1JIKIB.

Ha pucynky 1.17 HaBeneHO 3arajpHy CXeMy MpOLECY MOJEIIOBAHHS PU3UKY B

cucrtemax DP.

IMmoBipHicTb HaKonuyeHi gaHi
(MmacwTabu HacniAKiB, eKCNepPTHI OLHKK
$aKTOpiB HABKONMLLHBOTO CEPeAOBULLA,
anapaTtHOro i NporpamHoro 3abesneyeHHs Ta
JII0ACLKOro daKTopy)

Hebe3neyHoi nogii

PiBeHb cucTeMHoro

pU3KKY

O6MiH JaHMMK MiXK Niamoaenamm

Puc. 1.17 - Moayns MonentoBaHHs pu3uKy y cTpykrypi DPRA

Buxigaumu gaHuMu 11 MOAYJISl MOJICTIOBAHHS PU3UKY € HMOBIPHOCTI BIJIMOB,
po3paxoBaHi MOJYJIEM OIIIHKA HAIIWHOCTI, HACIIAKA BIJMOB, IO BHU3HAYAIOTHCS
SKCIIEPTHO 3aJICKHO BiJ THITy cucTeMd DP, yMOB HaBKOJMIIHBOTO CEPEIOBHINA Ta

pexumy poooTu. O0'eHAHHS [UX MapaMeTPiB JO3BOJISE OTPUMATH KUTBKICHY OLIIHKY
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PUBHKY, sIKa MOXKE 3MIHIOBATHCS Y PEKUMI pPEaIbHOTO Yacy y BIJMOBIIb HA TWHAMIYHI

3MiHHM MapameTpiB cuctemu [34, 35, 36].

3aBeplIalbHUM KOMIIOHEHTOM Yy CTpyKTypli cuctemu DPRA € w™oxyns
nigTpuMkn npuiHATTA pimeHb (Decision Support Module), sikuii ¢GyHKITIOHYE SIK
iHTepdeiic MK aHAMTHKOIO PU3UKY Ta OIepaliiHUMH JiSMU KOPHCTyBauda
abo cucremu. Moro npusHauenns, Hagaty DPO (aGo aBTOHOMHIH cHcTeMi)
iH(popMalio Uid OOIPYHTOBAHOIO pearyBaHHs Ha 3MIHY pIBHS PHU3UKY, IO
3a0e3neuye aJanTUBHY MOBEAIHKY CUCTEMU B YMOBAaX HEBU3HAYEHOCTI.

Ha pucynky 1.18 HaBeneHO KOHIENTyaldbHY MOJIEIh MOMIYJS MiATPUMKHU
OpuiHATTS pimeHb y cTpykrypi DPRA  (cxema neMoHCTpye 3B’SI30K MiX
pe3ynbTaTaMu MOMYJIB OIIIHKM PU3MKY, TEXHIYHOTO CTaHy Ta HaAlMHOCTI 3 0a3010

3HaHb 1 JIOT1KOI0 (hOPMYBaHHS KepyrOUHX il a00 pekoMeHalliil oneparopy).

CraH cuctemm HakonuueHi aaHi PiBeHb cuctemHoro
(£aHi BUPOBHWMKA, 3BiTH, PU3KNKY

eKcnepTHa OLiHKa)

basa gaHux B pexumi |

peasbHOro Yyacv !

IS IERERmEm—m—m—————

S !_____I ,___!___________I
: MpeAcTaBAEHHA CTaHy | : BM3HAUEHHA HEOBXIAHUX |
1 |
1 -
: I | Aaiv 1
(S 1 S |
\ 4

O6MiH AaHUMU MiXK NigMOAENAMM 1 1 Niamopeni

Puc. 1.18 - Mogenb niaTpUMKU OpUKRHATTSA pilieHb y cucteMi DPRA
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[adopmarisi, 3reHepoBaHa Ha TOMEPENHIX PIBHAX (PU3HK, HAAINHICTS,
Mpale3aaTHICTh), HAKOMUYYEThCS B 0a31 JaHUX Ta BUKOPUCTOBYETHCS JIJIsI OHOBIICHHS
aKTyajdbHUX pekoMmeHaaiiil. Cucrema Moxke popMyBaTH aBTOMATUYH1 OTIEPEI>KEHHSI,
napaMeTpudHi Mexi i, a0o HaBiTh MNPsAMi CUTHAIM BTPYYaHHS (HAMPHUKIA,
aBTOMAaTWYHE 3MIIICHHS CyJHa Y O€3MeuHy 30HY), MiJCYMOBYIOYH TaKUM YHMHOM, IO
MOJYJIb MIATPUMKH PIlIEHb € KIFOYOBUM MEXaHI3MOM IHTErpaiii OIiHKA PU3HKIB 13
IPOLEAYPOIO YIIPaBIiHHS B CUCTEMAX JAMHAMIUYHOTO MO3UILIOHYyBaHHs [37, 38].

Jlia peanmizanii mMareMaTuyHOi Mojesl OLIHKM pu3ukiB 'y DPRA BaxiuBo
BU3HAUUTH (OpMajbHI OCHOBM MOOYIOBU OILIHKK HMOBIpHOCTEH moxii. Y Tabmuir
1.2 y3araqbHEHO OCHOBHI MaTeMaTW4yHI MiAXOAWM JO BHU3HAYEHHS YacTOTH
BUHUKHEHHS MO Ta HAAIMHOCTI (QyHKIIIOHYBaHHS KOMIIOHEHTIB cucteMu. HaBeneHi
BUpPAa3u JO3BOJIAIOTH 3[1MCHIOBATU KUIbKICHY OLIIHKY HaJIIHHOCTI 3 ypaxyBaHHIM THUILY

PO3MOALTY, IHTEHCUBHOCTI BIJIMOB Ta IHIIIUX TTapaMeTPiB.

Taomuus 1.2 - OcHOBHI MaTeMaTUYHI MOJIENI IS OLIHKHA YaCTOTH

noniii y DPRA

Jlani, HeoOXiaHi g1

3a3BHYaii BUKOPUCTOBYBaHI . DDA
KUIBKiCHOT OLIHKH

Twun 60a3oBol moaii

MozeJi iiMoBipHOCTI 0230B01 Moii

Moaesei

[Himiroroua momis

Mopens [lyaccona asis Bu3HaueHHs
HMOBIpHOCTI k& TOi#i 3a yac t:

(0"

— oAt
Prik)y=e x

e
t: Yac BUKOHAHHS 3aBIaHHS
A: YacroTta

KinekicTs mionii £ 3a
qac ¢

BinMoBa KOMIIOHEHTY IiJ] 4ac
mojadi KOMaHId Ha
BHUKOHAHHS

[TocTiitHa IMOBIPHICTH BIJIMOBH ITiJ{
Yyac mojadl KOMaHId Ha BUKOHAHHS,
abo g

Kinekicts mmomii
BIIMOBH k 3a 3arajbHy
KIJIBKICTh KOMAaH/ Ha
BUKOHaHHI N

Pe3epBHUIT KOMIIOHEHT 3
4acoOM BUXOJMTSH 3 JIady abo
KOMIIOHEHT 3MIHIOE CTaH MIX
TectaMu (BIIMOBH

TTocriiiHa IHTEHCUBHICTH BiIMOB
€JIEMEHTIB, sIK1 1epedyBaloTh y
HEHABaHTAXXEHOMY Pe3epBi

KinekicTs miomii £ 3a
3arajabHUI 4ac 'y
HEHABaHTAXXCHOMY
pesepsi T
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Po0ounii KOMIIOHEHT HE
3aIyCKA€ThCS 200 KOMITOHEHT
3MIHIOE CTaH IIij yac
BUKOHAHHS 3aBJaHHs (CTaH
KOMIIOHEHTA ITOCTIHHO
KOHTPOJIIOETHCS )

ITocTiiiHa yacToTa BiZIMOB
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MPUHHATHUM, KoJu Ay T, < <1

Kinbkicts momiii £ 3a
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TECTyBaHHS
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Trp: TpuBamicTh TeCTy (TUIBKH 3a
BIJICYTHOCTI CUTHAILY
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TECTaMHU
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TECTyBaHHi a00
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00cITyroByBaHHI, 1110
MIPOBOJIUTHCS Yepe3
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00CIIyroByBaHHs
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Ty: CepenHiii 4ac IpOCTOIO
gyepe3 TeXHIYHEe 00CITyroByBaHHS
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w1 : TlepiogMuHICTh TEXHIYHOTO
00CITyroByBaHHs

Kinbkicts onepartiii 3
TEXHIYHOTO
00CITyroByBaHHs 7 3a
yac T (u1st OLIHKH 1)

Pe3epBHUIT KOMIIOHEHT, KN
HIKOJIM HE TECTYEThCS.
MMoBipHa mocriitHa acToTa
BIIMOB

Q=1—emT

T,: Yac BIJIMBY 10 BIIMOBH A 5!
IHTEeHCUBHICTH BiZIMOB €JIEMEHTIB,
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fIMOBipHiCTL BIIMOBH 13 0.1 10 Oy, 1€ M — CTYTIHB 71 IO Ny, O€ N —
3arajabHOI IPUYUHU pe3epByBaHHs KUIBKICTB HOJiH BIAMOB
13 3araJIbHOI MPUYMHU,
1[0 BKJIIOYAIOThH k
KOMITOHEHTIB

[IpencraBneHi CriBBiHOIICHHS OXOIUIIOIOTH €KCTIOHEHIIIHI, TapaMeTpUyHI Ta
KOMOIHOBaHI MOJIENl OIIHKKM YacTOTH 3001B, IO HAWYacTIIle 3aCTOCOBYIOTBCS Y
PU3UK-OPIEHTOBAHUX MIAXOAaX, Ta JO3BOJISIIOTh HE JIMIIE PO3paxyBaTH IMOBIPHOCTI
BUHMKHEHHS HEOEe3MEeUHMX MOoJii, a W aJanTyBaTH MOJENb JI0 PI3HUX THIIIB
TEXHIYHUX CHCTEM 13 ypaxXyBaHHSIM €KCIUTyaTallliHOTO CTaHy Ta d4acy
dbyHKIiOHYBaHHA. 3a3HaueHi ¢opMylid € 0a3010 Ui TOAATIBIIOro (opMyBaHHS
IHTETpaJIbHOTO PU3UKY Y MOy OIIHKK pu3uKy cuctemu DPRA [39].

MixHapogHa Mopcbka KoHTpakTtopcbka acomiamiss (IMCA) pospobuna
JeTanbHl peKoOMeHmalii Ioa0 Oe3MmeyHoi eKcIulyartalii CyJeH 3 JIWHAMIYHUM
no3uiionyBanHsM (DP), BkIIOYar4M acmekTd YHpaBiIiHHSA PU3UKAMU, MPOILEIYP
eKCIUTyaTallii Ta CTaHJapTiB ramtysi.

OuiHka pU3MKIB y MOPCHKUX ofepauisx 3rigHo 3 metonosorietro IMCA
(International =~ Marine  Contractors  Association) nepembadae  IIOCIIIOBHE

MIPOXO/KEHHS 11’ SITH KJIFOYOBHUX €TariB, 10 HaBeaeHi B Tabmui 1.3 [40, 41].

Tabmuus 1.3 - OcHOBHI eTanu OLIHKK pU3HUKIB 3a Metogoioriero IMCA

Ne Eran 3MmicT

1 | [nenTudikamis BusHaueHHs MOKIIMBUX MOJIH, SIKI MOXKYTh MIPU3BECTH 110
MOTEHI[IHHUX 3arp0o3 | BTPATH MO3MIIII Cy/IHA, TAKKX SK BiIMOBa 00JIaHaHHS a00
HECITPUATIIMBI TIOTOTHI YMOBH

2 | AHauni3 HacaiAKIB OriHKa BIUIMBY 11€HTH(IKOBaHHUX 3arpo3 Ha Oe3neKy onepari,
HaBKOJIMILIHE CEPeOBUILE Ta 00JIaAHAHHS

3 | Ominka iiMoBipHOCTI | Bu3HaueHHs HMOBIPHOCTI BUHUKHEHHS KOXKHOI 3arpo3H 3
ypaxyBaHHSM ICTOPHYHUX JAHHUX Ta EKCIIEPTHUX OI[IHOK
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4 | Po3po0Oka 3axomiB BuznayeHns Ta BnpoBaKeHHS 3aX0/IiB /ISl 3SMEHIICHHS
3HW)KECHHS PU3UKY HMOBipHOCTI 200 HACIIAKIB 11€HTU(IKOBAHUX PU3HUKIB

5 | MoHitopuHr Ta [ocriiine ciocTepexeHHs 3a e()eKTUBHICTIO BIPOBAPKEHUX
neperis 3aXO0/iB Ta OHOBJICHHS OL[IHKH PU3HKIB Yy pa3i 3MiHH yMOB

Cxema Ha pucyHky 1.19 BimoOpakae KiIO4OBI eTanu MoOyJOBH Ta aganTalii
MO/l OI[IHKM PHU3UKIB: BiJl 300py BUXIAHUX AAHUX JO ITEPaATUBHOTO OHOBJICHHS

PU3HK-OI[IHKH B Yacl.

| BusHa4yeHHsI MeZK CHCTeMH |

Amnarnis mKepent:
sBiTi IMCA, iHumpgesTH, BigMOBH

l

Orixka gocToBipHOCTI
Ta IMOBHOTH JaHHX

IlaHi gocTaTHLO MOBHI?

QopmyoBaHHSA NPHIYIIEHb
/ 3amOBHEHHS MPOTannH

I

| ITouaTkoBe MOeIroBaHHA PH3HKY

l

ITepaTHBHe yTOuHeHHs Moperti
MPH HAXO[7KeHHI HOBHX AaHHX

I

‘ OHOBJIEHHS OLIHKH PH3HKIB y 4aci

Tax

Puc. 1.19 - Anroputm noGynoBu Ta aktyanizauii moaeni DPRA

ANTOPUTM NIEMOHCTPYE >KUTTEBUM IIUKI MOJEIl OI[IHKM PU3UKIB y paMKax
DPRA. BiH oxomitoe BU3HAYE€HHSI CUCTEMHUX MEXK 1 301p HallMHUX TaHUX; IEPEBIPKY
JIOCTOBIPHOCTI ¥ MOBHOTH 1H(oOpMaIlii; moOya0By BUXITHOI MOJENI 3 MOAATIbIINM
ITEpaTUBHUM YTOYHEHHSM TIPH HAJIXO/HKCHHI HOBHMX TOMiA abo CHUTHANIB Ta

Oe3rnepepBHE OHOBJICHHS PE3YJIbTATIB OIIHKKA PHU3HMKIB y 4Yaci. TakuM 4YMHOM, LA
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CTpyKTypa 3abe3leuye aJanTHBHICTb, 3BOPOTHIM 3B’SI30K, 1 BHUCOKY TOYHICTh

OIIIHIOBaHHS ITOTOYHOTO PiBHS HEOE3MEKH B CKJIAIHUX MOPCHKUX OIepallisx.

Cxema Ha pucyHky 1.20 1eMOHCTpye€ XapaKTEpHUW MPHUKIAL PO3BUTKY
IHIUJIGHTY B CHCTEMi JMHAMIYHOTO IIO3MINIOHYBAHHS: BiJ ITOYaTKOBHX YMOB
eKCIUTyaTallii J0 KIHIIEBOIO CTaHy, BTpaTd mno3uili. Ha BepxHboMmy piBHI
MPEACTABIICH] XapaKTEPUCTUKN CEPEIOBHINA Ta CHCTEMHU, Jalli MOCTIOBHICTh MO,

10 MPHU3BENH 10 aBApIHHOTO CLIEHAPIIO.

CYAHO 3 CUCTEMOIO DP BYPOBI POBOTU 2 x DGPS i
LA FVBOKOBOAHMX ZxaKyCTVI'-IHICVICTiMVI
KOHTPOItO NO3MLi B
POBIT poboyomy pexrumi
LUKBAJIUCTUW BITEP Y
KOPMY CYAHA
MNIABULWEHHA TATN TA
MOTYXHOCTI
|
v v
BIAK/TKOYEHHA 2 AN3END- 3MEHLWEHHA KPOKY
FEHEPATOPIB PyWIA
HAO3BUYAMHA CUTYALIA ABAPIVIHE BIZ'€AHAHHA

BTPATA MO3MLLIT (520 m)

Puc. 1.20 - ITocnigoBHICTh MOAIN MMiJl 4ac IHIUAEHTY cuctemMu DP

(1a ocHoBi nanux IMCA)

Jlana TOCIHIOBHICTh JEMOHCTPYE THIIOBY JIOTIKY PO3BUTKY KPUTHYHHX
cutyariii y DP-cucremax. 30kpema, MOYaTKOBO CHCTEMa IpalfoBajia INTAaTHO 3

aKTUBHUMU naTurkamu nosuiionyBanHus (DGPS, akycrtuka), ane 3rogoM HU3Ka MOIN



45
(BiZMOBA MIJICHCTEM, HEKOPEKTHA peakilisi KOHTpoJepa abo ornepaTopa) CIIpUYHHHIIA

BiIxwieHHs Bin mo3uiii. KiHIIEeBUM CTaHOM cCTajlo BTpara IMO3WINi, M0 Yy 3BiTax
KiacuikyeTbcss okpemMo Bif “3HeceHHs” uM “‘drive off”. Takuil nmpukian uI0CTpy€
BXJIMBICTH MOOYI0BH JiepeB moii Ta interpanii ganux IMCA B moxeni DPRA nns
MOIAJIBIIIOTO PU3UK-aHam3y [42, 43].

Jlns noganpiioi moOya0BU JIEPEeB BIIMOB Ta PO3PAaXyHKY MMOBIPHOCTI BTpaTu
NO3ULIT Ba)XJMBO MaTH KUIBKICHI XapaKTEPUCTUKH BIMOB OCHOBHHUX €JIEMEHTIB
cuctemu DP. V Tabmumi 1.4 mpeactaBieHO THUIOBI YacTOTH BIAMOB KPUTHYHHUX
KOMITOHEHTIB CYJIHOBOi CHUCTEMH JWHAMIYHOTO TO3UIIIOHYBaHHS, SKI MOXYTh OYyTH

BUKOPHUCTAaHI SIK BUX1/IHI MapaMeTpu MIPU MOJICIIIOBAHH] PUBHKY.

Taomuus 1.4 - YactoTu BIZIMOB OCHOBHUX MiJcUCTEM cucteMu DP

No Komnonenr cucremu DP Hacrora B(lil)MOB’ 1/ron JxepeJio, npuMiTKa

1 | KoHTposnep mo3uiionyBaHHs 2,0x10" * 3rinno 3 IMCA D 045
(DP)

2 | CeHcopHuii 6510k 1,510 * JlaHi 3 ekcrutyaTanii cyaeH
(DGPS+MRU)

3 | CunioBuit ipuBif / pynmiid 1,0 x 10" 3 30ipKa CTaTUCTUKH 32 5 POKiB

4 | Cucrema >KUBICHHS 3,510 * BnacHi nani, MoiepHizoBaHa
(renepatop) CIIbY

5 | JIroacekuii hakTop (TTOMUIIKa 1,2x10" 3 VY3aransaeHo 3a SPAR-H
DPO)

Takum ynHOM, TUHAMiIYHA iMOBipHicHA o1liHKa pu3ukiB (DPRA) € edextruBHUM
IHCTPYMEHTOM JJIsl aHaJII3y CKJIAJHUX, 0araTo(akTOPHUX CUCTEM, SIKI (PYHKIIIOHYIOTh
B yMOBax HEBHU3HAYECHOCTI Ta 3MIHHOTO cepenoBumia. I[loOyagoBa MomynbHOL
CTPYKTYPH CUCTEMH, MAaTEeMAaTHYHI MOJIEJI OI[IHKA UMOBIPHOCTEH, IHTErpallis JaHUX Y
peallbHOMY 4Yaci Ta MNPUKIAAM 3 TNpakTHKU (30kpemMa Ha 06a3i 3BiTiB IMCA)

MIATBEPKYIOTh MOJKJIMBICTh aJIallTUBHOI MOOYJAOBH OIIHKM PU3UKY JIS CHUCTEM



46
JUHAMIYHOTO TIO3MIIIOHYBAHHS a TMPEJCTaBIICHI MAXO0AW (POPMYIOTh OCHOBY IS

MOIAJIBIIIOTO aHaATI3y B3aEMOIIT TEXHIYHUX Ta JIFOJCHKUX (haKTOPiB pU3HKY [44, 45].
Oco6nuBy yBary B cydyacHux DPRA-cucremax npuBepTae muTaHHS B3aeMOZIT
MIX ONEepaTopoM, amapaTHUM 3a0e3MeUeHHSIM Ta MPOTPAMHHUM CEPEIOBHIIEM,
OCKITBKM CaMe€ 1€l TPUKYTHUK HaWOLIBII Bpa3auBUM 10 300iB, IO HE 3aBXKIH
nignaTbes  (opmanizamii. Y maparpadi 1.3 Oyae po3riasHYTO METOAOJIOTI0
BpaxyBaHHS JIIOJICBKOTO (hakTopy, THUIOBI JuKepena 300iB, MOB’si3aHI 3 MOMUIKAMHU
oriepaTopa ad0 HEKOPEKTHOIO 1HTEPIIPETAIlE€I0 JaHUX, a TAKOXX PU3UKH, TIOB’S3aHI 3

HEKOHTPOJIbOBAHMMHU TIEPEX0JaMH CTaHiB mporpamHoro 3abde3nedyeHus (I113).

1.3 Bzaemogis omepaTopa, anapaTHOIO Ta MPOrpaMHOr0 3a0e3MeYeHHs MPU

OLIIHIIl PU3UKIB

He3Bakatroun Ha 3Ha4YHUI Mporpec y PpO3BUTKY amapaTHUX 1 MPOTrpaMHHUX
3ac00iB aBTOMATH3aIlll CHUCTEM JMHAMIYHOTO IO3UIIOHYBaHHS, JIIOJICHKHUMA (akTop
3aJIMIIAETHCSA KIIOYOBUM JIKEPEJIOM PU3MKY B ekciuryarauii DP-cuctem. buibmiicts
aBapii 'y DP-omepamisx MawTh CKJIaJHY €TIOJNOTiI0, J¢ TEeXHiuHi 3001
CYNPOBOUKYIOTbCSI 200 MOCHIIIOIOTHCS TMOMWJIKAMHU OIeparopa, HeaJeKBaTHOIO
peakiier0 a00 HECBOEYACHUM BTpydaHHsM. JlOJaTKOBY CKIAIHICTh (opMye
NOBE/IHKA MPOrpPaMHOTO 3a0e3NeueHHs, SKe MOXE MaTH IPUXOBaHI BPa3iHBOCTI,
HEKOHTPOJIbOBaH1 CIICHapli MEPEXO/IIB CTaHIB ab0 JIOTIYHI MOMHUJIKH B aJIrOpUTMax
MPUIHATTSA piteHs [46, 47].

VY nmaHoMy Mipo3aiii MPOMOHYETHCS PO3TIIA KIIOUOBHUX ACIEKTIB B3aeMOZIT
orepatopa, [I3 Ta anapaTHOro cepenoBuIlla B KOHTEKCTI MOJENel OLIHKH PU3UKY Ta
aHaJli3y BpaszJMBOCTE.

Y Ttabnumi 1.5 mpeactaBieHa THIIOJOTIS OXOIUIIOE HAWOUIBII MOMIMPEH]
MEXaHI3MU TOMIIOK ormepatopiB DP-cucteM 1 103BOJIs€ CTPYKTYpyBaTH OIIHKY

JOJCHKOTO (akTopy npu (popMyBaHHI MOAETIEH PUSHKY.
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Ne | Tun nomMuaku CyTHiCTh MOMUJIKHU TunoBi npuuunu
1 | CopudHATTS HeBipHe 3unTyBaHHS MOKA3HUKIB, Broma, ¢inpTparist curHamis,
(Perception) HEIOOIIIHKAa TPUBOT HaJMipHA JTOBipa A0 OJTHOTO

JpKepena

2 | JliarHocTHKa
(Diagnosis)

[TomunkoBa iHTEpIIpETAIlisl CUTYAIIIT,
XNOHE BU3HAYCHHS TPIOPUTETIB

Hecraga mociny, ooOmexeHi
naHi

3 | BukoHauasa
(Execution)

HekopektHa komaHnna, XuOHUIA BUOIp
pPEXUMY, TOMIJIKA y BBEJICHH1

Crpec, MOTOpHa
JIE3KOOPIUHALLIS

4 | IIponeaypHa
(Rule-based)

[Topymenns abo HenpaBHIIbHE
3aCTOCYBaHHA CTaHIAPTHOL

npouexypu

HenocratHe HaBUaHHS,
CyTepewInBl IHCTPYKITii

5 | Hamip nopymmru

YcBigoMIIeHEe HEXTyBaHHSI PaBUIIAMU

OpranizamiitHuil THCK,

(Violation) a00 BiJIKJTFOUEHHS 3aXHUCTIiB HEXTYBaHHSI KyJIbTYPOIO
Oe3mnexu
xepeno: Ynopsaorxoeano na ocnosi CREAM, SPAR-H, IMCA D 045

VY mopanmeiux po3auiax Il Kareropii OyayTh BHKOPHUCTaHI SIK BXIJIHI KJacu

noniid y mogeni CREAM ta SPAR-H nnst KinbKiCHOT OLIIHKM IMOBIPHOCTI IIOMUJIKU Y

3aJlaHUX CIeHapiax. TyT BaXJIMBO pPO3YyMITH, IO JKOJAHA 3 KATEropili He €

130J1bOBAHOIO0, BOHHM YaCTO B3a€MOJIIOTH 13 TEXHIYHMMH Ta TPOTPAMHUMHU 3005MH,

dbopMyroun KOMIUIEKCHI aBapiliHi jJaHioru [48, 49].

VY  rtabmum

3ycTpivarotbes y DP-inmmnenTtax, mos’si3anux i3 DPO.

1.6 y3arajibHEHO HaAWOUIBII 4YacTi Kareropii MOMUJIOK, SKi

Tabnuus 1.6 - [Ipuunnu nommiiok oneparopa y DP-cucremax: kateropusarnis i

qacToTa
Ne | Kareropisi npuaunu Onmc nposiBy YacTka B
iHOUaeHTax
(%)
1 | HemoBHa abo xubHa DPO nie Ha 6a31 HETOBHUX/CITIOTBOPEHUX 25
iH(hOopMaris nanux cencopis abo GUI
2 | Broma a6o 3HWKEHHS 3HIKEHHS KOHIICHTpAIlii, CIOBUIbHEHA PeaKIlis 20
yBaru
3 | HeBipHe HaBuaHHs Henocrarsiii TpeHIHT 3 BiAXUJIEHB, cTapi a00 18
(dbopMasbHI IpoLeaypHU




48

4 | CucremHa HeoueBuani TpuBOTH, TTOTaHa Bi3yasisarlis, 15
nso3HauHicTh GUI BIJICYTHICTh KOJIbOPOBOI'O KOJAYBaHHS
5 | [lcuxomoriunuit Tuck / | DPO 3My1mieHuii irHopyBaTu mpaBuia, pearye 12
oBeppil «3a 00CTaBUHAMUY
6 | Inme [HauBiTyanbHI KOTHITUBHI OCOOIMBOCTI, 10
0araTo3aJauHiCTh

Jbxepeno: Vnopsokosarno 3a oanumu IMCA D 045, CREAM taxonomy, NASA HFACS

Takuif 3MICT MOXHA BUKOPHUCTATH $K €TAJIOHHY MATPHUII0 MPUYMH MIPU
nooynoBi soriku SPAR-H ta ATHEANA, y Burisgl BIUIMBOBUX (aKTOPIB Y
creHapisix pusuky. Bapto 3a3HaunTH, 10 6araTo 3 HMUX BUHHKAIOTh HE BHACIIJIOK
"moncekoro (aktopy", a yepe3 "MHOACHKO-CUCTEMHHMM (akTop" KOJIU MpOrpaMHe
3a0e3ne4yeHHs He JAa€ TOCTaTHHOI MATpUMKHU oneparopy [50, 51].

Hanilinicts anapatHoro 3a0e3neyeHHs - HE €IMHA 3amnopyka e(eKTUBHOCTI
OHJIAaWH-OIIHKH PU3UKIB Y MOPCHKUX cucTeMax. TyT, TakoX, HEOOX1IHO PO3yMITH Ta
BpaxoOBYBaTU CYTT€BUU BIUIMB HAa PHU3UK JIIOJICBKOTO Ta OpraHizaliiHOro (akTtopiB
[52, 53], BIAMOB mpOrpamMHOro 3a0E3MEUeHHs, a TaKOoX iX B3aEMOJIi Ta KacKajHl
edektu [54, 55].

[CHYIOTh JOCHTIKEHHSI KOHKPETHUX NpoOJieM, MOB'S3aHUX 3 ypaxyBaHHIM
JIOJICBKOTO 1 oprasizamiiiHoro (akTopiB mpu OLiHIN pu3uKy [56-58]. Amami3
HaziiHocTl oneparopa (human reliability analysis, HRA) cnpsimoBanuii Ha KUIbKICHY
OLIIHKY WMOBIPHOCTI TOMWJIKMA JIIOJUHU JJi1 3aJaHoro 3aBAaHHs. Y [59]
po3cililyBaHHS HelacHoro Bumagky Ta QRA mMoenHylOTbCS 3 BUKOPHUCTAHHSAM
HasBHOI 1H(OpMaIlli Mpo MomnepeAHid IHIUACHT y SKOCTI BXigHUX maHux y QRA-
meropoJorii. Ileit MeTon BKIIOYa€e PO3MIMPEHE PO3YMIHHS POl JIOJACHKOTO Ta
oprasizamiifHoro ()akTopiB Y BUHUKHEHHI HEIIACHUX BUMAJAKIB, Ta iX 3amoOIraHHS.
PesynpTar nomomarae Bu3HAYUTH HeOe3MeKu, HMOBIpHOCTI, Oap'epu Oesneku Ta
MOJKJIUBI HACHIJKU 1 J1a€ OLIbII MOBHY KapTHHY NPUYUH Ta PU3HKIB y CKIQIHHUX
CUCTEMaX.

Ha puc. 1.21 npencraBieHa CTpyKTypHa lepapxis HPHUKIAAy MTPOrpaMHOTO

3a0e3nedyeHHss. OCHOBHMMH IIJICHCTEMaMH € KOH(QIrypallis, KOHTPOJEp, AaTUuK,
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CUCTEMHU peecTpaiii AaHuxX 1 Koau mporpamu. lle Bci amapaTHI KOMIIOHEHTH,

HEOOXIJIHI /1T BCTAHOBJICHHS Ta POOOTH IMPOTPaMHOIO 3a0E€3MEUCHHS, HaIpHUKIa,

(GyHKIIs HANAIITYBaHHs, 3alylIEHa B KOMIIOHEHTI KOH(Irypawii.

Cucrema Miacucrema KomnoHeHT

Nporpamne Cuctema KoHabirypauii MepeTsoploBaY BEUYUH
3abe3sneyeHHa /G__ P
Cuctema KoHTponepa G KoHTponep BUMKHEHHA ( E KoHTponep 1
- Rarink KoHTponep izonauii KowTponep 2
Cucrema peecTpauii AaHnx
— KoHTponep perynioBaHHa

Koawm nporpamn

Puc. 1.21 - CtpykTypHa iepapxisg nporpaMmHoro 3adesnedeHus: y DP-cuctemi

Sk TokKazaHO Ha PHUCYHKY, TifcucreMa KoH(irypaiii Mae KOMIOHEHT
nepeTBopeHHs: BenuuuH. CHUcTeMa KOHTpoJiepa CKIAMa€Tbcsi 3 KOMIIOHEHTIB:
KOHTpOJIepa BUMKHEHHS, 130JIS1i1 Ta peryjioBaHHA. JlaTuMk MoOXke CKIajaTtucs 3
JNEKUJIbKOX KOMIIOHEHTIB, TaKUX SK JAaTYMKU TUCKY Ta Temneparypu. lIpencraBiena
CTPYKTypHa 1i€papXis MOKe€ OyTH CKOPUTOBaHA /i PI3HUX THIMIB MPOTPAMHOIO
3a0e3nedYeHHS 3aJIe)KHO BiJl paMOK CHCTEMH Ta MporpaMHoro 3adesmneuerts [60, 61].

Ha pucynky 1.22 mnpexacraBieHHil MNpUKIaa TEPEeXOAiB MDK CTaHAMU
POrpaMHOTo 3a0e3MeueHHs Ta HOTO CepeloBUINa (CTaHaMU OTepaTopa Ta armapaTHUX
cucteM). Jliarpama mepexomiB CTaHIB Ui JOCHIIKYBAaHOTO IMPOTPAMHOIO
3a0e3neyeHHs] MOBHUHHA OYTHU PO3poOJieHa 3aJIeKHO BiJ 3aCTOCYBaHHS Ta poOOYOTo

IpoIIeCy MPOTrPaMHOTO 3a0€3IEeUeHHS.
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MNepexigHi ctaHm,
nos'A3aHi 3

MporpamHe 3a6e3neuyeHHs nepcoHanom Ta

anapatHum

3a6e3neyeHHAM

Yenix
ABapiiiHuit curHan

nporpamHoro BumiptoBaH MNepeTtBope Mepepaua

3a6e3neuyeHHsn HA HHA AaHNX

Biamosa

Puc. 1.22 - Jliarpama nepexoxiB crauis 13 y DP-cepenoBuiii

[lepmnmii cran - e aBapiiiHUl cUrHan mporpaMHoro 3abesneudeHHs. lle moxxe
OyTH MOMHJIKOBUI CUTHAIT, TAKUM YHHOM, 115 TTO/isl Ma€ MMOBIPHICTh TOYHOCTI (y Hac
TaKOX MOxe OyTH 301l mporpaMHOro 3abe3nedyeHHst 0e3 Oy/b-sSKOi TPUBOTH, IO TYT
He BigoOpaxkeHo). HactymHi cTraHu po3poOISIOTHCS BIAMNOBITHO 10 MAaTpPHII
KOMITOHEHTIB-(yHKIIIM, a OCTaHHI CTaHU € KIHIEBUMH CTaHaMH, SIK1 Ha I[{ Jiarpami
Mo3HAYeHI K ycmix 1 BigMoBa. KiHIeBI cTaHu MOBUHHI OyTH BH3HAY€HI HA OCHOBI
3aCTOCYBaHHS, paMOK CHCTEMHM Ta METH JOCHipKeHHA. Hampuknan, TyT «ycmix»
BKasye Ha cCIpaBHE (YHKIIIOHYBaHHS IIPOrpaMHOTO 3a0e3ledyeHHS Ta 3aJIisTHUX
KOMITOHEHTIB, MPEACTaBICHUN Ha Jiarpami mepexo/iiB cTaHiB (He BCi€i cucteMu) [62,
63].

[Ipn MopnentoBaHHI BIAMOB MpPOrpaMHOro 3a0e3neyeHHss B cucremax DP
BAXKJIMBO BpaxoByBaTW He Juie (axkt 30010, a W MOCHIAOBHICTh aKTHUBaLIl
GYHKIIOHAIBHUX ~MOJYJIiB, fKa MOXKE TPHU3BECTH JO aBapiiiHOro CIeHapilo.
Hanpukian, noMuiakoBe 3HAYEHHS 3 JaT4MKa, M0 HE OyJI0 BUSBIEHE CBOE€YACHO,
MOKE aKTUBYBAaTH MOMMIIKOBY JIOTIKY B OOpOOIll AaHHUX, 3MYCUTH CHUCTEMY 3MIHUTH
MOJIOXKEHHS CcyJHa abo MpoIirHOpyBaTH peanibHy 3arpo3y. Came Taka MOCIiAOBHA
aKTHUBAIllsl TOMMJIKOBUX (YHKIIM MpeICTaBlieHa Yy BUIJIAAI JIOTIYHOI MOJEl Ha

pucyHky 1.23.
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__________________

Curnan,
nos'AsaHnin 3
BUMIpPIOBaAHHAM

BiamoBa faTumnKa 36iit cuctemmn H | Biawosa, nos'asana si | H

peecTpauji gaHnx 3HAYEHHAMM orepaTopom Ta

obnagHaHHAM

Bigmosa

8\

>

Puc. 1.23 - Jliarpama crieHapito HOCTiA0BHOCTI MOMUJIOK MPOTPaMHOT0 3a0€3MeueHHs

Mopnenb nokasye 3B’ A3K1 MK 3005IMU J1aTYMKA, HEMTPABUIbHUMH 3HAYEHHSIMU,
norikoro I3 ta kiHneBuMu BigmMoBaMu cucTteMu. Lle mpukiag Toro, sSiK MOl THUITY
"HeBipHE 3HAYEHHS CEHcopa" MEePEeTBOPIOIOTHCS B JIOT1UHI MOJENI 13 BUSIBJICHHAM
KOHKPETHOI HeCTpaBHOI (PyHKIIIT, TOB’s13aHOI 3 KOJOM a00 cTpyKTyporo 113.

3 Meroro iHTerpaiii BCiX KOMIIOHEHTIB PHU3HKY: TEXHIYHHUX, JIOJICHKHUX,
MporpaMHUX Ta 30BHIMIHIX (hakTopiB, Oyna moOyJoBaHAa KOHIIENTyaJlbHA MOJENb
OHJIAWH-OLIIHKY PU3HKIB, IO OETHYE YCi Kepesa T1aHuX 1 peakiii.

Mopnens € po3BuTkoM ined cumynsaTopiB tuimy ADS (Accident Dynamic
Simulator), siki BUKOPUCTOBYIOTHCSI B €HEPreTHUlLll Ta aganToBaHi Jyisi MOpchbkux DP-
CHCTEM Ta BPaxOBY€ KOHTEKCT il omepaTtopa, joriky 13, cepenoBuiie 1 3abe3neuye
OCHOBY ISl IMHAMIYHOTO MOJICJIIOBAHHSI PU3UKIB Yy pealbHOMY 4aci, TuB. puc. 1.24

[64, 65].
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MnaHyBaHHA

Aucnetyep | MNnaHyBanbHUK
Komanan
[OCTImKEHHS IHdopmavia npo
Cumynatop pos3ranyxeHHs

MporpamHe AnapaTHe

3abe3neyeHHs “ 3abe3neyeHHs

Exinax

- J

Puc. 1.24 - KonuenrtyanbHa Mmoaens ADS 1ist OHIaiiH-OI[IHKY PU3UKIB

Pe3ynbTaTh MozentoBaHHs /

KinbkicHa ouiHKa
BPa3/IMBOCTI cUCTEMM

AHanis Buxoais

Buxig, / Po3BuToK

cuctemm

VY3aranbHeHa cxema AeMOHCTpye B3aemoito [13, moauHu, amapatHoi YaCTUHU
i cepenoBuma B pamkax moneni DPRA 3 enemeHTamMu IutaHyBaHHS aBapiiHHX
cieHapiiB. Mojenb moOyJoBaHa SK JAMHAMIYHUNA CHUMYJISTOP BpPaxoOBY€ HE JIMIIE
TeXHI4YHI a00 JTIOJACHKI MOMWJIKHM, a ¥ 3MIHM HABKOJUIIIHBOTO CEPEOBHINA. T aKwii
niaxia peanizoBanuii B ADS, 1 TyT agantoBanuii mia DP-cuctemu.

Ha BimMiHy Big amapaTHUX BIJMOB, SIKI 4acTO MAalOTh YITKHH MEXaHI3M 1
bikcytoTbes  GI3MYHUMU  MapamMeTpaMu  (CTpyM, THCK, Hampyra), I[OMUIKA
MIPOrpaMHOTO 3a0€3MeUEHH MOXYTh OYTH JIATEHTHUMH, CKJIaTHO J1arHOCTOBAaHUMH 1
TpuBaIMii 4ac He mposBisatuca. Y DP-cucremax Ttaki 3601 0COOIMBO KPUTHYHI,
ockinbku [13 KOHTpONIOE JIOTIKY MOBEIIHKH CyJHA, PO3paXxyHOK MO3uIli, OalaHC
HABaHTAXCHHsI, CIIPAIIOBAHHS aBapiiHOI aBTOMATUKHU, TOIIO [66, 67].

3001 113 € HEe MEHII KPUTUYHHUM [DKEPESIOM PU3HKY, HIX amnaparHl BiIMOBH.
Oco6511BO HEOE3NEYHUMHU € Ti, III0 HE MPOSBIIAIOTHCSA OApa3y (JaTeHTHI nqedexTn) abo
aKTUBYIOTHCS JIUIIE TpU piakicHoMmy 30iry obOctraBuH. Came ToMy mozeni DPRA
MalOTh BKJIIOYATH €JIEMEHTH OLIHKK HaaiiHocTi [I3, mepeBipku JOriku Ta

BIJICTIITKOBYBaHHSI CIIEHAP1iB MEPEXO/IIB CTaHIB y peajbHOMY yaci [68, 69].
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VY Tabnumi 1.7 cuctemMaTH30BaHO OCHOBHI KaTeropii MPUYHH, K1 TMPU3BOISTH

o0 BimMOB abo HebOaxkanoi moBeminku [13, a Takox mpoaHami30BaHO iX THIIOBI

HACJI1JIKM JUIs1 pOOOTH CUCTEMH JUHAMIYHOIO MTO3ULI0OHYBAHHS.

Tabmuus 1.7 - [Ipuuunu 3001B IporpaMHOTo 3a0€3MeYeHHS y CUCTeMax

JUHAMIYHOTO TTO3UII10HYBaHHS

Ne | Kareropis npuunnu XapaKkTepHUCTHKA NPOSABY Tunogi Hacainku
1 | HekopekrtHa norika ANTOpUTMH PUHAHATTSA pilieHb He | HeBipHe mo3uiitoBaHHs,
I13 OXOILTIOIOTh P1JIKICHI CIIeHapii 3aTpUMKa Jii
2 | Bzaemomis 3 BBix "Opyaaux" abo HeBamimanx | HecraOinbHa moBemiHKa,
HEKOPEKTHUMU JAaHUX 13 CEHCOPiB 200 MMOMMJIKOBE PIIIICHHS
JaHUMU KOpHCTYyBaua
3 | Cucremna GUI ue inpopmye npo ictuaamnii | [Ipomymeni rpusory,
JIBO3HAYHICTb cTaH abo Ay0JII0€ CUTHAIIN HENpaBUJIbHA PEAKIIISA
iHTEpdeiicy DPO
4 | 3601 B oHOBNIEHHAX Ta | HemepeBipeHi OHOBIEHHS [TosiBa HOBUX IOMMJIOK
BEpCIsIX 3MIHIOIOTbH MTOBE/IIHKY OKPEMHUX miciis MoJiepHi3alil
MOJYJTiB CHUCTEMU
5 | HeBu3naueni B I13 ne nepenbaueHo oOpoOKy 3aBHCaHHA, CAMOCTIHHUI
Hepexou CTaHiB nepexoy MiX pexuMamu abo "mepe3anyck" JOriKu
300iB
6 | Jlroncekuii hakTop [Momwunku B sorini, AOKyMeHTalii, | 3akiaaeHi TOMUJIKH IIe Ha
[IpH IPOrpaMyBaHHi KOHirypauii eTari iHxeHepii

Ixepeno: Ynopsaorxoearno 3a mamepianamu CREAM, NASA PRA, enacruii 0ocsio DP-npoexmig

Y CcKIagHUX 1HTETPOBAaHMX CHCTEMaxX, TaKUX SK CHCTEMH JHHAMIYHOTO
nosutionyBanHs (DP), 3001 pinko € i3o0ap0BaHMH. HaBImaku, 9acTo CrocTepiraeThes
eeKT KacKaJHUX BIAMOB, KOJU OAMH 301l MPU3BOAUTH 0 MEPEBAHTAKEHHS 1HILUX
M1JCUCTEM, BUKIIMKAIOUW TOAJIbIN BiAMOBH. Takuii epekT Moxke OyTH 1HIIIHOBaHMIA
K amapaTHUM Je(eKToM, TOMMIKOI MPOrpaMHOro 3a0e3leyeHHs, Tak 1
HEKOPEKTHOIO €0 omeparopa. BimMoBa OJHOTO MOAYJS MPU3BOAWTH O
HEOOXITHOCTI KOMIIEHCAIlli 1HIIMMH, IO BHUKJIMKAE€ 3POCTAHHS HaBaHTAXXCHHS 1,

3pEIITO0, «EPEKT JOMIHOY, IKHI PO3MOBCIOKY€ETHCS 110 BCI1M CUCTEMI.
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Oco61BO HEOE3MEYHUMU € JIATEHTHI JIOT14HI B3a€EMO3B’I3KH, K1 HE BpaXxOBaHi

B [TI0YAaTKOBOMY IIPOEKTYBaHHI, ajieé aKTUBYIOThCS Y KpU30BUX cutyarisx [70, 71].
[IpencraBnena cxema Ha pUCYHKY 1.25 neMOHCTpye THUIIOBUN ClEHapii

PO3BHTKY KacCKaJIHOI BIJIMOBH Y CKJIAIHIH MOpPCBHKiH cucTtemi, 30kpemMa B DP-

cepenoBuilli. BuxiiHuMm TpurepoM Moke OyTH BIIMOBa amapaTHOrO KOMIIOHEHTA,

361t [13 abo moachka MoMmMIIKa, U0 MPU3BOAUTH JI0 MOYATKOBOI CUCTEMHOI aHOMAUTII.

Hardware Software Operator |
failure failure failure

Initial system
failure

Backup | Component
subsystem ll overload
| activation |

Redundancy || Operator
loss il compensation

attempt

Subsystem
failure

Complete
system failur

Puc. 1.25 - Cuenapiii kackaaHoi BimiMoBu y DP-cuctemi

[Tonanbiie mepeBaHTaXKEHHS KOMIIOHEHTIB, aKTHBALllsl PE3€PBIB Ta 3HMKCHHS
piBHs HaamipHOCcTi (redundancy loss) CTBOpIOIOTH YMOBH [IjIsi HACTYITHOTO €TaIy
BiIMOBH IIiJICUCTEMH, SIKY OIEpaTop, SIK MPaBWIO, HAMAraeThCs KOMIICHCYBaTh. Y
BUIAJKy HEYCHIXy KOMIEHCYI0UOi [ii BiOYyBa€ThCS MPOTPECYBaHHS BIAMOBU JO
MOBHOI BTpaTH KEPOBAHOCTI abo MOBHOro cucTeMHOro 30o010. Lleit cuenHapiii
BiloOpakae e(eKT MOMIHO ¥ MIAKPECTIOE HEOOXIAHICTh MOJCIIOBAHHS TaKHX
JIAHITIOTIB Y JUHAMIYHUX pu3uKk-aHanizax tumy DPRA [72, 73].

AHaJi3 TeXHIYHOI, IPOrPaMHOI 1 JHOJCHKOT B3aEMOJI] y CHCTEMax AUHAMIYHOTO
no3uiiionyBanHs (DP) 3acBimuye iXHIO HEpO3pHUBHY B3a€MO3AJICKHICTh, A€ 301if

OJIHOTO KOMIIOHEHTA 3JaTeH iHIIIIOBAaTH JIAHIIOT CHCTEMHHUX peakiii. HanOinbin



55
ypa3IuBUMH BUSBIJIHMCS IUISTHKA 3 BHCOKOIO 1HTerparieto I13 1 ceHCOpHOiI JOTiKH,

oOMexxeHor Tpo3opicTio iHTepdericiB st DPO, a Takox BifCyTHICTIO BOYAOBaHUX
MEXaHI3MIB 3aro0iraHHs KackagHuM ciieHapisMm. [loMunku omeparopa y peabHHUX
yMOBaXx MEPEBAXHO € HACTIAKOM 0araro(akTOpHOTO THUCKY, a HE JIUIIE KOTHITHUBHOI
HEJIOCKOHAJIOCTI, 10 BuUMarae BKIoueHHsS Mojeneit tumy CREAM, SPAR-H,

ATHEANA 10 OI11iHKH pU3HUKIB.

1.4 Metonu ananizy mojacbkoro ¢gakropy y DP-cucremax: CREAM, SPAR-H,
ATHEANA

VY cywyacHuX cucTemax AMHaMiuHOTo nosuiiionyBaHHs (DP) moacekuit gaxtop
3QJIMINAETHCA KPUTUYHO BAXIMBOIO 3MIHHOIO, IO BIUIMBAaE Ha O€3MEKy Omeparrii.
Ominka BmMBYy mnoMwiok omepatopa (DPO) mepenbauvae BpaxyBaHHS HE JIMIIE
KOTHITUBHOTO HAaBAHTAXKEHHS, @ i KOHTEKCTyaJIbHUX YMOB: CTpPECY, 4acy, JOCTYIHOI
iH(dopMaIlii, JOCBiTy, MATOTOBKU. Y IIbOMY KOHTEKCTI HaOYJIM MOMTUPEHHS METOIUKH
KUIBKICHOI'O aHali3y JIFOJICbKOI HAAIMHOCTI, 30Kpema:

- CREAM (Cognitive Reliability and Error Analysis Method).
OpieHToBanuii Ha iAeHTH(QIKAIII0O KOTHITUBHOTO pEeXUMYy il  omepaTopa
(cTpareriyHuii, TAaKTUYHUH, pO3Mi3HABAIbHMUM, BUMAaAKoBUH). OIIHIOE BIUIUB
KOHTEKCTyaJIbHUX YMOB Ha WMOBIpHICTh nmoMuiiku [74]. CTBOpPEHO 3 ypaxyBaHHSIM
B3a€MO/IIi MK 3aBAaHHSAM, CEPEIOBHUIIEM 1 KOTHITUBHOIO MOJIEIUTIO JTIOIMHH;

- SPAR-H (Standardized Plant Analysis Risk — Human Reliability
Analysis). Po3ninse moMuiakd Ha 1B OCHOBHI TPyINH: 1arHOCTUYHI (BHSIBICHHS
npoOyieMH) Ta BUKOHaB4Yi (peakiiss Ha mnpoOiemy). OILiHIOE X uepe3 MHOKHHUKHU
BBy (Performance Shaping Factors, PSF), Taki sik goctynmHuii wac, ctpec,
CKJIQIHICTh 3aBJaHHs, TOIIO. MeToa MIpPOINOHYE TaONHI[l MHOXKHUKIB 1 aJTOPUTM

po3paxyHKy WMOBIpHOCTI Jroackkoi nmomunku (HEP) [75];
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- ATHEANA (A Technique for Human Event Analysis). Iloegnye

tpaguiiitauii PRA-amamiz 13 sKicHOWO iIeHTH(DIKAII€0 JIIOJCHKUX ITOMHJIOK.
OpieHTOBaHA Ha BHSABJICHHS TOMUJIOK Y CIEHApisSX 3 BHCOKHM pPH3UKOM Ta
iHTerpyeThes B jaepeBa mojid PRA. Meroa HamiieHWd Ha aHami3 BIAXWIIEHB Bij
HOPMAaJIBHOI MOBEJIIHKY OTepaTopa Ta iXHIX MPUIUH [76].

YV Tabnumi 1.5 HaBeaeHO MOPIBHSJIBHUN aHaji3 TPbOX OCHOBHHUX METOIB
OIIHKK JIIOJCHKOTO (PakTopy, IO 3aCTOCOBYIOTHCS Y KPUTHYHHX CHCTEMax

yIpaBiIiHHS, 30KpeMa y Mopcbkux DP-onepariisx.

Ta6muus 1.8 - [TopiBHSHHS METOIIB aHAJII3Y JIIOJICEKOTO (PaKkTopy

Kpurepiii CREAM SPAR-H ATHEANA
Tun nigxomy KoruiTuBHUM, HMoBipHICHUH, SIKICHO-KITBKICHHH,
KOHTEKCTyaJIbHUI MYJIbTUILTIKATUBHUI PRA-inTerpoBanuit
OcHOBHI Pexxumu ynpasninnsa, | PSF: uac, ctpec, [TpuunHYU 1 HACTI KU
YUHHUKHU KOHTEKCT CKJIQJIHICTh, MIJATOTOBKA | MMOMMJIOK, CLIeHapii
3acrocyBaHHS | AHaji3 KOTHITUBHOT KinpkicHa oLiHKa pU3UKy | AHaii3 BIAXUJIECHb y
B DP amanrrarii DPO it DPO HECTaHIapTHUX
CUTYyaIIisIX
I'mubuna Cepenns Bucoka Bucoka
nertanizanii
Bumoru no Cepenni Bucoxi (PSF, Bucoxki (anamituka
JTaHUX CTaTUCTHKA) CIICHapIiB)

Amnaniz nokaszye, mo SPAR-H nHaiiOunbm npuaaTHUN I KUTBKICHOI OLIIHKH
WMOBIPHOCTI TOMMUJIOK oOIeparopa B peanbHOMy uyaci, y Toil yac sk CREAM
(OKyCy€eTbCS HAa KOTHITHBHIN OLIHII YMOB NpuiHATTS pimieHHs, a ATHEANA Ha
CIICHApPHOMY aHalli31 aBapiiiHOro pO3BUTKY MOJi. Y KoHTeKcTi cucteM DP Hanbinbin
e¢(eKTUBHUM € TIO€HAHHA IuX MiaxomaiB, ne SPAR-H 3abe3nedye o04mCIIIOBaHICTD,
CREAM - apantuBHicth, a ATHEANA - crieHapHy OOTpYHTOBAHICTb.

Ha pucynky 1.26 mpeacTtaBieHo y3arajdbHEHY CTPYKTYpY JUHAMIYHOT

OaitecoBoi Mepexi, o0y 10BaHO1 Ha 0CHOB1 MeTooorii SPAR-H.
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‘ I'Ipc:oue:u.yle IHcrpyKTax(] [HaBaHTa)KEHH] [ ﬂDCT‘y‘I‘IHICTb]
BKasiBKMW Tavy
Momunka
oneparopa
IMoacbknin HaekonuwiHe
iHTEpdhEic cepefoeMLLe

Puc. 1.26 - BaitecoBa mepexxa SPAR-H ans oninku mommiok DPO

KoxeHn By3onm Mepexi BIANOBIAa€ OAHOMY 3 MHOXHUKIB BruuBy (PSF):
JOCTYITHUIM Yac, CTpec, 30pOBE€ HABAHTAXKEHHS, CKJIAJHICTh 3aBIAaHHS, IiJTOTOBKA
oreparopa, SKi BIUIMBAIOTh HA WMOBIPHICTh MOMWJIKUA mpu miarHocTuil (Diagnosis
Error) Ta BukonanHi giit (Action Error).

3B’SI3KM MIXK BYy3JIaMU BIJOOpa)KalOTh MPUYMHHO-HACTIAKOBI 3aJIKHOCTI, a
BHUXIJJHA HMOBIPHICTh OOYMCIIOEThCA uepe3 mpaBwia baiteca, mo gae 3Mory
aJanTyBaTH PHU3HK-TIPODUIF Yy PEKHMI pealbHOr0 4Yacy 3aJie’KHO BiJI 3MiH
ornepaitiifHoro cepenosuma [77, 78].

[IpoBenenuii aHami3 METOJMIB BpaxyBaHHS JIOJCHKOrO (DaKTOpy B OIIHII
pusukiB (CREAM, SPAR-H, ATHEANA) nokazas, 1110 Xo4a iCHYIOTb IHCTPYMEHTH
JUISl KUIBKICHOTO Ta SIKICHOTO MOJIEIIOBAHHS MOMMJIOK Omeparopa, iX IHTerpaiis B
CUCTEMY TPUUHATTS PIMICHb Y PEXHUMI PEATBHOTO 4Yacy 3aJUIIAEThCS OOMEKEHOIO.
OxkpeMo OyJ0 MPOAEMOHCTPOBAHO, IO TPAAMIINHI MIAXOAW 10 OILIHKHA PHU3UKIB
(3okpema PRA) He 3maTHi epEKTHBHO MOJIEIIOBATH YacOBY €BOJIOLIIO TIOJIMH,
HEMOBHOTY JaHUX, OaraTodakTopHi crieHapii B3aeMoJlii TEXHIYHUX 1 MOBEIIHKOBHX
KOMIIOHEHTIB cuctemH [79, 80].

Y  KOHTEKCTI CydYyaCHHX BHMOT JI0 O€3MeKH CHCTeM JUHAMIYHOTO

MO3UI[IOHYBAHHS, 110 MPALIOITh B YMOBaX HECTAOLILHOTO 30BHIIIHBOTO CEPEIOBUINA
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1 BHCOKOI 3aJie)XHOCTI BII Jid omeparopa, IOCTaE MOTpeda y TOKOPIHHOMY

MIEPEOCMUCIICHHI TIIX0/IIB 0 OIMIHKKA PHU3UKIB. 3 OTIAay Ha 1e, maparpad 1.5 Oymae
MPUCBAYCHO aHaII3y TUIOBUX MPOOJEM OHJIAWH-OI[IHKU PU3HKIB, 110 BUHUKAIOTH Y
DP-cucremax, a Tako) oOIpyHTYBaHHIO BUMOT JO HOBOi MOJIENI a camMe JHUHAMIYHOL

iMOBIpHICHOI oriHkH pu3nKiB (DPRA).

1.5 Tunosi npoGnemMu OHIAMH-OIIHKY pU3UKIB y DP-cuctemax

[Tonpu HasBHICTH KJIACUYHUX MiXOJIB JI0 OI[IHKU O€3IeKH, iXHE BUKOPUCTAHHS
B PEXHMI pealbHOro 4Yacy y CHCTeMax JIUHaMIi4HOTO Tmo3uilionyBanHs (DP)
HAIITOBXY€ETHCS HA HU3KY KPUTHYHUX IpoOsieM. OHIaiH-OLIIHKa PU3UKIB BUMAarae He
TITBKK IIBUAKOCTI OOYMCIEHb, a ¥ aJanTUBHOCTI, 3JaTHOCTI BpaxoBYBaTH
OararoakTopHy TPHUPOAY IHIMACHTIB 1 TOCTIHHO 3MIiHHI OIEpaliifHi YMOBH.
Biamosiano, Tpanuiiiitni Metogu PRA neMOHCTpYIOTh HU3bKY €(DEKTHUBHICTH Y ITHX
yMOBaX, a oTxe mnorpedyrorh wmonudikamii a6o 3aminu Ha DPRA (Dynamic
Probabilistic Risk Assessment) [81, 82].

KimrouoBi  BUKIMKHM — peanmi3aiii OHJIAWH-OLIHKK PU3HKIB Yy  CHCTeMax
TUHaMI9HOTO TTo3uIlitoBadHs (DP):

1. OOMerxeHa oOIepaTUBHICTh TpaaumiHuX wMeroaiB PRA. Metoau
KUIBKICHOTO OIIIHIOBaHHA PU3UKIB, Taki sik Probabilistic Risk Assessment (PRA),
XapaKTEePU3YIOThCSl 3HAYHOIO CKJIAJHICTIO MOOYAOBM MOAIMHUX JepeB 1 ClieHapiiB
BIIMOB, L0 TMEPEUIKO/IKAE iX 3aCTOCYBaHHIO Il ONEPAaTUBHOIO pearyBaHHS B
yMOBax MIBUAKO3MIHHOT aBapiiHOT CUTYaIlii.

2. [Hdpopmariiiina HEMOBHOTA Ta HEBU3HAYEHICTh BXIAHMX AaHuX. [laHi, 110
HAAXOAATh 3 ceHcopiB, HMI, noriB Ta iHIIKX MKepen, MOXYTbh OyTH HETOBHHUMH,
3amyMIeHUMH a00 HAAXOAWTH 13 3aTpuMKoro. Lle cyTTeBO BIUIMBaEe Ha TOYHICThH Ta

CBOEYACHICTh OIIIHKU MMOTOYHOTO PiBHSI PU3HKY.
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3. CxiamHICTh ypaxyBaHHS JIOJACBKOrO (hakTopy B pealbHOMY 4Yacl.

Junamiuni 3MiHM y micuxodizionoriyHomy crani omeparopa DP-cucremu (BTOMA,
KOTHITUBHE HaBaHTAXXEHHS, pPIBEHb CTPECY TOIIO0) HE MUIIATAIOTH IPSIMOMY
BHMIPIOBAaHHIO a00 MPOTrHO3yBaHHIO, IO YCKIAJAHIOE IHTErpallifo IMX AacMeKTIB Y
3arajibHy MOJIETb PU3HKY.

4. HeBpaxyBanHs dacoBoi eBosoIlli Mmoaiid. bBumbmnicTs TpaaumiiHUX
MOJCJIE OIIIHKM PHU3UKY pPO3paxoBaHI Ha CTaTU4HI YMOBU. BoHM He wMaioTh
aJanTUBHUX MEXaHI3MIB OHOBJICHHS OI[IHKM TpU 3MiHI 30BHIIIHIX (AKTOPiB
(HampuKIaa, MOrOJJHUX YMOB a00 TEXHIYHOIO CTaHy OOJa HAHHS).

5. BincyTHicTh yHidikOBaHOT apXiTeKTypu 300py Ta O0OpOOKH JaHMX.
[HpopMmaris mpo cTaH CUCTEMH HAIXOIUTh 3 PI3HOPITHUX JIKEPEN, 4YacTo He
CUHXPOHI30BaHUX MIX CO0OI0, IO YCKIAAHIOE i1 IUTICHY I1HTETpalil0 B CHCTEMY
MIATPUMKH PIIIEHb.

6. HenoctatHiii piBeHb aBTOMaTH3allli MATPUMKH pilieHb. barato
cyuyacHux DP-cuctem HaaMipHO MOKIANAIOThCS Ha Cy0’€KTUBHY OIIHKY OIepaTopa,
3aMICTh TOrO 1100 BHUKOPUCTOBYBAaTH aJrOPUTMU aBTOMATHYHOIO aHaJi3y Ta
MOTIEPEKEHHS [P0 3MiHY PU3UKIB.

AxTyanbHICTh cTBOpeHHsI DPRA-miaxony mossirae B ToMy 1[0 mepepaxoBaHi
OOMEXEHHSI 3YMOBIIOIOTh HEOOXIAHICTh PO3pOOKM HOBOI KoHuermuii - Dynamic
Probabilistic Risk Assessment (DPRA).

et miaxin nependayae BpaxyBaHHS 4YacoOBOI JUHAMIKH, B3a€MO3B’SI3KY
CIEHapiiB PO3BUTKY MO Ta OaraTOpiBHEBOI B3a€MOMAII MDK TEXHIYHUMU
KOMITOHEHTaMH, OTIEPATOPCHKUMH JIISIMU Ta 30BHIIIHIMU yMoBamu [83-85].

Takum uwmHOM, 3a pe3yJibTaTaMd MPOBEACHOIO aHalizy MOXHAa 3pOOUTH
BHCHOBOK, 1110 TPaJAMIIIIHI METOAM IMOBIPHICHO1 OIliHKH pr3HuKiB (PRA), He3Bakaroun
Ha IIUPOKE 3aCTOCYBAaHHS Yy SACPHIM €HEpreTHIll, MOPCHKIM I1HXKEHepli Ta 1HIINX
CyMbKHUX cdepax, BHSBISIOTh HHU3bKY €(QEKTUBHICTh TNPHU BUKOPHUCTAHHI B

peabHOMY Yaci. 30KpeMa, BOHU MAarOTh OOMEXEHHS IIO0J0 THYYKOi OOpoOKH
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reTepOTreHHUX JaHUX, CBOEYACHOI'O OHOBJIEHHSI OLIIHOK Ta ypaxyBaHHS MOBEIIHKOBUX
(JT'oMMHOMAINIMHHWX) YWHHUKIB. Taki oOMexeHHST OOIPYHTOBYIOTh JOLIJIBHICTh
pO3pOOKM Ta BIPOBAHKEHHS HOBOTO METOAOJOTIYHOIO MiIXOAY, JWHAMIYHOT
iMoBipHicHOI orinku pusukiB (DPRA). 3aramom Takuii migxin nepeadadyae ClieHapHO-
OpIEHTOBaHy, aJalTUBHY Ta YacOBO-UYTJIMBY MOJIE]b OLIHKH, SIKA BPaxoBYyeE SIK
TEXHIYHI MapaMeTpH, TaK 1 3MiHHI TOBEIIHKOBI XapaKTEPUCTUKH OIEpaTopiB, 3
IHTErpalli€ro JaHUX 13 PIBHOPILAHKUX JUKEPEIl y peaabHoMYy 4daci [86-88].

VY3aranpHIOIOYN Pe3yJIbTaTH TEOPETUIHOTO aHaAIi3y, MOYKHA CTBEP/KYBATH, IO
e¢eKTUBHE YIPaBIiHHA pHU3UKAMH Y CHCTEMaxX JWHAMIYHOTO TIO3HUI[IOHYBaHHS
noTpedye Tepexoay Bi TPaAMIIHHUX TIAXOIB JO JWHAMIYHOI, IHTETPOBaHOI,
MOBEAIHKOBO 4y TiHBOi Mozeni ominku pusukiB (DPRA). 3ampononoBanuii miaxin
NO€IHY€E y co01 MaTeMaTUYHy MOJIETb PO3BUTKY MOiH y yaci, 00poOKy CEHCOPHUX Ta
KOTHITUBHMX JaHUX, a TaKOX QJITOPUTMIYHY MIATPUMKY TPUUHATTSA PIIICHb
OIIEepaTOPOM.

[TopiBHsuibHA XapakTepucTuka TpamuiiitHoi PRA ta minxoqy DPRA naBenena
B Tabmumi 1.9, mo y3araJbHIOE€ iXHI KIIOYOB1 BIJIACTUBOCTI, (DYHKIIIOHAJIbHI
BIIMIHHOCTI Ta PEJIEBAHTHICTh JI0 BHUMOI Cy4YaCHHUX CHCTeM JUHAMIYHOTO

nosuititoBanas (DP).

Ta6muis 1.9 - [lopiBasaHS Xapaktepuctuk moaeneid PRA ta DPRA y

KOHTEKCT1 CUCTEM JUHAMIYHOTO TO3UI1I0HYBaHHS

Kpurepiii Knacuuna PRA DPRA (amHamiuHa ouniHKa pU3HKIB)
YpaxyBaHHA yacy [TepeBaxkxHo cTaTUUHUIMA Yacosa eBoJIOLIS MOA1I
T IX 1T
Po6ota 3 HenoBHUMHU Oobmexena Mo>11BiCTh OHOBJICHHSI HA OCHOBI
JaHUMHA BX1JHHUX ITOTOKIB
[aTerpamnis moacekoro | OOMexeHO, Bpy4HY Junamivna orinka yepe3 HRA-moneni
dbakropy (SPAR-H, CREAM)
ABToMmartu3auis Huspkuii piBeHb Bucoxuii piBeHb aBTOMaTH30BaHOTO
pearyBaHHS
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Jxepena nanux [TepeBaxno inuuaentHa | Cencopw, jori, HMI, cumymnstopu
CTaTHCTHKA

Peakiiis Ha 3Miny ymMoB | Bpyuny a6o i3 ABTOMAaTHYHE OHOBJICHHS MOJIEIICH
3aTPUMKOIO pPHU3UKY

[Ipunatuicts s DP- YacTkoBa [ToBHa BiIMIOBIHICTH BUMOTAM CYYaCHHX

CHUCTEM DP-cucrem

Jlnst 3a6e3nedeHHs nuticHoro BupoBapkeHHss DPRA B pamkax gucepTariitHoro
JOCIIIDKEHHS, PEali30BaHO  CTPYKTYPHO-JIOTIYHY TEXHOJOTIYHYy KapTy, fKa
B1I0Opakae 3B 30K MK HAyKOBOIO MPOOJIEMOIO, METOIO, 3aBIAHHSMH, METOJaMH,

HOBHU3HOIO Ta OYIKYBAaHUMHU PE3yJIbTaTaMU POOOTH.

1.6 ®opmyroBaHHS 3aBAaHb Ta TEXHOJIOTIYHA KapTa AOCIKEHHS

Ha ocHOBi mpoBeneHOro aHaizy TEOPETHUUHUX 3acajJ OIHKUA PHU3UKIB Yy
CUCTEMaX JMHAMIYHOTO MO3UIIOHYBAaHHS, BUSIBICHUX OOMEXEHb ICHYIOUUX MOjeIen
Ta cuctemMaTu3aiii (pakTopiB pu3NKy OyJI0 BU3HAYEHO HAYKOBY MO3UINIO, KA JCKUTh
B OCHOBI 1100y0BM cucteMu DPRA.

Y 3B’S3ky 3 UM JOUUIBHUM € Yy3arajibHEHHs KIIOYOBUX €JIEMEHTIB
JOCTI/DKEHHS. Y BUIJISAJI TEXHOJOTIYHOI KapTH, SKa BimoOpa)xkac OCHOBHI 11,
3aBlaHHsA, OO0 ’€KT, NpPEeIMEeT, HAyKOBY HOBH3HY Ta TMPAKTUYHY 3HAUYYIIICTh
pe3yJIbTaTiB, fIKa JO3BOJISIE JIOTIYHO CTPYKTYpYyBaTH JOCIIDKEHHS Ta BH3HAUUTU
OpIEHTHUPU JJIs pealti3allii HaCTyITHUX eTariB poOOTH.

VY tabmuui 1.10 npeacTaBaeHO CTPYKTYPHO-JIOTIYHY CXEMY JOCIHIJKEHHS, 1110
BioOpakae TOCTIAOBHICTh TMEPEXOAY BiJl TEOPETUYHOIO aHali3y A0 MPHUKIATHOI
peaizailii METOAIB OLIHKM PU3HUKIB Yy CHCTEMaX JAWHAMIYHOIO MO3ULIOHYBAHHS
cyleH. 30Kpema, HaykoBa mpobOiieMa chopMyibOBaHa SIK HecTadya €(QEeKTUBHUX
THCTPYMEHTIB JIJIsl OHJIAMH-OI[IHKM PU3HKIB, 1110 BPaXOBYIOTh AMHAMIKY 3MIiHH CTaHIB,
TEXHIYHI Ta JIIOJICHKI BIJIMOBH, a TaKOX 30BHIIIHI (hakTopu (BiTEp, TeUis, 30ypeHHs).

Y Mexax TMOCTaBJIIeHOI MeTH a came migBuieHHa Oesnexku DP-omepariii,
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3anpornoHoBaHo HOBUI MeToag DPRA, moOyaoBano maTemMaTH4H1 Ta JOT14HI MOJENI, a

TAKOX PO3POOJIEHO CTPYKTYpHY apXITeKTypy, IO peaiidye AaHi NPUHIUIN Ha

MPaKTHUILIL.
Tabnuns 1.10 - CTpyKTypHO-JIOT1YHA CXeMa JIOCIiKEHHS
Ne Enement DopMYyTIOBAHHSA
1 Tema Po3poOka MeToy onepaTuBHOI OI[IHKH OE3IMEeKH orepariiii JTMHaMi9HOTO

JMOCJIIZKeHHsI | TIO3ULIIOHYBaHHS CyJeH

2 HayxkoBa BincyTHicTh €peKTUBHUX OHJIAMH-IHCTPYMEHTIB JUIsl OL[IHKU PU3HKIB 3
npoodaema ypaxyBaHHsM 4acy, [13 ta aiit onepatopa
3 Meta [MTigBumenns 6e3nekn DP-cuctem 3a paxyHnok BrpoBampkenHs DPRA,

JMOCJIZKeHHsI | 37aTHOI MPAIfOBAaTH B pEaIbHOMY 4aci

4 l'inoTe3a SIkmio ouiHKy pu3MKiB peanidyBatu ik DPRA, 1m0 BpaxoBye noBeminky
JTOCTI)KEeHHsI | OTIepaTopa, CTaH CHCTEMH Ta 3MiHU CEPEIOBHIIA, I1€ JO3BOJIUTH 3MEHIIUTH
HMOBIPHICTh KPUTUYHUX 1HIIUJCHTIB

5 006’exTH [Iponiecu mo3urionyBaHHs cyieH opIIopHOro (BIoTy, iHII CyAHa,
JOCJTIIKEeHHS o0JyaHaHl CHCTEeMaMK TMHAMIYHOTO TIO3UI[IOHYBaHHS

6 IIpeamer AnropuTMu, CTPYKTYpH JaHUX Ta JIOTIKA OL[IHKM pu3uKiB y DP-cucremax
AOCJTiIZKeHHSA

7 3aBaanus dopmanizyBaTu (pakTOpH PU3UKY; CTBOPUTH MaTeMaTH4HI MOJIENI;

JAOCTizKeHHs1 | po3poouTtu apxiTekTypy DPRA; moOynyBaTu anroputMu npuitHITTS
pIlICHB; TIPOBECTH MOJICITIOBAHHS Ta aHAJI3 peai3altii

8 MeTtoan ImoBipHicHMIA anani3, MoaemoBanHs y MATLAB/Simulink, nepeBa noii,
noCJaizKeHHs1 | fuHamivHi OaitecoBi mepexi, SPAR-H

9 HayxkogBa DPRA-meTOMKa 3 ypaXyBaHHSIM 4acOBOI €BOJIIOLT, TO€IHAHHS TEXHIYHUX
HOBH3HA BiJIMOB, JIFO/ICBKHMX TIOMUJIOK 1 30BHIIIHIX (aKTOPIiB y peaabHOMY Yaci

10 IpakTnune MonuBicTh BIipoBapkeHHs y DP-Tpenaxxkepu, cucteMu migTpuMKU
3HAYEHHS pillIeHb JIJIs1 OTIepaTopiB, y aBTOHOMHI TUIAaT(GOPMHU 1 1HIIL.

11 OuikyBani PeanizoBana anantusHa DPRA-cucTema 3 MoJenOBaHHIM PU3HKIB,

pe3yJabTaTH HiATPUMKOIO pillleHb Ta CLIEHAPHUM IIPOTHO30M

TexHomoriuHa kKapTa Ha pPHUCYHKY 1.26 TakoxX BioOpa)kae 3B'S30K MIK
3aBAAHHSAMU JOCTIDKEHHS Ta CTPYKTYpOIO JTUCEpTAIliiHOT poOOTH, IO J03BOJISE

YITKO MPOCIIIKYBAaTH, SIKI €JIEMEHTH PEalli3yl0ThCs B KOKHOMY 3 PO3JILIIB.
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1. 3ATTAT NPAKTUKEKA 3. META 12. HAYKOBE NONOMEHHA
1.1 NpobBnema sigobpamerHs iHbopmaLgiy MigeuEHHA BE3Nekd CyaHa B PEHMMI MigELEHHA Be3nNaky BUHOHAHHA onepauid
PiSHOMAHITHWX NPMAAKEX HA Cy4ax 3 OMHAMIYHOTO NO3MLIOHYEaHHT Mig yac 3 AWMHAMIYHOID NO3MLioHYEaHHA po3pobkoto
CHMCTEMOK OMHAMIYHOMD NO3MLOHYBaHHA. NPOBEAEHHA BaHTaHHWX onepauin 6ina aNropMTMY aHanisy napameTpis
1.2 NpoSnema ananisy inbopmalgi y Bypoeol naaTGopmu. HOMMOHEHTIE CUCTEMM, BPaXOBYHUM
peansHOMY Yaci. CTATMCTHYHI AaHI aBapiHHOCTI CyAeH Ta
1.3 MpoSnema sigcyTHocTi 3acobis, wo NOMKHARK, 3poBneHi ONEpaTOPaMM CHCTEMH.
AOMOMATaHOT ¥ MDUAHATTI PillerHA y 4. [INOTE3A ?
HEA3BMYAHHIX CHTYALIAX.
BRpOBaKeHHA IHCTPYMEHTY OnepaTHEHOT 11. MPAKTUYHA UIHHICTE
l OLYHKM PHIHHIE CNPHATHME MiASHLLEHHED CTBOPEHHA ehEKTMBHOMD cnocoby HaaaHHa
2. TEMA Be3nenu cyaHa Ta exinamy. A0NOMOrK B NPWAHATTI BipHOro pilueHHa ana
= — Ge3nenu cygHa Ta exinamy.
Pospobka cnocoby onepatMEHOT OLIHKEM
Besnexu onepawid gUHaMIYHO
MNOIWLOHYEEHHA CYOEH. 5. TONOBHA 3A0A4A
Po3pobka meTogjie onepareHol obpobkn 10. HAYHROBA 3HAYMMICTL

JAHMX T 3HANI3Y PUSHKIE CYHA 3 CHCTEMOID

T DRI e Po3pobka anropuTMy NMPWAHATTA pilleHHs,

¥ AHMIA NOKPALMTE Se3neky NPoBESEHHA
| 6. JONOMIMXKHI 3ABOAHHA | OMNEPELA 3 CHCTEMO JMHEMIYHOTD
¢ l MO3ULIOHYBEHHA.
Y
= = > -
FS z ; 2 zz 7. PILUEHHA MONOBHOI 3A0A4I
T il =
3 L 2 !:3 E= BhaHa4eHHA $akTopis, Akl BRNWBAINTb Ha 9. EKCMEPMMEHT
S 2 = 5SE 3
= E rwdx = Spob "
% 5 ps @ £ ;g" § o £ LA C N S LIS CRL T Bk MaTemaTHyHE MOAENOBaHHA, BHAIS Ha
= I X = P L
ga =2 £53:¢g ge= —| 3BAPIMHOCTI CYARH S CHCTEMOIO ANHaMiHOTO el S e =il
g g T25:z33 2 § o NOSMLOHYEaHHA. Hagasatv onepatopy
= {=8 o - .
= E £z é 2 g 5 e Ea @ CHCTEMM IHHOPMALLIC OO CTEHY CHCTEMM T
T e T35z E w 2 =28 AMHAMIYHOFO NO3MLII0BAHHA ANA NPUAHATTA =
S E > EEa8F s Tt & i 8. HAYKOBWM PE3V/IETAT
] dgE IEI3 Z3w ¢ pilliEHHA 33 OMTHMANEHWM NTOPHTMOM.
= =] o - -
g2 ] 'S 2 3 = 2 . FE E B CTEOPEHHA METOAIE OLIHKM BMKaHHA
[ | o c ] I o T s - 5
a2 ~ g g g EEE mEam 3 ONEepaLii AMHEMIHOTO NOIHLIOHYBaHHA.
‘0w T cEdEIIad oI dgo Po3pobka anropuMTMis NpMAHATTA pilueHHA

OMNEPETOPOM CHETEMM MPH HAAIBMYEHHNK
ofcTaBnHax.

T
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—®

Puc. 1.26 - Texnomnoriyaa kapTa JOCTiHKCHHS

[IpoBenenuii y Po3aini 1 aHami3 TEOPETUYHUX OCHOB OIIIHKU PU3UKIB, BUSBIICHI
oOMexxeHHs icHyrounx mozenei PRA, pocmimkenHs ocoOnuBocTeil moeainku DP-
CUCTEM Yy KpH30BUX pEeXKHMax Ta IHTerpaiis (akTopiB IIOJCHKOI, TEXHIYHOI Ta
CEpeOBUIIIHOT MPHUPOAM JI03BOJISIE  CPOPMYIIIOBATH HACTYIHI 3aBAAaHHA IS
MOJAJIBIINX €TaMiB JOCIIIKEHHS

- pO3pOOUTH MaTeMaTUYHUI amapar JAUHAMIYHOI IMOBIPHICHOI OIIHKH
pusukiB (DPRA), skuif m03BoJisie MOJENIOBATH YacOBY €BOJIOIIIO PU3HKY,
BpPaxoBYyIOUYM SIK TeXHIYHI 3001, TaKk 1 MOBEIIHKOBI peakilii omeparopa B yMoOBax
3MIHHOT'O CE€peIOBUIIIA;

- chopmyBaTH 1HTErPOBAHY apXITEKTypy OOpOOKM TOTOKIB JaHUX s
CHUCTEM JMHAMIYHOTO TO3HWIIIOHYBaHHA, fKa 3a0e3nedye Oe3nepepBHE OHOBIICHHS

1H(popMallii 3 CEHCOPIB, TPEHAKEPHUX CLIEHAPIIB 1 OLIIHKU CTaHy OlepaTopa;
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- noOyIyBaTH MOJIENl JEPEeB BIJAMOB 1 CIIEHAPIiB aBapIMHUX PEKUMIB, IO

6a3yroThcs Ha cTpykTypi IMCA Ta 103BOJISIIOTh TUHAMIYHY PEKOH(ITYpaIliio JIOTIKU
pearyBaHHs BiJiloBiiHO 10 DPRA;

- interpyBatt 'y DPRA-anmroputmMu  Mojzeni  JHOJACBKOTO  (pakTopy
(CREAM, SPAR-H, ATHEANA), 3 BUKOpUCTaHHSIM JUHAMIYHUX 0ali€COBUX MEPEXK
JUTSI OLIIHKY KMOBIPHOCTEN TOMUJIOK OTlepaTopa B peaJbHOMY Yaci;

- pO3pOOUTH MaTeMaTHYHYy MOJENbh pyxy cyaHa B DP-pexumi, 1o
BKJIIOYA€E MapaloJliuHl PETryJSATOPU 3 HEUYTIMBOIO 30HOIO JUIsl KOMIIEHCAllli BIUIMBY
BITPOBUX 1 TEUIMHUX 30ypPEHb;

- 3MIACHUTH  OIIHKY  €(EeKTUBHOCTI  3alpONOHOBAHOTO  METO.HY,
nopiBasiBiin DPRA 3 TpamuuiiHuMu MixoJaMd 3a TOKa3HUKAMH TOYHOCTI,
aJIallTUBHOCTI, CTIMKOCTI Ta eHeproeeKTUBHOCTI HAa OCHOBI  YHCEIbHOTO

MOJICJTFOBAHHS 1 MPAKTUYHMUX CIIEHAPIiB.

1.7 BUCHOBKH JI0 TIEPILIOTO PO3JLITY

Y nmaHoMy po3aiai MPOBEACHO TEOPETHYHWN aHai3 MpOOJIEMATHKH OIIHKH
PU3HKIB Y CHCTeMaxX JWHAMIYHOTO TMO3UIIIOHYBaHHS CyJeH. PO3TIISHYTO €BOJIOIIIO
apxitektypu DP-cuctem, Tumm BiZIMOB Ta cleHapii 1HUWACHTIB, OOIPYHTOBAHO
OOMEXEHHs TpaauliiHuX mojeneii PRA 1 akTyalbHICTh mepexoay A0 JWHAMIYHOI
iMOBIpHICHOI ouiHKM pusukiB (DPRA). OcobnuBy yBary NpUIIEHO BIUIUBY
JIOJICBKOTO  (PakTopy, OpraHizalifHUM IMOMMJIKaM, a TaKO0X B3a€MOJIl TEXHIYHUX
KOMITOHEHTIB 13 TPOrpaMHUM 3a0€3IMEeUEHHSM Y CKIAIHUX CHTYaIlisX.

CdopmynboBano 3aranbHy apxitektrypy DPRA-cuctemu Ta mpencraBieHo ii
peanizaio y BUJISAII MOIYJBbHOI CTPYKTYpH, 10 BKJIIOYAE €IEMEHTH aHaJi3y MO/,
HAIIAHOCTI,  Tpare3gaTHOCTI Ta  AMHAMIYHOTO  MOJCNIOBAHHS  PHU3HKIB.

[IpoanamizoBano cyuacHi meroxaodiorii, cepen sakux IMCA, SPAR-H, CREAM Ta
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ATHEANA, mo 3acToCOBYIHOThCA s iAeHTU(iKamii I1MOBIPHOCTI TOMMIJIOK

oreparopa.

Ha ochnogi cratuctuunux 3BiTiB IMCA Ta mpakTUYHOTO JOCBIAY MiATBEPIKEHO
JOITBHICTE CTBOPEHHS IHTETPOBAHWUX MOJIENECH OIIIHKUA PHU3HUKIB, SIKi 00’ €IHYIOTH
TEeXHIYHI MapaMeTpH, MoBeMiHKOBI peakilii DPO Ta 30BHIiIIHI 3MIHHI CEepeIOBHIIA.
BcranoBieno mepenik ¢akTopiB pU3MKY, 10 MalOTh OYTH BpaxoBaHI B MOJAIBIIMX
po3auiax npu NOOYyHOBI KUIBKICHUX MOJENEH, aaropuTMIB HIATPUMKH PILIEHb 1
npakTuuHuX cucteM DPRA.

l. OOTrpyHTOBaHO aKTyalbHICTh OIIHKK pu3ukiB y DP-cucremax, ska
3yMOBJICHa HEOOXIJIHICTIO OIEPAaTHBHOTO aHalli3y AWHAMIKM 3MiH CTaHy CyJHa B
yMOBax BIUTUBY TEXHIYHHX, JIFOJICHKUX 1 30BHIIIHIX YNHHUKIB.

2. [IpoananizoBano ocHOBHI cueHapii BTpatu no3uiii (Drive-off, Drift-off,
Blackout) Ta ¢aktopu, mo A0 HMX TPHU3BOJAATH, 30KpeMa HAa OCHOBI CTaTUCTHUKU
IMCA Ta TpeHaKepHOIr0 MOJICJIFOBAHHS.

3. CdopMynpoBaHO BHMOTH JIO METOJIB JWHAMIYHOI OIIHKHA PHU3UKIB
(DPRA), 30kpema Ge3nepepBHICTh OHOBJICHHS IaHUX, YpaXyBaHHS 4acOBOi €BOJIIOLT
noJiiKi Ta iHTerpailisi 6araToakTopHOTO BILIMBY.

4. Poskputo ponb B3aemosii onepatopa, I13 Ta amapatHoro cepemoBuia y
BUHMKHEHHI 1HIUJEHTIB, iAeHTUdIKOoBaHO TuNOBI moMmiku DPO Ta mexanizmu
KacKaJHUX 3001B y cUCTeMax.

3. CucremMaTu30BaHO Cy4yacHI METOJIM OLIHKK JIIOJICBKOro  (akropy
(CREAM, SPAR-H, ATHEANA) sgx ocHOBM /Ui BKIIOYEHHS IOBEHIHKOBOI
ckianoBoi y moaeni DPRA.

6. 3anponoHoBaHO MiaXina, mo nepeadayae crBopenHs DPRA-moneni 3
ypaxyBaHHSIM pealbHOr0 4Yacy, OUHAMIYHHMX CIIeHapiiB Ta 0araTOKOMIIOHEHTHOTO
aHaII3y PU3HUKY.

Pesynbratu po3ainy omyonikoBani y [53, 172, 173].
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PO3UI 2. MATEMATHUYHE MOJIEJIFOBAHHA

TA TIOBYJIOBA MOJIEJIEN PU3UKIB

2.1 CrpykTtypa nanux Juist peatizaiii quHamiqHoi ominku pusukiB (DPRA)

OaHuM 3 KIFOYOBUX €JIEMEHTIB MOOYAOBH CUCTEMH AMHAMIYHOI IMOBIpHICHOT
ouinku pusukiB (DPRA) € crpykrypa paHux, ska IOBMHHA 3a0e3medyBaTH
IHTErpallito, OHOBJEHHS Ta O0OpoOKy OararodakTopHoi 1HPOpMALIl y peKUMI
peasibHOTO yacy. Ha BigmiHy Bin kimacuunux moxenedt PRA, mo rpyHTyroThcs Ha
nonepeanbo 3i0paniil cratucTuili iHnuaeHTiB, DPRA BuMarae moTokoBoro ananmizy
iHpopMallii 3 TEXHIYHHUX, MOBEAIHKOBUX 1 CEPEJOBHUINHUX JDKEpEN, M0 MOCTIHHO
3MIHIOIOTHCS B MTPOLIECI TPOBEJIEHHSI MOPCHKOI Omepaltii.

®opmyBaHHS epekTUBHOI CTpyKTypu mgaHux i1 DPRA  0Gasyerbca Ha
MoayipHOMY mpuHIUM. KoxeH MOomylb BIAMNOBiAa€E 3a OKpeMy YacTHHY
1H(pOpMaIIIfHOTO TOTOKY, 1110 BIUIMBAE HA PIBEHb PU3HKY B KOHKPETHUH MOMEHT 4acy.
Taka cTpyKTypa [HO3BOJISE€ aJanTyBaTU OIIHKY pPHU3HUKIB JO aKTyaJbHUX YMOB,
30epiraroud MOXJIHMBICTh MaciITaOyBaHHS Ta BIPOBAKEHHS y pi3HI KoH(irypartii
DP-cucrem.

[IpencraBnena cCTpykTypa JaHUX JO3BOJIAE€ 3a0€3MEUYUTH CUCTEMHY MiATPUMKY
OLIIHKM PU3MKIB B peajbHOMY 4Yaci. 3aBIsKH MoOIyJbHIA 1mooynoBi DPRA-cuctema
31aTHA He Jjunie (iKCyBaTU 3MIHM MapaMeTpiB, a # MPOTHO3YBaTH PO3BUTOK MOIM,
aJanTyIO4H MOBEAIHKY aJITOPUTMIB 3aJIKHO Bia cuTyarlii. Lle cTBoproe ocHOBY aiis
iHTerpallii OIiHKM PHU3UKIB y CUCTEMY MIATPUMKH TpuUHATTS pimenb (DSS) Tta

dbopMyBaHHs JUHAMIYHOTO pU3UK-TIpOoito cynHa, Tadmuis 2.1 [89, 90].
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Tabnuns 2.1 - OcHOBHI (YHKITIOHAIbHI KOMIIOHEHTH CTPYKTYPH JAHUX Y

cuctemi DPRA

Ne Komnonent Onuc pyHkuii

1 | biok ciienapiis (Event Jexomno3uttiss aBapiiinux pexumiB (Drive-off, Drift-off,
Scenarios) Blackout); iHTerpamiss WMOBipHICHOI JIOTiKH (IepeBa MO,

OaifecoBi Mepexi).

2 | Cencopna migcuctema (Sensor | 30ip mapameTpiB CTaHy CyJHA: MO3HUIlSA, KYpC, MIBUAKICTb,
Input) CUTHAJIM CUCTEM KEepYyBaHHS, BITPOBI Ta TeUiitHi 30ypeHHSI.

3 | Ilizcucrema it oneparopa JloryBanust niii DPO: komaHau, 3aTpUMKH pearyBaHHS,
(Operator Actions / HMI curnanu HMI, koH}umiKTH B ynpaBIiHHI.
Layer)

4 | IcropuuHni naui / 6a3a 3HaHb AKymynsIiss  MONepeAHiX — IHIWACHTIB,  TPEHAKEPHHX
(Knowledge Base) crieHapiiB, craanaptiB IMCA, snor-daiiis.

5 | Moaynb KOHTEKCTHOT HanamryBanHs mapameTpiB MoOJeii 3aJeKHO BiJ THILY
amanranii (Context Handler) iatopMu, HaBiraliiHOTO PEKUMY, AOCBIY OmepaTopa.

Ha pucynky 2.1 mpexncraBieHO JOTIYHY apXiTEKTypy MOJIYJIB CTPYKTYpH.
naanx DPRA.

Sensor
Input

Event

Scenarios

Context < |
Handler

Knowledge
Base

Puc. 2.1 - MoaynbsHa cTpykTypa 00poOku ganux y cucreMi DPRA
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Hentpanpuuii enemeHt - moayib Context Handler, sikuit Bukonye yHKIIIT
amanraiii Mojaeni A0 MOTOYHMX yMOB Ta 3a0e3leuye B3aEMO3B’SI30K MK TpboMa
OCHOBHHUMH TIOTOKAMHU: CEHCOPHHMMHU JaHWMH, [iSIMH OllepaTopa Ta iCTOPUYHUMHU
ClieHapisMu/3HaHHAMU. BXimHum enmemeHToMm Buctymnae 0ok Event Scenarios, 1mio
HIIIIOE OINIHKY PHM3WKY Ha OCHOBI pO3Mi3HAaBaHHS TUITy aBapiiiHoil cutyarii. Taka
noOy10Ba J103BOJIsIE CTBOPUTH AJaNTHBHY 1 MAaCIITA00BaHY CTPYKTYpy Ui peaiizarii
DPRA y Mmopcbkux cuctemax ynpasiinus [91, 92].

EdextuBnictb pobotu cucremu DPRA Bu3HawaeThcss He Jume il
apXITEeKTypoOlO, ajieé W CTPYKTypOBaHICTIO Ta SKICTIO BXiIHUX JaHUX. Jls
3a0e3neyeHHsT CTaOUIbHOI pOOOTHM MeEXaHi3MIB OIIHKM PHU3UKIB  HEOOXiTHO
3MIACHIOBATH YITKY Kiacudikaiito iHGopMmaliiiHuX MOTOKIB. 3aJIeKHO Bl JpKepena
MOXO/KEHHS, (PYHKI[IOHAJbHOTO HABAHTAXKEHHS Ta KOHTEKCTY 3aCTOCYBaHHS, JaHi
MOJUIAIOTBECA Ha OKpeMi KaTeropii, KO)KHa 3 SIKUX OOpOOISIEThCS 3a BU3HAUYCHHUMHU
anroput™mamu [93].

VY mporeci gynkiionyBanHsa cucteMd DPRA o0poOmsitoThCcst pi3HOPIAHI 3a
JoKepesioM, GopMaToM Ta 3HAYEHHSIM JaHi, sIKI BIUIMBAIOTh HA OLIHKY PIBHSI PU3HKY.
Jlnst 3a6e3nedeHds CTPYKTYPOBAHOTO IMIXOAY J0 1X 1HTErpallii Ta aHam3y AOMUIbHUM
€ TOAUT JJaHWX Ha TpynH 3a (PYHKIIOHATHHUM MpH3HAUYCeHHsIM. Taka kiacudikaiiis
JO3BOJIIE  pealli3yBaThd MOMAYJIBHICT Yy TMoOyAoBI 0a3 1aHux Ta e(EeKTHUBHO
oprasizyBaTH 0OMiH iHpopMali€eo Mix komnoneHTamu DP-cucremu [94].

3arajoM yci JaHi, 110 BUKOPUCTOBYIOThCSI Y DPRA, yMOBHO MOAUISIIOTECS Ha
CEPEIOBHUIIIHI, eKCIUTyaTallliHi,  TeXHI4YHl,  JIIOJACHKI, opraHizamiiHi  Ta
ictopuuHi/TpeHaxepHi. KokHa Kareropis Mae CBO€ JDKEpeNo TIOXO/DKEHHS Ta
BUKOPUCTOBYETHCSI PI3HUMH MIJICUCTEMaMU OLIHKK PU3UKY (B TOMY YHCIi
CIICHAPHUMHU  MOJAYJISIMM,  KOHTEKCTHOIO  ajanTaimielo  abo  aJropuTMamu

nmporHo3yBaHHsl). Taky kiacudikaiiiro mpeacTaBieHo y Tabmuii 2.2.
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Tabmuus 2.2 - Tunu Ta mxepena gaHux y cuctemi DPRA

No Tun nanux IIpukiaaau napamerpis dxepeio
. . . MerteocTaHIii, JaTYNKHA Ha
1 CepenoBuiiHi BiTep, Teuist, XBrIIIOBaHHS
oopTy
e . . DP-cucremu, GNSS, inepiitai
2 Exkcnuyarariiiini [To3wuiris, MBUIKICTb, KYpC
CUCTEMU
o CraHu npuBOly, HABAaHTAKEHHS
3 TexHiuHI PHBOLY, > | Konrponepu cucrem, SCADA
CTHOXXHBAHHS
. ii DPO, 3atpumku, KOH(ITIKTHI . . .
4 Jlronceki A > 341D ’ ¢ HMI-inTepdetic, nor-daitnm
KOMaHI1
N [Tpouenypu, 103BONIH, PEKUMHU CranaapTH, IHCTPYKIIT
5 Opranizariiiiti P ypH, P P, THCTPYKILL,
poboTtu MTOJTITUKHU
6 | Icropuuni/TpeHaxkepHi | MuHYNI IHIUACHTH, CUMYJISIIIT baza 3nanb, TpeHaxkepu

Koxna 13 mpenacraBieHux y TaOMUIll KaTeropil JaHUX Ma€ BiJMOBIIHY
byHKIII0 y 3aranbHii CTPYKTYpl OoliHKKA pu3uky. s 3a0e3neueHHs: e(peKTUBHOCTI
po6otn DPRA-cuctemu, naHi MOBHHHI 30epiraTucs y BUIJISIAL CTPYKTYpOBaHUX
MacCHBIB 3 JIOCTYIIOM y pe€ajlbHOMY 4aci, III0 BUMarae oprasizailii po3noaiieHoi 6a3u
JAHUX, Ta BKIIOYAE OKpEM1 MOIYJI1 JJIsI:

- MOTOYHMX JaHUX, IO HAAXOAATh Bix ceHcopiB, DP-kontposepa, HMI Ta
1HIIUX OOPTOBUX CHUCTEM;

- ICTOpUYHHX JIaHUX, 310paHuX y MOMEpeHIX peiicax, aBapiiHUX CUTYaIlisIX Ta
MOJIETTIOBAHHSIX;

- CUMYJSLIMHUX JaHuX, M0 (OPMYIOThCSA MiJ Yac TPeHAKEpHUX ceciit abo
CIIEHAPHOTO aHai3y.

Tak, BIOANOBIZHO 10 OOpaHOI apXIiTEKTypH, CUCTeMa Mae 3abe3nedyBaTH
JTUHAMIYHEe OHOBJIEHHS iH(oOpMaIli B mpoleci BUKOHAHHS oOrmepallii, mo 0coOJIMBO
BYXJIMBO Yy CUTYAIIisIX, JIe YaCOBH (paKTOp BIAIrpac KPUTUUHY POJib, HAIPUKIIAI, TIPU
3pOCTaHHI HABAaHTAXXEHHS, BTPATi IaTYHKIB a00 peakilii ornepaTopa i3 3aTpUMKOIO [95,

96]. Take OaraTomiapoBe NpPEICTaBICHHS TaHUX A03BOJsi€ (POpMYyBaTH AUHAMIYHY



70
OLIIHKY PU3UKY, 5IKa BPAXOBYE SIK TOTOYHHUM CTaH CUCTEMH, TaK 1 HAKOIIUYEHUH T0CB1]

aHAJIOTIYHUX CHUTYAIIiiH.

Ha pucyHky 2.2 mnpencTaBieHO y3arajbHEHY CXE€My IOTOKIB iH(popmauii y
pamkax cuctemu DPRA. Jlani Hagxonmath 3 po3pi3HEHUX Kepen, ceHcopu, HMI,
SCADA, 06a3a 3HaHb, 1 arperyrThCs Yy ILEHTPI OOpOOKM JaHuX. 3BIATH BOHHU
nepenaTbes J0 MOJYJIB OLIHKK PHU3UKY, SKI peali3yloTb OOYHCIEHHS 3
ypaxyBaHHSIM BaroBuX KOE(QIIIEHTIB, YaCOBOi JMHAMIKMA Ta CLIEHAPHOI 3aJIEKHOCTI.
Taka apxiTekTypa A03Bojisie (OpMyBaTH AUHAMIYHUN PUMK-TIPOPUIL CyAHA, IO

OHOBJIFOETBCS B PEXKUMI peanbHOro vacy [97].

DPO Dat Knowledge
Actions 2 a_ Base
Processing

Center

Log Files

Risk
Assessment
Modules

Puc. 2.2 - [lotoku nanux y cucremi DPRA

Y DPRA BaxIMBO HE MPOCTO OTPUMATH JIaH1, a MPaBUIILHO CTPYKTYpyBaTH iX
3a TpPU3HAYEHHSAM 1 9acoM. Ycs iHopmarlis, 3 sSIKOI0 MPaIIoe CUCTEMA, TOAUIIEThCS
Ha Tpu rpynu. [lepma - 1e mMOTOYHI AaHi, SKI HAAXOAATh Yy peajbHOMY daci 3
ceHcopiB, HMI Ta HaBiramiiinoro oOnagHanHi. BoOHM BUKOPHCTOBYIOTHCS IS
MOMEHTAJIbHOT OLIIHKYU cuTyaiii. J[pyra rpyna - iCTOpUYHI JaHi: 1€ JIOTH, iHpopMarllis
Ipo MoMepeHl IHIUIEHTH, TUIIOBI ClieHapii pearyBanHs. Bonu gopmyoTs 0azy ams
MOPIBHSHHS 1 KOPUTYBaHHA Mojieneil. TpeTs - cuMyJisIiiiHi, OTpUMaHi 3 TPEHaKEPiB
a6o imiTaniiiaux mmatgopMm. IX OCHOBHe NpU3HAYEHHs 1€ HABYAHHSA CHCTEMH i
nepeBipKa peakiiiii Ha 3MOJesIboBaH1 noAii. | sk macymok, mob cucremMa 3aauniaiach
aKTyaJbHOIO, 0a3a 3HaHb PETYJSIPHO OHOBIIOETHCS. Tak camo mepepaxoByIOThCS Baru

napametpiB y mozeni. Ile nae 3mory DPRA He «3acturatm» B CTaTUMHOMY CTaHi, a
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aJanTyBaTUCS 1O 3MIH y CEpEAOBHIINI, TEXHIYHOMY CTaHI CHUCTEM al00 MOBEIIHIII

oneparopa [98].

TakuM uYnMHOM, CHOPMOBAHO CTPYKTYpPHY Ta (PYHKLIOHAJIBHY OCHOBY JUIS
peatizariii CUCTeMH JMHAMIYHOI OLIIHKY pu3uKiB. [IpencTaBieno kinacudikaiiio THIIB
JAHUX, TPUHIIMIN OpraHizaili MOTOKy iH(opMaIlii, CTPyKTypy Oa3u 3HaHb, IO

dbopMye miArPyHTS Ui TOOYOBH JIOTTYHUX CXEM PUBHKY.

2.2 JlepeBa BIIMOB y CUCTEMAaX JUHAMIYHOIO MTO3UL[I0HYBAHHS

OaHuM 3 KIIIOYOBHX IHCTPYMEHTIB MOJCIIOBAaHHS PU3HKIB Y CKJIQJIHUX
TEeXHIYHUX cuctemax € jnepeBa BinMoB (Fault Trees), TOOTO IOTiKO-CTPYKTYpHi
MOJIeT, IO JT03BOJISIIOTh rpadiuHO Bi1I0OpA3UTH MPUUMHHO-HACIIIKOBI 3B S3KH MIX
0a30BUMH B1IMOBaMU €JIEMEHTIB 1 KPUTHUYHUMH MOISIMH BEPXHBHOTO PIBHS.

VY KOHTEKCTI cucTeM AuHaMIvyHOTO no3ullionyBanHs (DP) nepesa BiAMOB 1at0Th
3MOTY CTPYKTYpPOBAHO aHalli3yBaTH CIIEHApIli PO3BUTKY 1HIIMICHTIB, BPAXOBYIOUH SIK
TEXHIYHI YMHHUKH, TaK 1 JIFOJCHKI 11 Ta 30BHIIIHI yMOBHU [99].

JlepeBa BiZIMOB y cHCTE€Max IWHAMIYHOTO IMO3UIIIOHYBaHHS € yHIBEpCAIbHUM
THCTPYMEHTOM JIJIs1 OTIIMCY MEXaHi3MIB PO3BUTKY aBapiiHMUX cuTyariid. OCHOBHA i1es
METOJly TOJIsirae y moOyI0B1 JOTIYHOTO JIepeBa, A€ BEPXHs MOl (HampuUKIIaj, BTpara
KepyBaHHs a00 mo3wuili) oOyMoBJIeHa 0a30BUMH TOISIMH, IO MPEACTaBIAIOThH
KOHKPETHI B1JIMOBHU OOJIaJHAHHS, POTPAMHOTO 3a0e3neueHHs a00 JIF0AChKI ITOMMIIKH
[100].

Ha mnpakrtuiii nepeBa BiIMOB JO3BOJISIOTH BUKOHATH CTPYKTYPHHM aHai3
CUCTEMH 3 BUSBJIICHHSIM KPUTHYHUX E€JIEMEHTIB, OOYMCIUTH WMOBIPHICTH PO3BUTKY
aBapii, a Takok cpopMyBaTH OCHOBY i MOAeNoBaHHs B cucteMax DPRA.

OyHKIIT Ta MpU3HAYEHHS JEPEB BIIMOB Y KOHTEKCTI DP-cuctem y3araibHEeHO y

Taomum 2.3.
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Tabnuns 2.3 - OyHKIiT Ta 3acTOCYBaHHs JepeB BinMoB y DP-cucremax

Ne DyHkuis / Onuc
NpU3HAYEHHS
1 | Inentudikamiss By3nmiB | BU3HaueHHS €J1€MEHTIB CUCTEMH, 3 BIJIMOBH SKHX MOYUHAETHCS
BPAa3JIUBOCTI PO3BHUTOK aBapiifHOTO CLIEHAPIIO.
2 | Amnanis noriku | [TobymoBa nOriuHOiI CTPYyKTypu Big ©0a30BUX BIAMOB [0
PO3BHUTKY IHIIUICHTY KPUTHUYHOI MTOJTi1 BEpPXHBOTO PiBHS.

3 | UmosipHicHa  ouiHka | OGuucIeHHS cyMapHOi MMOBIPHOCTI HACTaHHS IHIUAEHTY Ha

BEPXHBOI NOA1{ OCHOBI OLIIHKM HMOBIPHOCTEN CKJIaJOBUX HO1H.
4 | ®opmyBaHHS Inrerpanis nepeBa B Moje€ib JUHAMIYHOTO aHaJi3y PU3HKIB 13
CTPYKTYpH BXIIHUX | BpaxyBaHHsM 4acy, niii DPO Tta 30BHiIIHIX QakTOpiB.

nanux a1 DPRA

5 | [linTpumka po3poOku | Bu3HaueHHS KpUTHYHUX KOMOIHAIIN BIMOB IS ITiJIBHINEHHS
3aXOMiB 13 3HIKCHHA | HANIMHOCTI CUCTEMHU IIISTXOM TyOroBaHHs a00 pe3epByBaHHS.
pU3UKY

Sk BuaHO 3 TAONIHUII, 1EPEBO BIIMOB BUKOHY€E HE JIMIIIEC aHATITHYHY (DYHKIIIIO, a
W CIyrye CTpyKTYpPHOIO OCHOBOIO JUIsi TTOOYJOBH AMHAMIYHUX MOJENEH PU3UKY. Y
cuctemax DP  ocobmuBy yBary OpUAUIAIOTH  TEXHIYHMM  MiJCUCTEMaM
(EHEproXKuBJIECHHS, MO3ULIIOBAHHS), SIKI MOXYTh 3allyCKaTH KacKaJHy pEaKIio
BiMOB. J[epeBo 103BOJIsIE MOJICTIOBATH 111 3B’ SI3KH Ta BUSBJISATH BY3JIH, PE3CPBYBaHHS
AKUX 3a0€3MeUnTh CyTTE€BE 3HIKEHHS 3arajJbHoro pusuky. Lle 3ymoBitoe morpedy y
IpeJICTaBICHI TUIOBOIO MPUKIAAY JepeBa BimMoB st DP-cucremu 3 iepapxiero
0a30BUX MOJiH, IO JO3BOJIUTH MEPEUTH A0 MMOBIPHICHOTO PO3PAaxXyHKY PHU3HKY B
pamkax mogaeini DPRA [101, 102].

Ha pucynky 2.3 mpeacraBneHo cmpoiene jaepeBo BimMoB (Fault Tree), mo
MOJIETIIOE CTPYKTYpPY MPHUYUH, SIKI MOXKYTh MPHU3BECTH JO 3arajJbHOr0 MOPYILIEHHS

po0OOTH cUCTEMU AUHAMIYHOTO To3uliionyBanus (DP Failure).
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DP Failure

AND AND
Equipment Human/System

Thruster Sensor Power Operator HMI Lack of
Fault Error Issue Error Confusion Training

AND
Environment

Weather Current Waves

Puc. 2.3 - Tunose aepeBo BIIMOB Y CUCTEMI AUHAMIYHOTO MO3ULIIOHYBaHHS

BepxHus nmogis peanizyerbes 3a jorikoro OR, ToOTO BiMOBa MOKe BUHUKHYTH
BHACJIZIOK OJIHOTO 3 TPbhOX OCHOBHHMX OJIOKIB: TEXHIYHOIrO, JIOJCHKOrOo abo
cepenoBuiiHoro. ¥ moxaeni DPRA Bepxus nofist peanizyersbes 3a jorikoro OR, To6tTo
BIIMOBA CUCTEMH MOXK€ OyTH CHpHYMHEHA OYIb-SKUM 13 TPbOX OCHOBHHUX OJIOKIB:
texHiyHuM  (Equipment), mroacekum (Human/System) abo cepeaoBUIHUM
(Environment).

Texniunuit 6ok (Equipment) npaitoe 3a jorikoro AND - kputuyHa BigMOBa
BUHHUKAE JIMIIE 32 YMOBH KOMOIHaIii IOHaiMeHIe TBOX 13 TphoX YMHHMKIB: Thruster
Fault (361#1 y po6oTi pymriiB), Sensor Error (momuika abo BTpaTa CUTHay 3 JaTYHUKIB
no3uiiroBanHs) Ta Power Issue (mepeboi B €JIEKTPOKHMBICHHI a00 TMOPYIICHHS
PE3EpPBHOTO KUBJEHHS). SKIIO OAHOYACHO TMPOSIBISAIOTHCS JIBI 3 IIUX IpoOJeM,
CHCTEMa BTpAaya€ TEXHIUYHY CTIMKICTb.

bnok BmnuBy moauau (Human/System) takoxx noOyaoBanuit Ha joriui AND 1
BKJIIOYa€e (akToOpu, SIKI BUHUKAIOTh YHACIIJIOK B3a€EMOJIIi orepaTopa 3 CHCTEMOIO.
Cronu Bxonuth Operator Error (HexopektHi ab6o 3amizHimi aii DPO), HMI Confusion
(HempaBWJIbHA 1HTEpIIpeTallisl JaHuX Ha auciuiei abo maHem kepyBanHs) Ta Lack of
Training (HexocTaTHId piBEHb MIATOTOBKH IMEPCOHANY A POOOTH B CKIAIHHUX

yMOBax).
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Tpertiit 6;10k Environment onucye BIiuB 30BHINIHIX (akTopiB. Jlorika Tyt OR,

TOOTO HETraTWBHOTO BIUIUBY OYyIb-SIKOTO 3 HaBeIEHUX (AKTOPIB JOCTATHBO IS
3pOCTaHHsl PU3MKY, fAKI mpenctaBieHo: Weather (morogHi ymMoBH - BITEp OMNajiH,
oOMexeHa BuauMicTh), Current (MOpchKi Tedii, 1 Waves - XBUITIOBaHHS ).

Taka cTpykTypa [O03BOJsiE HE JIMIIE BIACTEXKYBAaTH KIIOUOBI HUIAXHU
dbopMyBaHHSI pU3MK, alle ¥ 3aKiIajaTd OCHOBU g MOOYJOBH JepeBa MOMAIA Ta
NO0JIaJIbIIOro WMOBIpHICHOrO aHani3y. Hanpuknana, komOinauia Sensor Error + Issue €
TPUBHUM CLICHApIEM, SIKMM MOKE MPHU3BECTH JI0 BTPATH TMO3UIIli, OCOOJIMBO 3a
CKJIaIHMX rmoroaHux ymoB [103, 104].

BumenaBenenuii  mpukiaj aepeBa  J03BOJIIE HE JIMIIE  Bi3yalli3yBaTu
WMOBIpHICHY JIOTIKYy BIMOB, @ W BHUSBHUTH KIIOUOBI IUIAXU PUBHKY, SKI BapTO
KoHTposoBaT 3acobamm DPRA. Hampuknan, MokHa CTBOPUTH MOJEbL IS
nporHo3yBaHHs komoOiHaiii «Sensor Error + Power Issue», mo 3 BHCOKOIO
WMOBIPHICTIO BEJI€ 10 BTPATH MO3UIIII.

Jlnst moOy1oBU JiepeBa BiIMOB HEOOXITHUM €TaroM € imeHTUu(iKallis 0a30BUX
NoJINA, SKI MOXYTh CIPUYMHUTH KPUTUYHY BIIMOBY CHCTEMHU JUHAMIYHOIO
MO3UIIIOHYBaHHA. ba3oBi MOMii MpeACTaBIAIOTh €IEMEHTapHI MOpYyIIeHHs a0 3001
OKpPEMHUX KOMIIOHEHTIB (TEXHIYHUX, MPOTPAMHUX, JIIOJICBKUX YU CEPEIOBUIIHUX ), IO
HE MOXYTh OyTH Jjalli IEKOMIIO3UTOBaH1 y MeXax JepeBa.

i momii € ocHOBOIO 1 WMOBIPHICHOI OIlIHKM Ta TIOBUHHI OyTH
chopMyJIbOBaHI TAKUM YHMHOM, 11100 BiAOOpakaT MOXJIUBICTh iX aBTOMaTU30BaHOIO
MOHITOPHMHTY Ta BpaxXyBaHHs B IMHaMI4HOMY KOHTeKcTi [105, 106].

TunoBy kiacudikaiiito ocHoBHUX 0azoBux momid mist DP-cuctem HaBeneHo y

Tadyum 2.4.
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Tabnuus 2.4 — Tunosi 6a30Bi noaii 115 AepeB BiaMoB y DP-cuctemax

Ha3sga 06a3oBoi . RV .
Ne noxii Kareropis d:xepesio/cuctema IHoTenuilinuii HACTITOK
. 3MeHIIeHHs abo BTpara
1 Thruster Fault TexHluHa Cucrema pywiiB (THR) - p
. GNSS, MRU, Gyro Brtpara TouHoCTI
2 Sensor Error TexHiuna ’ - UYTO, p
VRU KOOpJAMHAT
BumkHeHHs cucteM abo
3 Power Failure Texuiuna Enepremiina cicrema nepexia y aBapiiHuit
(UPS, GEN)
pEXKUM
Jlroncpkuii Hesipna komanna
4 Operator Error A DPO / HMI p A8,
¢dakrop 3aTpUMKa pearyBaHHs
HMI Jroncbkuii . . HenpasuibHa
5 .. . IaTrepdeiic ynpapmiaas | . -
Misinterpretation (hakTop iHTepnpeTanis indopmarii
.. Oprani3ariiina / Kgaumidikamiitna Henocrathiii piBeHb
6 | Lack of Training p 1 Pixan a P
JIOJIChKa cucTema HABUYOK
[TepeBunieHus
7 Severe Weather CepenoBuiiiHa Meteonani, CEHCOpH JOIYCTUMUX YMOB
eKCITyaTaIii
. . Brpara criiikocri
8 Current Surge CepenoBuiiiHa INaposnoriuni ymoBu :
£ PEAOBHIL AP y MO3UIIIFOBAaHHSI
KonuBanHs kopmyc
9 Wave Impact CepenoBuiiina CencopHa cuctema prycey,
NEPEeBAHTAXKEHHS CUCTEM

[IpencraBneni 6a30Bi MOIT OXOIUIIOIOTH yC1 KIFOUOBI1 miacuctemu DP-cynHa ta

JO3BOJIAIOTh  OXapaKTEepU3yBaTH JIOTIKY PpO3BUTKY IHIMJAEHTIB 3 YpaxyBaHHAM
6araTo(hakTOpHOI NPUPOIH PH3UKY. IX MOAATIbIIA CTPYKTYpH3aLlisl B I€PEBi A€ 3MOTY
pO3paxoByBaTH WMOBIPHICTh BEpPXHBOI MOl (HAMpHUKIA[, BTpaTa TMO3MINI) Ta
3MIACHIOBATH CIIEHAPHUI aHali3 3 ypaxXyBaHHSM 4YacOBHX IHTEpBANIB, TPEHIIB
CEHCOPHHUX JaHUX 1 MoBeaiHKu oneparopa [107, 108].

TakuM 4YuMHOM, BHUKOPHUCTaHHS JlepeBa  BIIMOB

JO3BOJIIE  CHUCTEMHO

CTPYKTYpyBaTH TPUYMHHO-HACTIAKOBI 3B S3KM MIDK BHUXIIHUMH TOIIAMH Y
MIJCUCTEMAax JWHAMIYHOTO TIO3UIIIOHYBAHHS Ta TJIOOAJbHUMH HACHIIKaMH, Bij
BTPAYCHOTO KOHTPOJIIO JIO TIOBHOI BiIMOBH CHCTEMH. Y TIpoIieci moOyIoBU jaepeBa
1meHTH(IKOBAHO OCHOBHI 0a30Bi IOil, IO OXOIUTFOIOTH TEXHIYHI, JIOJACHKI Ta
CEpEIOBHINHI KOMITIOHEHTH, a TaKOK BU3HAYEHO JIOTIKY iX B3aemoii yepe3 AND/OR-

BY3JIU.
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CdopmoBana cTpyKTypa JiepeBa BUKOHYE JIB1 KITFOYOB1 (yHKIIII:

- MO-TIepIIie, BUCTYIAE IHCTPYMEHTOM SIKICHOTO aHalli3y BPa3lIMBUX €JIEMEHTIB
CUCTEMU;

- mo-Apyre, popMye 6a3y s MOAAIBIIOTO KiIBKICHOTO HMOBIPHICHOTO aHAJIi3y
B pamkax mozeni DPRA.

Hactymaum kpokom cTaHe moOy0oBa MaTeMaTHYHUX MOJCIICH TUHAMIKH CyTHA
Ta HOro CUCTEM YIpaBIiHHS, L0 JO3BOJIUTH 3AIMCHUTH IHTErpauiro (i3MYHUX
napameTpiB pyXy 3 pU3UK-OPIEHTOBAHUM aHAII30M Ta peaii3yBaTy aJallTUBHY OLIHKY

pU3MKiB y peasibHomy yaci [109, 110].

2.3 MaremaTruHe MOJIEIIOBaHHA OyKCUPY 3 a3uMyTalbHUM npuBoaoM (ASD) y

ckiaal DP-cuctem

VY 3agadax nuHamiuHoro mosuilioHyBaHHs (DP) cynen oco0nmBOi BayKIMBOCTI
HaOyBae BpaxyBaHHS crenu@ikd MaHEBPYBaHHS JOMOMDKHHUX IIaB3acoOiB,
nepeaycim OykcupiB tumy Azimuth Stern Drive (ASD). 11 mmargpopmu 3
a3UMyTAJIbHUMU PYIIISIMA BIJITPalOTh KJIIOYOBY POJIb y Mpoliecax IIBapTyBaHHS,
KepoBaHOTo OyKCHpyBaHHS 1 cTaOumi3amii Kypcy, OCOOJMBO [Jisi CyJE€H BEIUKOi
BOJOTOHHAKHOCTI. BpaxyBaHHSI OCTIMKOCTI OyKcHpa Ta HENiHIHHOI JUHAMIKA
OYKCHUPHOTO Tpoca € KPUTHYHHM JJIs 3a0e3neueHHs Oe3neku omnepaiiii DP-cuctem.
3anporioHoBaHa Mozenb mae 4 cryneHi cBoboau (4-DOF) 1 BpaxoBye MHOBHY
B3aEMOJII0 MDK OyKCHpOM, TpOocOM 1 OyKCHUPOBAaHMM CYJHOM Yy 3MIHHHX
TiAPOIMHAMIYHUAX YMOBaX.

VY cyuacHiii MOpPCBHKIA 1HXEHepli OCOOJNMBY yBary MPUIUIEHO PO3BUTKY
nornoMixkHOro  (umoty, 30Kkpema OykcupiB, 1m0 3abe3medyroTh — Oe3nedHe
MaHEBPYBaHHsI, IIBAPTYBAHHS Ta JUHAMIYHE IO3ULIIOHYBAaHHS BEIMKOTOHHAXKHUX
CyleH. Y BIJMNOBIJIb HAa 3pOCTar0yi po3MIpU Ta 1HEPIINHICTE KOMEpLIHHOTO (IIOTY,

ocoomuBo y kiacax ULCS (Ultra Large Container Ship), koHCTpykTopu Ta
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JOCIIITHUKU TIyKaloTh PIIICHHS, 37aTHI 3a0€3MeYUTH BHUCOKY MAaHEBPEHICTh Ta

OCTIWKICTh y CTHUCHEHHX YMOBaX - TaKUX, SIK aKBaTOpii MOPTiB, KaHAIM Ta BY3bKi
dapBarepu. OpHuM 13 HailepeKTHBHIIIUX pilieHb y i cdepl craB Oykcup 3
a3UMYyTaJIbHUM KOpMOBHUM IprBoIoM (Azimuth Stern Drive, ASD) [111, 112].

ASD-0ykcupHu KOHCTPYKTHBHO OCHAIIIEHI PYIIISIMH, SKI MOXYTb MOBEPTATHCS
Ha 360°, 3a0e3meuyloydM MaKCHUMAallbHy THYYKICTh KEpyBaHHS. 3JaTHICTh TaKHX
PYILLIiB 3MIHIOBATU BEKTOP TITU B PEAIBHOMY 4acl CYyTTE€BO NIABUILYE €(PEKTUBHICTD
AK y pEXuUMI TATH, TaK 1 y pexumi cynpoBoay cyaHa. Lle no3Bossie Oykcupy
BHKOHYBATH CKJIaJHI MAHEBPH 3 BUCOKOIO TOYHICTIO IPU POOOTI y TICHOMY KOHTAKTI 3
BEJIMKHUMU CYJTHAMHU.

[Ipote, edexktnBHa peamzailis MoxiauBocTeid ASD-OykcupiB TOB’s3aHa 3
pAIOM BHUKIIHUKIB, $IKI OOYMOBIIOIOTH HEOOXITHICTh TJIMOOKOrO MaTeMaTUYHOIrO
aHamizy. Y Meplry 4epry WaeTbcs IMpo JWHAMIYHY OCTIMKICTh OyKcHpa, sSKa MOXKe
MOPYIITYBaTUCS TIPH PI3KUX 3MIHAX HAMpPSIMKY 3YCWJIb PYIIIiB a00 mpu Jisfix 3 OOKy
OykcupHOro Tpoca. 30KpeMma, SIBUIE «THPTHUHTY» (girting), TOOTO cuTyarlii, KOJIu
OOKOBHII HATAT TPOCAa CTA€ KPUTUYHUM Ta MOXKE TPU3BECTH O HIBUIKOTO KPEHY i
BTpaTH OCTIMKOCTI, IO TOTEHIIHHO TPU3BOAUTH N0 amBapiii abo HaBiTh M0
nepekuganus cyana [113, 114].

Y  HaykoBill  jiTepaTypi NOpeICTaBi€HI  pPI3HOMAaHITHI — MIAXOOU  JI0
MaTEMaTUYHOTO MOJETIOBAHHS OYyKCHpIB, SIKI YMOBHO MOXKHA MOJUIMTH Ha [Ba
HATIPSIMKU:

- mozen pyxy y miomuHi (2-DOF a6o 3-DOF), siki 30cepemkeHi Ha Onuct
nepeMiiieHHs Oykcupa 6e3 ypaxyBaHHS BEPTUKATBHIX MOMEHTIB 200 OCTIHHOCTI;

- Mozeni 3 ypaxyBaHHsAM ocTiiHOCTI (4-DOF a6o 6-DOF), siki BKIIIO4arOTh
HE JIMIIE TOCTYyNalbHHUM 1 O0epTalbHUM pyX y TOPU3OHTANBHIN IUIONIMHI, ale U

KOJIMBaHHS 10 KpeHY a00 TaHTaxy.
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VY konrtekcti ASD-OykcupiB Haitouibmr gopeunumu € 4-DOF mopmeni, mo

BKJIIOYAIOTh OIKC KPEHY, OCKUIbKM caMe 1€l CTYIiHb CBOOOIU € KPUTUYHHUM ISt
OLIIHKU aBapiHMUX CLIEHApP1iB MpU poOOTI 3 OYKCUPHUM TPOCOM.

Jocnimxennst 1T’ spko, Ixenn, KimpkiMu Ta MomiMypn oXOILTIOIOT MIMPOKHiL
nepioa BiJ KIACHYHUX MOJENeW HaIIMHOCTI N0 Cy4YacHUX MIiAXOAIB M0 OI[IHKH
PUBMKIB Y CKIAQQHUX TEXHIYHUX CHCTEMax pO3BUHYJIM METOAUKH OLIHKH
MaHEBPEHOCTI OYKCHUPIB 13 BUKOPUCTAHHAM TifpoArHaMiuHuX ekcnepumeHtis (EFD)
ta uyucenbHoro wmoxaemoBaHHsa (CFD). VY poborax [115-119] peanizoBaHo
OaratopiBHEBY BalijaImio Mojeled Ha MacmTa0HMX Ta ITOBHOMACHITAaOHUX
eKCIIEPUMEHTAX, IO JaJI0 3MOTY BU3HAYUTH KJIFOYOBI MapaMeTPH OCTIMKOCTI 1 TATH y
CKJIQJIHUX PEKUMaX.

Pazom 3 TuM, 3HaYHaA YacTWHA IOCIIKEHb a00 OOMEXKYETHCS JIMIIE OIIHKOIO
cuI pyuiB 0e3 ypaxyBaHHS MOMEHTIB OCTIMKOCTI Hampukian, [120-124], aGo He
BKJIIOYA€ MOBHOI JTUHAMIKH OYKCHPHOTO TpOCa SIK aKTUBHOI'O KOMIIOHEHTa CHCTEMHU
«Oykcup-cyaHo». Lle cyTreBo oOMexy€e MPaKTHUHY 3aCTOCOBHICTh TAKUX MOJENEH y
pekuMax MIATITYBaHHS ab0 OOB’SI3KM, SIKI HAWYaCTIIIE 3yCTPIUalOThCS y peaTbHUX
yMOBax MOPTOBOI HaBiraiii.

TakuM YHMHOM, aKTyaJbHOIO HAYKOBOIO 3a/ladyel0 3aJIUIIAEThCS PO3poOKa
yHi(ikoBaHO1 MaTeMaTHuHOI Mojeni ASD-Oykcupa, sika:

- BpPaxoBY€ SIK MAaHEBPEHI, TaK 1 OCTIMHOCTI XapaKTEePUCTUKHU OyKCHpa;

- BKJIIOYA€E BIUIMB TATH PYUIIiB, iX OPIEHTALIIO Ta PEKUM POOOTH;

- OMKCY€E HATAT TpOca 3 YypaxyBaHHSIM TOYKH NPUKIAJAHHS CHUJIH,
HANPSIMKY Jlii Ta MOXKJIMBOCTI HOTO MUTTEBOT'O PO3PUBY;

- JO3BOJIIE  MOJICTIIOBATH KPUTHUYHI PEXKUMH, B SIKUX OCTIHHICTh
NOPYIIYETHCS, HATPUKIIA/, Y BUMAKaX TUPTUHTY a00 MpHU Pi3Kiil 3MiH1 BEKTOPY TATH.

Kputnuni ¢aktopu OCTIMHOCTI OyKCupa MOJISITal0Th B TOMY, IO OCTIMHICTH
Oykcupa, Ha BIMIHY BiJ BEIMKOTOHHAXHOTO CyJlHA, Ma€ Crielu(iuHy AMHAMIKY, sKa

3yMOBJICHa MOro MajJuMU pO3MipaMH, MaJOI0 I1HEPIIAHOI Macol 1 BHUCOKOIO



79
MaHEBPEHICTIO. Y peajbHUX OIepallisax, 0COOJMBO MPU poOOTI B MOpTax abo il Jac

nuHamivHoro nosuiionyBanHs (DP), octiiiHicTs OyKkcupa MiJIaeThCs BIUIMBY OJpa3y
KUTbKOX YMHHHUKIB, 30KpeMa:

- TiApOAMHAMIYHI CHJIH Ha KOPIYCI;

- KpyTHI MOMEHTH BiJl PYIIIiB;

- CWJIM HATATY TPOCA, SIKI MOXKYTh COPUYMHUTH MEPEKUTaHHS;

- peXUM  KepyBaHHS  (CMHXPOHHHUI/aCMHXPOHHMM)  a3UMYTaJbHUMHU
PYILLIISIMU;

- KPEHSYl MOMEHTH, IO BHUHHUKAIOTh 4Yepe3 HEMPONOPIIHHUNA PO3IOJILT
HABaHTAKCHHSI.

Ha wMibkHapogHoMy piBHI He ICHYe€ YHI(IKOBaHMX BHMOT JIO OCTIHHOCTI
OykcupiB, OCOOJMBO MaJOro 1 CepeaHbOro TOHHaXY. Jledki HauioHanbHI abo
KiIacuikaiiifHi BUMOTH PETJIaMEHTYIOTh JIMIIIE OCHOBHI MapaMeTpu CTaOUTBHOCTI Y
CIOKIMHMX YMOBaX, HE BPaxOBYIOUM JMHAMIYHI HaBaHTaXEHHS Ha OyKCHUp 3 OOKy
Tpoca abo pymiiB. 30KpemMa, y OUIBIIOCTI ICHYIOUHMX MOJEJICH HE BpPaXxOBYETHCS
MUTTEBUM KPEHSYMM MOMEHT, CIPUYMHEHUN TIAPOAMHAMIYHUM TMEPEKOCOM TIpU
MaHEBPYBaHHI y 34EIUICHHI 3 1HITUM cyHOM [125-128].

Kpen cymna Moxe OyTH 3yMOBJICHHM HH3KOI 30BHIIIHIX 1 BHYTPINIHIX
CHJIOBUX BIUIMBIB, $IKI BHHHMKAIOTh IiJ dYac OyKCHUpyBaHHs, MaHEBpyBaHHs abo
B3aeMOJIl 3 1HIIMMHU I[1aB3acobamu. OCHOBHI JiKepena KpeHy JIOIUIBHO
CUCTEMATHU3YyBaTH 3a XapaKTepoM Jii, 110 J103BoJisg€ (opMati3yBaTh PU3UKH BTPATH
OCTIMHOCTI MiJ Yac omneparii y ckiiagaux ymoBax. Haiimommpenin cuTyarii onucasi
HIDKYE:

l. TsiroBuii pexkuM - BUHUKAE, KOJTU OYKCUPHUN TPOC MPUKIAJACHUN y TOYIl
BUIIIE MeETalleHTpa ab0 HECUMETPUYHO BIHOCHO IUIOIIMHU AiaMmerpanbHoi. [le
CTBOPIOE MOMEHT Y IUIOIIMHI KpEeHY, [0 MpH 3HAYHUX HABAaHTAXKEHHSIX MOXKeE

MIPU3BECTH JI0 CTIHKOTO BIIXWJICHHS KOPITyCy Ha OOpT.
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2. CaMoOnpoKuAyBaHHS - KOMIUIEKCHE SIBUILE, IIPU SIKOMY OJIHOYACHA Jiis
OOKOBOTO TATOBOTO 3yCWJUIISL Tpoca, pOOOTH TBUHTIB, IOJIOKEHHS KepMma Ta
TAPOAMHAMIYHOTO THUCKY 3 OOKYy XBWIl (opMye mepekujarounid MoMmeHT. Takwuii
ClieHapii HeOe3nmeyHwii caMe dYepe3 MyIbTH(PAKTOPHICTh 1 3JaTHICTh IIBUIKO
pPO3BUBATHUCS 0€3 SIBHOTO MOMEPEIKEHHS.

3. JIBoOiuHa Tsra mpu OOB’S3I[I BUHUKAE B CHUTYyallli, KOJU KOPILyC
HiJ1a€ThCA TUCKY 3 000X OOKIB (HAampukiaj, MiJ 4ac MaHEBPYBaHHS MDX CyIHaMU
abo mBaptyBaHHs). [Ipu 3miH1 cuMeTpii a00 HEPIBHOMIPHOMY 3aBAHTAXKEHHI 1€ MOXKE
MIPU3BECTH JI0 BTPATU PIBHOBATH.

Knacudikariis, sika npeactaBieHa B Tabnuill 2.5 MOXe BUKOPUCTOBYBATHUCH SIK
OCHOBA JIJISl OIIIHKHU CILIEHApP1iB pU3UKY MpH MOOYA0BI MOIeIeil MOBEAIHKU OYKCUPIB Y

HEOE3MEYHHUX PEeKUMax.

Tabmuis 2.5 - MexaH13MU BUHUKHEHHS KPEHY Ta iX BIUTMB Ha OCTIMHICTH

:xepesio kpeny Omnuc nii

Mis Tpoca, 110 TATHE OyKCUp Ha3aa i3 MOMEHTOM Y IIONUHI

TsAroBuid pexum
KpEHy

KombinoBaHmii BIITUB Tpoca, KepMa, TBUHTIB Ta OOPTOBUX

CaMoonpoKuTyBaHHS . .
rAPOAMHAMIYHUX CUII

JIBoOiuHa TsATA IpH

068 31 CumerpudHUii 800 aCUMETPUIHUIN THCK 3 000X OOKIB KOPITYCY

Ha miacraBi anamizy maHMx MOPCBKHX poschigyBanb [129-131] wmoxHa
BUJIUTUTH THUIIOBI CLIEHApIi aBapiid, 1110 HalyacTille NpU3BOAATh 10 KpeHy ab0 MOBHOL
BTpaTH OCTIHHOCTI Oykcupa. OAHUM 13 HaliHEOE3NMEeUYHINX € TUPTUHT - CUTYyallid,
KOJIU TPOC TATHE Oykcup OOKOM, HE 3allMINaloud MOXKJIMBOCTI MaHEBpyBaTH. Tak
yepe3 MIBUAKUN PO3BUTOK MOAIN 1€l CIieHapiil 4acTO MPU3BOIUTH M0 MEPEKUIaHHS
cynHa. [lle ogqaum nomupeHnM (pakTOpOM € panToBHiA PO3pHUB OYKCUPHOTO TPOCA, 1110

BUKJIMKA€ MUTTEBY 3MiHY OajlaHCy CHJI Ha KOPIYCl Ta CTBOPIOE IMITYJIbCHUN MOMEHT

KpEHy.
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[Ilomo MOTEHIIHHO KPUTHYHUX CLEHApIiB TO CIiA JOJATH BTpPATy TITH abo

KEpPOBAHOCTI, sIKa 3a3BUYail BUHUKAE y pa3l BIIMOBHU PyIiiB a00 >KUBIEHHS CHCTEM
YIOPaBIIIHHSA, OCOOJMBO Yy BY3bKUX MPOXOAAX HEOE3NEKy CTAaHOBUTh CaM€ KOHTAKT 13
00’€KTOM, HaIpHUKIaJ, 13 OeperoBor IHPPACTPYKTypor ado IHIIUM CYJIHOM, IO
CTBOPIOE JTOJJATKOBUIM MOMEHT 1 MOYKE€ IIPU3BECTH JI0 BTPATH OCTIMHOCTI.

Oco0nuBO pU3MKOBAaHUMH Il CUTYyallli CTalOTh y pa3l aCUMETPUYHOI poOOTH
a3uMyTaJIbHUX pylIiiB. Koin oAMH 3 TBUHTIB J1a€ TATY BIEpe], a IHIIMM Mpalioe Ha
KOMIICHCAIlII0 Apei]y, BUHUKAE CKJIQJHMM MOMEHT HAaBAHTAXKEHHS Ha Kopmyc. 3a
BiJICYTHOCTI CHHXPOHHOTO KepyBaHHS 1151 KOH(DIrypallis MOKe IBUKO MPU3BECTH 10
KpEHY HaBiTh 3a CTa0LILHOTO 30BHIIIHBOTO CEPEIOBUIIIA.

3 TEeXHIYHOI TOYKH 30pYy, MOMEHT KpeHy Ipu OyKCHpYBaHHI BHU3HAYAETHCS
0amaHCOM MDK 30BHIIIHIMM KPEHSYMMHU MOMEHTaMH (BiJ Tpoca, XBUJb, 00 €KTIB
KOHTaKTy) 1 BHYTPIIIHIM BiJHOBIIOBAJILHUM MOMEHTOM KOPITyCy, IO 3a0e3reuye
octivikicTh. Komu 1meit OamaHCc MOPYHIYEThCSA, a KYT KPEHY IEPEBHINY€E TPAaHUYHE
3HaueHHs, sike st ASD-OykcupiB 3a3Bu4ail cTaHOBUTH O61u3bko 60° TOOTO BUHUKAE
HE3BOPOTHE ONpOoKuAyBaHHs [132-135].

HactynmauMm kpokoM € moOyaoBa JUHAMIYHOI MaTEMaTHYHOI MOJET pPyXy
Oykcupa, sika TIOBUHHA BPaxOBYBaTH HE JIMIIIE BIUIMB 30BHIMIHIX CHJI 1 MOMEHTIB, a U
BHYTPIIIHI  1HEpUIAHI MPOLECH, BKIIOYAIOYM 3alli3HEHHS peakilid CHCTEM,
nepepo3MnoAll Mac, 1HEPIiiHI MOMEHTH KOPIYCy Ta 3MiHHU Yy POOOTI PyUIiiB I Ji€0
CKJIaTHOTO XBHJILOBOTO TTOJISI.

VY 3amponoHoBaHiii Mozem auHamiku Oykcupa tumy Azimuth Stern Drive
(ASD) BpaxoBaHO YOTHpPW CTymHeHi cBOOOAM - JBI mMOCTymanbHi (U, V) Ta ABI
oOepraneHi (p, 7). Taka Mojenb JO3BOJSIE OMHMCATU TOBEIIHKY OyKcHUpa SIK Yy
BUIBHOMY pyCi, Tak 1 B yMOBax [ii HaTATHYTOro OYKCHPHOTO Tpoca, IO €

NPUHLIUIIOBUM Ui pexxumiB DP.
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3aranbHUM BUIIISIL CUCTEMH PIBHSHD PYXY, SIKA ONUCYE KOMIUIEKCHY JUHAMIKY

OyKcHpy, BpaXOBYIOYH JOJATKOBY Macy Ta IHEpIIIO, 1110 BUHUKAIOTh MPU B3AEMO/IIT 3

BOJI0I0 (€(peKT 100aBICHUX Mac):

(m+m u—(m+m,,)vr=X

(m+my, )+ (m+m Jur =Y

Uy +Jp=K > (21)
(Lgs + 56 )7 =N =x5Y

ne: m - maca OyKCHpy; My - JOJATKOBI MacH IO BIAMOBITHUX CTYIEHSIX
cBoOou; i, Jij - MOMEHTH 1HEPIIii Ta TOAATKOBI MOMEHTH 1HEPIIii, U, V -TIOCTYIaIbHI
IIBUAKOCTI y MO3/I0BXHBOMY Ta MONEPEUYHOMY HAIpPSIMKAaX; P, T - KyTOBI IBHIKOCTI
KpEHy Ta pyJIbOBOro MoBopoty; X, Y - pe3ynbTyroui rigpoauHamiuni cuim; K, N -
PE3yNbTYI0Ul MOMEHTH KPEHY Ta IOBOPOTY; X¢ - BIACTaHb MK LIGHTPOM Mac 1 TOUKOIO
MPUKJIAJIEHHST OOKOBOI CHITH.

Monens TATOBHX CWJI  BiJ asuMyTalibHux pymriiB. Cuia, CTBOpeHa

a3UMyTAIBHUM PYIIIEM, OTUCYETHCS HACTYIHOIO (hOPMYIIOHO:

Fy=(-1)-p-K,(J.6,)-D*nn], (2.2)

ne: t - eMIipuYHUN KOEe(IIIEHT 3HUKEHHS TITH, P - IIUIBHICTh Boau; Kt -
koedimieHT Tiaru; QyHKIIA KoB3aHHA | 1 KyTa Haxuiny Op; D - niameTp I'BUHTA; N -
o0epTu TBUHTA.

KoedirienT koB3aHHS:

Vip(1=w)
uD | (2.3)

<
Il
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ne: Vyp - MIBUAKICTh MOTOKY HA TBHHTI, W - 3HIDKCHHS IIBHJKOCT1 BHACIIIOK
KOPITYyCHOTO OIOpY.
Posxiaganus cun pymriiB y KOOpJAWHATHIN MUiomuHi. TSAroBi cuim B cUCTEMI

KOOpAWHAT CyJHa MAarOTb BUTJIAO:

X, =F;cosd; +F,cosb,
Y, =F;sind; + F,sind, ° (2.4)

ne: Fs, Fp - cunum Bia JIBOTO Ta MpaBoro pyiiiiB; 8s, Op - BIAMOBIAHI KyTH
MOBOPOTY PYIIiB.

MomeHTH, CTBOPEHI PYLIISIMU:

Ky, =(zp-25) Y,

NP:xP'YP_ys'FSCOS5S—yP'FPCOS5P’ (2.5)

1e: Xp, Yp, Zp - KOOPAUHATU PYILIIiB; Zg - UEHTpP Mac.
BpaxyBanHst KpeHy: piBHAHHSA OCTiliHOCTI. KpeHsuuii MOMEHT ONHCY€ThCs

HACTYIIHUM PiBHSIHHSIM:
Ky =a,Vs — a7 =bylg = by, p6 — K, (2.6)

ne: ai, bi - xoedimienTn iHepuiiHUX Ta gemndyounx cun; Ky o -

B1ITHOBJIIOBAJIbHUII MOMEHT:
K,=g-m-l(p), (2.7)

ne: [(¢) - mede ocTiHOCTI, IO 3MIHIOETHCS 13 KyTOM KpEHY .
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Bkazane  piBHAHHA  J103BOJISIE ~ BPAaXOBYBaTH  KPEH,  BUKIMKAHUHN

TiAPOAMHAMIYHUM TUCKOM 1 MOMEHTaMU PYIIiiB, a TAKOXK HATATOM TPOCa Yy CLIEHaPIsIX
OOB’SI3KH.

Banmiqne MaremMaTudHe ONMHMCAHHA HATATY OYyKCHPHOIO Tpoca € KPUTHYHUM
KOMITOHEHTOM MOJIell B3aeMOJIli «OyKCHp—CYIHO», OCKUIBKHM caMe TpocC Teperaae
OCHOBHY CHJTy KEPOBAHOT'O BIUTUBY Ha 00’€KT OykcupyBaHHs. B ymMOBax AMHaMiyHOTO
NO3ULIOHYBAaHHSA, @ TaKOX I[PU MaHEBpax y TICHMX IpocTopax (raBaHl, KaHajM),
HATAT TPOCy (POpMye KpeHsSUMii MOMEHT, 3MIHIOE Kypc OyKcupa 1 BHU3HA4ya€e 30HY
PU3UKY I OCTIHHOCTI.

Ha BigmiHy Bij KJTaCUYHHX MOJCIICH, Y JTAHOMY I IXO/Ii:

- HE BPAXOBYETHCS EIACTUYHICTH TPOCA, HATSAT BUHUKAE MUTTEBO IPHU
JOCSTHEHH1 pO3paXxyHKOBO1 JIOBXKUHMU [1L;

- cuia Hatary Fr BBaKA€TbCs PIBHOIO HYJIIIO, SKIINO BIJCTAHb MK TOYKAMU
KpIIUIEHHS Ha KOpIycax MeHIua 3a lry.

[Ipu nocsrHeHHi ab0 mMepeBHINEHH] i€l MeX1 BUHUKAE IMITyJIbCHA Iepeaaya
CHJIU, SIKa BKJIFOYa€ OOM/IBI KOMIIOHEHTH - MOCTYHAJIbHY 1 00epTaIbHYy.

YMOBU BUHUKHEHHSI CUJIA HATATY. Y MOJIEN1 BU3HAYAIOTHCS KOOPJIUHATH TOYOK

KPIIJIEHHS TPOCa Ta MOPIBHIOIOTHCS 3 PO3PAXYHKOBOIO TOBKUHOIO:

F,. =0, sxmo d <l,

connect

(2.8)

F. >0, saxkmo d >0,

connect —

ne: deonnect - PaKTUYHA BIJICTAaHb MK TOYKAMHU KPITUICHHS.

KinemarnuHi xopekuii npu Hatary. LI{o0 yHUKHYTH pO3paxyHKOBOi HOXUOKHU
pPO3TATYBaHHS Tpoca TpPH JOCATHEHHI lr;, BBOJIUTHCSA KiHEMaTHYHA IIOMpaBKa 0

HIBUJKOCTI OyKcHupa:
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ro_ d(lTL) ro_ d(ZTL)
VeSVem T s v=v, - sin (2.9)

Ile 3a0e3mneuye MOMEHTAIBHY KOPEKIIiI0 IMIYJIbCY MPHU Nepeaadi CHIU HATATY
Ha Kopmyc Oykcupa.
PesynbpTyroua cuiia HaATATYy Ma€ PO3KIaJiaHHsS Ha KOMIIOHEHTH B3JOBX Ocei

cyaHa:
FPULLiX =Ry -cos By » FPULLiY =Ry -sin By, , (2.10)

ne: fpuLL - KyT HaXwmity Tpoca, Rx, Ry - BiIIOBiHI KOMITOHEHTH PEaKIIii.

[lepenaua MOMEHTIB BiJ HATATY Tpoca. MOMEHT KpeHy, 1110 BUHUKA€E BHACIIIIOK

HATSTy Tpoca:

K = Fr - (Zpyr = 26) (2.11)

1Ie: ZpyLL - BUCOTA TOUKH KPIIUICHHS TPOCA; Z¢ - IEHTP Mac Oykcupa.
VY Bunaakax acuMeTpU4HOi Iii a00 NEeKUTbKOX OyKCHUPIB BBOAUTHCSA CyMa CHUII 1

MOMEHTIB 110 BCiX N TOYKax:

DK, =2 F (2, 2). 2.12)

n=1

BpaxyBanns OaratoroukoBoro OykcupyBaHHs. [l cuctem, Ae AeKUIbKa

OYKCHUPIB TATHYTH CYJTHO, OOUYHCIIIOETHCS BEKTOPHA CyMa CHJI 1 MOMEHTIB:
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N N
FX_total = ZFPULL_Xn > FY_mtal = ZFPULL_Yn
n=l1 n=1
N (2.13)
K ar = ZFPULLjn '(ZTn _ZG)

n=1

Jlns imrocTparllii MpoCTOPOBUX B3a€EMOJIIA y CUCTEMI «OyKCUp - OyKCHpOBaHE
CYyIHO» JOIIUIbHO BBECTH Yy3arajbHEHy CXE€My, S5Ka OINHUCYE TE€OMETPUYHI Ta
KIHEMAaTUYHI TApaMeTPH Y TPhOX XapPaKTEPHUX PEKUMAX:

- TsAra (PEXKUM MiATATYBAHHSA);

- HITOBXaHHS (KOHTAKT Yepe3 KOpITycC);

- 00B’s3Ka (Mepexij MK PeKUMaMU 3 KPUTUYHUM KYyTOM KpEHY).

Y cxeMi Ha puUCYHKY 2.4 MEHTpaJbHUM €JIEMEHTOM € BEKTOp HaTsTy
OyKCHUpHOTO Tpoca, IO Mepeaae 3yCwuis Bif Oykcupa 1m0 cyaHa. Bin dopmye sk
NOCTYyNaJIbHUM IMITYJIbC HA KOPIYC CyJHA, TaK 1 KPEHAYUH MOMEHT Ha caMm Oykcup. Y
3aJIEKHOCTI B TOYKHM KpIIUICHHS, JOBXKHHHM TpOoca Ta KyTa BIJHOCHOTO Apeudy

BU3HAYAETHCS HAMIPSIMOK CUJIM TTHU TA 11 KOMIIOHEHTH I10 OCSIX.

(B)

(5)

=

Puc. 2.4 - Cxema B3aemoii Oykcupa Ta cyaHa B pexkumax Taru (A), mrosxanHs (C)
Ta MO3UIIIOHYBaHHS OyKCHUpOBaHOTO cyaHa (B), 3 mo3HaueHHAM KITFOYOBUX

IrCOMCTPHUYIHHUX Ta CHIIOBUX HapaMeTpiB CHUCTEMU
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[Toznauenns: (1) - pesyapTyroua cuna tsru Fp> 0, (2) - BexTop peaxuii R, (3) -

KyT Haxwiy Tpoca fBruLL, (4) - kyT npeidy cyana Ly, (5) - Hatiar Tpocy, (6) - KyT
mtoBXaHHs Spush, (7) - TOUKAa KOHTAKTy MPHU IITOBXaHHI XpusH, (8) - pe3yapTyroua

cujia py wrtoBxaHHi Fpysy. LleHTp Mac Oykcupa no3HaueHo sk G.

Curyanisi yCKJIaJHIOETbCS NPU ACUMETPUYHHUX a00 KOMOIHOBAHMX PEXHMAX,
KOJIM OyKCHpP OJTHOYACHO BUKOHYE TATY 1 3MIHY Kypcy, a0 Ipaloe B IpyIl 3 IHIIUMU
Oykcupamu, sKi MPUKIAAAI0Th 3YCWUIA Y PI3HUX HaNpsMKax. Y TaKOMY BHIIAIKY
KOXKEH TPOC CTBOPIOE BJIIACHHUM BEKTOP CHIIM, SIKAW MIJISATAE TMPOESKI[il Ha KOOPAUHATHI
oci X, Y a Takok CTBOPIOE MOMEHT BIJHOCHO IIEHTPY Mac.

Pesynemamu cumynayitinoco moodenrosanus. Jns Bepudikauii po3poOsieHoi
MaTeMaTHYHO1 Mojel Oykcupa 3 a3uMyTaibHuUM MpuBoAoM (ASD) Oyio mpoBeaeHo
cepito cumyJisniit y cepenoBuiiiit MATLAB/Simulink R2016b. Metoro MoaentoBaHHs
€ BHSBJICHHS XapakTepy AMHAMIYHOI TMOBEIIHKM OyKCHUpa y THUIIOBUX CIIEHAPIsX
B3a€EMOJIII 3 CyJIHOM: OyKCHpyBaHHS B pexuMi "Hoc-HOC", "Kopma-Hoc", a TakoX
00B’si3Ka 3 PU3UKOM MEPEBUIIECHHS OCTIMHOCTI [136].

[lepen mpoBeneHHSM YHCENHHOTO MOJEIIOBAaHHS OyiM BH3HA4Y€HI BUXITHI
napaMeTpu SK IS aKTUBHOTO eJeMeHTa - Oykcmpa ASD, Tak i I MMacUBHOTO -

KOHTelHepoBo3a kiiacy Panamax. I{i mapametpu HaBeeHo B Tabuui 2.6.

Tabmuis 2.6 - Buxinni mapaMmeTpu Mozeei Oykcrupa Ta KOHTEHHEpPOBO3a

IMapamertp Bykeup ASD Konreitneposo3 (Panamax)
Tun cynHa A3zuMyTanpHuil, 2 pymii KonrelinepoBo3 knacy Panamax
JloBxxuHA, M 32.5 282
[Iupuna, m 10.8 322
Ocanka, M 4.6 12.2
Jiamerp rBuHTa, M 2.544 -
Tsarose 3ycuiis, T 50 -
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Bykcup MogemoeTbecst K CaMOCTIMHA JMHAMIYHA CHCTEMa 3 BHCOKOIO
MaHEBPEHICTIO, OCHAIIEHAa JBOMa HE3AJICKHUMHU a3uMYTabHUMHU pyIlrisMu. Taka
KOH(irypamiss [103BOJIsIE TOYHO KOHTPOJIIOBATH HampsiM TATH Ta 3abe3rneuye
0araToBeKTOPHY KEPOBAHICTh y CKIIATHUX CUTYAIlisX, 30KpeMa IIiJl 4ac IMBapTyBaHHS
BeNMUKUX cyneH. KoHTeitHepoBO3, HaBMaKu, € 1HEPIIHHO MACHBHUM OO0’ €KTOM, IS
SKOTO XapaKTepHa BUCOKA MAPYCHICTh, BEJIMKA JOBXKUHA Ta OCaJKa. Y CHUMYJISIISAX
BIH NPEJCTaBICHUHA SK MKOPCTKE TUIO 3 (PiIKCOBaHMMM radbapuTamu, LI0 TEHEpYe
riApOAMHAMIYHUN OMip 1 pearye Ha BIUIMB OyKCHpa 3TiIHO 3 3aKOHAMH KJIACHYHOL
MexaHikd. LI BUXigHI JaHi 3aKJIaJeHO y BUXIAHI YMOBH MOJCIIOBAHHS JJIs TPHOX
crenapiis [137, 138].

Cyenapiti 1 - Peocum «Hoc-wocy. Y TbOMY cIieHapii Oykcup 3'€IHaHHHA 3
HOCOBOIO YaCTHHOIO KOHTEWHEPOBO3a uepe3 OYKCHUPHUUN TPOC 1 PyXaeTbCsl B OJJHOMY
HAnpsSIMKy 3 HUM. Takuil peXuM 4acTo pealli3yeThCs MiJl Yac MOYAaTKOBOIO €Talry
mIBapTyBaHHs a0o cTabumizanli Kypcy Benukoro cyaHa. CUMyIAII0 MPOBEACHO Ha

IIBHUIKOCTI 2 BY3JI4 3 IOBHUM Y3TOPKCHHSIM Kypcy OyKcupa Ta CyJiHa, puc. 2.5.
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Puc. 2.5 — Pe3ynbTrat MOIECTIOBaHHS CLICHAPIIO «HOC-HOCY» TPU MIBUAKOCTI 2 BY3JIH

Ha rpadiuniii TpaexTopii BUAHO, 110 Kypc OyKcupa CTaOUIbHO MPSMY€E B3T0BK
Kypcy KOHTeHHepoBo3a 0e3 icTOTHOro kpeHy. KepyBaHHsS a3uMyTallbHUMU PYLIiSIMU
3IMCHIOETHCA CHHXPOHHO, 3 MIHIMAJIBbHUMU BIAXWICHHAMH. CHUCTEMA 3aUIIAETHCS B

PIBHOBOXHOMY CTaHl MPOTITOM YChOTO MOJEIIOBAHHS. SIK MiJCYMOK, MPU HU3BKIM



89

IIBUJKOCTI Ta TOYHOMY KYpPCyBaHHI B PEXKHUMI «HOC-HOC» JHMHAMiKa OyKcupa
JIMIIAETHCS CTa0LIbHOW. KpeHyrodi MOMEHTH HE BUHHUKAIOTh, 1 MOJIEh HE BXOAUTD Y
30HYy OCT1I1HO1 HECTAOUTLHOCTI.

Cyenapiu 2 - Peoxcum «xopma-nocy. llewt pexxum mnependadae, mo OyKcup
MPUKPITIIICHUN 10 KOPMOBOT YaCTHHU KOHTEMHEPOBO3a 1 TATHE MOTO MPOTH HAIIPSMKY
OCHOBHOTO pyxy cyaHa. CueHapii € XapakTepHUM MJis OMNEpaliil y BY3bKUX
aKBaTOPIsIX, 30KpeMa B YMOBAX JIOIIMAHCHKOTO CYIPOBOTy. MOIeITIOBaHHSI IPOBEICHO

IpH MBUAKOCTI 4 By31H, puc. 2.6.
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Puc. 2.6 - MonentoBaHHs ClIeHapil0 «KOPMa-HOCY» MPH MIBUAKOCTI 4 By3JIH

Ha piarpami cmocrtepiraerbcsi MOMITHMM KpeH Oykcupa, IO 3pOCTae i3
3pOCTaHHAM KyTa pPO3ODKHOCTI MiX Kypcamu Oykcupa 1 cyaHa. ACHHXpPOHHE
KepyBaHHS  a3UMyTAJIbHUMU  PYLISIMH ~ TPU3BOAUTH O  MOMEHTAJIBHOTO
po36anaHcyBaHHs OCTifHOCTI. Y cHMyJLii 3adikcoBaHo KpeH m0 15, HpH IOMY
clila HatAry OyKCHpPHOTO Tpoca CHpSMOBaHa IIiJi TOCTPUM KyTOM J0 Kypcy. Sk
BHCHOBOK, IPY 3pOCTaHHI MIBUIAKOCTI TTOHAA 4 BY3JK Ta pO30IKHOCTI KypCiB OljIbIIe
+10°, GyKCHp MOYMHAE BTPAYaTH OCTIMHICTH, TOMY HEOOXiZHO OOMEKHTH a3HMYT
TOBOPOTY PyILiB He Giibiue Hixk Ha 40 Ta yHMKATH OJHOYACHOI Jii 060X PymIiiB y
HAIPSIMKY TpoOca.

Cyenapiii 3 - Pesicum 066 ’si3xu. HaltO1IIbIl KpUTHYHMIA CIIEHAPIH, IO MOJIEIIOE
00B’sI3Ky - TOOTO CUTYyaIlil0, KOJU OyKCUpP MPUKIAIAE CUITY 300Ky J0 KOPIYCY CyJHA

JUIsl 3MIHU HOTO TOJIOXKEHHS a00 KyTOBOi opieHTalli. Takuii pexxuM peaizyeTbesi Ipu
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OCTaTOYHOMY TMPHUIIBAPTYBaHHI ab0 pPO3BOPOTI CyaHa Ha Micii. MojentoBaHHS
3MIIACHIOBAJIOCS HA MIBUJIKOCTI 6 BY3JIIB, 10 € PEAICTUYHUM 3HAYCHHSIM JIJISI MAaHEBPY

B 30H1 3 BUCOKMM HaBaHTa)XCHHsM, puc. 2.7.
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Puc. 2.7 - MopaenroBaHHs CLieHap1I0 00B’SI3KU IIPU MIBUIKOCTI 6 BY3JIiB
Yy

CHMyJIALis JIEeMOHCTPYE pi3Ke 3POCTAHHS KyTa KpeHy - IoHajy 60, 1o
NePEBHUIIY€E KYT 3aTOIICHHS U TUIIOBOTO ASD-Oykcupa. [IprunHOI0 TakoTo CTaHy €
dbopMyBaHHS HaIMIPHOTO KPEHSIYOI0O MOMEHTY BHACIIJOK OJHOYACHOI il HATATY
TpOca Ta TATH TBHUHTIB Y OiK CyZHA a po30aJlaHCOBaHI CHJIM MOPYIIYIOTh OCTiIHHICTh
Oykchpa B MeXax JIEKUIBKOX CeKyHHA. Y MiICYMKY peXUM OOB’SI3KH € HaWOUIbII
PU3UKOBAHUM 3 TOYKU 30py oOcTiiiHOCcTI. [lpn mBHIKOCTAX mOHan 6 By3JIB Ta
PO30DKHOCTI KypCiB HeOoOXiliHE OOMEXEeHHs Ha poOOTy pyIIiB Ta MOXJIHUBICTbH
HIBUAKOTO BiJ'€THAHHS TpOca JJIi YHUKHEHHS OMpPOKUIYBaHHsS. TakUM 4YHMHOM, yCl
TPH CLEHAapii J03BOJWIM IPOTECTYBATH MOJENb Y PI3HUX €KCIUTyaTallliHUX pexumax
o0 Ja€ TMiJACTaBu Cc()OpMyJIbOBATH y3arajibHEHI BHUCHOBKH IIOJAO CTaOUIHLHOCTI
CUCTEMU OYKCUP-CYIHO Ta pekoMmeHaaiii s DP-cuienapiis.

VYV nanomy mnaparpadi OyJo NpeaCTaBiI€HO TMOBHUM LMK MaTEMaTHYHOTO
MOJICTIIOBaHHS JTUHAMIKU OyKCHpa 3 a3uMyTaJbHUM MpUBOJAOM (Tuity ASD) y ckmani
cUCcTeM AuHaMiuHOTO no3uiionyBaHHs (DP). Po3po6Giiena mMojenb OXOIUToe YOTUPU

cryneHi cBoboau (4-DOF), BkiItoyarouu KpeH, 1 BPaxoBY€ TiIpOJMHAMIYHI CHIIH,
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MOMEHTH BiJ a3WMyTaJbHUX pYIIiB, a TaKoX HATAT OYKCHPHOTO Tpoca SK

HEJIIHIMHOTO 30BHIIITHLOTO BILIUBY.

Ha ocHOBI mnpoBeneHOro JOCHIIPKEHHS C(OPMYJIbOBAaHO HHU3KY KIHOYOBHX
BUCHOBKIB. [lo-mepmie, MaremMarnyHa MoOJEIb 3 YOTUPMA CTYIEHSMU CBOOOIU
aJIecKBaTHO OIIMCY€ TMOBEIIHKY OyKcHpa B yMOBaxX peaJbHOIO0 MaHEBpPYBaHHS Ta
JI03BOJISIE BIACTEKYBATH SIK MOCTyMallbHI, Tak 1 KpyTHI HecTabutbHOCTi. [lo-gpyre,
ypaxyBaHHs JOAATKOBUX Mac, IHEPIIHHUX MOMEHTIB Ta MOMEHTIB OCTIHHOCTI €
KPUTUYHO BAXKIIMBHUM JJIsl KOPEKTHOI OI[IHKM PEXHUMIB THUIy TUPTUHTY, OOB’SI3KH Ta
ACMHXPOHHO1 TATU. BincyTHICTH X04a O OMHOTO 3 IIMX YWHHHUKIB ICTOTHO 3HIKYE
TOYHICTh PO3PaXYHKIB 1 IPU3BOIUTH O MOMHIIKOBHX BUCHOBKIB [139].

Hatsar Ttpoca, sikuii y Mozeni peani3oBaHO SIK IMIYJIbCHUW BILUTUB, BUSBHUBCS
HAUMOTYKHIIIKUM JIKepesioM HecTaOuibHOCTI. CaMme BiH CTBOPIOE KPEHS4l MOMEHTH,
K1, TOEJHYIOUHCH 13 BIUIMBOM PYIIiB, MOKYTbh HNPU3BECTH IO MEPEKUJIAHHS CyIHA.
Pe3ynpTaTii MOAENIOBaHHS TPbOX THUIIOBUX CLEHApiiB OyKCHpPYBaHHS B peXHMax
«HOC-HOC», KKOPMa-HOC» Ta «00B’s3Ka» MPOJEMOHCTPYBAJIH, 1110 CIIOCO0 «HOC-HOCY €
HalOUIbII CTAOUTPHUM PEXMMOM Ha HU3BKUX MIBUAKOCTAX. HaTOMICTh «KOpMa-HOCH
dbopMye HECTIHKHM KpEH YK€ IpH IIBHIKOCTI IMOHaa 4 BY3JIM, a OOB’s3Ka mpu 6
By3JIaX CTBOPIOE KPEHSi MOMEHTH, SIKi [EpPEBUILYIOTh 60 , TOOTO BHXOIATH 32 MEXi
KPUTUYHOT OCTIHHOCTI 1 MOXYTb MPU3BECTHU J0 OMPOKUTYBAHHS.

VY po0oTi 3ampornoHOBaHO HU3KY MPAKTUYHUX PEKOMEHJAIliil s 6e3MmedHoro
MaHeBpyBaHHS y cucremax DP. 3okpema, pexkOMEHIYe€TbCsI OOMEXKUTH KYT
pO36KHOCTI KypciB Oykcupa Ta cyaHa 10 +10°, a TakoX BCTAHOBUTH TIPaHUYHUIA
a3UMyTAIBHUI KyT MOBOPOTY pyimiiB Ha piBHi 40-50. KpiM TOro, BamIHBHUM €
BHU3HAYEHHS KPUTUYHOTO MOMEHTY HATATY TPOCa 3 MOXKIIUBICTIO HOTO aBTOMaTUYHOTO
BiJl'€/IHAHHS y BUMAJKY MEPEBUIICHHS TOMYCTUMOTo 3HaueHHs. EQekTUBHUM Takox
€ 3aCTOCYBaHHS CXEMH, KOJIHU OJIMH PYIIIH MPAIIOE Y PEXKUMI TATH, a THIIHKN - BUKOHYE

¢dbyukiiro ctadbumzanii kypey [140, 141].
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3aramom OTpUMaHi pe3yJbTaTh (GOPMYIOTh aHATITUYHY OCHOBY JJIS peajizarlii

aBToMaTu3oBaHuXx cucreM ouiHku pusukiB DPRA (Dynamic Positioning Risk
Assessment). Po3pobiiena Mojenb TakoX MpUAaTHa Il BUKOPUCTAHHS B YMOBax
TPEHAXKEPHOI MiATOTOBKH €KiMaxiB OyKCUPIB, 3 METOI MOMEPEHPKCHHS KPUTHUYHUX

CUTYyaIliil Ta 3HWKEHHS WUMOBIPHOCTI aBapiHKUX CIIEHApIiB.

2.4. Crabumzaiiga Kypcy, MiJIBUIIEHHS MaHEBPEHOCTI Ta MO3UI[IOHYBaHHS

CaMOX1IHMX OypOBHUX IIaTHOPM B YMOBAX XBUIHLOBUX 30ypEHb

EdexktuBHe (QyHKIIIOHYyBaHHS MOPCHKOI HAa(TOra3oBOi ramay3i Bce Ouiblie
3aJIeKUTh BiJ] BUCOKOI TOYHOCTI IMO3UIIOHYBAHHS IUIaBy4YMX OypoOBUX IUIaTHOpM Yy
CKJIQJIHUX T1IPOMETEeOpOioriyHuX ymoBax. CaMoxiiHi mjaBydi OypoBi YyCTaHOBKH
(CIIBY), sxi moemHyioTh (QYyHKIII TpaHCIOPTYBaHHA Ta OypiHHSA, BIAIrparoTh
KJIFOUYOBY POJIb Y 3a0€3MeueHH] €HepreTUYHO1 O€3IeKHu Ta cTajgoro po3BUTKy. CydacHi
BUMOTH JI0O TOYHOCTI Ta CTaOUIBHOCTI I1XHBOIO MPOCTOPOBOIO  TOJOKEHHS
O0OyMOBIIIOIOTh HEOOXIJIHICTh 3aCTOCYBaHHsSI 1HHOBALIMHUX METOJIB KEpyBaHHS,
3JaTHUX KOMIICHCYBATH BIUIUB XBWJIb, BITPY Ta Teuidl 0e3 3HAYHUX BUTPAT EHEPrii.
OmHuM 13 TakuX PIIEHb € BIPOBAKECHHS MapadOJIYyHOTO PEryJsaTopa y CHUCTEMH
KepyBaHHS pyJIEBUMH MPUBOJAMH, 1110 BIIKPUBAE HOBI TOPU30HTU y chepi MOPCHKOTO
MO3UI[IOHYBaHHS.

Ha ocHoBI aHanizy BUBYEHUX JKEpes MOXXKHA 3pOOUTH BUCHOBOK, IO Cy4acH1
JOCJIIJDKEHHSA y c(epl MaHEBPEHOCTI CyJIeH Ta MO3UIIIOHYBAHHS MOPCHKHX OO’ €KTIB
30Cepe/KEH] Ha BJIOCKOHAJICHHI MaTeMaTUYHHMX MOJIe]ei, BUKOPUCTAaHHI HOBITHIX
METOJIIB 17eHTH]iKallli MmapaMeTpiB Ta BIPOBAHKEHHI aJrOPUTMIB ONTHUMAIIBHOTO
KepyBaHHS B YMOBax 30BHIIIHIX 30ypeHb. 3HauHa yBara MNPUAUIAETHCA
BUKOPUCTAHHIO METOJIB IITYYHOTO 1HTEJIEKTY, TAKUX SIK HEUPOHHI MEpexi, TOpuaHi

QITOPUTMHU OINTHUMI3allii, MOJEIl Ha OCHOBI PO3MHTOi JIOTIKM Ta OOYHCIIOBAIBHOI
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rigpoaunamiku (CFD) mms mporHo3yBaHHS TMOBEIIHKH CYJIEH Y CKIIATHUX MOPCHKUX
yMoBax [143, 144, 146, 148, 149, 157].

PosrsinaroThesi BIUIMBH XBWJIb, BTPATH TSTH, HABAaHTAKCHHS, OOMEp3aHHS Ta
MIOIIIKOKCHHS KOPITyCY Ha 3/IaTHICTh CyJHA A0 MaHeBpyBaHHs [142, 145, 149, 151,
154]. OcobmuBy yBary mnpuauieHo OypoBHM IiaTdopmaMm, € TiABUIICHHS
MaHEBPEHOCTI JIOCATAEThCS 3a JOMOMOTOK MOMAYJIBHHX PYLIHHUX CHCTEM 1
aJIalITUBHUX KOHTPOJEPIB, 3JaTHUX pearyBaTd Ha 3MiHM MOPChKHUX yMoB [159-161].
Takox AOCHIKYIOThCA HOB1 KOH(ITypallii TBUHTOBUX CHUCTEM, SIK-OT BOJOMETH Ta
OaraTokoprnycHi pimenHst [147, 155], mo no3Boisie edeKTHBHINIE peaTizoByBaTH
MaHEeBpH. 3arajioM, TeHJEHIlis J0 mepexonay Ha uudposi apiiauku tTa CFD-Mopeni
JUIsL TIOTIEPEHBOI OIIHKK JIMHAMIYHUX XapaKTePUCTHK 1 MIATPUMKH HPUHHSITTS
pillleHb CBIYUTH MPO CTPIMKHUI PO3BUTOK MOPCHKUX TexHouorii [153]. Taki migxoau
COPUSIOTh 3HIKCHHIO PU3UKIB, C€HEPrOCMOXKMBAHHS 1 IIJIBUINECHHIO HAIIMHOCTI
eKCIUTyaTallli CyIeH.

He3Bakatoun Ha BHCOKY TOYHICTh, AMHAMIYHI CHCTEMH TO3HUI[IOHYBaHHS
(DPS), saxi mupoko BukopuctoByioThesi Ha CIIBY, maroTh cepitlo3HUil HEOOIIK 1€
3HAYHE CIIOYKMBAHHS €HEPTii uepe3 MOCTIHY poOOTy PYIIIHHO-PYILOBOTO KOMILICKCY
HaBITb NpPHU HE3HAYHUX BiAXWIEHHAX. lle mpu3BoAUTH 1O MEpeBUTpaT NalluBa,
3HIDKEHHS €(PEeKTUBHOCTI i 3pOCTaHHs eKCIuTyaTaliiiHux Butpat. Kpim Toro, icHyroui
CUCTEeMH HE 3aBXKIW 3/aTHI 3a0e3Me4uTH CTaOUIbHICTh MOJIOKEHHS Y MPUCYTHOCTI
cinabkux 30ypeHb, uepe3 IO BUHUKAE HEOOXITHICTb PO3POOKM HOBHUX aJITOPUTMIB
KEepyBaHHS 3 aJalTUBHOIO XapaKTEPUCTUKOIO Ta 30HOK0 HEUYTIUBOCTI.

Metoro paHoro mnaparpada € po3poOka Ta MaTeMaTUYHE MOJIEJIIOBAHHS
CUCTEeMH KEpyBaHHS KyTOM MOBOpoTy mpomyibcuBHux cucrem CIIBY 3
BUKOPUCTAHHSIM MapaboiuHOTO peryjisTopa, L0 BpPaxoBY€ HEUYTJIHMBY 30HY IS
3MEHIIICHHS €HEPrOCIOKMBAHHS Ta MOKpPAIICHHS CTaOlILHOCTI MPHU BIUIMBI CIAaOKHX

30ypeHs. JlocmimKeHHs CpsMOBaHEe Ha aHami3 e(PEeKTUBHOCTI TaKOi CHUCTEMH IIiJT 4ac
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PI3HUX PEXHMIB POOOTH Ta ii 3MaTHOCTI 3a0e3leuyBaTh TOYHE MO3UIIIOHYBAaHHS

wiaTGopMu y CKIAAHUX YMOBAaX MOPCHKOT'O CEPEIOBHUIIIA.

HaykoBa HOBW3HA [OCIHIJKEHHS TIOJISATAE Yy BIEpIIE 3ampoOTOHOBaHIA Ta
pealli3oBaHiii MaTreMaTW4Hii Mojeni napaboiyHOTO peryiasTopa 3 HEUYyTIUBOIO
30HOIO JIJIs cTadLIi3allii Kypcy caMmomigiioMHoi aBy4doi 0ypoBoi ycranoBkH (CIIBY)
B yMoBax cia0Koi 30BHIIIHBOT 30ypeHOCTi. 3ampONOHOBAHUW MIAXiJl JO3BOJISE
3MEHIIUTH aMILTITYly KepYIOUHX Jii Mpu 30€pexKeHH] TOUHOCTI KypCOTPUMAaHHS, 1110
3a0e3neuye eHepreTuuHy €(heKTUBHICTh CUCTEMH.

[IpakTyHe 3HAYECHHS MMOJISITA€ Y MOYKJIMBOCTI BIPOBAPKCHHS TaKOi CUCTEMU Ha
MOPCHKHX TuTaTGopMax i MiABUINEHHS HAIIAHOCTI Ta OE3MEYHOCTI POOIT TpH
MIHIMaJIbHUX BUTpaTax eHepropecypci. [loLUIbHICT BIPOBAIKEHHS IMiITBEPIKEHA
pesyabTatamMmu MojemoBaHHs B cepenoBuiili MATLAB/Simulink, ski mokasanu
cTabUIbHY pOOOTY CHCTEMHU MPHU PI3HUX YMOBAX KEPYBaHHS Ta YITKY aJalTUBHICTH 10
3MIHU 30BHIIMIHIX (aKTOPiB 6€3 HEOOXIAHOCTI CKJIAIHOTO NIepeHaIaITyBaHHs. Takuii
MiaXia MOoke OyTH BIPOBADKEHO IS 1HIIMX MOPCBHKHX 1 TIAPOTEXHIYHUX OO0’ EKTIB,
110 BUKOPUCTOBYIOTh aBTOHOMHI 200 HaIlIBABTOHOMHI CUCTEMH 1O3ULIIOHYBaHHS.

Mamemamuyna moodenv cucmemu Kepy8awHs NApAOONIYHUM DeYNAMOPOM.
[TapabosniuyHuii peryaarop € pi3HOBUAOM HEIHIHHOTO PEryJaTopa, y SKOMY Kepyroda
niss GopMyeThCS Ha OCHOBI KBaIpaTHYHOI 3aJI€KHOCTI Bl MOXWOKHM. Takui migxin
3a0e3neyye 3MEHIICHHsS] YYTJIMBOCTI CUCTEMH J0 MaJluX BIIXWJIEHb, IO OCOOJIMBO
BAXJIMBO IpU MO3MIIOHYBaHHI B YyMoBax ciaOkux 30ypeHb. OCHOBHa MeTa
BIIPOBA/DKEHHSI  MAapalOoJIIuHOTO  PEryysiTopa 1€  MIABUIIUTH  CHEPreTUYHY
e(EeKTUBHICTh CHCTEMH KEPYBaHHS IUISIXOM 3MEHIIEHHS YacTOTH Ta aMIUIITYIU
KEepYIOUHX JAii y Jiarna30Hi He3HAUHUX MOXHOOK.

CyTbh BBeIECHHS HEUYTJIMBOI 30HU MOJSATa€ B TOMY, IO JAJISl MajduX 3HAYEHb
NOXMOKHM (MEHIIUX MEBHOTO MOPOTyY £) CUCTEMA HE TeHepye Kepyrouoro curHainy. Le
NO3BOJIIE YHUKHYTHM HAJIMIPDHOTO CIIpAllfOBaHHS BUKOHAaBYMX MEXaHI3MIB IIpH

HE3HAYHHX KOJIMBAHHSX, sIK1 HE MalOTh KPUTUYHOTO BIVIMBY Ha HOSI/IL[iIO HJ'IaT(l)OpMI/I.
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JIs TOYHOTO TO3HUINIOHYBAaHHS CAaMOXITHOI TIaBy4oi OypoBOi YCTaHOBKH

(CIIBY) 'y ckmagHMX MOPCBKMX YMOBax 3alpOIIOHOBAHO BHUKOPHUCTAHHS
napaboJiyHOrO peryisiTopa, sSKui 3a0e3nedye BHUCOKY TOYHICTH cTaluIizamii 3
MiHIMQJIBHUM  CHEPrOCIIOKMBAHHSAM  3aBJSKA HEUYTJIMBIA 30HI  KEpyBaHHS.
PosrasiHeMo 0CHOBHI MOJI0KEHHS TTOOYIOBH MaTEMAaTUYHOT MOJIETl TAKOi CUCTEMH.
OCHOBOIO CHCTEMHU € BIJCTEKEHHS MOXUOKU MK 3a/aHuM 7(t) Ta PaKTUIHUM

3HAUYEHHSIM TOJIOKEHHS a00 Kypcy miatdopmu y(t):

e(t) = r(t) - y(0), 2.14)

ne: e(t) - morouHa moxuoka; r(t) - 6axkaHe (3aaHe OMEPATOPOM YH CHCTEMOIO)
3Ha4YeHHs (Kypc, mojiokeHHs); Y(t) - dakThyHe 3Ha4YeHHs (peayibHE IOJIO0KECHHS

1aThopmH).

[Ilo6 yHHKHYTH HAAMIPHOTO KEpPyBaHHA IMPU HE3HAYHUX BIIXUIICHHSX,

BBOJIUTHCA He‘IYTJH/IBa 30HA:
if |e(t) < e = u(t)=0, (2.15)
Ac: & - MOPOroBE€ 3HAYCHH:A, IO BHU3HAYAE€ I[iaHaBOH, Y AKOMY CHCTCEMa HC

reHepy€e Kepyrdoro curHany. [[ns 3HadeHb MOXHMOKH, IO MEPEeBHUINYIOTH IO 30HY,

BUKOPUCTOBYETHLCS MapadosiiuyHa (GyHKI[S KepyBaHHS:

u(t) =k-e(t)’ -sign(e(t)), saxwo |e(t)|>¢ . (2.16)

[loBHa ¢yHKIIS KepyBaHHS 3 YpaxXyBaHHSM HEUYTIMBOI 30HM OIHUCY€ETHCA

YMOBHUM BHUPA30M:
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P b axkwo |e(t)|< e
= k-e(t)’ -sign(e(t)), saxwo |e(t)>¢e> (2.17)

Posrstnemo quHamiky peakilii cucremu. 3MiHa KyTOBOI MIBUAKOCTI MIaTdhopMu

OIINCYETHCA KIIACUYHUM piBHHHHHM MOMCHTY iMHy.Hch:
J o) +B-o()=u(t) (2.18)

ne: | - MoMeHT iHepuii miatgopmu; w(t) - KyToBa MBUAKICT; B - KoedilieHT

nemngyBaHHS. [HTErpy0Yd KyTOBY IIBHJIKICTb, OTPUMYEMO KYT IIOBOPOTY:

0(1) = [, w(®)dr (2.19)

JUis yHUKHEHHS TIepEHACHYEeHHs BHKOHABYMX OpPraHiB, 3aCTOCOBYETHCS

OOMEXCHHS Ha KEPYIOUYHi CHUTHAIT:
u, () = min(max(u(t),—u,, ),u, .. ) . (2.20)

AHaJi3 eHepreTHYHoi CTaOlILHOCTI CHUCTEMH NPOBOJIUTHCS dYepe3 (YHKIINIO

JIamyHoBa:

| 1
rn=5J (1)’ +5ke(t)2 . (2.21)
[TopiBusHH: 3 [TI-perynsTopom 3acBiguye ePeKTUBHICTH HOBOTO IMiIXOTY:

Au = uPI _uparab > 0 . (222)
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Ta EKOHOMIIO CHEprii:

E,-E
T] — PI parab 100% ’ (223)

EPI

ne: E - Butparu eHeprii B 000x pexxumax. [ns dopmanizaiii He4yTIUBOI 30HU

3aCTOCOBYIOTH JIOT1YHY (DYHKIIIIO:

0, |elke

fle)= (2.24)

I, |elze-
Takum ynHOM, diHaNIbHA POpMyJIa KEpYBAHHS BUIJISAAE SIK:
u(t) = f(e)-k-e* -sign(e) . (2.25)

Lleit perynsarop € mpocTUM B peaizallii Ta HaJA3BUYAMHO €(EKTHUBHUM Y
CUTYallIsIX, 1€ IPUCYTHI He3HAUHI, ajie MOCTIHHI 30ypeHHs, XapaKTepH1 ISl MOPCHKUX
yMOB. 3MEHIIIEHHS C€HEPTrOCIOKMBAHHS Ta TMOKPAICHHS SKOCTI MO3UI[IOHYBAHHS
HIATBEPKEHO Pe3yJIbTaTaMU MOJICTIOBaHHS.

s Bepudikamii poOOTH CHUCTEMH 3 TMapabOJIYHUM PETYIATOpOM Oyiia
nobynoBaHa matemMathyHa wmonenb B cepemoBuili MATLAB/Simulink. Mogenb
camMox1/1Hoi maaBy4oi OypoBoi ycranoBku (CIIBY) peaiizoBye o JHOBICHE yIIpaBIiHHS
KypCcOM CyAHA 3 ypaxyBaHHSIM i1HEpIi KOpITyCy, Omopy BOJM, MOMEHTY iHeplii, a
TaKOX T1POAMHAMIYHOI CUJIH, CTBOPIOBAHOT MPOIMYIHCUBHOI YCTaHOBKOK. OCHOBHI
mapaMeTpy BKIIOYATH Macy cymHa m = 4500 T, MoMeHT iHepwii J, = 1.2 x 107 t-M?,

Koe(iIieHTH TaciHHS Ta J0JATKOB1 MacH.
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Bxinaumu 30ypenusamu Oyiu:

- rapMoOHiYHe 30ypeHHs BiTpy 3 amrutityAoro 1o 0.04 pax;

- uyKTyauii Teuiii, 3MoIebOBAHI SIK rayCiBChKHIT Gl IIyM 3 AHCIEpCiero o7
=0.001.

VY Mopeni peanizoBaHO JBa PEXKUMHU KePyBaHHS:

l. Knacuunwmii I1l-perynstop, mo mMae ¢ikcoBaHi KOePIIEHTH MiACUICHHS
Ky,=25,Ki=0.8;

2. IlapaboniyHuil peryyasarop 3 HEYYTIMBOIO 30HOIO, y SKOMY BHUXIAHA Iis
dopmyetbes sk w(8) = ky - 6% - sign() npu 16 > 0, ne 8= 0.02 pax.

[TopiBHSIHHS BUKOHYBAJIOCS HA OCHOBI:

- Yyacy BCTAHOBJICHHS KYpCY;

— CepeIHBOKBAIPATUYHOI MOXUOKHM cTadII3alii KyTa;

— KUIBKOCT1 KePYIOUUX KOMaH/, epeaHuX 10 TPUBOY.

Mertoro MojentoBaHHS OyJIO OLIHUTH BIUIMB MapadOIyHOT HETIHIHHOCTI Ta
HEYYTJIMBOI 30HM Ha €HEProBUTPATH Ta CTAOUIbHICTh CHUCTEMHU i 4ac yTPUMaHHS
KypCy y 3MIHHMX yMOBaX 30BHILIHIX 30ypEHb.

Pezynomamu mooenosannsa ma ix awmaniz. Jns mnepeBipku epeKTUBHOCTI
3aMpOMOHOBAHOTO MapabOIIYHOrO PEryaaTopa 3 HeUyTIUBOIO 30HOK0 OYJI0 MPOBEICHO
MareMatnuHe MojenoBaHHs y  cepemoBuili MATLAB/Simulink. YV  wmogemi
BpPaxOBaHO OCHOBHI MapaMeTpH caMOXiJIHOiI IutaBy4doi OypoBoi ycranoBku (CIIBY),
BKJIIOYAIOYU Macy, IHEpIIHHUNA MOMEHT, TIAPOAMHAMIYHI KOe(]IllleHTH omopy Ta
peaxilito Ha 30BHIIIHI 30yPEHHS Y BUTJISAJII TAPMOHIYHOTO BITPY Ta BUMAIKOBHX TEUi.
Cucrema KepyBaHHsI peani3oByBaliach y JIBOX KOH]irypamisx: i3 tpagutiiaum [1I-
peryiasTopoM Ta 3 MapabOIIYHUM PEryJISITOPOM 3 HEYYTIMBOIO 30HOIO, IO
HaJIAIlITOBaHa MiJl MiHIMaJIbHUH piBeHb 30ypeHHs (1o +0.02 pan).

Ha puc. 2.8 npeacraBieHo MOPIBHAHHS IWHAMIKA TOXUOKHM CcTa01Ii3aIlii KypCy

miathopmMu npu  BukopuctanHi [ll-perymsitopa Ta mapaOosiyHOTO pETyJIsSITOpa.



99

Bunno, 1o napaboigyHuil peryaarop mBUIaIe AeMidye KoJIuBaHHsS, a MaKCUMaJIbHA

aMILTITy1a MOXHOKHU 3HIKEHA B cepeaabpomMy Ha 17%.

0.03
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Puc. 2.8 - IToxubka cradunizanii kypcy CIIBY

Puc. 2.9 nemonctpye nuHamiky kepytoyoro curHaiy. [lpu mapaGoniyHOoMy
pEryJIroBaHHI aMILUTITy/1a 3HAYHO MEHIIA, [0 CBIAYUTH MPO 3HIKEHHS BUTPAT €HEePrii
Ha KepyBaHH:s. KpiM Toro, cuctema He pearye Ha 30ypeHHs, [0 MOTPAIUISIOTh Y MEXI

HEYYTJIUBOI 30HU, YUM JOCITAETHCS EKOHOMISI EHEPTOPECYPCIB.

—— Ml-perynatop
==~ Mapaboni4yHmi perynatop

0.4}

021

0.0

Kepyloiuin curHan, y.o.

0 25 50 75 100 125 150 175 200
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Puc. 2.9 - Kepyroua nist Ha pynboBy cuctemy CIIBY
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Ha rpadikax BumgHO, 1m0 mnapaOOIIYHUI perysaTop 3a0e3nedye MEHIIy

amrutityy noxubku crabimizamii kypcy CIIBY mnopiBasiHO 3 kiacuunum [1I-
PEryIsiTOpOM, OCOOJIMBO Yy MOYaTKOBI MOMEHTH Ticist 30ypeHHs. Kpim Toro, kepyroua
T TapaboJIIYHOTO PEryysiTopa € OUIbII EHEProoIlaJHOK: aMIUNTyJa CHUTHAIY
HWK4Ya, [0 CBIAYUTH MPO MEHIIN BUTPATH €HEprii mpu 30epekeHHi crabiiabHoCTi. Lle
HiATBEPKY€E e(hEeKTUBHICTH OOPaHOTO MiAXOdY.

PesynpTaTii MoOIETIOBaHHS TIOKAa3aldW, IO BHKOPUCTaHHS MapaboiyHOTO
peryJsiTopa J03BOJISIE 3HU3UTH CEPEIHLOKBAIPATUYHY TMOXUOKY TMO3UI[IOHYBaHHS HA
17% y mopiBasaHI 3 IIl-perymsaropom, a Takox 3a0e3nedye 3pOCTaHHS MIBHJIKOIIT
cuctemu Ha 22%. Lle moB'sa3aHo 3 THM, 1110 MapaboTiuHa XapaKTePUCTHUKA PETYIIATOpa
3MEHIIY€ aMIUIITyAy Kepyl4YMX BIUIMBIB y 30HI MaluX BIIXWJIEHb, 3aro0dirarouu
HA/JIMIIKOBOMY pearyBaHHIO. Tak, HasBHICTh HEUYTIUBOI 30HU JO3BOJIUJIA YHUKHYTU
NOCTIMHOTO TMepeHaNAllITyBaHHs PYyJIEBUX MAIIUH MPU CIAO0KUX KOJIMBAHHSX, IO
3a0e3mnedye 3HaUHe 3MEHIIIEHHSI BUTPAT €HEPTii.

[TobynoBani B mporeci MojemtoBaHHS TpadiuyHi TPEICTaBICHHS, YiITKO
MOKa3yl0Th, IO MPU OJHAKOBUX 3OBHINIHIX 30ypEeHHSAX CUCTEMa 3 MapaOoiuHUM
PETYJISATOPOM JIEMOHCTPY€E OUIBII IUIaBHY Ta CTAOUIbHY IIOBEIIHKY. 3HIDKCHHS
KUTIbKOCTI aKTUBHUX KOMaH]I 10 IPUBOY MPOMYIbCUBHOI CUCTEMH MPSIMO BIUIMBA€E Ha
3HIDKEHHS! BUTPAT MaIbHOTO, M0 OCOOJMBO BAXKJIMBO IiJ] 4YaC TPUBAJIOTO yTPUMAHHS
no3uilii  OypoBOi yCTAaHOBKM B  aBTOHOMHOMY pe&kuMi. Takum  YUHOM,
3aMPOIIOHOBAHUI PETYIATOP € MEPCIEKTUBHUM PIlIEHHSM JJII €HEProeeKTUBHOTO
Ta aJaNTUBHOTO MO3HUIIIOHYBaHHSI MOPCHKUX 00’ €KTIB.

PesynbTaTii MoOnENIOBaHHSA MiATBEPIKYIOTH €(EKTUBHICTH MMapaboIIuHOTO
peryJaropa 3 HeUyTIUBOIO 30HOIO JUTsl CTa01Ii3aIii Kypcy Ta MOJOKEHHS CaMOXiTHOT
OypoBoi miatdopMu B yMOBax ciaabKux 30BHIIIHIX 30ypeHb. [lopiBHSIBHUI aHaMi3 3
kjacuaHuM [1I-perynsaropom npoaeMOHCTPYBaB 3HMXKEHHSI TOXUOKH MO3UIIIOHYBaHHS
Ha 17% Ta nokpaiueHHs MBUAKOIT Ha 22%, 110 6e31mocepeIHbO BIUIMBAE HA TOUHICTh

OypoBux poOIT Ta Oe3MeKy MepcoHady. 3aCTOCYBaHHS HEUYTJIMWBOI 30HU JO3BOJISIE
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3MEHIIUTH YacTOTy Ta AaMIUNTYAy KOPUTYIOUMX [ii, IO BeAe A0 TMOMITHOTO

3HIDKEHHSI €HEProClOKUBAaHHS B PEXUMI JMHAMIYHOTO yTpuMmanHs. Lle ocoGmmBo
aKTyaJbHO JJIi YMOB BIJJaJICHHMX OypOBHMX OMEpalliil, /e MajuBO 1 €JIEKTPOCHEPris
MalOTh BUCOKY JIOTICTUYHY IIHHICTb.

[lopiBHsnbHMit  aHamiz 3  kjmacuyauMm  [Il-perynstopom  (tabn.  2.7)

IMPpOACMOHCTPYBAB IICPCBAru 3a BCIMa OCHOBHUMHM mapamMeTpamMu:

Tabmuis 2.7 - [lepeBaru 3actocyBanns [1I-perynsaropa

III- IMapaboaiunuii
IMapameTp
peryJasitop peryJsitop

IToxubxka crabimizanii, % 7.8 6.5
Uac Buxoay Ha 3a7iaHe TIOJIOKEHHS, C 28.3 22.0
MaxkcumasibHe BIAXWIIEHHS NpU 30ypeHHI,

5.4 3.7
%
Yacrorta kepyrouux i, niii/xB 65 42
Crnio’xuBaHHS €Heprii, yMOBH1 OJJUHMIII 100 78

3acTocyBaHHs HEUYTJIMBOI 30HU JO3BOJIIE 3MEHIIUTH YAacTOTy Ta aMILIITYIy
KOPUTYIOYHX JIiif, 10 BeA€ JO0 MOMITHOTO 3HUKEHHSI €HEPTrOCHOXKUBAHHSA B PEKUMI
TUHAMIYHOTO yTpuMaHHs. Lle 0co0anMBO akTyalbHO ISl YMOB BiIJAJICHUX OypOBUX
orepariiii, e HaJuBO 1 €JIEKTPOSHEPrisl MAlOTh BUCOKY JIOTICTUYHY I[IHHICTb.

[IpakTuyHe BIPOBAKEHHS TAKOl CUCTEMU Iepeadadae BCTAHOBIIEHHS HOBOI'O
MIPOrpaMHOTO 3a0€3MEUEHHA B ICHYIOUl KOHTPOJEPH CHUCTEM KypcoBOi cradumizarii
CIIBY, mo He moTpeOye 3HAYHOI PEKOHCTPYKINi amapaTHoi yactuHu. OmHAK IS
3a0e3reyeHHs] TMOBHOI 1HTerpamii MOXYThb 3HAJOOUTHCS aJanTallisi CHTHATIB 3
JMATYMKIB Ta KajaiOpyBaHHS HEUYYTIUBOI 30HM IMiJI KOHKPETHI MOPCHKI yMOBH.
[lepcrieKTUBHUM HAMPSMOM MOAAIBIINX JOCIIIKEHD € TIepeBIpKa pOOOTH CUCTEMH Ha
CKJIQIHIIINX MOJIETISAX, 30KpeMa 3 ypaxXyBaHHSM IOBHOI IIICTUCTYIIEHEBOI CBOOOAM

(6-DOF), monentoBaHHS 1 MOPCHKUX TEYil Ta XBUJIb PI3HOI IHTEHCUBHOCTI, & TAKOX
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CTBOPEHHS IM(PPOBOrO ABIMHMUKA JIJIsi TECTYBaHHS BIPTYaJbHOTO cepenoBHIna. Takox

JOLIUTBHO PO3TJISIHYTH 3aCTOCYBaHHS JIaHOTO pEryjsTopa B TIOPUIHUX CUCTEMAaX
MO3UIIIOHYBAHHS, SIKI KOMOIHYIOTh JIMHAMIYHE YTPUMAaHHS 3 SKOPHHUMH CHUCTEMaMH
JUTS 3HIDKCHHSI BUTPAT Y JOBTOTPUBATIUX MICIsIX.

Y pe3ynbTari TPOBEACHOTO JOCHIKEHHA OOTPYHTOBAHO JOIUIBHICTh
BUKOPHUCTAHHS MapabOIIuHOTO PEryJisiTopa 3 HEUYTJIMBOIO 30HOIO JJIsi MOKPAIEHHS
cTalu1i3amii Kypcy Ta NO3ULIOHYBAaHHS CAMOXIIHUX OypoBHUX IIaTGOPM B yMOBAX il
caOKuX 3O0BHIMIHIX 30ypeHb. 3amponoHOBaHa CHUCTEMa MPOJEMOHCTpyBalia
HiBUIICHHS €HEProeeKTUBHOCTI 3a PaXyHOK 3MEHIICHHS aMIUNTYIH Ta 4YacTOTH
Kepyrounx i, mo Oe3mocepelHbO BIUIMBAE HA 3HWKCHHS BUTPAT MAIbHOTO U
CJIEKTPOCHEPrii mpu 30epekeHHI BUCOKOI TOYHOCTI. IlOpiBHsJIbHE MOJAETIOBAHHS 3
kinacuunuM  [Il-perynsatopom B cepenoBuili MATLAB/Simulink miarBepauno
NOKpALIEHHs  YCIX  KIIOYOBUX  XapaKTEPUCTUK  CHCTEMH:  3MEHIIEHHS
CEepeNHbOKBAIpPAaTHUHOI TOXuOku Ha 17%, mnigBumieHHs mWBUAKOAL Ha 22%,
3HIDKEHHSI MaKCUMaJbHUX BiIXWieHb Npu 30ypeHHsx Ha 1.7% Ta 3MeEHIIEHHs
KUIBKOCT1 Kepyrounx i Ha 35%. Taka cucteMa € MpakTUYHO peaai3oByBaHOKO Ta
MOke OyTH ajanrtoBaHa 10 iCHyrouux Iuiatdopm 0e3 3HauHOI PEeKOHCTPYKIIii, a ii
e¢(eKTUBHICTh MOX€ OyTH TMOJajbIle MMABUIICHA 3aBASKH BHUKOPUCTAHHIO OUIBII
CKJIQJIHUX MoOeNied 3 MOBHOIO IIICTUCTYNEHEBOW cBoOoAow pyxy (6-DOF) ta
uubpoBUM JBIMHUKOM a BIPOBAKEHHA MNapaOoJIIYHOTO PETyIsITopa € TaKOX

MEePCIEKTUBHUM HAIPSIMOM PO3BUTKY €HEPrOOIIaAHUX TEXHOJIOTIH.

2.5 Hagirariitne moaentoBanHs Ta interpaiis 3 DPRA

Ha cywacHux cynnax odmopHoro ¢iaoty nuHamiyHe nosuuioHyBaHHs (DP)

CTaJIO KJIIOYOBHM €JIEMEHTOM Oe€3MeyHoi eKCIUTyaTallii, 0COOJIMBO TpH OypOBHX,

pATYBaJIbHUX, HAYKOBUX Ta IIeab(poBux omeparisx. [Ipore HaBith mpocynyTi DP-
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CUCTEMHU 31IITOBXYIOTHCS 3 TPOOIEMaMU: BUCOKE €HEPTOCIIOKUBAHHS, HECTa0IbHICTh

IIPY XBUJIIOBAHHSX, MIOBUIbHA PEAKIIisl HA 3MiHU CEpPEIOBHIIIA.

Januit naparpad po3KpuBa€ CTPYKTYPHO-MOJYJIBHUHN MiAX1] 10 MOJEIIOBaHHS
DP-cucrem Ha  06a3i  enekTpoMmexaHiuHoro  meperBoproBada  (EMII) 3
0araTOKOHTYpPHHM KEpyBaHHSAM, a TaKOXK Kiacu(ikalliio peKUMIB MO3UIIIOHYBaHHSI,
KPUTUYHO BaXJIUBY JJIs MOOYA0BU afanTUBHUX Mojenelt pusnky B DPRA.

Cucremu auHamiyHoro mnosuiioHyBanHsi (DP) BimirpaioTe KIIOYOBY pOJib y
Cy4yacHI! MOpPCBKIH raiy3i, 3a0e31euyoud MOXKIIMBICTh TOUHOTO YTPUMAHHS Cy/IHA B
3ajaHiil Toulll 0€3 3aCTOCYyBaHHS SIKOPHOTO OCHalIeHHs. lle 0co0nrBO BaxKIUBO st
BUKOHAHHS omeparliidi y 30H1 menbdy, Ha OypoBHuX Iuiargopmax, a TaKoX MiJ 4yac
pATYBalbHUX a00 MOoCHiAHMIBKUX Micid. [lompu BUCOKMII piBeHb aBTOMAaTH3aIlll,
cyuacHi DP-cuctemu, 1o 3acTocoByIOThCS Ha O¢uIOpHOMY (0TI, MalOTh HU3KY
TEXHOJIOTTYHMX OOMexeHb. [0 HalaKkTyalbHINIUX TMpoOJieM Halle)KaTh IiABUIICHE
€HEProCMOXXMBaHHs, HeCTa0lIbHA POOOTa B YMOBaX CKJIQJHOI TIPOMETEOPOJIOTIUHOI
00CTaHOBKH, OOMEKEHa 3JaTHICTh aJanTyBaTUCS JI0 3MiH 30BHIIIHBOTO CEPEIOBUIIIA,
a TAaKOXX HAassBHUUN PU3UK BTPATH MO3UIIIT HAUOLIBII KPUTUYHUHN 3 TOUKH 30py O€3MeKu
BHKOHAHHS OTICPAIIiii.

O1iHKa MO3UITIOHYBaHHS CyJIHA B pPEaIbHOMY Yaci € OJHIEI0 3 HAWBAKIUBIIINX
byHKII# cydacHUX cucTeM JAuHaMmiuHoro mnosuniionyBanHs (DP). B ymoBax
XBWJIBOBHX, BITPOBUX Ta TEUIMHHMX 30ypeHb Il 3a/laya yCKIAIHIOETbCS HENIHIMHOIO
B3a€EMOJIEI0 MIDK CWJIOBUMH YCTaHOBKaMH, T1IPOJMHAMIYHUMHM CHJIAMU Ta
iHepiiiHoo BiamoBimmo cyaHa [175], [178]. CrtBopeHHs eHeproeeKkTUBHOTO,
a/IalITUBHOTO, a TOJIOBHE CTIMKOro /10 30ypeHb KOHTPOJIepa, 3aIUIIAETHCS BiTKPUTUM
1H)KEHEpHUM 3aBJIaHHSIM, OCOONMUBO IJIs1 OO'€KTIB 3 BEIUKOIO 1HEPIIIHOI Macoro,
takux sk CIIBY (camoxinHi miaBy4i OypoBi ycTaHOBKHK) a00 odiopHi matGopmu.

VY D0CHiKEHHSX OCTaHHIX POKIB aKTUBHO BUBYAIOTHCA MIJIXOIU 0 3HUKEHHS
€HeproBUTpaT Ta MOKpauleHHs TodHOoCcTi DP-cuctem 3a nomomMororo ananTUBHUX

anroputmiB ynpasiinas [181], [182], [183]. Hanpuknan, BUKOpUCTaHHS MOJIEIBHO-
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nporuo3Horo kepyBaHHsi (Model Predictive Control, MPC) [181], abo pobactHOTO

VOpPaBIiHHA 3 YypaxyBaHHSIM HAacHYeHHs BXigHoro curHamy [182], mae 3mory
MIJBUILIMTHA CTAOUIBHICTh Y 3MIHHMX yMoOBaxX. Pa3oM 3 TuUM, Taki METOJIM 4YacTO €
00YHCITIOBAIBHO CKJIAJTHUMH 200 MOTPEOYIOTh TOYHOI'O 3HAHHS MOJCII CyIHA.

binpm mpoctuii, ane edexTuBHHMM miAXin, 3amporoHoBaHui B [172], [173],
[174], monsirae y 3acTocyBaHHI apaboJIYHOTO PEryJsTOpa 3 HEUYTIUBOIO 30HOM0, 1110
pealti3ye JIOTIKy NPUTHIYEHHS He3HAYHMX (UIYKTyalid 1 aKTUBHY peakuiio JHILEe Ipu
ICTOTHUX BIJIXWICHHSX BiJa 3amaHoi TpaekTopii. Lle 103BoJisie 3MEHIIUTH KIIBKICTh
KePYIOUNX KOMAaH]l, YHUKHYTH IEPEHABAHTA)XCHHS CUCTEMHU Ta CYTTE€BO 3HU3UTHU
cnoxkuBaHHs eneprii [170], [183].

[Mutanus 30epexeHHs KypCcOBOI CTIMKOCTI MiJ dYac XBWJIBOBUX 30ypeHb
BHUCBITJICHO B [162], me miakpeciieHo 3HadeHHs «weathervane control», KOHTpOJItO
MPUPOTHOTO PO3BOPOTY CyJHA MPOTH HAMpsAMKY XBuib. Jlocmimkenus [165], [186]
aKUEHTYIOTh yBary Ha pu3MKaxX HecTaOlIbHOTO MO3ULIOHYBAHHS B YMOBAaX MOPCHKUX
iHCTANAIIA ab0 TIOpPUIHMX JDKEpeNn €Heprii, mo moTpedye amamnTalilii anropuTMiB
KEepyBaHHsI i1 KOHKPETHI cleHapii.

KpiM TOro, akTyaapbHOI 3aIMINAETHCS MCUXO(]I310I0TiYHa CKIIAJ0Ba, a caMe:
amanTariis cucteM DP 1o moBeniHKoBUX peakiiil onepatopa. Y podotax [173], [190]
3aMpoIOHOBAHO IHTErpyBaTu Mojeni noBeainku omnepatopiB (DPO) y cumynaropu,
110 T03BOJISIE 3a3/1aJ1eT1Ib NepeadayaT MOMUJIKYA B YMOBAxX aBapiiHUX ClieHapiiB abo
CTPECOBUX CUTYaIlii.

BaxnuBicTe TpeHa)kepHOI MIJATOTOBKHM Ta POJb CHUMYJAIIl SK KIHOYOBOTO
eJieMeHTa 3a0e3MeyeHHs] KOMIIETeHTHOCTI omeparopiB DP Oyna mpoananizoBana y
[164], [188]. ¥V nux mOCHIIKEHHSIX BKa3y€TbCs, IO MOMUJIKHA OMepaTropa BCe IIe
3aJIUIIAIOTHCS OJIHIE€I0 3 OCHOBHUX MPHYMH BTPATH MO3ULIL CYJIeH, U0 MIATBEPIHKEHO

B CTATUCTUYHUX aHaji3ax iHIuaeHTiB [176], [189].
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Ha cucremHomMy piBHIi, OTJIA1 KOHTPOJBHUX CTpaTerii, kinacudikarlis tumis DP-

CUCTEM Ta IAXOAIB OO0 alokamii Tsaru nmomano B [175], [177], [179], mo €
byHIaMEHTOM JJ1 PpO3POOKH CYyYaCHUX 1HTEJICKTYyaIbHUX KOHTPOJIEPIB.

TakuM 4YHHOM, pE3yJbTaTH aHANI3y JITepaTypyd CBIiT4aTh MPO HASBHICTH
JEKUIBKOX KOHKYPYIOUMX HaIpsMKIB y po3poOiii DP-koHTposepiB: Bia alanTUBHOTO
MPC 1 pobacTtHOr0O KepyBaHHS 10 TIOPUAHKUX Ta THEPLIHHO-UYTIUBUX CHUCTEM. Y TOU
e dYac, JUIsl peaJbHOro BIPOBA/HKCHHS B aBTOHOMHI DP-momymi, mpocrora Tta
eHEeproe(eKTUBHICTh 3aJUIIAIOTEC KpUTHUHUMH. [lapaGomiunuii perynstop 3
HEYYTJIMBOK 30HOK, OINHCAHUKW Yy UbOMY MiApO3auT, € OajaHcoOM  Mix
OOYHCITIOBAIBHOIO TPOCTOTOI Ta CTIMKICTIO, IO POOUTH MOro MPUAATHUM JUIS
HIMPOKOTO KJIacy MOPCHKHX 3a]1ay.

JIonaTKOBO  BKa3yeTbCs, MO0 OUIBIIICTH Cy4YaCHUX O(QIIOPHUX  CyJIeH
BUKOPUCTOBYIOTh €JIEKTPOMEXaHIYHI CHCTEMU TWHAMIYHOTO IO3MIIIOHYBaHHS, SKi
3/aTHI 3a0€3MEYUTH BHCOKY TOYHICTh Ta CTAOUIHHICTH MO3UIIOHYBAaHHS B yMOBax
CHJIBHOTO BITpYy, Tedii Ta XBwib. Cepell HUX TMOMIUPEHUMH € YCTAHOBKH, IIIO
0a3yl0TbCsl HA ACMHXPOHHUX Ta CHUHXPOHHHMX EJIEKTPOJBUTYHAX, sIKI 3a0e3MeuyroTh
cTalibHE PETyJIIOBAaHHS TATH Ta MAaHEBPEHICTh CyJHA 32 MiHIMAJIbHUX €HEPTEeTHUYHUX
BTpaT. 30Kkpema, TBUHTO-pyJiboBa KojoHka (['PK) € omgHi€ro 3 KIFOYOBUX CKIAJOBHUX
0araTbOX CHUCTEM IMO3UI[IOHYBAHHSA, 10 J03BOJSE MIATPUMYBATH MO3MUINIO HUISIXOM
MOBOPOTHOTO pyXy. MakcuMallbHO BHCOKHMI pIBEHb MAaHEBPEHOCTI, TaKOX,
3a0e3neuyloTh a3uMyTajlbH1 pyuIii, Bigomi sk Azinoa (Azimuthing Podded Drives),
K1 CKJIaJal0ThCsl 3 TBUHTA, PO3TAIIOBAHOTO HA TIOBOPOTHOMY MiIUIUITHUKY, MOXKYTb
noBepratucs Ha 360°, Ta I03BOJISIIOTH PETYIIOBATU TATY y OYIb-SIKOMY HAMPSMKY.
Taki cucTteMu MO3UIIIOHYBaHHS HAOyJIM I[IMPOKOTO PO3MOBCIOKEHHS 3aBSKU
3pYYHOCTI1 YIIPaBIIHHS Ta iX €eHEPreTUYHOI €(PEeKTUBHOCTI.

Enextpomexaniuni pymrii, 30KkpeMa Ti, II0 OCHAIICHI €JIEKTPOJIBUTYHAMH,
BUKOPUCTOBYIOTh CKJIaJIHI CUCTEMH KOHTpPOJEpIB AJI PETyJIOBAHHS Ta MiATPUMKHU

no3uuii cynHa. HailOunpm nommpenumu € PID- Ta agantuBHi1 KOHTpoJsiepu. OcTaHH1
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3aCTOCOBYIOTh Cy4YaCHI METOJY MPOTHO3YBAHHS MOBEAIHKH CHUCTEMHU, 1I€HTU(IKAIIIIO

HABaHTaXXCHb, 1110 JIO3BOJISIE ABTOMATUYHO QJalTyBaTH IapamMeTpu alrOpPUTMIB
YIOpPaBJIIHHS 3aJI€KHO BiJl 3MIHU YMOB HaBKOJMIIHBOTO CEPEIOBUINA (XBUIIOBAHHS,
Bitep). Orisa JOOCHIDKEHb, JEMOHCTPYE, IO CYYacHI aIrOpUTMU KEPYHUHX
KOHTPOJIEPIB JTO3BOJISIIOTh 3HAYHO 3HIDKYBATH BIAXWJICHHS IO3MINI MiJ Yac BIUIMBY
30BHIIIHIX (PaKTOPiB, BOAHOYAC MIHIMI3yIOUH CIIOKHBAHHS €HEPrii.

3 nornsay 3a0e3NedYeHHs €HEPreTUYHO! €(PEeKTUBHOCTI MpH (PYHKIIOHYBaHHI
cucteM DP, 3acrocyBaHHs aCHHXPOHHHMX 1 CHHXPOHHUX EJICKTPOJBHUTYHIB, Y
MOEJHAHHI 3 YaCTOTHUMH TIEPETBOPIOBAYaMHU PI3HOTO THIY, €(QEKTUBHUMU
JaTYUKaMH TIapaMeTpiB Ta alrOpUTMaMHU KEPYHOUHUX KOHTPOJEPIiB, T03BOJISE 3HAYHO
3HU3UTH PIBEHb CIIOXKMBAHHS €HEprii B yMOBax MOCTIHHOTO abo 3MIHHOTO
HaBaHTakeHHs. YacTOTHI mepeTBoproBadi 3abe3meuyioTh e(EeKTUBHE pEeryIroBaHHs
MIBUAKOCTI oOepTanHs Bany nBuryHa ['PK abGo Asimoxm, mo mg03BOJSE CYyTTEBO
3MEHIIIUTH CIIOKUBAHHS €HEpril i yac poOOTH HA HU3BKHUX IIBUIKOCTIX a00 B CTaHi
yTpuMaHHs cynHoMm mnosuiii. Sk 3azHaueHo B DP Operations Guidance (2012),
po3po0Ka €HEepreTUYHO €(PEKTUBHUX KEPYIOUUX CHUCTEM, SIKI OJTHOYACHO JO3BOJISIOTH
YTPUMYBaTU TIO3MINIO CyJIHA 3 3aJlaHOI0 TOYHICTIO, € TMPIOPUTETOM Y PO3BUTKY
Cy4acHOTro o(pIIopHOTO (JIOTY, OCKUIBKH II€ CIIPHUSE HE JIHUIIE 3HIKCHHIO BUTpAT, a
3MEHILEHHIO HEraTUBHOTO BILIUBY HA HABKOJIUIIIHE CEPEIOBUIIIE.

3 IpoBENEHOr0 OISy JITEpaTypHUX JHKEeped Ta MiJCYMOBYIOYM O3HAYeHi
npobsiemu cucteM DP y HailOuIbpII 3araibHOMY iX BUIJISA[Il, YPAaXOBYIOUH X 3B'A30K 13
BAXJIMBUMHU HAyKOBUMHU 1 MNPAKTUYHUMHU 3aBAAHHSIMH, Y MPOMO3MUIIAX ILIAXIB
MIIBUIIECHHS €(QEKTUBHOCTI JUHAMIYHMX CHCTEM TMO3HUI[IOHYBaHHS JUISI MOPCHKHX
wiatrgopm 1 cyneH odmopHoro QIoTy, OCOOJMBY yBary HEOOXIJHO MPUALIATH
HACTYNHUM CKJIQJIOBUM, $IKI € OKPEMHUMH, ajie¢ B3a€MO3AJICKHUMH HaMpsIMKaMu
CYy4YaCHUX HAyKOBHUX JIOCIII/IKEHb.

lliosuwennsa 3azanvHoi enepeemuuHoi egeKkmusHocmi CyoeH O UIOPHO2O

Gpromy, wo Qyukyionyroms y pexcumax no3uyiony8anHs. 3MEHIIEHHS CIIOKUBAHHS



107
eHeprii ansi DP-cuctem € KpuTHYHO BaXKJIMBUM, OCKIJIBKH BOHH MPAIIOIOTH TPUBAIHMA

yac B aBTOHOMHOMY pPEXHMi. BJOCKOHaneHI cHUCTeMU KOHTPOIIIO, JIarHOCTHKHU Ta
YIPaBIIHHS 103BOJIAIOTH ONTUMI3yBaTU pOOOTY MPOMYJILCUBHUX YCTAHOBOK CYJIEH 3a
paxyHOK BHUKOPUCTAaHHS CY4YaCHUX €JIEKTPOABUTYHIB, PpEryJbOBaHUX JDKEpen
JKUBJICHHS Ta HAJIAIITYBaHHS EHEPro30EpeKHUX PEKUMIB pOOOTH JBUTYHIB,
KOHTPOJILOBAHOTO 3HUKEHHS E€HEPreTUYHUX BUTPAT Yy 3aJI€KHOCTI BiJ] MOTOIHHX
YMOB.

CyuacHl JOCHIJKEHHS MIATBEPIXKYIOTh, 110 ()aKTOPU JIOJCHKOTO BIUIUBY €
BaroMolo MPUYUHOIO MMOMWIOK y CHCTEMax MO3UI[IOHYBaHHS y 3B'SI3KY 3 ONepallifHO0
3aBaHTAXKEHICTIO OTMEPATOPIB MiJ] Yac iX poOOTH B CKIAJHUX yMOBax. JlJisg BUpILIEHHS
i€l mpoOieMu HeoOX1IHO BUKOPUCTOBYBATH CUCTEMU MIATPUMKHU MPUUHSTTS PillICHb
3 enemeHTamu 1mrtyuHoro ixtenekry (L) Tta cydacHi, HaxiiiHi, cucreMu
aBTOMATH30BAHOTO  YIOPABIIHHA  JIBUTYHAMH, BHUKOPUCTOBYBATH  MOCTIHHUMN
MOHITOPHHT Ta CUCTEMH MOTIEPEIPKEHHS aBapiiHUX CUTYAIIIH.

OpmHuM 13 HANPSAMKIB MOTIEPEKCHHS 1HIIUEHTIB, € BAOCKOHAJICHHS cucTteM DP
3a JIOMOMOTOK PO3POOKHM AJaNTUBHUX AITOPUTMIB YIPABIIHHS, SIKI JTO3BOJISIOTH
OTEepaTUBHO 3MIHIOBATH MapaMeTpu HaJlAINTyBaHb Beiei cuctemu DP y BiamoBigs Ha
3MIHM  30BHIIIHBOTO  CEpPEJOBHINA. Takli aJIrOpUTMH BpPAaXOBYIOTh  BITPOBI
HABaHTAXXCHHsI, CUJTY TeUill Ta XBUJIb, a TAKOK BHYTPIIIHI 3MIHU MMapaMeTPiB CUCTEMH,
110 Ja€ 3MOry 3a0e3MeunT cTablIbHE YTPUMaHHS MO3UIIIT CyTHA.

BupimanbHuM — acriekToM €  TONEepeIHE MaTeMAaTHYHE  MOJICITIOBAHHS
edekTuBHOCTI poboTn cucteM DP y 3MiHHUX ymMoBax Ta CHHTE3Yy Ha I[li OCHOBI
eeKTUBHUX aJIrOpUTMIB ympaBiiHHA. [IpoBelneHHS TeCcTiB Ha cUMYJSTOpax Ta
IMITalIHHUX MOJEIIAX JO3BOJISAE BIAMPAIIOBATH aBapiiiHi CIIEHApIi, a TAKOXK JT03BOJISIE
NEepeBIpUTU €PEKTUBHICTh PI3HUX AJITOPUTMIB YIPABIIHHS ABUTYHAMH, BU3HAUYUTHU
HEOOXIIHI HaJAIITyBaHHs, HAIPSIMKH YJIOCKOHAJICHHS TOIIIO.

Ornsin niTepaTypHUX JPKepesl HpOoJAeMOHCTpYBaB, 10 cydacHi DP-cuctemu

nepedyBatoTh y (a3l aKTUBHOTO BJIOCKOHAJEHHS 3aBISKH  BIPOBAKEHHIO
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eHeproe()eKTUBHUX aAJITOPUTMIB YIIpaBJIiHHA, OararoKaHaJIbHOTO KOHTPOJIO Ta

iHTerpallii BiTHOBIIOBAHUX Jkepen eHeprii. [IpoTe 3anuimmaeTbCss psii BUKIHKIB,
TaKUX SIK IHTErpallisi HOBUX TEXHOJOTIH y HasiBHI CUCTEMU Ta MiHIMi3alisa pu3ukiB. Lle
HiKpecitoe HeoOXiAHICTh OararoakTOpHOro MiAXOAy, IO BPaxOBYE TEXHIUHI,
€KOHOMIYHI Ta €KOJOTIYHl AacCmeKTH [UIi JOCSTHEHHS CTaJlor0  PO3BUTKY
cynHoraBctBa. [lonepenHi TOCHIHPKEHHS aKIEHTYIOTh yBary Ha OKpeMHX acIleKTax
eHeproedekTuBHOCTI abo cTabiibHOCTI DP-cuctem, ogHak iX iHTerpauis y 3arajbHui
aHaimi3  (QyHkuionyBaHHs DP, mnoOyaoBaHuii Ha  CTPYKTYpHOMY  YSIBJI€HHI
CJICKTPOMEXAHIYHUX T[EPETBOPIOBAYIB 1 OaraTOKOHTYPHUX CHUCTEM YIPaBIiHHS
3aJIUIIAE€THCS HEJOCTATHLO BUBUCHUM.

Jlane  nOCHiJKEHHS  3allOBHIOE II0 MPOTAIMHY  IIISXOM  PO3POOKHU
KOMIUIEKCHOTO MiIXOMy 10 Kiacu]ikallii MpoleciB MO3UIIOHYBaHHS 1 MOJICTIOBAHHS
CJICKTPOMEXaHIYHUX CUCTEM YTMpaBliHHI. METOI0 CTaTTi € MPEICTaBICHHS JOCTaTHHO
IPOCTOTO CTPYKTYPHOTO METOAY MOJICIIOBAHHSA IMPOLIECIB IMO3ULIOHYBaHHS Yy
cucremax DP Ta onmuc OCHOBHUX PEXHMMIB BUXOAY Ha 3aJjaHy MO3UIIII0

Ak Bigomo, A0ci Hemae anpoOOBaHMX MaremMaTHyHuUx mojaener (MM), mio
JO3BOJIIIOTh  TIPOBOJMTU OAHOYACHO JOCIHI/DKCHHS TPOIECIB  TMO3UI[IOHYBAaHHS,
CJICKTPOMEXaHIUHUX, EJICKTPOMATrHITHUX Ta EHEPreTHYHUX TPOIECIB 1 PEKUMIB
MOpChKUX TatGopM Ta cydeH odumopHOoro ¢iIoTy B JMHAMIYHUX PEXHMax
ctabimizanii 3aganoi no3uuii. CtBopeHHs: Takoi MM (moBHuUI 001K 1 BIacTUBOCTEH
KEpOBAaHOIO eNekTpoMexaHiyHoro mneperBoptoBaya eHeprii (EIIE) 1, mo Baxko
MIAAI0THCS aHATITUYHOMY OIMCY, BIACTUBOCTEH CyJHA, 1 aJTOPUTMIB KepyBaHHS, 1
CHJIOBOTO TIEpPEeTBOPIOBaYa, JATYHMKIB TOIIO Ta 3 OJHOYACHUM YpaxyBaHHSIM
HEJHIMHOCTEN) YCKIIAHIOETHCS 1 THUM, 110 cucTeMu qudepeHiianbaux piBHsIHb (1K),
10 OMuCyoTh oaHovyacHo poboty EIIE Ta cyana, HamexaTrh A0 Kjacy >KOPCTKHX
HETIHIMHUX CHUCTEM PIBHSIHb, OCKUIBKM IIBHJKOCTI TMPOTIKAHHSI MEXaHIYHUX

MepeMIIIEHb Ta €JIEKTPOMATHITHUX MPOIECIB MOXKYTh BIAPI3HATUCS B COTHI pa3iB, a 'y
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omuci 00'€kTa, TMEPETBOPIOBaYa €HEPrii TOIIO MPHUCYTHI PIZHOMAHITHI HEIIHINHI

€JIEMEHTH Ta 3MIHIOBaHI MapaMeTpH.

Bukopucrtanusi CTpyKTYypHUX METOJIB MOAaHHS HemiHiMHuUX Y no3Bosse
NEPEUTH 10 JETaIi30BAaHOTO MOJEIIOBAHHS MPOIECIB €HEPrOCIOKUBAHHS Ta 3MiHU
Mo3ullli CyJHa 3a JIOMOMOTOI0 ampoOOBaHUX METOMIB TEOpli aBTOMATUYHOTO
kepyBaHHs (TAY). Takuii Bubip oOrpyHTOBY€eThCs 1 TUM, 1m0 st MM mporieciB y
pizaux tunax EIIE meromm TAY noGpe 3apexkoMeHmyBanu cebe, OJisi HUX ICHYE
BEIIMYE3HA KUIBKICTh TPUKIATHUX CEPEIOBUI MAaTeMaTUYHOTO MOJICITIOBAHHS,
Hanpukian, Simulink 3 JTONOBHEHHSMH EHEPreTUYHHMX, MEXaHIYHMX 1 1HIIHNX
610mi0TeK.

Cnig 3a3HauMTH, MO0 y MOAAJBIIOMY aHali3l TaKUX CTPYKTYpPHHUX METOJIB
MOJIaHHS, MOXJIMBUU OOIPYHTOBAaHUM mMepexiJ N0 BUKOPUCTaHHS crpouieHoi MM
CynHa, mo o00'eqHye y coOi BCl OCHOBHI By31HM cucteMu DP 1 ypaxoBye roJyioBHi
yuHHUKYU. [Ipy 11IbOMy MOKHa CKOpPHUCTATHUCS PI3HUMH BIJOMHUMH METOAAMH CHHTE3Y
QITOPUTMIB YIIPaBIIiHHS, BUKOPHCTOBYBAaTH YaCTOTHUM aHaTI3, aJlallTUBHI, HEYITKI 1
HEHUpOpEryJATOpH, €TaJOHHI Mojenl Ta iHm. He3Baxaroun Ha CHPOIICHHS B
MaTEMaTUYHOMY OIUCi, pPe3yJbTaT CHHTE3Y KOHTPOJEPIB BUSBISIETHCS IUTKOM
3aJOBUIBHUM Ta [03BOJISIE HOro MOJajblle YTOYHEHHS, BU3HAYEHHS HAINpPSMKIB
yYAOCKOHAJICHHS.

Hampuknan, uisi OLIHKK BUTPAaTH €JIEKTPUYHOI €Heprii Ha Mpolecu
MO3UIIIOHYBAHHS MIPU PI3HUX PEKUMaAX pOOOTH CyIHA, IOTIEPETHBO MOXKHA MPUUHSTH,
o EIIE, skuit ¢pynkuionye y cknaai ['PK abo Aszinmoxa, Moxe OyTH HpencTaBICHUIMA
CHPOIICHOI0 cucTemMor (2.26) mudepeHmialbHUX 1 anreOpaidyHux piBHSAHB. Takuit
3aMUC IUJIKOM KOPEKTHHM, OCKUIbKM poOoua JIsSTHKAa MEXaHIYHOI XapaKTepUCTHKHU
ACMHXPOHHOTO a00 CHHXPOHHOTO €JIEKTPOJIBUTYHa MOXe OyTH amnpoKCHMOBaHa
amepioIMYHOI0 JIAHKOI0 TEpIIOTO TOopsAKy 1 mepenatouHoro ¢yHkiiero (I1D)

JTUHAMIYHO1 YKOPCTKOCTI 13 3a0€3MEUYCHHIM aMILTITY 1M ITyCKOBOT'O CTPyMYy, OJIU3BKOTO
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0 MyCKOBOTO CTPYMYy pE€ajbHOrO ABUTYHA, 3a0€3MEUYEHHSAM HOMIHAJIBHOI YaCTOTH

o0epTaHHd Ta MOMEHTY. TakuM YHMHOM, BBa)Xa€MO, III0 OCHOBHI CTaTW4HI Ta
nuHamiuHl  BiactuBocTi EIIE  mpencraBneni 3a  pgomomoror cucremu  (2.26)
y3araJlbHeHUM JIIHEapU30BaHUM eJeKTpoMexaHIuHuM TeperBoproBademM (EMIT)
eneprii. [loganns (2.26) HaBeACHO y BIIHOCHUX OJUHUIAX. AJie TIPH TEPEXojl Y
¢bi3uuni y cuctemi (2.26) 6yayts no3Haueno: U(t), I(t), M(t) - BignoBiAHO, Hampyra
JKUBIICHHA, B, cTpyMm, A, enektpomarHiTHuii MoMeHT, Hm; R,1 L - ekBiBajeHTHI omip,
Owm, 1HIyKTUBHICTE 00MOTOK, ['H (Y Tomy umcini oomotku EMII); E(t) - mpotu-EPC,
B; Js - cymapHwmii, nmpuBeneHUN [0 BaJly JIBUTyHA, MOMEHT iHEpIIii, kM5 cd -
KOHCTPYKTUBHHI KoediieHT, B-c/pan; o(t) - KyToBa MBUAKICTh ABUTYHA, pan/c; /(1)
- TMOTOYHA mo3ullia (mpoWaeHuid 1wiax), M. CratnyHuii MoMeHT M (®) ommcaHo

HEJTIHIHHUM BUPa30oM ("'BEHTWIATOPHA" XapaKTEPUCTHUKA).

LYY L weg—aen)r, - Bep; )
dt L

2.E(t)=c®@ o(t); (2.26)
3.M(t) =c®@-1(x); )

do(t)_ 1 _ .
4, dt - JZ (M(T) Mc (0)))’

di*(t) .
5, il (t). y,

[Ticna popmanbHoi 3aMinu d/dt = p y (2.26), ne p — oneparop Jlamnaca, Bci
PIBHSIHHS 3alHCYEMO Yy ONEpaTopHid ¢dopmi, 1 nani, 3aMHUKAaEMO OTPHUMAaHY
CUCTEMY BII'€MHUMH  3BOPOTHHMHM  3B'A3kamMH (32 CTPYMOM/MOMEHTOM,
mBuAKicTIO 1 mo3urii). Otpumana MM 3  perynstopamu no3uiii (PII),
mBunkocti (PII i ctpymy/momenty (PC), cunmoBum mneperBoproBauem (CII),
NPaKTUYHO OE3IHEPUINHUMHU JaTYUKaMHu CTpymy,  wmBUAKOCTI 1 mo3umii (AC,
JII, OIT) Ta y3araneaenum EMII eHeprii, nerko mnpeACTaBISIETHCS Y BUTIISIAL

CTPYKTypHOi cxeMu (cM. puc. 2.10) y BimHOCHUX oauHuIx. [Ipoiaenuii cyiHoM
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nuisix /(t) BuU3HAdaeThes 1HTerpyBaHHsAM mBuAKocTi EMII (1) 3a momomororo

pyuriitHoro oprany (PO) 3 wmexaniunumMm koedimieHTOM mnepenayi (peaykiii) i.
CtpyktypHa cxema (puc. 2.10) ypaxoBye, TakoX, HENIHINMHI €JIEMEHTH THILY
"oOMekeHHs" BUXiTHUX CUTHAIIIB:

- perynsitopa noyoKeHHS Usyy, SKHM € 33aJaBAIbHUM CHTHAIOM PETYIISITOPY
mBuakocti PIII;

- perynsitopa mwBUAKOCTI Usc, SKUM € 3aJaBalibHUM CHUTHAJIOM PETYJISATOPY
ctpymy PC;

— perynsitopa ctpymy Uy, SKUH € 3aJaBaJbHUM CHUTHAJIOM JJIsl CHUJIOBOTO
neperBoproBaua CII.

Takox, ypaxoBaHOo oOMexeHHd BuxigHoro curHainy Ucp —CHIOBOTO
nepetBoproBaya CII.

[Tomuika MO3UIIIOHYBAaHHS BU3HAYAETHCS SIK PI3HUISL MDK CHUTHAJIOM 3a/1aHO1
10o3ULIT /(T) 1 CUTHAJIOM 3BOPOTHOTO 3B'A3KY BiA Aartuuka no3uuii: o¢c = Uspy - Upp.

Tyt nmpencraBnena enexkrpuuna yactuaa (EY) EMII anepioguuHoro naHKOIO,
ne: Ty = L/R5 - enekTpoMardiTHa cTajia 4acy, ¢; IHTerpajbHOI JTAHKOIO - MEeXaHI4Ha
gacruna (MY) EIIM, ne Ty =Js-Ro/(c®)* - eldekTpoMexaHiuHa cTaia dacy, C.
Cratnunuii ctpym Ic(w), A, BU3HaUaeThes sk HeMiHIMHA ("BeHTHISATOPHA") PYHKIIIA

MMOTOYHOI MBUIKOCTI @)(T).

Ew_[rl_______________I_____\‘

| c '
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Puc. 2.10 - CtpykTypHa cxema CUCTEMH TO3ULII0OHYBAaHHS, IKY T0OOYy0BaHO Ha OCHOBI

CIPOMICHOTO EJIEKTPOMEXaHIUHOTO NIEPEeTBOPIOBaYa €HEPTii Y BITHOCHUX OJUHUIISIX
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Cunrte3 nepenarounnx ¢yHkmik peryiasatopiB Wepn(p), Wem(p) 1 Wec(p), €

CKJIQIHOIO 3a/1ayel0 13 BU3HAUEHHS CTPYKTYpH 1 HapaMeTpiB peryysTopiB, sKi, y
KOHEYHOMY MiJICYMKY, BU3HAYaIOTh SIKICTh BCIX MPOIECIB Y CUCTEMI, Y TOMY YHUCIHI -
NPOIECIiB TIO3UI[IOHYBaHHS, TOJIOBHUMHU 3 SIKHX € BHCOKAa  INBUIKOMIS, 3aJlaHe
MepEPETyIOBAHHS 1 BIICYTHICTh CYTTEBUX PEXKUMIB "MOTITyBaHHS".

3aranoM, 3aBAaHHAM CHUCTEMH MO3MIIIOHYBaHHS € HaWCKOpillle MepeMilieHHs
CyJlHa 3 OJHOTO TIOJIOKECHHS JI0 1HIIOTO 3aJaHOT0 Ta YTPUMAHHS WOTO Y IIiH MO3HIIii.
OCHOBHOIO XapaKTEPUCTUKOIO IIIET CUCTEMH € MIBHAKICTh 1 TOYHICTh BIAIIPAIFOBAHHS
30BHINIHIX KOPUTYBAJIBHUX CHTHANIB, IO 3aMal0Th 1 (OPMYyIOTh KOMaHIy Ha
nepemimenHs (Ha puc. 2.10 ue curnan Usp). OcKinbkd y mpolieci BiAmpamroBaHHs
3aJ]aHOTO TEepeMIIIEHHs] HEOOXiHO KOHTPOJIIOBATH JHWHAMIYHI TPOIECH 3MIHU
CTPyMy/MOMEHTY 1 IIBHUJKOCTI JBUTYHa Ta OOMEXyBaTH 1IX Ha IEBHOMY
MaKCUMaJbHOMY 3HA4€HHI, TOMy CydYacHI TO3UIIHI CUCTeMH € TPUKOHTYPHHUMH
(puc. 2.10), 3 mANOPsSAKOBAHUM PETYJIIOBaHHIM KoopauHat. [lepuiuii (BHYTpIilIHI)
KOHTYp, II€¢ KYHTYp CTPYMy/MOMEHTY, SIKHH MIANOPSAKOBAaHUN  JApyromy,
30BHIIIHBOMY, KOHTYpPY IIBHAKOCTI. Y CBOIO 4Yepry, KOHTYp IIBHJKOCTI
HiATOPSAKOBAHUI TPETHOMY, TOJIOBHOMY, KOHTYPY MOJOXKEHHS. 3 aHami3y Oyb SKUX
MOXJIUBUX TMEPEeMillleHb, OTPUMAaHHUX Ha OCHOBI HaBEJEHOI CTPYKTYpPHOI CXEMH,
MOKHa KJIacu(iKyBaTH THUIH MEPEMIllleHb - HA BU3HAUYEHHI TOJIOBHUX BiIMiHHOCTEH
KOOpJUHAT (CTPYM/MOMEHT Ta MIBUAKICTB) Y MPOLEcaxX MO3UIIOHYBAHHS.

3 anami3zy HaBeJeHOI CTPYKTypHOi cxemu (puc. 2.10) BU3HAYUMO YOTHUPHU
OCHOBHHMX PEXKHUMHU POOOTH MO3HUIIHHOT CUCTEMHU IPH YMOBI MPAKTUYHO HYJIHOBOTO
MOMEHTY ornopy M.

1. Pexum Benukux mnepemiieHb (puc. 2.11, a@). Y upomy pexumi — CUTHAIU
perymnsTopiB nonoxenHs PIT , mBuakocti PII 1 ctpymy PC Buxonsth Ha 0OMEXEHHS
(muB. mo3HaueHHs Ha pwuc. 2.10), a ABUTYH PO3TAHIETHCA JI0 MaKCHUMAJIbHOI
MIBUJKOCTI g Ta JACSIKUNM 4ac ii miarpumye. ToOTO y HbOMY peXHUMI CHCTEMa

YOpPaBIiHHA € CYTTEBO HEINIHIHHOIO. Taxorpama pexXuMy BEIMKHX IepEMIllIeHb,
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B1MOB1HO 10 puc. 2.11, a mae Bursia tpanenii. [Ipu nboMy cTpyM/MOMEHT ABUTYHA

TaKOXK HiIITpI/IMyeTBCSI Ha MaKCUMAaJIbHOMY 3HAYCHHI Mmaxa SAKCEC, 3a3BUYal IICPCBUIIYE

HOMIHAJIbHE 3HAUCHHS y 2-3 pa3u.

Upn=Usp =1

max

max

a) 0) 8)

Puc. 2.11 - OcHOBHI peXUMH NO3ULIIOHYBaHHs y cuctemax DP (y BitHOCHMX
OJIMHUIISX )

2. Pexxum cepennix mepemimiensb (puc. 2.11, 6). Y npoMmy pexumi peryasTopu
ITOJIOJKEHHS 1 MIBUJIKOCTI TaKOK BUXOJIATH Ha OOMEKEHHS, CHCTEMAa TaK0 K HEJIHIMHA,
aJie MBUJKICTh IBUTYHA Y TPOILIEC] BIAMPALIOBAaHHS 3a/1aHOi MO3UIIll HE BUXOJUTh Ha
MaKCUMAIbHUN PIBEHb (. 1 BIACYTHIA PEXHUM MIATPUMAHHS MaKCUMAIbHOI
MIBUAKOCTI. Taxorpama pexxumy CepeiHixX mepeMilieHsb, 1o 300paxeHa Ha puc. 2.11,
0, Ma€ BUTJIS, OMU3bKUN IO TPUKYTHHKA.

3. Pexxum manux nepemiiensb (puc. 2.11, ). ¥V 1boMy pekrMi JIHIIE CUTHAI
peryysiTopa MIBUAKOCTI KOPOTKOYACHO BUXOAWTh HA OOMEXKEHHS, MIATPUMYIOUH
MaKCUMaJlbHE 3HAYEHHsS CTPyMY/MOMEHTY, TOOTO CHCTeMa MOBOAMUTHCS MPAKTUYHO,
AK JIHIAHA. Y [bOMY pEXHMI MOXJIHMBHH Tak 3BaHUN mporec "JoTaryBaHHS" 0
3a1aHOI IO3UIII, IKUH € HEOaKaHUM.

4. Pexxum MIKpO-TIEpeMIIIEHb. Y 1IbOMY PEXUMI CHUCTeMa Mpalloe SK JIiHIIHA,
’KOJTHA 3 KOOpJIMHAT HE OOMeXyeTbcs. Takuil pexkuM MOXeE XapaKTepu3yBaTHCs abo

TPUBAIMM "NOTIATyBaHHSAM'", a00 HEMOXJIMBICTIO pyXy, IpH IIboMy Oyje iCHyBaTu
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CTpyM uepe3 [BHUIYH, IO NPUBOAUTH JI0 WOro HarpiBaHHIO Ta EHEPreTUYHUM

BHUTpATaM.

AHaJi3 HaBeICHUX PEKUMIB POOOTH MO3UIIIHOT CUCTEMHU MOKA3y€E iX BIUIMB HE
JUIIEe HA JUHAMIYHI XapaKTePUCTHKHU, a 1 HA CHEPreTHYHY €(PEKTUBHICTh MPOIIECIB
MO3UIIIOHYBaHHSI.

OCKUTbKM MHTTEBA CIIOKMBAaHA IMOTY)XHICTh BH3HAYAETHCS, SK JOOYyTOK
MUTTEBUX 3HAUEHb MIBUJKOCTI HA MOMEHT P(t) = »(t) - M(t), TOMy JIeTKO 3HAUTH
1HTErpaJl 32 YaCOM BiJl MUTTEBOI MTOTY>KHOCTI 3a MIPOMIKOK Yacy MO3HUI[IOHYBaHHS, IO
JIOPIBHIOE TTOBHIN NepeaHiit eneprii £ 3a 1iei Jac:

Tl

E = [ P(t)dr. (2.27)

0

JUIs  KOXXHOTO  pPEXKUMY  B@XKIMBO BU3HAYUTH  ONTUMAajbHI  YMOBHU
dbynkuionyBanus cuctemMu DP - 1006 3MeHIIMTH BTpaTtu eHeprii Ta 3a0e3neunTd
AKICTh Ta CTaOUIBHICTH MpOLECIB MO3UIIOHYBaHHA. OCOOIMBO KPUTHUYHUM €
YHUKHEHHS "HOTATYBaHHA" y peXHMaxX MaIMX IMEPEMIIIeHb Ta MIKpO-TIEPEMIIICHb,
OCKUIBbKH 11 CIIPUYHHSE 3HAYHE TIEPEBUTPAYAHHSI €HEPTii Ta MiABUINCHE 3HOITYBAaHHS
KOMITOHCHTIB CHUCTeMH. HaBeneHa CTpyKTypHa cXema J03BOJISIE€ JIETKO BH3HAYATH
€HEPreTUYH1 BUTPATH MIPU MOJIETIOBaHHI.

[lepcieKTUBHUMU HAINpPSIMKaMH TOJANBIINX JOCTIIKEHb BBAKAEMO HACTYITHI:
JUI  MABUIICHHS  €HEproe(eKTUBHOCTI Ta  HAIIMHOCTI  POOOTH  CHCTEMH
MO3UIIIOHYBAHHS MPOMOHYETHCS ONTUMI3allisl HAJAIITYBaHb PETYJISATOPIB KOOPAUHAT,
30KpeMa - peryisiTopa mo3uiionyBanss PII; BnpoBakeHHs afalTUBHUX aJITOPUTMIB
YIPAaBIIiHHSA, SIKI aBTOMAaTUYHO KOPUTYIOTh HAIAIITYBAHHS Ta CUTHAIU PETYJISTOPIB,
3aJIe)KHO BiJl YMOB HAaBKOJMIIIHHOTO CEPEIOBUINA Ta CTAaHY CHUCTEMH, IO, 30KpeMa,

3MEHIIUTh HArpiBaHHs JBUTYHA B PEKHUMaxX MIKpO-TiepeMilieHb, Tabm.2.8.
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Tabmuis 2.8 - Kiro4oBi nmporo3uiiii A7 miABUILEHHS €PEKTUBHOCTI CUCTEMHU

Pimenns Omnmnc OuikyBanuii epexkt

VY 1ockoHalleHHs 1 | ABTOMaTHYHE KOpUTYBaHHSI | 3MEHIIEHHS HarpiBaHHSI

ONTHMI3aLlis QITOPUTMIB | CUTHAQJIIB PETYJIATOPIB 3aJE€KHO | IBUT'YHA, H1ABUILCHHS

poGotu perymsropiB PII, PIII | Bix ~ yMOB  HaBKOJHMIIHBOTO | €PEKTUBHOCTI B  PEKHUMAX

Ta PC. BuxopucranHns | cepefioBHILA Ta CTAHY CUCTEMH | MIKPO-TIEpEMIILEHb,

Cy4YaCHHX aJanTUBHUX BiJICYTHICTb

QITOPUTMIB  YOPaBIiHHSA 3 NepeperyJroBaHHs,

caMOHAJIAIITYBaHHSAM T IBUIIEHHS MIBUAKOMII Y BCIX

napamMmeTpiB peXHUMaXx MO3UIIOHYBAaHHS

VY nokoHasieHHs mporeciB | ABTOMaTH4HE BHMKHEHHS a0o | 3HMKEHHS

yIpaBJIiHHS, 110 | 3HMXKEHHS MOTYXHOCTI1 | €HEeproCIOKUBaHHS,

3a0e3MevyTh PEKHUMU | NEKTPOJIBUTYHIB ~ TiJ  Yac | yHUKHEHHS MEPEeBUTPAT

eHepro30epeKeHHs TPUBAIHUX nepiofiB | eHeprii B peXUMax HU3BKOI
"nmoTsiryBaHHs" IHTEHCUBHOCTI poOOTH

Buxopucranus naTtynkiBs | Bucoxorouni matunky | [ligBuiennas TOYHOCTI

MOKPALIEHOT TOYHOCTI MOJIOKEHHSI ~ Ta  HIBUJAKOCTI | MO3HIIIOHYBAHHS, 3MEHILICHHS
3a0e3MeuyoTh 3MEHIIEHHS | TpUBAJIOCTI "HOTAryBaHHA" 110
NOXMOOK y pexuMax Malux 1 | 3aAaHoi mo3uuii
MIKpO-TIepeMilleHb

JlomaTKOBO pEKOMEHAYETHCS PO3pOOKa TAaKMX aJTOPUTMIB €HEPro30epeKeHHS,
SKi aBTOMaTUYHO BUMHKAIOTh 200 3HMWKYIOTh MOTYXHICTh ABUTYHA 1] Yac TPUBAIUX
nepiofiB  "moTAryBaHHsA", a TaKOXX BUKOPUCTAHHS BHCOKOTOYHUX JaTYUKIB
MOJIOKEHHS JUIsl MiHIMI3alli MOXUOOK y pPeXMMax MalHuX 1 MIKpO-MepeMillleHb, 110
JO3BOJIUTh YHUKHYTH TIEPEBUTpAT €Heprii Ta MOKPAIUTH 3arajibHy TOYHICTb
MO3UII1I0HYBaHHS

[Tomanpini AOCHIAKEHHS MOBHHHI BKJIIOYATH: @) MAaTEMaTUYHE MOJCITIOBAHHS
NEePEeXiTHUX TMPOLECIB IS BUSBICHHS ONTHMAJIbHUX HalamTyBaHb cuctemu DP Tta
YBEJCHHS Y CHCTEMY JOJATKOBUX KOPHUIYIOYMX BIUIMBIB, IO 3a0€3MeYy0Th
1HBapIaHTHICTH JI0 30ypeHb; 6) 30CEPEKEHHS Ha aJanTallii pe>KUMiB pOOOTH CUCTEM
DP no peanbHMX YMOB €KCIUTyarTallii, onThMi3allii eHeprocroKUBaHHs Ta ITiIBUILCHHI
NOBroBiyHOCTI cucteMu. 1100 OIIHUTH MpPaKTUYHY €PEKTUBHICTH 3aMPONOHOBAHUX
3MiH, pe3yJbTaTu MOJICTIOBaHHS MOBUHHI OyTH Bepi(hikOBaHI — HA TECTOBUX CTEHIAX

[181] 1 exkcmepuMeHntanbHo. OcoONMBY yBary Ciiji HOPUAUTATHA TOCITIKEHHIO
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3aco0aMu MOJICNIIOBAHHSA MEPEX1THUX MPOIIECIB MpH 3MiH1 pexkumiB podotu. [lepexin

BiJl OJTHOTO PEXHUMY JO 1HIIOrO Mae OyTH IJIaBHUM, 0€3 CyTTEBHX INEPEBAHTAXKEHBb
JBUTYHIB Ta MEXaHi3MiB. {151 1IbOr0 peKOMEHAYEThCSA BUKOPUCTAHHS 1HTETPOBAHUX
JITOPUTMIB MTPOTHO3YBAHHSI HABAHTA)KEHb.

TakuM YMHOM Yy JOCHIIKEHH] aKIIEHTOBAHO BAXKJIMBICTh BUKOPUCTAHHS CUCTEM
JUHAMIYHOTO TIO3MIIIOHYBaHHS JJIsi CTaOUIBHOTO YTPUMaHHS MOPCBHKUX CYyJIeH Ta
wiargopM y 3aAaHiil mo3uuli, 0cOOJMBO 3a YMOB CKJIAJHUX IMOTOJAHMX YMOB abo
IHTEHCUBHOr0 cynHoruiaBctBa. Ilokazano, mo cuctemu DP  neMoHCTpyroTh
e(EKTUBHICTh Yy 3HMKEHHI PU3UKIB 3ITKHEHb 1 BTPATH TO3HWIII MiJ YaC BUKOHAHHS
KPUTUYHUX MOPCHKUX oOmepailiid, y ToMy uucii Ha menbgpi. KopoTko po3riasHyTo
cyuacHUil ctad TexHousoriii DP Ta ocCHOBHI TeHEHIi y iX BIOCKOHAJIEHH1, 30KpeMa y
1HHOBAIIIIHI aNTOPUTMH KepyBaHHS, BUKOPUCTAHHI CyYaCHUX PYIIIHHUX MPUCTPOIB 1
HEOOX1THOCTI BAOCKOHAJICHHS €HEPTeTUYHOTO 001 THAHHS.

[Tokazano, mo cywyacHi DP-cuctemu CTHUKArOThCS 3 HU3KOIO MPOOJIEM, Cepenl
SKUX HAOUTBII KPUTHYHUMH € BUCOKI €HEPreTUYHI BUTPATH Ta HU3bKA HAIIWHICTD Y
CKJIQJJHUX YMOBax €KCIUTyaTallli, TaKuX, SIK IITOPM YU CWIbHI Teuii. Bupimenss mux
npo0iieM BUMAarae po3poOKH HOBUX MiJIXOJIB, IO IHTETPYIOTh Cy4YacHI aJrOPUTMHU
ynpasiiHHA. [Ipo0iaemMu mOCUITIOETBCS B YMOBaX BUCOKUX XBHJIbOBUX HaBaHTa)KEHb,
KOJHM TPaguIliiHI CHCTEMHU YacTO JIEMOHCTPYIOTh HHM3bKY HAJINMHICTH yHpaBIiHHS
yepe3 HEeJNIHIWHI XapaKTEpPUCTUKH MPOMYJIbLCUBHOTO KOMIUIEKCY Ta Jye BHCOKI
BUTpATH E€HEPTii, 10 3HUXKYE 3araibHy €QeKTUBHICTh ekcrutyaTaiii. [lokazano, 1o
HEOOXITHO PO3POOITIOBATH I1HHOBAIIMHI MIAXOAWM 1O METOJIB aHami3y 1 CHHTE3y
NpOIECiB  YOPABIIHHSA, $AKi BpPaxoBYIOTh JWUHAMIYHY NPUPOIY HABAHTAXKEHb,
ONTHUMI3YIOTh BHUTPATH EHEPrii Ta MiABHUINYIOTh TOYHICTh CTa0Lmi3aIii Cy/eH.
[TpoBeaeno anami3 kinro4doBux GyHKIi DP-cuctem, iX ponb y 3a6e3nedeHHi Oe3meku
eKcIUTyaTalii cyaeH 1 1aTdopm, BIIMOBIIHOCTI MIKHAPOJHUM MOPCHKUM
CTaHJapTaM Ta MPOOJIEMATHIN IHIIMACHTIB BTpaTu mo3ullii. OKpeciieHa BaKJIUBICTh

BUKOpHUCTaHHs cucteM DP ais 3a0e3neyeHHs cTaOlIbHOTO pO3TAllyBaHHS MOPCHKHUX
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CylneH Ta mmiat@opM, OCOOIMBO B yMOBax CKJIAgHOI TOrogu abo IMiJBHUIIECHOI

HABaHTaXXEHOCTI TpadiKy, y 3MEHIICHHI PU3HKIB 31TKHEHb Ta BTPATH MO3MUIIT IS
CylleH, $IKl BUKOHYIOTH CKJIaJHI omepaiii Ha Mopi. OxapakTepu3oBaHl CydacHi
iH(popMalIiifHi Kepena, NpucBsideHi cucreMaM DP Ta MeToios0rito MaTeMaTHIHOTO
MozemoBanHs. KimouoBuMH 71 aHAizy € akajeMidyHl JpKepena Ta podotu Marine
Technology Society 3 anamizoM BTpaT MO3MIli cyieH. HaBemeHi maHi J03BOJIMIN
3pO3yMITH PI3HOMAHITHI AaCMEKTU YMpaBliHHS cucteMamu DP, Bxitodaroun
IHIIMICHTH BTPATH MO3UIIII.

3anpomnoHOBaHA ~ MOXJIMBICTh ~ BHKOPUCTaHHS  CIPOIICHOI  CHUCTEMHU
mudepeHiianbHo-anreOpaiyHuxX ~ piBHAHb, 1[0  ONUCYIOTh  €JIEKTPOMEXaHIuHi
MIEPETBOPEHHS €HEPrii y cHucTeMax TMO3MUI[IOHYBaHHSA 1 Ha Iii OCHOBI HaBelICHA
TPHOXKOHTYpHA HENiHIIHA MO3UIliiiHa CUCTeMa, 1110 MICTUTh PETYJISTOPH MOJIOKEHHS,
IIBUJKOCTI Ta CTPyMy 3 BIANOBITHUMU JaTYUKAMHU 1 CHJIOBHM TIEPETBOPIOBAYEM.
Hapenena knacudikaiisx TUMIOBUX PEKHUMIB MO3UIIIOHYBAHHS Ta BU3HAYE€HI OCHOBHI
BIZIMIHHOCTI Yy aHaji3l IUX Ipoliecax. Bu3HadeHo, 10 MPOMOHOBAaHA CTPYKTypHA
CXeMa CHUCTEeMH IIO3WIIOHYBaHHS JIO3BOJISIE TPOBOJUTH €(PEKTUBHUN CHHTE3
PETYJISATOPIB OKPEMHUX KOOPAMHAT METOJaMHM TeOopii aBTOMAaTUYHOTO YIPAaBIiHHA i
CJIEKTPOMEXaHIKH, M0 Yy TMIACYMKY [O3BOJUTH MIJABUIIUTH SKICTh MPOIIECIB
MO3UIIIOHYBAHHSA 1 € HampsSMKOM MOJAJbIIMX JOCHikeHb. HaBeneHi pesynbratu
JOCITIDKEHHS CIPUATHMYTh MIABUIICHHIO €(PEKTUBHOCTI, Oe3merll Ta €KOJIOT14HOCTI

CYJAHOIIIAaBCTBA, 10 € BAXXJIMBUM KPOKOM 10 CTAJIOT'O PO3BUTKY MOpCBKO.l' F&J’IyBi.

2.6 Indpactpykrypa cuctem DP: kxepyBaHHs, CEHCOpH Ta CHEPrOKUBJICHHS B

koutekcti DPRA

OnauM 13 KITI0Y0OBUX (haKTOpIB €PEeKTUBHOTO Ta O€3MeyHoro (yHKI[IOHYBaHHS
CHUCTEM JuHaMiuHOrO mo3uilioHyBaHHs (DP) € HanmiiHICTh iXHBOT 1HPPACTPYKTYpH.

[Tin 1HQpacTpyKTypor pO3yMiIOTh HE JIMILE arnapaTHI CKJIAAOBI, Takl K pyuli abo
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CEHCOpU, aje€ ¥ JIOTI4HI, EHEepPreTHYHI Ta I1HTepdeiCHI eneMeHTH, uepe3 sKi

BiJI0YBa€TbCA KEPYyBaHHS CYJTHOM B YMOBAaX 3MIHHOI'O MOPCHKOTO CEpPEIOBHIIIA.

3 morJisA Ly METOA0JIOT1l JuHaMiuHOi oliHKK pu3ukiB (DPRA), ingpacTpykTypa
DP € xputnuHoto miatdopMoro sl reHepailii 6a30BUX MOJIIN IepeB BiJMOB, aHAII3Y
MIOMUJIOK OTepaTopa Ta BH3HAYEHHS HampsAMKiB afanTaiii DSS-crienapiiB. V 1mpomy
HiAPO3a1UI1 TPOBEACHO OS] KOMIOHEHTIB 1H(PpacTpykTypu DP-cuctem, BHUsIBIEHO
OCHOBHI BPAa3JIMBOCTI, & TAKOXK c(HOpMyIbOBaHO HANpPsIMU iXHbOI 1HTerpauii y DPRA-
MOJIENI.

Jlnst BceOIYHOI OIIHKM HAMIMHOCTI CHUCTEMHU JMHAMIYHOTO ITO3HMI[IOHYBaHHS
(DP) morinpHO BHAUIMTH OCHOBHI (DYHKITIOHATBHI KOMIIOHEHTH 1HPPACTPYKTypH Ta
IpoaHali3yBaTH MOB’s3aHI 3 HUMU pU3UKU. KOXKEH 3 eJeMEHTIB He JIMIle BUKOHYE
KPUTUYHY DPOJIb Yy HIATPUMaAHHI CTaOLIBHOCTI CyAHA, @ U MOXE CTaTU HKEPEIoM
BIJIMOBHM BHACIIJOK TEXHIYHUX, MPOTpaMHUX a00 JIIOJACHKMX YMHHUKIB. Y TaOMIHIIl
HI)KYE NPEJICTABICHO Yy3arajlbHEHY XapaKTEpUCTUKY KIOYOBHX miacucreM DP-
KOMIUIEKCY 3 KOPOTKHMM ONHUCOM iX (PYHKI[IOHAJBLHOTO MPHU3HAYECHHS Ta TUIOBHX
PU3HKIB, 110 MalOTh OyTH BpaxoBaHi y pamkax DPRA-mozentoBanHs:

l. DP-oneparop Tta intepdeiic (HMI), me mnepmwmii piBeHb B3aeMoil
JIOJIMHY 3 cucTeMoro. Yepes HbOro oneparop NpuilMae pillieHHs, 3MIHIOE apaMeTpu
Ta pearye Ha curHanu. OCHOBHa 3arpo3a 1€ TMOMMJIKHU YIIPaBJIiHHS, TOB’s3aHl 3
HENPaBWIBHUM TJIyMadeHHsM iH(opmalii ado 3aTpUMKOI0 y MPUUHSATTI PIllIeHb,
0CO0IMBO MpU KOHPIIIKTI MK PYYHUM Ta aBTOMAaTUYHUM PEKUMOM.

2. Kontponep DP BukoHye 004HCIIEHHSI MOMEHTIB 1 PO3IO/LI CUJT HA PYIIIi.
[Tpu oMy cricTeMa Moe 3a3HaTH 3001B y JIOTIIll, BTPATUTH 3BOPOTHUM 3B 530K a60
«3aMOPO3UTH» AITOPUTM, TaKi BIIMOBH OCOOJIMBO KPUTUYHI, AK€ BOHH MOPYIIYIOTh
OCHOBHY (DYHKIIIFO ITO3UITIOHYBaHHS.

3. Pymiii  (Thrusters) 3a0e3medyroTh peamizallilo 3yCWib Yy IUIOLIMHI
TMO3UIIIOHYBAHHSA. IX BiqMOBa a60 BTpaTa MOTYXKHOCTI uepe3 MPOOIEMH 3 HAMPYTOIO

YH MeperpiB MPU3BOIUTH 10 O€3M0CEPEIHBOI0 NOPYIIEHHS CTIHKOCTI CyIHA.
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4. Cencopni cuctemu (Gyro, MRU, Wind, Draft, FOG) ciyryioTs 0CHOBOIO

JUISL 3YUTYBaHHS HABKOJMINHIX napameTpiB. [Ipobmemu B ix poOorti, Bia apeidy 1o
BTpaTH KaJliOpyBaHHSI CTBOPIOIOTH PU3UK XMOHOI'O OLIIHIOBAHHS CTaHY 1, BIAMOBIIHO,
HEBIPHUX PIlIEHb KOHTPOJIEPA.

5. PRS-cucremn (GPS, DGPS, Hydroacoustic Tomo) ¢opMyoTh
pedepeHTHE MO3ULIIOHYBaHHs. ¥ MOPCHKUX YMOBAX BOHU CXHJIbHI IO BTPATH CUTHAITY
ab0 B3a€EMHOT0 KOH(IIKTY, OCOOJIMBO MiJ 4Yac OypiHHA abo mpu OJM3BKOCTI O
m1aThopM.

6. Cucrema eHEproxuBJeHHs 3abe3meuye poOOTy BCiel 1HPPACTPYKTYpH.
Buxin 3 nmagy reHeparopa, HecTauya pPE3epBHOTO KHUBJICHHS a00 NEpeBaHTAKEHHS
KPUTUYHHUX JIAHOK YacTO € TPUT€paMU KacKaJIHUX B1JMOB.

[lepeniuyHi KOMIIOHEHTH MOBHHHI OyTH J€TaJbHO MpOaHali30BaHi Mia Yac
noOy10Bu AepeBa noii 1 ctpyktyp DPRA, 3 ypaxyBaHHSM IMOBIpHICHUX MOJIENEH Ta
CIIEHApiiB KOMIUIEKCHUX BIAMOB. Takuil MiAXiA JO3BOJSE BUABUTH HAHOUIBII
ypa3JuBl TOYKKM CUCTEMU Ta c(hopMyBaTh OOIPYHTOBaHI pEKOMEHAAIii IMmomo ii
MoJIepHi3allli a00 TPeHaKepHOT MIATOTOBKH MEPCOHATY.

Ha pucysnky 2.12 npeacraBieHo y3arajqbHeHY cXeMy 1H(QPaCTPyKTypU CUCTEMHU
auHaMivyHOTO To3uilionyBaHHa (DP), mo Bkitouyae OCHOBHI KOMIIOHEHTH Ta iX

B32€MO3B’ SI3KH.

‘ DP Operator ‘

l

" Human Machinery Interface ‘
(DP Console)

L1

DP Controller |

| Sensors ‘ e

[ Position Reference ‘ e
Systems

Demand Feedback
‘ Thrusters H Power

Puc. 2.12 - Cxema indpactpykrypu DP-cucremu
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Ilomenyitini puzuku ingppacmpyxmypu ma ix siooopasicenns y DPRA. Anani3
3BITIB 3 00Ky MiKHapoAaHOi MOpChKOi KoHTpakTopchkoi acouiamii (IMCA) miono
pO3CIlilyBaHb MPUYHH aBapid 3 camomnigioMHUMHU OypoBumu yctaHoBkamu (MODU)
BUSIBUB KJIFOYOB1 PH3HMKOBI ClieHapli, moB’s3aHl 3 i1HQpacTpykTyporo DP-cuctem.
Haii61ap11 MommMpeHo MOoJIEl0 € BTpaTa CUrHaimy mosumiiiHoi pedepentiii (PRS),
30KpemMa Mija yac OypiHHS Y BIAKPUTOMY MOPI1, KOJIM criocTepiratotbest TumuacoBi GPS
blackout abo KOH(}IIKTHM MK T1IpOaKyCTUYHHUMH Ta CYIyTHUKOBUMHU CUCTEMaMH.
Jlo1aTKOBO BCTaHOBIICHO, 10 HAJMIpHA 3aJISKHICTh Bifl OJJHOTO JKEpEJa *KUBJICHHS
0€3 HaJeKHOTO pPEe3epBYBaHHS YaCTO CTA€ MPHUYMHOIO TMOBHOI BTPATH MOXJIMBOCTI
crabim3zarii [191, 192].

Tak, HallyacTIIIOIO MOJIEI0 € BTpaTa CUTHAIY CUCTEMH MO3ULIHHOT pedepeHiii
(PRS), sika 3a3Buuail (ikcyeTbes miJ yac OypoBUX olepauniil y BIAKPUTOMY Mopl. Y
TaKMX yMOBax MOxuinBi kKopoTtkodacHi GPS-BiamoBu (blackout) abo xoHbIIKTH Mik
TIAPOAaKyCTUYHUMU ¥ CYNYTHUKOBHMH KaHAllaMW, [0 YHEMOXJIUBIIOE TOYHE
no3uuiroBaHHs.  JlomaTkoBy — 3arpo3y  CTaHOBUTh  BIJCYTHICTh  HAJIEKHOI'O
pe3epByBaHHS JHKEpEN KUBJICHHS - HAJAMIpHA 3aJICKHICTh BiJl OTHOTO €HEPTeTUYHOTO
JIQHITIOTA HEPI1JKO CTa€ MPUYMHOIO MOBHOI BTpaTH (DYyHKIIIM cTabimi3ariii.

Oxkpemy rpymy pusukiB ¢GopMmye moachkuii ¢daktop. Omeparop, Mpairoyu
yepe3 iHTepdeiic HMI, moxke momycTuTH NOMHUIKY Y CHUTYyallliHIN OIHIN, He
3pearyBaTd BYaCHO Ha TPHUBOXXKHUK CHUTHAJ a00 BHECTH CYNEPEWIMBY KOMaH]TY,
0COONMBO y BHUIAJIKAaX PO3MOAUICHOTO YMpaBIiHHSA. AHaJIOriyHO, 3001 B po0OOTI
ceHcopiB - ripokomnaciB, MRU, natumkiB BiTpy a00 MIBUIKOCTI y MO€AHAHHI 3
HEeaJIeKBaTHOIO peakuieto DP-koHTposiepa 31aTHI CIPUYMHUTH XUOHE KepyBaHHS. Y
0araTbOX BHUIMAJKAX CIOCTEPIra€TbCSl KOH(QIIKT CEHCOPHHUX KaHaliB, KOJIH,
HaIPUKJIAJ, IaHl TIPO KPEH HE y3TOJKYIOThCS 3 1H(POpPMAIIIEI0 TIPO TATY, 10 hopmye
TaK 3BaHUU «CEHCOPHMM KoJjarc» abo CUTYyalliio, y SKiil cUcTeMa He MOXe oOpaTu

JIOCTOBIPHE JKEPEIIo i cTadii3arlii.
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VYci onucani moii, SBHI Ta JJATEHTHI MOBUHHI OyTH BKIIIOYEHI 10 1€papXii moii

npu noOyaoBi AepeBa BigMoB y pamkax DPRA. Ile no3Boinisie BUSIBUTU KPUTHUHI
HUIAXJ JO CUCTEMHOI BIIMOBM M HaJaTH KUIBKICHY OIIIHKY PHU3UKY JUIsl KOHKPETHOI
MOPCBKOI TIaT(OPMH.

Metoau inTerpamii nux noaii y DPRA 6a3ytoTbest Ha cyyacHUX MiaXojax -0
ananmizy pusukiB. Meronuka SPAR-H nae 3Mory KigbKICHO OIIHUTH MMOBIPHICTH
OIEepaTOpPChKOI TOMMJIKM 3aJIe)KHO BIJI CKJIQJHOCTI 3aBJaHHS, pPIBHS CTpecy Ta
noctynHocti 1HGopmalii. Metogq CREAM BHUKOPUCTOBY€EThCS ISl MOJCITIOBAHHS
KOHTEKCTY MPUUHSTTS PillleHb, 0COOIUBO KOJHM CEHCOPHI JIaHi € CynepewInBUMH abo
dbparmentapanmu. Merononoris ATHEANA no3Bossie BpaxoByBaTH JIATEHTHI 3001,
HANIPUKIIAJl, 3aTPUMKH pearyBaHHs a0o0 HeNpaBWIbHY IHTEPIPETAIil0 CHUTHATIB
ornepatopoM. Bognouac y kiacuunux naepeBax BigmoB (FTA) momii tumy PRS
blackout, BinmoBa UPS abo mnepeBaHTaxeHHs €JNEKTPOMEPEXK PO3IIIAIAIOThCSA K
0a30B1 BY3JI1 3 BIAMOBITHUMU HMOBIPHOCTSIMU Ta PO3TATYKECHHSIMHU.

Takum ymHOM, iH(DpacTpykTypHa yactuHa DP-cuctem moBHHHA PO3TISIATUChH
y DPRA sk GararopiBHeBa cuUCTEMa 3 BHUCOKOIO BapiaTUBHICTIO CIEHApPIiB PU3HKY.
KoMmmoHeHTHa Bpas3nuBiCTh, MOXJIUBICTh BIiIMOBM B yMOBaX KOMOIHOBaHHX
HaBaHTaXeHb 1 3JaTHICTb J0 CaMOBIJHOBJIEHHS BHU3HAYaIOTh HE JIUIIE MHUTTEBY
e(eKTUBHICTh CUCTEMH, aJie i 1i MOBEIHKY B aBapiiHUX peKUMax. 3anpornoHOBaHUMN
MIAXIJ 3aKJIaJa€e MATPYHTS JUIsl CTBOPEHHS aJallTUBHUX TPEHAXEPHUX Mojelei Ta
nM(pOBUX ABIMHUKIB y BIPTyaJIbHOMY CEPEIOBHILI.

Y pavmkxax mnoOymoBu wmogmenedt pusukie DPRA  BaxiaumBO  3A1MCHUTH
CUCTeMATH3aIlil0 KJIIOYOBHX 1HPPACTPYKTYpHUX KOMIIOHEeHTiB DP-cucremu, 3
ypaxyBaHHSIM THUIMIB NOTCHIIMHUX 3arpo3, XapakTepy BIIMOB Ta BIANOBIIHUX METO/IIB
iHTerpamii y monenb. Tabmuus 2.9 BimoOpaxkae y3arajibHEHl pe3yJbTaTH TaKOIo
aHami3y, SKAWA CIYrye OCHOBOIO JJisd TMOOYyJ0BHM 0a30BUX IMOINH JEepeB BiJAMOB,

dbopmyBaHHS clieHapiiB mudpoBoro apiitHuka Ta DSS.
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Tabmuus 2.9 - Anani3 3 ypaxyBanasim DPRA

Kommnonent | Tun pusuky IoTeHuiiina moxist Interpamiss 8 DPRA

HMI JIroncekuit 3arpumka, momuiika BBogy | SPAR-H, CREAM

PRS Texuiuunii Brpara/konduikT curnaniB | ba3osi moxii B 1epeBax BiMOB

Power TexHiuHUU Binmoga reneparopa, UPS | Ilozii 3 BUCOKMM MPiOPUTETOM

Kontponep | Ilporpamunii | 3aBUCaHHS aITOPUTMY ATHEANA: Software failures

CeHncopu Texniunuit Brpara TounocTi/IIrymMm CREAM: nenaniitaa indopmartis
Iumeepayin  ingppacmpykmypnux pusuxie y DPRA. ]Jlns 3abe3nedeHHs

MOBHOILIIHHOTO MOje/toBaHHs pu3ukiB y DPRA BaxMBo 311iiCHUTH KaTeropusarliro
1HPpaCTPyKTypHUX KOMIIOHEHTIB 3a THIAMHU PHU3UKY, XapaKTepOM MOTEHIINHUX
nojid Ta BIANOBIAHMMM MeETOAAMM iHTerpauii. Takuil aHaji3 J03BOJIIE CTBOPUTHU
OOIpyHTOBaHY CTPYKTYpy MOOyJIOBU AepeB BiAMOB, cueHapiiB DSS Ta npodinis
PU3UKIB 17151 U POBOTO JABIHHUKA.

[To-nepmie, inTepdeiic omeparopa (HMI) € mxepenom IOACHKOTO PHU3HKY.
TumoBi MOTEHIIIHI MOIT - e 3aTPUMKa PeakIlii Ha TPUBOTY, HEMIPABUJIbHE BBEICHHS
napaMmeTpiB abo BUITAJIKOBE TIEpeMUKaHHs pexkuMy. BpaxoByrouun moacekuii ¢pakTop,
Taki monii e(pEeKTMBHO MOJIETIOIThCA 3a aomomororo MetoniB SPAR-H (ominka
nomuiiok JiroauHN) Ta CREAM (KOHTEKCTyallbHA MOJIEI1 TTIOBEIAIHKH).

[lo-npyre, no3uwiiiai pedepenuiiini cuctemu (PRS), mo Bxmoudators GPS,
DGPS, rigpoakycTuuHi Ta iHIII MOJIYJi, CTBOPIOIOTh TeXHIYHUHN pus3uK. HanOinbin
XapaKTepHUMHU € BTpaTa CUTHaNy a00 CylepeunBl KOOPAUHATH 3 PI3HUX KaHAIIB.
Taxi moaii moBuHHI iHTErpyBaTHCs Yy AepeBa BinMoB (FTA) sk 6a30Bi moii 3 BUCOKUM
Koe(iIieHTOM BIUIUBY.

Hami, eneprernuna cuctema (Power), Bxmtouwatoun renepatopu, UPS 1
PO3MOAiNBGYI  OJIOKM, CTAaHOBMTh KIIOYOBY TEXHIYHYy BpasIMBicTh. li BimMoBa,

0COOJIMBO B pa3i BTpaTH PE3EPBHOTO KUBJICHHS, Mae OyTH BimoOpakeHa B DPRA sk
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Mojdisl 3 TPIOPUTETOM BHUCOKOT KPUTHUYHOCTI, IO AKTHUBYE aBapiHUI CIeHapii

CUCTEMH cTadLII3aL].

[Ile onuH BakIuBUM KOMIIOHEHT - DP-koHTposiep, sikuil pealizye airopuTMu
pPO3MOJITYy TATH Ta KOOPAWMHYBAHHSA pyImiiB. Y pa3i IporpaMHOTO 3aBHCAaHHSA,
HEKOPEKTHOI 1HTepnpeTarii JaHux abo BTpaTH 3B 53Ky 3 CEHCOPHUMHU OJIOKaMH,
CUCTEMa MEePEXOUTh y PEXUM aBTOHOMHOTO aperidy. Taki 30601 BimoOpaxaroTscs y
DPRA wuyepe3 wmeroponorito ATHEANA, ska 103Bojisie MOJENIOBaTH BiIMOBU
MIpOrpaMHOTO 3a0e3MeUYeHHs Ta IXHii BIUIMB HA OBEIHKY ONeparopa.

Hapemri, cencopu (Gyro, MRU, FOG, BitpoBi gatuuku TOIIO), OyIydu
TEXHIYHUM JDKEPEIIOM pPHU3UKY, MOXYThb JaBath XuOHI a00 HecTaOUIbHI JIaHi.
Oco0a1BO HEOE3MEeYHOI € BTpaTa TOYHOCTI abo mosBa LIyMiB mpu cralimizamii Ha
MikponepeMimeHHsX. Takuil Tun HecTabuIbHOI 1HPOpMali MogentoeTbess y DPRA 3a
noniomororo  CREAM sk dactuHa HemepeabadyBaHoro abo HeEaJaeKBaTHOTO
CepEIOBUIIIHOIO KOHTEKCTY.

TakuMm 4nMHOM, BCi KIIFOYOBI KOMIIOHEHTH iHGpacTpykTypu DP moBunHI OyTH
oJiHO3HauHO 1ieHTudikoBani B DPRA-moneni, kinacudgikoBaHi 3a TUIIaMU PU3UKIB, Ta

IHTErpOBaHi y BIAMOBIIHI aHAIITHYHI OJIOKH CIIEHAPHOT'O MPOTHO3yBaHHS.

2.7 BUCHOBKH JI0 IPYTOTO PO3ILITY

VY nanoMy po3iuil IPOBEAEHO KOMILIEKCHY O0Y10BY MaTeMAaTUYHUX MOJEIIEH,
o (HOopMyIOTh OCHOBY JWHaMIYHOI i1MOBIpHICHOT omiHkKM pu3ukiB (DPRA) B
CUCTeMaX JTUHAMIYHOTO TIO3UIIIOHYBaHHs. 3alporoOHOBaHI CTPYKTYpHi, JIOTIYHI Ta
¢bi3uKo-MaTeMaTH4Hl MIAXOAU JIO3BOJIJIM pealli3yBaTH MOJENi, fKI MOEIHYIOTh
TEXHIYHI, TOBEIIHKOBI Ta CepeloBHIIHI (AKTOPU B €IUHOMY aHATITHYHOMY
CEPEIOBHIILI].

OCHOBHI pe3ybTaTH HaBEICHI Y HACTYITHOMY TEPEIIKY .
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1. CdopmoBano  apxitektypy o00poOoku manux DPRA:  omucano

GyHKIIIOHAIbHI MOJYJI CHUCTEMH, JDKepelia JaHUX Ta iX CTPYKTypH3allilo s
peanizaiiii OHJIAMH-OIIHKK pPHU3MKY. Bu3HaueHO KIIOYOBI MOTOKM 1H(opMarii Ta
MEXaHI3MH aJanTarii MoJaeli 10 KOHTEKCTY.

2. 3anporoHOBAaHO Yy3arajbHEHE JaepeBo BiAMoB i DP-cuctem, ske
OXOIUTIOE TEXHIYHI, JIOJChKI Ta cepenoBuinHi Qaktopu. [loOyaoBaHo mOriKy
AND/OR-komb6iHamii 06a30BUX MOJIA, MPEACTABICHO THUIIOJNOTII0 Ta JpKepena
PU3HKIB, IO CIYTYIOTh BXiAHUMU AaHumu aiig DPRA.

3. PoszpobGneno i BepudikoBaHO MaTeMaTHuHy Mojenb Oykcupa ASD, ska
BpaxoBy€ OCTIMHICTb, TSITOBI CHIIM, HATAT TPOCA, AaCHUMETPil0 KepyBaHHS Ta
ripoauHamMigyHi MoMeHTU. CUMYJISIIIT TOBEIU KPUTUYHY POJIb TApaMETPiB KepyBaHHS
B 3a100iraHHi OMPOKUTyBaHHS.

4. MopaudikoBano cucremy crabimzanii CIIBY 3  mapaGoniynum
perynsTopoM, ska 3a0e3medye TOYHE  TMO3UIIOHYBAaHHA 3  MIHIMQJIbHUM
eHeprocrnoxuBaHHsaM. [lopiBHsbHUY aHami3 3 Pl-perynstopoM miaTBepaAuB nepeBaru
aIaITUBHOTO TiXOAY 3 HEUYTINBOIO 30HOI0 KEPYBaHHHI.

3. JloBeneHo nOUUBHICTE BUKOpUCTaHHS Mozeneid DPRA y mpuknamnux
creHapisx: (popmaaizoBaHO THMOBI PEKUMHU BTPATU CTIMKOCTI, BU3HAYEHO KPUTHUYHI
dbakTopu pHU3MKY Ta TMPEACTaBIEHO MaTEMaTUYHUNA OMHC CHEHApiiB s
TpeHaXEPHOTo MoietoBaHHs 1 DSS-cuctem.

Otpumani pe3yJabTaTH CTAHOBISATH CYTTEBUN BHECOK Y PO3BUTOK METOMOJOTIT
OOTpyHTOBAHOTO MPUIHATTSA pimeHb y KoHTeKcTi DPRA (Dynamic Probabilistic Risk
Assessment) sl CHUCTEM MOPCBKOi O€3MeKH, MiITBEPKYIOYM BIIIOBIIHICTD
o0paHoro miaxoay Ta (GOpPMYIOUM EMIIIPUYHY Ta aHANITUYHY 0azy JUIsl OJAIbIIOTO
BJIOCKOHAJICHHS MTPOIIEAYP OLIHKK PU3UKIB y TMHAMIYHHUX, CEPEIOBHIIAX.

Pesynbratu po3ainy omy6sikoBani y [39, 50, 56, 172].
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PO3/I1J1 3. OTIEPALIIMTHE MOJEJIIOBAHHS JIIOJICHKOT'O ®AKTOPY TA

OLIHKHN PU3UKIB Y DP-CLHIEHAPIAX

3.1 Peaknii DPO y Haj3BHYallHUX CHTYyaIlisIX: THIIOBI MOJCII TOBEIIHKH Ta

DSS (Decision Support System)

Hamzuuaitni curyanii B DP-cucremax BuUMararoTb MUTTEBOrO, TOYHOTO Ta
aJIeKBaTHOro pearyBaHHs 3 Ooky omeparopa DPO. V¥V takux ymMoBax 3pocTae pu3HuK
JIOJICBKOT  TOMMJIKM, BHKJIMKAHOI  CTPECOM, HAJUIMIIKOM  CHTHAJiB  abo
HEBU3HAUEHICTIO B anroputMmax aii. Came Tyt anroputmiuni moayni DSS (Decision
Support Systems) cTalOTh KJIOYOBUM IHCTPYMEHTOM [UIsl MIATPUMKH OIeparopa B
NPUIHSTTI PaBUIBHUX PIILICHb.

[Toseninka oneparopa DPO (Dynamic Positioning Operator) y Haa3BUUaliHUX
CUTYyaIlisIX 1€ HE TUIbKM TEeXHIYHA PEaKilisd, a i CKJIaJHa JIOJIUHO-MAIIMHHA CUCTEMA
OPUIHATTA PillieHb. Y CTPECOBUX CHUTYAIlIsIX, HAIPHUKIIA/I, TIPU PANTOBIN BTpaTi TSATH,
oOpuBi Tpoca abo 300i CEHCOpIB HaBITh BHUCOKOKBaIi(hiKOBAaHUN OIEpPaTOp MOXKE
JIOTTYCTUTH KPUTUYIHY TTOMUJIKY.

Ilns meoro B DPRA BmpoBamkyetbess Decision Support System (DSS) -
MOJIYJb, LIO:

- IHTEepHPETYy€E MOTOYHY CUTYAILIIO,

- POTHO3Y€ WMOBIPHUN PO3BUTOK IO/IIH,

- HaJla€ OTePaTOPy KOHMEKCMHI NiOKA3KU Ta AIOpUmmMuU Oiil.

Mogpens it DPO y Ham3BuYaiiHiii cuTyarlii BKIFOYa€ YOTUPH OCHOBHI €TaIlH:

l. Businennst. CipaiibOByBaHHSI CUTHAIIB TPUBOTH, Bi3yallbHI/aKyCTUYH1
1HAMKATOPH, a TAKOXK Bi3yalbHA OI[IHKA MO3UIIII.

2. Hiarnoctuka. [nentudikarris pxepena npoOiaemMu: BiIMOBA PyIilis, TPoca,

ceHcopa abo I13.
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3. [Ipuiinarta pimeHHs. Bubip MK epexo1oM y pyuHUN PEXKUM,

3YIUHKOO PYIIis 200 KOPEKITIEIO MO3HIIII.

4. Buxonanns niii. Peamizanis komanau yepes myibT, ASOG abo
ABTOMATHYHY PEaKIIiI0 CHCTEMHU.

VY mpoueci IMHAMIYHOTO TMO3UI[IOHYBAaHHSA OCOOJUBY CKJIAJHICTh CTAHOBIISATH
cutyaiii, konu onepatop DPO 3mymieHu#l niSTv MBUAKO MPU HEOIHO3HAYHUX ab0
KOH(IIKTHUX curHajax Bia cucteMud. OAWH 3 TUIOBHX BHUIIAJKIB 1€ 3aBaHTAKCHHS
onuoro 3 pymiiB 10 100%. Taka cutyariisi MOXe CBITYUTH SIK PO PeabHY BiIMOBY
PYIIIis, TaK 1 IPO MITaTHY pOOOTY B YMOBaX MIKOBOT'O HABAHTAXECHHS (HAIIPUKJIIA/, TIPH
060poTHO1 3 XBIIICIO 200 BITPOM).

Ha puc. 3.1 nokazano moxuuBi BapianTu peakiii DPO 3anexHo Big TOro, UM €
3aBaHTXKEHHA pYyIIis BUMIpPaBIaHUM, a Tako Bix mnoseninku DPO y crpecosiii

cutyauii. BapianTtu peakiiiif 3rpynoBaHi 3a KpUTUYHICTIO HACII1IKIB.

[ Thruster shows 100% load ]
™
Scenario Thruster follows orders Thruster has failed
from DP System to 100% load
A A
' . g ™
, DI.JO recognizes . DPO recognizes situation
situation and handle it.
. and stops thruster by
All thrusters remain to . B
A y Emergency stop” button
\ wor J \ J
[
1_: DPO takes wrong DPO recognizes
| consideration and stop situation but, being
0 thruster(s) confused in stress
n situation, stops properly

working thruster

DPO doesn’t take action
on immediate stop of
thruster

Puc. 3.1 - Bapiantu peakuiit DPO npu 3aBanTtaxkenHi pyuiis Ha 100%
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Ax BumHO 3 puc. 3.1, nuie OIWH 3 BaplaHTIB [, 1€ BU3HAHHS CHUTYaIlll SIK

KOHTPOJILOBAHOI Ta BIJICYTHICTh BTPYUYaHHSI, 110 € IJIKOM Oe3neyHuM. Permira peaxiiit
DPO Beayth ab0 10 3HMXEHHS (YHKIIIOHAIBHOCTI CUCTEMHU (uUepe3 MepeayacHe
BIJIKJTFOUEHHS PYIIIisi), 200 JO KpUTUYHHX CIICHAPiiB BTPATH MO3UIILI1.

Oco0nauBO Ba)JIMBO BUAUIUTH YEPBOHY 30HY: TYT nmoMuiku DPO BUHUKAIOTH
HE dYepe3 BIIMOBY CHCTEMH, a Yepe3 HENmpaBWIbHE TPAKTyBaHHS CUTHally, abo
CTpecoBy Jae3opieHTalito. Lli BapiaHTH € KIIFOUOBUMHM JJII MOJIEITIOBAHHS JIFOJCHKOTO
daktopy B DPRA: ix MoxHa TpaHchopmyBaTu B 0a30Bi1 MOIi 3 PI3HUMHU BaroBUMHU

Koe(illieHTaMU, a TAKOXK BUKOpUCTOBYBaTH 1 anantaiii ASOG-anroputmi DSS.

Tabnuus 3.1 - Bapiantu peakiiit DPO Ha nepeBaHTakeHHs py1Iis

Ne Hia DPO PezyabTart

1 | Po3ni3Hae cutyauiio, ajne He DP-cucrema cTabuii3y€eThCcsi CAMOCTIIHO 3aBASKU
BTPYYaETHCS pe3epBy KepyBaHHsI

2 | AxruBye Emergency Stop Brpara onHOro ab0o AeKiIbKOX pyIliiB, 4aCTKOBE

SHUXXCHHA KepOBaHOCTi

3 | Bumukae cripaBHHIA pymIiit Pizke mopymieHHst 6anaHCy TTW, HEKOHTPOJIbOBAHE
TIOMMJIKOBO 3HECECHHs CyJHa
4 | Irnopye cutyarito [Torenuiiina aBapisi yepe3 HECBOEYACHE BTPYYaHHs

AHani3 Ta iHTepIpeTaulis B UbOMY BHIAJKy Taki, o Bapiant 1 nepenbauae
JIOBIPY /10 aBTOMATU30BAaHOI CTa01113a11i1, MOKJIMBUIA NP B1JIOMIi MTOBE/IIHIII CUCTEMHU
Ta JOCTaTHHOMY PE€3epBi MOTYKHOCTI. BapiaHT 2 neMOHCTpy€e HaaMIpHY peakiliro abo
IHTEpIIpeTaliio MOl SIK KPUTHYHOI - MPU3BOJUTH JIO TOTIPUICHHS CTaHy 3aMiCTh
crabimizanii. Mk iHmmM Bapiant 3 € pe3ynbTatoM J1arHOCTUYHOI MOMHUIIKUA a0o
HenpaBwibHOTrO 1HTEpdeiicy HMI, mo mae HaiOLIbII NECTPYKTUBHI HACHIIKUA Ta
Bapiant 4 Bkazye Ha KOTHITUBHY MEpPEeBaHTAXXEHICTh a00 HEIOOIIHKY 3arpo3u -
tunoBui cuenapii y PRA-anamizax SPAR-H [193].

Ile nemoHCTpy€, IO HE JMILE BIICYTHICTH i, a i HagMipHe a00 OMMIIKOBE

BTpyyaHHss DPO MOXyTb CHpPUYMHUTM TOTIPIIEHHS CHUTyaulli, 110 HPSIMO
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CHIBBIAHOCHUTHCS 3 OIIHKOIO KOTHITUBHUX noMIiIok B CREAM/SPAR-H Tta nmotpeboro

B KOHTEKCTHO-aiantuBHOMy HMI ¥ TpeHakepHUX CIEHApiiX Ui TPAKTHKU
KpUTUYHUX piiieHsb [ 194, 195].

B pamkax po3pookum DSS-momyns mms DPRA, BaxiauBorw € 37aTHICTH
kinacudikyBaru aii onepatopa DPO Ha OCHOBI MOTOYHOTO CTaHY CUCTEMHU Ta PEaKIlii
Ha HaJ[3BUYAliHI cuTyaiii. OJUH 3 KIIOYOBUX BHUIMAJIKIB 116 BUCOKE HABAHTAXCHHS Ha
pyuii (>95%) B noeqHaHHI 3 aKTUBHOIO TpUBOroo Biag DP-cucremu.

Ha puc. 3.2 nmomano npepeBo noriku DSS, sike anamizye peakuii DPO,
NPHUCBOIOIOYM iM BIANOBIHI MITKM PHU3UKY: YCIIIIHA [isl, MACUBHHUHA pPHU3UK abo

KpUTH4YHA ITIOMHJIKA.

MoHiTOpHHT cTaHy
DP Alarm == True
Thrust Load > 95%

DSS Ananis miit omepatopa

Manual Stop ko No AMLL(O Correct Action

Manual Stop No Action Correct Action
/ \ \
Label: critical_error Label: passive_risk Label: success
(onmepaTop NpHITHHHB — Mi3HO a60 HEKOPEeKTHO) (onmepaTop He pearye) (oneparop fie rpaMoOTHO)

Puc. 3.2 - Jlorika DSS-ananizy peakuii DPO npu nepeBaHTa)keHH1 pyuIis

Ha ocHoBi cdopmoBaHOro aepeBa pillleHb CHUCTEMa MIATPUMKH TPUAHATTS
pimens (DSS) inentudikye Tpu KIOUOBI MOBEAIHKOBI TpaekTopii oneparopa DPO:
(1) mpumycoBe npunuHeHHs Aii y mTatHik cutyanii (Manual Stop — critical error),
110 MOKE€ CBITYUTU MPO XUOHY IHTEPHPETALII0 TEXHIYHOTO CTaHy; (2) 0e3aisIbHICTh
y KOHTEKCTI 3poctatouoro pusuky (No Action — passive risk); (3) kopekthe,
pernamenTtoBaHe pearyBanHa BiamoBigHo 10 ASOG (Correct Action — success).
Takwuit miaxin gae 3mory DPRA-mozenni:

- (opmanizyBatu TMOBEIIHKOBI mMaTepHH AK 0a30BI TONIl B CTPYKTYypi

CIICHAPHOT'O aHAIIi3y;
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- KUIBKICHO BpPaxOBYBaTH BIUIMB JIFOJICBKOTO (DaKkTOpy Ha 3MiHY PH3UKOBOTO

podiTI0 CUCTEMU;

- peanizoByBaTu afgantuBHy JOTiKy DSS i3 (yHKIIOHANBHICTIO MONEPEIKEHb
Ta PEKOMEH/IAIIIN 111010 TIOIAJIBIINX il onepaTopa [196-198].

Hiarpama Ha pucyHkKy 3.3 ytouyHtoe DSS-noriky nmpu xoH@IIKTI Mixk thrust-
demand Ta thrust-feedback, ¢parment € posmupenusm noriku DSS 1 cmyxuth

OCHOBOIO JJII TPEHAXEPHOT0 HaB4YaHHS Ta cueHapHoro DPRA-anani3y.

Any suspect on
thruster operation
Thruster runs within Thruster runs over
acceptable limits acceptable limits, 60-100%

Is thruster demand
the same as
feedback?

Thruster is OK.
Look for another
reason

Push
‘Emergency stop”
button

Is thruster demand
at zero setting?

Feedback follows
demand but with
delay or
difference in load

Check vessel Capability

Disable thruster from DP System
Inform ECR

Act as per ASOG.

Consider degraded status.
Inform all involved parties.

Puc. 3.3 - Anroputm npuitaaTTs pimneHdss DPO npu anomanii HaBaHTa)KEHHS PYIIIist

(interpatiss ASOG-nipoToKoIy)

Anroput™ nii 6a3yetbes Ha cTpykTypi ASOG (Activity Specific Operating

Guidelines) 1 no3Bomsie oneparopy DPO inTepnpeTyBatu CUTYyaIit0 B 3aJI€KHOCTI Bif
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CTaHy BIATYKY Ta BCTaHOBJIEHOIO 3HauUeHHs TArW. Bunaaku, koiu thrust = 100%, ane

feedback BiamoBimae demand, TpakTyroTbcs SK INTATHI 1 CHUCTEMa PEKOMEHIYE
HIyKaTH 1HOI [Opu4yuHA. HaToMmicTh, SKIMO 3HAYEHHS HE BIANOBIIAIOTH abo
JIOPIBHIOIOTh HYJIIO, PEKOMEH/Y€ThCSl HeraiiHe pyuyHe BTpyuyaHHA yepe3 Emergency
Stop. 3aBepmansHuii 6510k popmye pekoMeHaaiio BianoBigHo 10 ASOG Ta iHiMioe
KOMYHIKaIII0 3 1HIIUMHU MOIYJISIMU CUCTEMHU.

JUis OUIHKM MMOBIPHOCTI BUHUKHEHHSA Ta IMOTEHLINHOI HeOe3MeKu peakuii
oneparopa DPO y KOHTEKCTI MOPCBKUX Omepalliid BAKOPUCTAHO METO/] €BOTIOLIMHOTO
reHepyBaHHs clieHapiiB Ha ocHOBi dactuHOK (Particle Swarm Optimization, PSO).
Takuii miAXia A03BOJISIE AaBTOMATUYHO 1MeHTU(IKYBaTH KOMOIHAIil MOIid, mo 3
BHUCOKOIO IMOBIPHICTIO MOXYTh MPHU3BOAWTHA JIO KPUTUYHUX HACHIIKIB y pasi
HEMPaBUJIBLHOTO a00 3aTpuMaHOro pearyBaHHs. 13 5376 3reHepoBaHuX BapiaHTiB OyJI0
BUOKPEMIICHO CLIEHapii, 0 AEMOHCTPYIOTh MaKCUMaJIbHy KOHILEHTPALII0 PU3UKOBHUX

YUHHUKIB Ha PiBHI B3a€MOJ11 TEXHIYHUX 1 TOBEAIHKOBHX KOMIOHEHTIB [199].

Tabmuus 3.2 - [Ipukiaam KpUTUIHUX CIICHAPIiB, OTPUMAHUX y pe3yJIbTaTl

PSO-anamizy
Ne InTepBaa 1 InTepBan 2 IntepBan 3 IntepBan 4
1 | Curnan TpuBoru | ABTO3yNMHKa | 3MiHA TOYKH BLAJIIKY 301if py4HOTO YTPUMaHHS
2 | Curnan tpuBoru | ArozynuHka | IlepekaniOpyBaHHs 301if py4HOTO YTPUMaHHS
3 | Brpata3p’sa3ky | ABro3ynuHka | HeBipHa iHTepnperanis | Pyune GiiokyBaHHS py1is

KoMmGinamiss  «pyyHe  yTpUMaHHS  MICAS ~ AaBTOMATHUYHOI  3YMUHKH»
BUOKPEMIIIOETHCS SIK CIIEHApId 13 BUCOKUM PU3MKOBUM IMOTEHIIIaJIOM, 3yMOBIIEHUM
WMOBIPHOIO BTpPATOI CTaJIOro KepyBaHHs cynHoMm. Ll cutryamiss gemMoHCTpye
KPUTUYHY TOYKY MEPETUHY MK aBTOHOMHUMH PEAKI[isIMU CUCTEMH Ta PyYHUM
BTPYUYaHHSIM OIEpaTopa, U0 CTBOPIOE MEPEIYMOBH AJIi CTPATETIYHOTO KOHQIIIKTY Y

npoleci yHpaBiiHHS. YpaxyBaHHS TaKHX CIIEHapiiB € HEOoOXiAHOW YMOBOIO s
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yaoCKOoHaJIeHHsT apxiTekTypu DSS 1 moOygoBu mnoBHorinHOi DPRA-momeni 3

aKIIEHTOM Ha TOBEIIHKOBY BaplaTHBHICTh Yy CKJIQJHUX IWHaMiyHUX ymoBax [200,
201].

Ha pucysky 3.4 mnpencraBieHO y3arajlbHEHY CXEMYy MpPOLECY IPUUHITTA
pillieHb OMEepPaTOpOM y HaA3BHUalHIN cuTyarlli. [{g cxema 11r0CTpy€e MOCHTIIOBHICTh
KIIFOYOBHUX €TalliB: BUSIBJICHHS MOJIi, JIarHOCTUKA CUTYyaIlil, (popMyBaHHS pillleHb Ta
ix peamizauis. [Iporec mounHaeThCs 3 1HILIIOIOYOI MOIL, MICJs Yoro omnepaTopu (ado
CUCTEMa MIATPUMKH PIlIEHb) 1ACHTU(IKYIOTh HAsBHICTh BIIXWIEHb a00 MOPYIIEHbD,
BUKOHYIOTh JIarHOCTUYHHUN aHaJi3 MpUYUH, GOPMYIOTh BapiaHTH PIlICHb HA OCHOBI

MOTOYHOT'O KOHTEKCTY, 1 31IMCHIOIOTh BUOIP Ta BUKOHAHHS Jii.

BuasneHHs [OjarHocTunka MPUIAHATTA pileHb BuKOHaHHA

CueHapin
1

|
.. () H

MoHiTopuHr [+ H., ABTO
! i

1 i

i i HHE A H . “

MoyaTkoBa ' ' o HH HR KiHuesnit

X . BusisnenHa [ | i T

noajs i P o HE i CTan
V i i

[ !
KomyHikauia H— E E PyyHe
Vo

CueHapin

Yacosi 06MerKeHHs Yacosi/diznuHi Mpasuna
JloriyHi obmerkeHHA o6meKeHHA 3aN1eXKHOCTi
(piseHb 1) JNoriuni obmerkerns J10Ti4HI OBMeXKeHHA
(piBeHb 2) (piseHb 3)

»

Puc. 3.4 - CxeMa noToxy mojii Jyuisi PUUHSTTS pillieHb B HAJA3BUYANHINA CUTYaIlli

Bkazanuii niaxiJ BIANOBIAA€ TUIOBOMY LUKy MTOBEAIHKY JIFOJAUHU B KEPyBaHHI
CKJIQJHUMU TEXHIYHUMHU CHCTEMaMHd B YMOBaxX HEBH3HAYEHOCTI Ta YacOBHX
oomexxenb. Cxema € croporieHoro ananramiero Mmoaeni IDAC (Information, Decision
and Action in Context), 1110 ITMPOKO BUKOPUCTOBYETHCA y TOCIHIKEHHSX JIFOIUHO-

MAaITMHHOT B3a€EMOJIII B KOHTEKCTI fA/IepHOI, MOPCHKOI Ta aBiamiitHoi Oe3meku [191,
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192]. Tlepmi aBa GJIOKM Ha CXeMi 1€ BHUSIBJICHHS Ta J1arHOCTHKA - B1J0Opa)xaroTh

peayKoBaHy Mojenb mporecy (inbrpamii iHdopmaii, mia Yac sIKOI orepaTrop
OTPUMYE CEHCOpHY 1H(opMallito, PuUIbTPyE ii HA PEIEBAHTHICTh 1 HA OCHOBI MMAaTEPHIB
dbopMye IarHOCTUYHE YSBICHHS MPO CUTYAITIIO.

Jlns edekTUBHOTO aHanmizy pusuKiB y DP-crieHapisix HE0OXigTHO HE MPOCTO
3HATH, IO CTajoCsA, a PO3YMITH JIWHAMIYHY IMOCIIIOBHICTh Iii omepatopa DPO y
peasibHOMy uyaci. Taxuii miaxin peanizyetbess y ¢opmari DESD (Dynamic Event
Sequence Diagram), cxemu, sika 103BOJIsIE€ OMKUCATH:

- PO3BHUTOK TOIii BiJI MOMEHTY ii i1HIIiaIlii;

- MOETAaITHE BUSIBIICHHS Ta J11arHOCTUKY;

- dbopMyBaHHS PillICHHS;

- BUOIp Ta peaizaiiio KOHKPETHOI Ail (aBTOMAaTUYHOI YA PYYHOT).

Ha puc. 3.5 naBenmeno DESD-monens mnoBemiHKH omepaTopa B yMOBax

aBapiiiHo1 cutyarlii Ha DP-cyaHi.

BuABneHHa | | AiarHocTmka ! MPMAHATTA pilleHb Ta BMKOHaHHA

| [Nponynecuena

3 | 1 ABO | | AsTO
Mozuuia i | | ! v

: : | ; TPHUMaHH

| | HanpAamok | 1| Onmopha I : 1 I *1a nosmuii G

! LWBKMAOKOCTI
i fat ] 3HeCeHHA

- Pyune

—pi [Komn"oTepHa | |

MouaTkoea | | | | ABO
b TpuBeork |

noaja | H I il
| | [EHepreTiunHa | | Binxin 2
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‘ : | | ABTO
THwi | Moacobra | :
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cnocobun | MoTeHWIAHKWEA ||
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| |HaBkoAMWHBD
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HKoHTponb
cuTyauii

Puc. 3.5 - lunamiuna aiarpama nociigoBHocTi aid DPO y Han3Bu4aiiniid cutyarii

(DESD)
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Pospo6iena DESD-monens (Decision-Event-State Diagram) ¢opmanizye

MOCIIZIOBHY JIOTIKY mMOBeIiHKH oreparopa DPO, po3noaiieHy Ha Tpu KIIOUYOBI
(yHKI1OHAJIbHI OJIOKH:

1. BusiBnenss - nepBuHHa i1eHTU(IKAIlIS aHOMAJIiil HA OCHOB1 CEHCOPHHX
JAaHWX, CUTHAJI3a1li}, BI3yaJIbHOTO CIIOCTEPEKEHHS ab0 aHasi3y mapameTpiB pyxy
(To3uIIii, IBUIKOCTI).

2. JliarHocTuKa - Kinacudikamis IpUUMH CUTYalli 3 ypaxyBaHHSIM
TEeXHIYHUX (B1MOBa py1IiiB, 301ii 13, BTpaTa >kUBIEHHS), JIIOJACHKUX 200 30BHIIIHIX
YUHHUKIB.

3. [TpuitHATTS pillieHHS Ta BUKOHAHHSA - BUOIp cTpaterii Aiil (3ynuHKa,
yTpUMaHHS MO3UIIi1) 3 BU3HAUEHHSIM PEKUMY peatizallii (aBTOMAaTUYHUHN Yd pyUHUL).

Taka cTpykTypHa MOJENb € PyHAAMEHTAIBHOO 1JIs CLIEHAPHOTO MOJICTIOBAaHHS
y pamkax metomoisiorii DPRA, po3poOsieHHS aganTHBHUX, KOHTEKCTHO UYYTIMBUX
anroputmiB DSS, cTBopeHHS HaBYalIbHUX MOAYJIB 13 (QIKCAIllEl0 MEPEeXOdIB MIXK
dazamMu HOPMANLHOTO Ta aHOMalbHOro (yHKIiOHYBaHHS. KOXEH 3B’S30K MIiXK
eJIeMEHTaMU Ha JiarpaMmi IHTEPIPETYEThCS SIK TMOTEHLIMHA TPAEKTOPIS PO3BUTKY
CIIeHapiro, MO0 MOXXe OyTH BUKOpHCTaHa IS TeHepallii MOBEAIHKOBHX MOJIEICH 3a
noromororo mMeroaiB PSO a6o CREAM [202-204].

[Ticns BUsIBICHHS HAA3BUYANHOI CUTYallii, MPOXOMKEeHHs a3y N1arHOCTUKH Ta
BuOOpy crtparerii, DPO BukoHye KOMIUIEKC Al mo ctabimizailii abo BiIHOBIEHHIO
no3uiiii. Big mpaBUIBHOCTI LLOTO €Taly 3aJeKUTh HE TIIbKU MOBEPHEHHS Cy/HA Y
Oe3reyHuil CTaH, a 1 YHUKHEHHS 31TKHEHb, 00OpHBIB a00 MoBHOI BTpatu DP-pexumy.

Ha puc. 3.6 300paskeHO JIOTiIKYy 3aBEpIIAIILHOTO €Taly MNPUUHATTS pPIllleHHS
DSS Ta peanizamii BiJHOBIIOBJIBHUX [iH 13 YITKOIO KIacH(]IKaII€0 pe3yJbTaTiB:

yTpUMaHHs, Oe31euHa 3yMruHKa a0o 301ii.
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MPpMAHATTA PILUEHb TA BMEOHAHHA

OK
(yTpumMmaHHA
NO3KLLT)

3MIHE TOUKM
™ Eianiky

ABO AEO AETO

i no Mepekanidbpy BesneuHa
Bi,ﬂ.HaneHHm——b{:E-l- BaHHA _,YTF"’"‘"“"' (7 'y 3YNWUHKA
KOHTPONbHOI HA (BTpaTa

- PyuHe nesMu,...)

EioknHoueHHs|
Ly |HecnpaeHorO| 36ii

AaTiHEE (BTpaTta nosuuii,

3ITKHEHHA,
MEXaHIYHE
MOLWKOMKEHHA, ..

Puc. 3.6 - BapianTtu peanizaiii ta pe3ynbraTiB pimenb DPO micis

BIJTHOBJIIOBAJIbHUX 1A

Mopnens onucye TUIOBI TPAEKTOPIi /i oneparopa, 10 BUHUKAIOTh Y BIANOBIIb
Ha BHSBJICHY aHOMAJIil0, 30KpeMa: BUKOHAHHS BITHOBJIIOBAIBHHX MpoleAyp (3MiHa
TOYKH BIJJIIKY, NepeKajiOpyBaHHS, BIIKIIOYCHHs JE(PEKTHOIO CEHcopa); I1HIIiaIlis
peXUMYy yTpPUMaHHS TIO3MINI 3 BHOOPOM MDK aBTOMATH30BAaHHM 1 PYYHUM
ynpaBiaiHHsAM. KokHa TpaekTopis 3aBEpUIYETHCS OJHUM 13 TPhOX THUIIOBUX
pe3yNbTaTiB: YTPUMAHHS MO3ULIi 0e3 MopylleHb, MiHIMI3allis PU3HUKY, Oe3nedHa
3yMUHKA - BTpaTa MO3WIli 0€3 HACTaHHSI KPUTUYHUX HACHIJIKIB 1 301 Ta BTpata
KEepyBaHHs, ILIO0 CYHPOBOJKYETHCS IMOMIKOKEHHSIM a0o0 TMOJI€l0 3 eJleMEeHTaMu
IHIIUJICHTY .

VY konrekcti MomentoBaHHs DPRA, 1mi kiHueBi ctanu (opmyroTh (piHaiIbHI
TUIKK JepeBa ClieHapiiB, y skux BuOip aii omepatopom DPO mae BupimanbHui
BIUTUB Ha KAaTeropu3allilo pusuky. Taka CTpyKTypa [03BOJIIE MPOTHO3YBaTH
MOXJIUBUM pe3yJbTaT HAa OCHOBI MPUUHITHX OINEpPaTOPOM pillleHb, 3aCTOCOBYBATU
agantuBHl DSS 111 HaBYaHHS Ta KOPEKIIil MOBEIIHKOBUX IIA0JIOHIB Ta 1HTErPyBaTH
TPEHAKEPHI MOy ISl OI[IHKUA Ta TECTYBaHHS PEAKINN y MeXax KOXKHOI ClIeHapHOT
rinku [205-207].

1106 anroputmiuyHa Moaens DPRA morna sikicHO MpOrHO3yBaTH IMOBEIIHKY

DPO, HeoOX11HO OIIHIOBAaTH MMOBIPHOCTI MPOXOKEHHSI KOXKHOTO €Tany MPUAHSATTS
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pillieHb y HaJa3BUYaHINA cutryamii. Y 1iii poOOTi, Ha OCHOBI pe3yJbTaTiB

TPEHAXKEPHOTO MOJICTIOBAHHS, MOOYIOBAaHO PO3MOIUIM WMOBIPHOCTEH ISl IIECTH
KJIIFOYOBUX CTaflid: BUSBIICHHS, IarHOCTHKA, TNPUWHSATTSA PIIIEHHS, BUKOHAHHS,
3yNMUHKA T4 BUKOHAHHS 3yTUHKH.

Sk mpeacTaBieHoO Ha TicTorpamax Ha puc. 3.7, 1y OLIBIIOCTI €TarliB PO3MOILI
€ MPaBOOIYHO 3MILIEHUM TOOTO OMEePaTOPH 3/1€OUIBIIOTO MPOXOIATH 111 (pa3u yCHIIIHO
(imoBipHicT, Onu3bka 10 1.0), ame icHye HeBenMKa, ajge KpUTUYHA KUIbKICTh

CleHapiiB, Je ¢aza He BUKOHYEThCS (MMOBIpPHICTH = ().
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Puc. 3.7 - Po3noainu iiMoBipHOCTEH KirodoBuX (pa3 moBeainku DPO y

kputnuHux DP-cuenapisx

AHaniz po3moniy MWMOBIpHOCTEW KIHOYOBMX (a3 TPUUHSATTS —pillleHb
OTepaToOpOM J03BOJISIE BUSIBUTH XapaKTepPHI OCOOIMBOCTI KOXKHOTO eTary. 30KpeMa,
WMOBIPHICTb 1HIIIAIIT 3yTUHKN BUSIBJISIE YITKO BUPKEHUH MIK y BY3bKOMY Jliara3oHi
3Ha4YeHb, 110 BKa3ye Ha OIHApHY MPUPOIY LOTO PIlIEHHS OMepaTop abo yXBallloe
3yNHUHKY, 200 Hi, 06€3 MpOMDLKHUX BapiaHTiB. HaTomicTh WMOBIpHICTH A1arHOCTUKH
JEMOHCTPY€E MIUPIIMA PO3MOILI, MO CBIAYUTH MPO MOXKIWBY HEOAHO3HAYHICTH Yy

BU3HAUYEHHI NPUYMH CUTyalii ad0 Mpo BaplaTUBHICTh Yy cHoco0ax IHTepHperauii
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curHaiiB. HaiOuipm po3MUTHM € po3mojaulT WMOBIPHOCTI (DaKTHYHOT'O BUKOHAHHS

3YNUHKY, 1110, AIMOBIPHO, MOB’S3aHO 3 HEPIIIY4iCTIO, 30BHIIIHIMU 0OMEXEeHHSIMHU ab0
KOH(JIIKTOM M1k 3alpONIOHOBAHUMM JIIsIMU CUCTEMHU 1 BJIACHOIO OI[IHKOIO OTIeparopa.

Ili mapamerpu MOXyTh OyTH iHTerpoBaHi g0 mojeneit DPRA sk Barosi
KoedirieHT 6a30BUX MO, 110 Bi0OpaX)aroTh MOBEIIHKOBY HEBU3HAYCHICTh. BoHM
TaKOX MOXYTh OyTH BUKOPUCTaH1 JUIsl IEPEBIPKU €(hEeKTUBHOCTI pEKOMEHIAIIIH, sIKi
dbopmye cuctema MATPUMKHU NPUUAHATTS pimeHb (DSS), a Takox 11 TMHAMIYHOTO
OLIIHIOBaHHS PIBHS JOBIPU JO omeparopa 3 OOKy CHCTEMH B peajbHOMY 4aci, 3
ypaxyBaHHSIM KOHTEKCTY Ta Torepeanboi noseainku [208-210].

DPRA ne mume anamizye nocninoBHicte Aiii DPO, a it mae mependauatu
KIHIICBI HACIIAKYA IUX Jid: 4u Oyjae yTpUMaHO TO3HIIII0, YU CHPAIOE 3yMUHKA, YU
B1I0yA€ThCS MEXaHIYHE MOIIKO/KEHHS. Ha OCHOB1 CHUMYJIAIINA CTBOPEHO PO3MOILIH
WMOBIPHOCTEH TPHOX KIIOYOBHX Pe3yJbTaTiB TOOTO YCHIIIHE yTPUMAHHS MO3UIIL

(OK), 6e3neyna 3ynMHKa Ta MEXaHIYHE TOMIKOKEHHS, pUCYHOK 3.8.
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Puc. 3.8 - MmoBipHicTh pe3yibTatiB cueHapio DPO B cuctemi DPRA

AHaii3 oTpuMaHuX UMOBIPHOCTEN JIEMOHCTPYE BUCOKHIl piBEHb €()eKTHUBHOCTI
CUCTEMH 32 YMOBHU KOPEKTHOI'O BUKOHAHHS ONEpPAaTOPOM YCIX periiaMeHTOBaHMUX Iiil:
ycmimHe yTtpuMmaHHs mnoswiii dikcyerbes 'y 95% BumankiB. Ile minTBepmxkye
3patHicTh DSS 3abe3neuyBatd MIATPUMKY Y CKJIaJHUX CHUTYyalisiX 3a HasBHOCTI
MPaBUJIbHOI MOBEAIHKOBOI peakiii. ¥ 5% crieHapiiB peani3yeTbes nepexia 10 pekumy

0e31eyHo1 3ynuHKH, 10 X04a ¥ CYNMPOBOKYETHCS BTPATOIO TMO3HUIIII, OJJHAK HE BEJE



137
0 cepilo3HuX HachiAkiB. KpuThyHi Mmofli, 10 3aBEpIIYIOTHCS 3ITKHEHHSIM a0o

MEXaHIYHUM MOIIKOKEeHHAM, ¢ikcyroTbes nuie y 0.4% BUMAIKIB, 1O JO3BOJISE
BB@XAaTH iX CTAaTUCTUYHO PIAKICHUMH, aje€ CTPATEriyHO 3HAYYIIUMU IS PU3HK-
OpPIEHTOBAHOI OITIHKH.

Yac pearyBaHHS € HE MEHII KPUTUYHUM 3a caM (akT Aii. 3aTprMKa HaBITh Y
KUTbKa CEKYH]] Ha PAaHHbOMY €Talli MOXKE MPHU3BECTU 10 HEMOXJIMBOCTI 3yMUHKUA 200
JI0 HEKOHTPOJIBOBAHOTO JApeidy.

Ha pwuc. 3.9 npeacraBimeHo YacoBi po3moAiund ImecTd (a3: BHUABJICHHSA,
JIarHOCTUKA, TPUUHATTS PIIICHHS, BUKOHAHHS CIIEHApil0, 3yNMHUHKA Ta BUKOHAHHS

3YIINHKH.
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Puc. 3.9 - Po3noain yacy Ha kiro4oBi (a3u pearyBanns DPO

AHani3 TpuBajoCTI KiIOYOBUX (a3 omepauiiiHoi peakuii DPO  no3Bosisie
BUSIBUTU CTPYKTYPHI OCOOJIMBOCTI TMPOIECY MNPUUHATTA pIIIEHb Y KPUTHYHUX
cutyarlisx. Haiibinpe yacy 3aiiMarOTh €Tany BUSBIICHHS Ta JIIarHOCTUKH, TPUBAJIICTh
AKX Moxke nepeBunyBat 100 cexyHH, IIO MOSICHIOETHCS CKIIAIHICTIO CEHCOPHOI
00poOkH Ta GaraTopakTOPHICTIO MPUYUHHUX 3B’sA3KiB. HaTOMIiCTh BilacHe MPUHHATTS

pileHHs 3a3BMYall BKJIAJA€ThCSA y YaCOBHM 1HTepBan 5-15 ceKyH[, 10 CBIAYUTH MPO
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BIJIHOCHY TOTOBHICThH Omeparopa iATh Ticias (GopMyBaHHsS OIiHKM cuTyarii. ®a3a

peaizamii 3ynuHKHA JEMOHCTPYE BHCOKY CTaOUIBHICTh a00 cepeiHili yac CTaHOBHUTH
npubau3Ho 40 cexkyHJ 13 HE3HaYHUM BIOXWICHHSM, IO BKazye Ha J00pe
dbopMarizoBaHy TEXHIYHY TIPOLEAYPY.

OTpuMmaHi pPO3MOMIIM € KPUTUYHO BAXJIMBUMHU A KUIBKOX HaIpsMiB
MPAKTUYHOTO 3acTocyBaHHs. [lo-niepiiie, BOHM BUKOPUCTOBYIOTHCS ISl BCTAHOBIICHHS
yacoBUX MexX y cueHapiax DPRA, 30kpema BiganoBigHo 10 BuMor ASOG, 1ie TOUHICTh
MPUB'A3KU JIO €TallIB Yacy BU3HAYA€ JOMYCTUMICTD ciieHapito. [lo-apyre, 111 3HaUeHHS
BIUIMBAIOTh Ha qu3aiH iHTepdeiiciB DSS: cucteMa nmoBuHHA 3a0€3MIEUNTH BUBEICHHS
KpUTUYHOI 1H(popMalii B iHTepBani meHme 10 cekyHn, a0u omeparop MaB 3MOTY
aJIeKBaTHO 3pearyBaTu. | HapemiTi, 4acoBi €TajJOHU 3aCTOCOBYIOTHCS Y TPEHAKEPHUX
CEpeNoBHINAX I KajaiOpyBaHHS MoJieliel OmMepaTopChKOi TMOBEIIHKH Ta OIHKHU

BIJIMOBITHOCTI PeaKiliii HOPMATUBHUM OUYiKYBaHHSIM.

3.2 TpenaxepHi ciienapii Ta anaini3z peakuiit DPO B ymoBax puzuky

Peanphi innuaentu B DP-cuctemMax cBimyaTh: HaBiTH MPU MOBHIM CHPaBHOCTI
TEXHIKA OCHOBHHMM JIKEPEJIOM PU3MKY 3alHIIA€ThCs JTHOAChKUN (akTop. Oneparop
DP (DPO) crukaerbcs 3 HEOOXITHICTIO TMpUHAMATH pIIMIEHHS B yMOBax
1H(GOPMaLIIHHOTO IEPEBAHTAXKEHHS, CYTIEPEWINBUX CUTHAIIB Ta 0OMEKEHOTO Yacy.

JI1st OLIIHKK SIKOCTI TaKMX pILIEHb, iX BaplaTUBHOCTI Ta BIUIMBY HA CHUCTEMY
OyJ10 pO3p00JICHO TPEHAKEPHHUN CUMYJISIIIIHHUN MOYJIb, IO JO3BOJISIE BIITBOPIOBATH
aBapiiiHi cueHapii, cioctepiratu noseainky DPO Ta BOyaoByBaTu peakilii B MOIYJb
DPRA.

ApxiTekTypa TpeHaxxepa NoOyJ0oBaHa 3 ypaxyBaHHSAM NOTpPeO MOJEIIOBAHHS
OIepaTOPChKOI MOBEAIHKU Ta TECTYBAaHHS CUCTEMHU MIATPUMKH MPUUHATTS PIlLIEHb Y
CEpeOBHUIIl 3 TIIBUIIECHUM piBHEM HeBH3HaueHOCTI. CTpyKTypa BKIIOYA€E KiIbKa

(YHKIIOHAJIBHO 130JIbOBAHUX, aJI€ IHTETPOBAHUX KOMIIOHEHTIB:
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Scenario Generation Block BizmnoBizae 3a CTBOpeHHS BaplaTUBHHUX CIIEHAPIiB 13

BUKOPUCTAHHIM CHMYJSII BiIMOB, KOHQIIKTIB CEHCOPHUX JaHUX Ta 300iB Yy
cuctemax ynpasiiHHs. lle go3Bossie mepeBiputu peakuii DPO y 3MiHHMX Ta
CTPECOBUX YMOBaX.

DPO Interface nie cnipomere HMI-cepenoBuiiie, sike iMITy€e KIIOUOB1 €1€MEHTH
YOpaBIiHHA: KOHTpoJb TATH (thrust), Hanpsimky pyxy (heading) Ta BeneHHs KypHaTy
tpuBor (alarm log). InTepdeiic opieHTOBaHMII Ha WIBUAKE pearyBaHHS 0e3
MEePEBAHTAKEHHSA JIPYTOPSIAHOI0 1HGOPMAITIETO.

Reaction Logging Module dikcye Bci nii oneparopa, BKIIOUYAOYH Yac peakilii,
HATUCKaHHS €JIEMEHTIB YIIPABJIIHHS, 3MIHM CTaHIB 1 MepexoAau MiX pexumamu. Lle
1103BOJIsI€ (hOPMYBATH MOBHOIIIHHUE ITUGPOBUH CITIT 71 TTOAAJIBIIOTO aHATI3Y.

DSS Monitor € okpeMUM IHCTPYMEHTaJIbHUM €KPaHOM, IO HaJla€e OnepaTropy
MiIKa3KM Ta CUCTeMHI pekoMeHpnarii. lleit Onok moke OyTH aKTMBOBAaHUM a0o
BUMKHEHHM, IO JO03BOJISIE OLIHUTH, SK HasBHICTb DSS BIUIMBaEe Ha NpUNHHATTA
pillieHb y pI3HHUX CIleHapiax. Taka MOAyJbHA apXiTeKTypa 3a0e3rnedye THYUKICTb,
MacITabOBaHICTh 1 MOXKJIMBICTh MOPIBHSIBHOTO aHaizy peakuiid DPO 3 ta 6e3 DSS-
i TPUMKH.

JIsT CUCTEMHOTO aHaji3y OMNepaTopChKOi IMOBEIIHKM B yMOBax BIIMOB Ta
1HbOpMaLIIHHUX CYNEPEeUHOCTEeH OyJI0 peani3oBaHO CEpil0 TPEHAXEPHUX BIPAB, AKi
MOJIETIIOIOTh TUIIOBI Ta YyCKJIaaHEHl cuTyauii ekcruryartanii DP-cuctemu. Koxxna
BIIpaBa MICTUTh IHAUBIAYaJbHUN HAOlp CHUMYJIbOBAaHMX BIJIMOB Ta OYIKYBaHHMX
peakiiii oneparopa (DPO), 30kpema, akTuBarlito aBapiiiHOi 3yMHHKH, MEpeXia 10
PYYHOTO KepyBaHHS a0o mpoBeieHHs giarHocTuKU. Lli cuenapii peami3yroThCsi B
pamkax DSS-tpenaxkepa 3 (ikcalli€ero BCIX i KOpUCTyBaua Ta Pe3yJbTaTiB IS

noJajbIIoro anamizy y kourekcti DPRA, pucynok 3.10.
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Puc. 3.10 - CtpykrypHa cxema DSS-TpeHakepa 111 MOJIeIFOBaHHS

noBeaiHku DPO

[IpencraBnena 6J10k-cxeMa OXOIUIIOE€ YOTUPH TTOCIIIIOBHI BIIPABH, SIKi

MOJICTIIOIOTh KPUTUYHI CUTYAITIi:
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1.Exercise 1 neMmoHCTpy€e KOHQIIKT MIXK 3aIIMTOM 1 BIATYKOM TArH. Oneparop

MOBUHEH OI[IHUTU MOXJIMBOCTI cyaHa, moBigoMuTu ECR 1 BiIK/II0OUNTH HECTIpaBHUMN

pyuiii. Skio npobieMy He BUPIIIEHO, CJliJl akTuByBaTu Emergency Stop.

2.Exercise 2 cripolitye crieHapii, Jie 3 MepIuioro eTany HeoOX1JHO BXKUTH

3axoniB npu 100% 3aBaHTakeHHI py1iis, 6€3 NoNepeAHbOr0 JIarHOCTUYHOIO eTaly.

3.Exercise 3 yckiagHioe cutyauito: n1adi 3 PRS € HekopekTHuMHU, a neski pyuii

MpaIo0Th HAa OBHY MOTYXHICTh. OvikyeThes akTuBalig Present Position, ominka

npuuunH, nepexia 1o Joystick mode i Binxiza Big miaatdopmMu npu He0OXiTHOCTI.
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4.Exercise 4 KOMIUIGKCHUW CIIeHapid 13 0ararocTymneHEeBOI JIOTIKOIO:

HenpaBwibHI Aani PRS, ominka curyariii, niarHoctrka, oOpoOka MOMHIIOK, IIOBTOPHE
BUHMKHEHHS BIJIMOBH, IIOJIaJIblIIE pearyBaHHs ax 10 Emergency Stop.

Ili cuenapii no3BossitoTh DSS-Moxmeni (ikcyBaTu BapiaTHBHICTH PpillIeHB,
MTOMUJIKH, 3aTPUMKH Ta epeKkTuBHICTh peakiiii DPO Ha pi3Hux etanax. BoHu takox
CTaHOBIISITh OCHOBY JUIS  QJAalTUBHOIO HANAINTYBaHHS CHUCTEMHU MiJKa30K,
TPEHAKEPHUX €TaJoHIB Yacy Ta mnodynoBu DPRA-ruiok 3 ypaxyBaHHAM
MTOBEIIHKOBUX MapamMeTpiB.

VY Mmexax peainizarlii TpeHaxepHOi cucTeMu O0yyio chOpMOBaHO YOTHPHU KITFOUOBI
CIieHapii, KOXX€H 3 SKuUX 0a3yeTbcs Ha TUINOBUX aBapiHUX a00 MOPYIICHUX
CUTYyallisX, 3a(iKcOBaHUX Yy peanbHii mpakTuii ekcruryarauii DP-cynen. Cuenapii
OXOIUTIOIOTh HIMPOKUN CHEKTp MOTEHIINHUX 300iB, BiJ 130JbOBAHUX TEXHIYHUX
HECIIpaBHOCTEH 10 CKJIAQAHUX KOMOIHAmiii 3 eleMeHTaMu 1HQopMaIiifHOT
HEOJHO3HAYHOCTI. MEeTO0 MOJIEIIOBAHHS € OI[IHKA CBOEYACHOCTI, aJCKBAaTHOCTI Ta
nociioBHOCTI peakuid omeparopa (DPO) y pamkax CTpyKTypOBaHUX HPOTOKOIIIB,
30kpemMa ASOGQG, a TakoXX aHadi3 B3aEMOJIl 3 CHUCTEMOIO MIIATPUMKH NPUMHATTS

pimens (DSS).

Tabnuns 3.3 - TpeHaxkepHi clieHapii MOJIETIOBaHHS HAJA3BUUAHHUX CUTYaIlii

Ne Cuenapiii Tun noxii QOuikyBana peakuis DPO

1 | Pymiii mae 10% Acumertpis thrust [TepeBipka ASOG, omiHka 37aTHOCTI
PO301KHICTH 110 CyJlHa, BIIKJIFOUYEHHSI HECIIPABHOTO
HOTY>KHOCTI py1is

2 | OnuH 3 pymIiiB [ToTenmiitne [Tepexin y pydHuid pesxxum abo
MEePEXO/IUTh Y PEKUM MepeBaHTAKEHHS orinka yepe3 ASOG-naHenpb
100% thrust

3 | Buxin PRS 3 nany + [ongiitHa BigMOBa 3wmina reference point, akTuBalis
100% thrust Joystick, kopekis Mode

4 | Crabimi3zaris micis BinnoBnenus [TinTBEepmKEeHHS CTAOLIBHOTO CTaHy,
BTPYYaHHS MOBEPHEHHS 10 aBTOMAaTHUYHOTO

peXUMY
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Cuenapii mo3BossitoTh DSS-Mozeni (ikcyBatu 3aKOHOMIPHOCTI TOBEIIHKH

orepaTopa, a TakoxX HiATpuMytoTh moOyaoBy DPRA-cTpykTyp depes dopmanizariiro
0a30BUX MOAIN Ta pe3yJbTaTiB. Ycl Jli pEeECTPYIOTbCS B MOJYJI JIOTYBaHHS 3
IPUB'S3KOI0 JI0 4Yacy, M0 Ja€ 3MOTY MPOBOJUTH MOJAJBIINN KUTBKICHUN aHalli3 Ta
TpeHyBaHHsi DPO B yMOBax CUMYJIbOBAaHOT'O PU3HUKY.

[lepmmii cueHapiii BIATBOPIOE CUTyaIlil0, KOJIM OJUH 3 PYIIIiB IOKa3ye
BIIXWJIEHHS mMOTyXHOCTI Ha 10%, 10 MNOTEHHIMHO BKa3ye Ha AacCUMETPUYHE
HABAHTAXKEHHs a00 JIOKaJIbHY HecnpaBHICTh. 3agadya DPO BusiBuTH mpobiemy udepes
ASOG ab6o thrust display, omiHUTH CTaOUIBHICTH CHCTEMH, ITOBIJOMHUTH MAaIIMHHE
BIJUIUUICHHS Ta MPUNHATHU PIIIEHHS PO BUMKHEHHS a00 30epeeHHs poOOTH PYIIIis,
puc.3.11.

Exercise 1

Thruster has 10% eviation
in power

l

Check ASQOG, disable
thruster after
capability assessrment

I

No alarm, passive
notification

| DSS behavior ‘

Puc. 3.11 - Anroputwm niit DPO nipu BusiBneHH1 po301KHOCTI TOTYKHOCTI
pyuuis Ha 10 %

AHami3 cueHapilo BUSIBJICHHS He3HayHOI acuMerpli mnotyxHocTi (10%)
JNEMOHCTpY€e 0a30BU MexaHi3M pearyBaHHS 3 Ooky omeparopa DPO. OuikyBaHoIO
noBeqiHko € mepeBipka ASOG 1 BIIKIIOYEHHS pyIIisS JIWIIE MMICAS OIHKH
3QJIMIIKOBUX MOXJIMBOCTEHW cyaHa. BignmoBimHo mo moneni DSS, y mpoMmy BuUMaaky
dbopmyeTbcsl TTaCUBHE TMOBIIOMJICHHS 0€3 aKkTUBallli TPUBOXKHOI CHUTHaMi3allii, M0

CTUMYJIIOE OTlepaTopa CaMOCTIMHO TPOBECTH aHAII3 A0 MPUNUHATTS PIILICHHS.
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Haiimommupenimn moMuiIky, BUSBIEHI Y IIbOMY CIIEHApii I1e HaaMIpHa peakiis

TOOTO TepeayacHe BHMKHEHHS TEXHIYHO CIPABHOTO pymlis ©0e3 MpoBeIeHHS
HaJe)kHO1 OLIHKM uepe3 ASOG, 1110 MOKe 3HU3UTH MaHEBPEHICTh CyAHA Yy TOJaNbIIIN
cutyarii. [HIma moMmika 1e irHOpyBaHHs MpoOiemMu abo BIACYTHICTH OYIb-SKO1
peaxinii, 1Mo TMOTEHIIHHO MTPHU3BOAUTH MO0 TOCTYIOBOTO HAKOMHYECHHS MOXUOKH
MO3UI[IOHYBAaHHS Ta 3POCTAHHS PU3UKY BIIMOBH.

Cuenapiii Mojentoe nepeBaHTaxeHHs1 ogHoro 3 pymiiB g0 100% thrust, mio
4acTO TPAIUISIEThCA B pEalbHUX yMOBaxX MPU IITOPMi, TeUisX, ad0 aBTOMAaTHYHIM
komreHcariii. DSS ouikye, mo DPO 3pearye yepes ASOG/DP-nanens, nepeBiputh

1HII pymiii, a He oApasy HaTucHe Emergency Stop, puc. 3.12.

Thruster at 100% load

l

Action by DPO ‘

Stop thruster No
Yes using E-stop ?
CRITICAL ERROR SUCCESS
Do not stop thruster Verify ASOG
without parameter check parameters

Puc. 3.12 - AnroputMm peakuii DPO Ha thrust = 100% y DSS-cuenapii

AHani3 TpeHaXEpHHUX CIeHapiiB 3acBimuuB, mo y 17% BuUmaakiB omepaTop
(DPO) inimitoe aBapiiiny 3ynuHkKy (Emergency Stop) 6e3 momepenHboi OILIIHKH
napaMeTpiB, HaBITh KOJM CHCTEMA 3aJIUIIAETHCA B MEXKaX JIOMYCTUMOI CTaOLIbHOCTI.
Taka moBejiHKa KJIacu(PIKyeEThCS SIK HAAMIPHE BTPYUYaHHS, 1110 Y paMKaxX METO0JOT1i
DPRA po3risnaeTscsi sIK KpUTHYHa 0a3oBa MOJISA, KA MOXKE IUTYYHO 3HU3UTH
3arajibHi MOXIJIMBOCTI CyJHA JI0 MaHEBpyBaHHS ab0 CIPOBOKYBATH BTPATy IMO3MIII.
[I{o6 3HU3UTH IMOBIPHICTH HEOOTPYHTOBAHUX [Id, PEKOMEHIOBAHO BIIPOBAJAUTU
MexaHi3M aBToMatuyHoro DSS-moBinomiieHHs, 10 CHOpalbOBYy€ MpPU BHUSBICHHI

MIKOBUX 3HA4YEHB thrust y MOOJIUHOKHUX PYIIIsIX.
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Cuenapii Ha pucyHky 3.13 Mopmenroe ckiaaaHy curyarito: BigmoBa PRS

(Position Reference System) y moeananni 3 thrust = 100%. Ile TunoBuii 1HIUACHT,
AKUW y pealbHUX YMOBaxX MOXK€ MPU3BECTU A0 BTpatu mnosuiii, sikmo DPO He

MEePEKIIIOUNTHCS Ha allbTepHaTHBHUI reference point abo He aktuBye Joystick Mode.

Bigmosa PRS Thrust = 100%
Scenario DPO Action DSS Reaction
DPO ne nepeMHKae Hea}f'nmauiﬂ Operate
Ha ansrepHatusHuil PRS Joystick Mode |  geanario e ACKNOWLEDGEG

ABTOMaTHYHHI PEIKHM g
3 IOMITIKOBHM pedepeHcoM Switch
DPO
: Mode
Action

Cuenapiil: Brpara nosuuil cygaa
(BigxmwteHHs > 5 M)

Puc. 3.13 - Cuenapiit moasiiinoi BimmoBu: PRS + thrust = 100 %

Hagenenuii crenapiii UIIOCTpy€ CUTyallil0 MOABIMHOI BIAMOBH: BUXIJ 3 Jaay
Position Reference System (PRS) y moennanHi 3 MakCUMajibHUM HaBaHTaKEHHAM
onunoro 3 pymiiB (thrust = 100%). ¥ monmiOHUX yMOBaX KPUTUYHO BAKIIUBOKO €
CBO€YACHA peakllis OIepaTropa, 30KpeMa IEpEeBEeleHHS CUCTEMH y PYUYHHH DPEXKUM
(Joystick) Ta KopeKIIisi TOUKH TO3UIIOHyBaHHA [212].

Haii6inpi1 momupeHon MOMWIKOI Yy I[bOMY CIEHapli € 3aJMILIeHHS CyJHa B
aBTOMAaTUYHOMY pPEXHMI, HE3BaKal0OUYW Ha BTpPATy JAOCTOBIPHOCTI TMO3HUIIIMHOI
iHpopmanii. Ile npuzBoguTH, 10 danbmMBOI cTadumi3alii, cucTeMa MPOIOBKYE
HiATPUMYBATH MOJIO)KEHHSI HA OCHOB1 HEKOpEeKTHUX PRS-pgaHux, 10 cTBOPIOE 11103110
KOHTPOJIIO MpU (PAKTUIHOMY 3CYBI.

3 Touku 30py DPRA, nanuii BUIAaIOK MOJEIIOETHCS SK BUCOKOPU3UKOBUM
KOMOIHOBaHH CIIeHapii, y SKOMY MO€IHYIOTHCS JBa BY3JU JIepeBa BiMOB: "BiJIMOBa
PRS" ta "Henepexin B pexum Joystick". IxHs xoMOiHaLis NPU3BOAUTE 10 HACTIAKY
TUNy "BIAXWJIEHHS TpaeKkTopli MmoHaa S5 MeTpiB", 10 € TPaHUYHUM IOPOrOM

ctabuipHOCTI y Ounbmiocti DP-cuctem. Taki cutyarii maroTe OyTH BpaxoBaHI MpHU
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dbopmyBaHH1 migkazok DSS, a Takoxk y CTPYKTypl TpPEHAXEPHOTO HABUYAHHSA s

3arno6iranHs XMOHOMY yTpUMaHHIO no3uirii [213].

Cuenapiii Ha pucyHky 3.14 BiarBoproe moBeniHKy cuctemu Tta DPO micns
ctabimizaiii: uu OyJe BiJHOBIIEHA TIO3UIIisl, UM CUCTeMa MOBepHEThCs 10 Mode 1/2, un
Oyne motpiOHa 3ynuHKa. TyT oriHI€eThCs mochiaoBHIcTh i DPO mpu mepexomi g0
“HOpPMaJIbHOTO”’ CTaHY.

Exercise 4

Final 36ii1
outcome

Puc. 3.14 - Anroputm™ BigHOBIeHHS nicis BTpydanHs DPO B DP-cucremi

CueHnapiii BiATBOpIOE€ KpUTUYHY a3y TICIsE BTpydYaHHs omepaTopa B poOOTy
DP-cuctremun 1o eramy BigHOBIEHHSA. Ha mpoMy eTami OIHIOETHCS, YM CHCTEMa
3/laTHA TMOBEpHYTHUCA 10 cTabuibHOoro pexumy (Mode 1/2), un Oyne HeoOXximHa
3ynuHKa, abo >K MOXIMBO YTPUMAaTH TMO3MIII0 0e3 MOJANbIIOr0 BTPYYaHHS.
OcobnuBa yBara mpUAUISETbCS MOCIIIOBHOCTI Aiii DPO, BKIIOYHO 3 TEPEBIPKOIO
napameTpiB, JIarHOCTUKOIO Ta (ikcalliero HOBOTo «reference pointy.

AHani3 pe3ynbTaTiB TPEHAXEPHUX 3allyCKIB IIOKa3aB, [0 OJHIE 3
HAUTNOIIMPEHINIUX MPOOJIEeM € BIJACYTHICTh OHOBJCHHS TOYKH BIUIKY MICTS
cTabim3allii abo 3alMIIKOBa CEHCOpHA TIOMMIIKA, sika He Oyia BusBieHa. Lle, y cBoro
4yepry, MPU3BOJUTH 10 MOBTOPHOI BTpaTH MO3UIII a00 XMOHOI OILIHKK CTaHy CYJHA,
MOTIPU 30BHIIITHIO CTA01IBHICTb.

V¥ pamkax DPRA-moneni ganuii cuieHapiii BKIOYEHO SIK pO3Taly’KEeHHs JIepeBa

micnss ¢a3u "BTpydaHHs omeparopa, A€ KIHIEBl CTaHU KIACU(PIKYIOThCS SIK:
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«YTPUMaHO» KOJHU TO3MIlis BITHOBJICHA, CUCTEMHI MOMUIKH YCYHEHI; «Oe3meuHa

3yMUHKa» KOJU BTPAYCHO MO3HIIII0, ajge 0e3 MOIIKOIKeHb abo 3iTKHEHb; «30iii» Ta
MoJaIbIIe HAKOMMMYCHHS MTOMUJIOK, IO MPHU3BOJUTH JI0 KaTacTPO(IYHOTO CIICHAPIIO
(HampHKIIaa, MEXaHIYHOTO TOIIKO/KEHHS a00 BTpaTH KOHTPOJ0) [214].

Le#t cuenapiif Mae KJIO4OBE 3HaYEHHS AJis OLIHKU edekTuBHOCTI DSS y dasi
MICISKPU30BOTO BiTHOBJIEHHS, KOJU HEOOXITHO HE JIUIIE CTAaOLII3yBaTH CHUTYaIlil0, a
i KOPEKTHO 3aBEpLIMTH LUKJI B3a€MOAIl JIIOJMHA-MAalllMHA BCl YOTUpPE JlarpaMu
iHTerpytoThcsi B DPRA sk okpemi ruiku ciieHapHoro aepena, e DPO - kitodoBuii
iHTepdeiic pusuKy.

VY Mexax JOCHiDKeHHSI BC1 YOTHUPHU TPEHAXEPHi clieHapii OyJIu MpoTecTOBaHi
12-ma oneparopamu 3 pizHUM piBHeM cepTuddikatii (Biag 6azoBoro g0 DP Unlimited).
VYeci ceancu Oynu 3amucani 3 BUKOPUCTaHHAM log-QaiiniB, 1m0 J03BONIHIO 3A1IMCHUTH
MOBHOIIIHHMN aHaJli3 MOBEIIHKK B JAWHaMIIl. 3arajioM 3adikcoBaHo 143 yHIKaJbHI
peaxirii, siki Oynu kinacudikoBaHi 3a €EeKTUBHICTIO, TOYHICTIO Ta B3aeMoiero 3 DSS-

CHUCTCMOIO.

Tabmuus 3.4 - 3Benenuit anamnis peakiiit DPO no crienapisix

IToxa3nuk Exercise 1 | Exercise 2 | Exercise3 | Exercise 4
Cepenniii yac peakiii, ¢ 16.4 11.3 14.7 12.9
Yacrka nmpaBUIBHUX Oii, % 72% 83% 67% 91%
KinbKiCTh KpUTHYHUX TIOMUTIOK 3 2 4 0
Yacrka Bukopuctanas DSS-migka3ok 35% 61% 28% 74%

IToBemiHKOBI 3aKOHOMIPHOCTI IMOJISATalOTh B TOMY, IO Ha puc. 3.12 momaHo
YaCTOTHUI PO3IMOJLT peakIliii orepaTtopiB mpu ymoBax MakcuMmanbHOTro thrust (100%).
Haii6inpi TUIOBOIO MOMMWJIKOIO BHSBIICHO 3aiiBy akTHBaIlil0 KHONKKM Emergency

Stop, sxa Tpamnsiiace y 17% BunaakiB HaBiTh 0€3 MiATBEPIKEHUX BIIMOB abo
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KPUTUYHUX cUTHATIB. Lle cBIAYMUTH MpO TEHACHIIO IO HAAMIPHOTO BTPYYaHHS NpPH

BiJICYTHOCTI YiTKOi CUTYAIlIIHOT OIIHKH.

Brim, Ha puc. 3.13 npoaeMOHCTpOBaHO BIJCOTOK MOMMWJIOK IPU OJHOYACHOMY
KOH(ITIKTI ceHcopHUX AaHuX (301 PRS y moemnanni 3 thrust = 100%). HaiiBummmii
NOKa3HUK mnoMwiok B 33%, cmoocrepiraBcs camMe y IbOMY TO€IHAHHI, IO
HiATBEPKY€E MiJABUILEHY KOTHITUBHY CKIIATHICTH 0OpOOKU KOMOIHOBAaHUX aHOMAIIH.
VY Takux BHUMaJKax 0COOJMBO BaXKIMBOIO € HasABHICTH DSS-11i1Kka30K, agarTOBaHUX JI0
MyJIbTU(GAKTOPHOTO aHamizy [215].

PesynpTaTéi TpeHa)KEpHOTO MOJETIOBAHHS MIATBEPIMIN KIIOUOBY TiNOTE3Y,
3akiageHy B ocHoBy mimxony DPRA: mroncekuit daktop, 30Kkpema mMmoBeaiHKa
ornepatopa DPO, € mnpoBigHUM KEpeIoM BaplaTUBHOCTI PU3HKY HaBITh 3a
IICHTUYHUX TEXHIYHUX YMOB cuctemH. [lomnpu oHaKOBI ciieHapii BiIMOB, caMe CTUJTb
pearyBaHHS, Yac yXBaJCHHS PIIICHHS Ta MOCJIIOBHICTH I ONEpaTopiB BU3HAYAIOTH
OCTaTOYHUHN pu3uMKOBUHN Tpodinb cutyarli. HalOiapn XapakTepHi MOMUIKA Oyiu
NOB’si3aHl 3 €MOLIMHUM a00 aBTOMATH30BAaHMM pearyBaHHSIM 0€3 MPOBEICHHS
MEPBUHHOI JIIaTHOCTUKHU, 110 OCOOJMBO SICKpaBO MposiBuiioch y 17% Bumaakis, e
dbikcyBanoch HEOOIPyHTOBaHE BUMKHEHHS pyIirist a0o akTuBarlisi Emergency Stop 6e3
niaTBEepKeHHS (haKTUIHOI BiAMOBH [216].

Cuenapii 3 KOMOIHOBaHMMH aHOMAJIISIMH, 30KpeMa MoeTHaHHA BigMoBu PRS i3
makcumanbHuM thrust (100%), mpomeMOHCTpyBail HAMBUILY YacTOTY KPUTHYHHX
noMuwiok 10 33%, 1o BKadye Ha KOTHITMBHE TmepeBaHTaxkeHHs DPO npu
HEOOXITHOCTI OJHOYACHOTO aHalli3y JEKUIbKOX KaHaliB iH@opMaiii. [Ipu 1mpomy
Moaysb DSS BUSBHB 31aTHICTh 3MEHIITYBATH YaCTOTY PU3MKOBHUX PEaKIIiii, 0COOIMBO
Ha eTamax BIJHOBJIGHHS MICliA TEPBHUHHOIO BTPYYaHHS, JI€ CIIOCTEpIranocs
MIJBUIICHHS YacTKH TPAaBWIBHUX i 3a HAABHOCTI CHCTEMHHX IMiJKa30K. Yci
3adikcoBaHl peakiiii Oynm ycmmHO (opmaii3oBaHi sk 0a30Bl moaii y CTPYKTypi

DPRA, mo nmae 3Mory iHTErpyBaTH Il JaHl y MOJENl aBTOMAaTH30BaHOI TeHeparlii
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ClieHapiiB Ta mojanbiie TpeHyBaHHs DSS 13 ypaxyBaHHSIM MOBEIIHKOBOI JMHAMIKU

oreparopa.

3.3 IIpobGiemu Ta oOMex)EeHHS BIPOBAHKCHHS OHJIAMH-OI[IHKY pU3uKiB y DP-

CUCTEMAX

OnnaliH-0OIIHKa PU3HKIB Y CUCTEMAaX JUHAMIYHOTO no3uiiionyBanHs (DP) e He
MIPOCTO aHATITUYHA MPOIEeAypa, a PyHIaMEHTAIbHUIA 3CYB y MiAXoJax N0 Oe3neKku
eKCcILTyaTallii cyHa. BoHa /103BoJisie mepeTH BiJl CTaTHYHUX MeToiB aHamizy (PRA,
FMEA) 1o iHTepakTHBHHX, CaMOHAJIAIITOBYBAHUX MEXaHI3MiB, SIKIi MPOTHO3YIOTh
PO3BUTOK CHUTYyallli B pealbHOMY 4aci, mATpuMytoTs DPO y mpuiiHATTI pillieHs, i,
HAWTOJIOBHIIIE, JO3BOJIAIOTh BUSBUTH Ta MOMEPEAUTH PUBUKH JO TOTO, SK BOHHU
€CKaJIIOI0Th B aBapiro.

[IpoTte BmpoBamkeHHsT Takux mojenel, 3okpema y ¢opmari DPRA (Dynamic
Probabilistic Risk Assessment), CynmpoBOIKY€TbCS CEpi€l0 CYTTEBUX TEXHIUYHUX,
MOBEIHKOBUX 1 aITOPUTMIYHUX Oap’epiB. OcOOIMBO KPUTUYHUMM €:

- HeCTaOUILHICTh BXIAHHUX ITOTOKIB JaHUX;

- 3aTPUMKH TIpU 00poOI1Ii CLIEHAPIIB Y PEKUMI PEaIbHOTO Yacy;

- 0oOMeXXeHHS! KOTHITUBHOTO HaBaHTaxkeHHs onieparopa (DPO);

- iHTepdeiicHa “Henposopicts”’ DSS-piieHs.

VY upomy maparpagi cUCTEMaTH30BAHO OCHOBHI BUKIIUKH, $IKl YCKIIATHIOIOTH
abo OJIOKYIOTh BHOpPOBa/KEHHsA oHJaiH-Bepcii DPRA y cucremax cymana. Anamis
0a3yeTbcs Ha pesyibTarax MojentoBaHHS, DSS-po3poOku, a TakoXK TpeHaKEpPHUX
CIIEHapisAX 3 monepeaHix po3aums [217].

OnuuM 13 pyHIaMEHTaIbHUX TEXHOJOTIYHUX BUKIMKIB i1 peanizamii DPRA y
peanbHOMY Yaci € 3a0e3nedYeHHs] CTaOlIbHOT0, CHHXPOHI30BAHOTO Ta 0€3MepepBHOTO

300py OaraTokaHAJIBHUX BXITHUX JAHWUX, HEOOXITHUX JIJIi TOTOYHOI OI[IHKU PU3HKY.
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YMoBH ekciimyarariii Mopcbkux DP-cuctem nependayaroTh HaAXOMHKEHHS KPUTUYHUX

napaMmeTpiB 13 MUPOKOTO CIEKTPa JHKEPEIl, Cepe]] sIKUX:

- ceHcopHi nigcuctemu no3uiionysanss (PRS, DGPS, USBL);

- cucTeMU yrpaBiiHHs pyurisimu (thruster control units);

- TIOT'OJTHI CEPBICH Ta MOPCHKI MPOTHO3H;

- CUCTEMU KOHTPOJIIO HATATY TPOCA;

- OJIOKM PE3epPBHOIO KUBJICHHS,

- aBapiitH1 curHaiibHi JiHii (alarm log events) Toio.

VY TeopeTHYHOMY KOHTEKCTI CHUCTEMHU MiATPUMKH npuiHATTS pimens (CIIIIP),
mo (QYHKIIOHYIOTh Yy PEKHMI peajbHOro dacy, IiependadaroTb (popMyBaHHS
JUHAMIYHOTO CHUTYyaIliiHOTO TPO(QiII0, 37aTHOTO OHOBIIIOBATUCSA 3 YacTOTOKO Bif
OJIHIET 10 JecsATU ceKyHH. Takuil piBeHb ONEepaTUBHOCTI HEOOXIAHUM HE JIMIIEe IS
aKTyai3aili MoJeneil pusuKy, aine i ms 3adesneuenns 3aatHocti CIITP cBoewacHo
pearyBaTH Ha 3MiHY 30BHIIIHIX 1 BHYTPIIIHIX YMOB, T€HEPYBaTH MOMEPEIKEHHS a00
a/IafTyBaTH BJIACHY JIOTIKY moBeiHku [218].

OpHak y pealbHUX YMOBax peallizailisi TaKoro PEKHMY CTUKAETHCS 3 HU3KOIO
CYTTEBUX TEXHIYHUX 0OMekeHb. OCHOBHHMH 3 HUX € BiJICYTHICTh €JUHOTO CTaHIAPTY
nepeaadi JaHuX MK PISHUMH CHUCTEMHHMH KOMIIOHEHTaMHM, 3aTPUMKU Y MEPEKEBIM
1HGpaCTPyKTypl, HECTaOUIbHICTh KaHAMIB KOMYHIKallli, a TaKoX BIJCYTHICTh
rJ100aMpHOT CUHXPOHI3AIT 32 4acoM MIX JPKepellaMU JTaHuX. Y pe3yibTari cucTeMa
MO€E OTPUMYBATU Ha BUTJISA] BaliJHl, ajie (aKTUUYHO HECBOEYACHI ab0 CcymnepedsiuBi
JaHl, SKI HE BIAMOBIJAIOTH pEaJbHOMY CTaHy CyJHAa Yd TOTOYHIA CHUTyalii B
MOPCBHKOMY CEPEJIOBUIIIL, 1110 ICTOTHO YCKJIA/IHIOE TOYHY OI[IHKY PH3UKIB Ta KOPEKTHY

peakitito, (Tabum. 3.5).
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Tabmuus 3.5 - OcHoBHI Kepena nanux 1t DPRA ta ix oOMexxeHHs B

OHJIAaH-pEXKUMI1

H:xepesio Yacrora MoTenuiiina OcHoBHa npobJema
OHOBJICHHS 3aTPpUMKaA
PRS (DGPS . )
’ 1-10T 03-1c IIpomycku CUrHaIIB, IIyM, 3aTIHEHHS
USBL) 1 porty , LIyM,
CucreMu TIru IlepeBanTakeHHs, BIACYTHICTD
510 Tn ~0.2 ¢ P 1, BUICY
(Thrust) peayHIaHTHOCTI
Cucrema T -5 ¢ AcHUMeTpUYHE HaBaHTAKCHHS,
SKUBIIEHHS 1 CHUT'HAJIA HE BCTUTAIOTh
MoHiTopuHT . Lo
<1Tng mol5c [HTepMUTEHTHICTD, pyYHUI BB1]
Tpoca
Alarms / DP Log [Tomist 3JICKUTh Hewmae yHidikoBaHOT CTPYKTypH

PesynpraTn anamizy Tabmumi 3.5 cBiguaTh Mpo BIACYTHICTH cepell JOCTYITHHX
KaHaTiB 300py iH(opMarii TakuxX, IO BIANOBiAaTW O KpUTEPIIM TOBHOI
0e3repepBHOCTI, BUCOKOI TOYHOCTI Ta HAJIIMHOI YaCOBOiI Y3TrOJKEHOCTI BUMOT, SIKi €
NPUHIIMIIOBO BaXJIMBUMHU JJIs1 KOpEKTHOTO (hyHKIIOHYBaHHS DPRA-Mozeni B pexumi
peanbHOro yacy. OcoOnuBy Bpa3iuBICTh y I[bOMY aCIEKTl JEMOHCTPYIOTH CHUTHAJIH
Bin cucrteMm mnosuilionyBanHa (PRS), mo xapakrtepusyroThCs HECTAOLIBHICTIO Y
CUTyallsIX 3MIHM Opi€HTalli aHTEHM a00 MpPH HASBHOCTI MPOCTOPOBHUX MEPEHIKOI.
Taki yMOBH, SIK MpPaBUIIO, BUHUKAIOTH MMOOJM3Yy MOOUIBHUX OYpOBUX IIaTdopm
(MODU), a Takox y mpuOepeXKHUX perioHax i3 ¢parMeHTOBAHOO JIiHIEI0 TOPU30HTY,
J€ CUTHAJI TMIANAEThCS YACTKOBOMY €KpaHyBaHHIO a0o 0araToluIsiXxOBOMY
NOIIMPEHHIO. Y MOJIOHMX BHUIAJKaX ICHY€ CYTTE€BHHA PU3MK BTPATU JOCTOBIPHHUX
KOOpJMHAT HaBiTh 32 YMOBHU CTaOUIbHOTO (DYHKIIIOHYBaHHS IHIIMX IiJICUCTEM, IIO
NpU3BOIUTE J0 (GopMyBaHHS XHUOHOT OIIIHKM TIIOJOKEHHsS CyAHa 1, BIIMOBITHO,
HEKOPEKTHOI TUHAMIKHU JiepeBa clieHapiiB pusuky [219, 220].

JI>xepenoM HecTaOUIbHOCTI CUCTEMU € TaKOXK MapaMeTpu HATATY Kabelto, Kl B

0aratboX BUIAJIKaX HE OTPUMYIOTHCS B PEKUMI PEaTbHOT0 Yacy, a BBOASATHCS BPYUHY
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abo dYepe3 MpOMDKHI Jpkepena (mpokci-momynmi). Taka MpakTHKa yHEMOKIUBIIOE

OLIIHKY OIEepaIlifHOro pU3MKy Ha OCHOB1 ()aKTMYHOTO HABAHTAKECHHSI Ta IMOPYIIYyE
3arajJpHUN Temn akTyatizaiii cutyanii. Kpim Toro, HaBiTh 32 HasIBHOCTI TEXHIYHO
CIPaBHUX KaHAJIB, MPoOIeMa 4acOBOTO JIary 3ajIMINA€ThCS KPUTUIHOIO: KO X04a O
OJIHE KJIIOYOBE JKEpeso Mae 3aTpuMKy Ouibine 3-5 cexyHn, anroputmMu DSS He
BCTUTAIOTh OOPOOUTH 3MiHHM, 110, B CBOIO YEPry, MPU3BOAUTH A0 MPUUHATTS PillICHb,
3aCHOBAHUX Ha 3aCTapUIMX a00 HEMOBHUX JAHUX.

Bce ue miakpecnioe HEOOXIAHICTh TEXHOJIOTTYHOIO MEPEOCMUCIICHHS TOTO, SIK
BxigHi curHanu iHterpyrothest B CIIIIP. 3okpema, He0OXiTHO PO3CTABUTH MPIOPUTETH
JoKepes 3aJIeKHO BiJ IXHBOT HAMIMHOCTI Ta KPUTUYHOCTI, 3alpPOBAJIUTH JIOKAJIbHY
Oydepuzaliito as 3riaKyBaHHS aCUHXPOHHHX IMOTOKIB JaHHUX, a TAaKOX MPUCBOITH
KOKHOMY JDKEpelny IUHAMIYHHM KOoe(ilieHT WMOBIPHOCTI, SIK 1€ mHepeadadyeHo B
OaiteciBchkux amanTaiisx moaenein CIIIIP [221].

Hesusnauenicmoe y DPRA: cmoxacmuuna [ 2HOCEON02IYHA  CKIAOOSI.
HeBusHaueHicTh e (pyHIaMEHTaNbHA XapaKTEPUCTHKA KOXHOI OIIHKH PHU3HKY, a
ocobnmuBo auHamiyHoi. Y DPRA-mpocTopi BoHa HpPOSBISIETHCS y JIBOX OCHOBHHX
dbopmax:

- cTOXacTH4YHa (ajeatopHa) HEBU3HAUCHICTh TOOTO BUITAJKOBI (UIyKTyallii B
30BHIIIHBOMY CEpEeJOBHINI a00 CEHCOPHUX JAaHMX, SKI HE MOXXHA YCYHYTH, JIMILE
MOJIETIIOBATH;

- THOCeOoJIOriyHa (emicTeMiuHa) HEBU3HAUCHICTh, III0 BUHUKAE Yepe3 Opak abo
HETOYHICTH 1H(GOPMAIIi PO caMmy cucTeMy, 1l KOH(DIrypallito yu CTaH.

OmiHka ¥ MiHIMI3alis IUX JBOX THITIB HEBU3HAYEHOCTI CBOEPITHUN KIIFOY J0

dbopmyBanns HaaiitHoi DPRA-mozeni, o npaitoe B peanbHOMy 4aci (Tadi. 3.6).
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Tabmuns 3.6 - ®Dopmu HeBu3HaueHocTi y DPRA Ta iX HacaiaKu ajst NpUHHATTS

pilIeHb
Tun sxepesio Mpuxaan Bnuius na DPRA
HEBH3HAYEHOCTI
o . Hlupiie po3noinenHs
AuneatopHa 30ypeHHs XBWIIL, BiTep, | BimxuieHHs mo3uiii PIIE pO3TOA
: PU3UKY, MiABUIICHHS
(BunaakoBa) Teyls Ha 0.7-1.2 ™M .
(oHOBOTO piBHS
Cencopna PRS, tpoc, thrust- Crpubxu thrust Ha danpmuBi TPUBOTH,
BaplaTUBHICTh JATYUKHU 10-15% 3HIKEHHs yyTauBocti DSS
Hesinoma Hesipni oOpaxyHku
. . . . Turm 3uerieHHs He P paxy .
Enicremiuna KOH(irypalis pyuriis, MOMEHTY, HEKOPEKTHI
OHOBJIEHO BPYUYHY
Tpoca cueHapii
KortiTHpHa [Toseninka DPO, IrHopyBanns alarm 3arpuMKa y BTpy4aHHi,
NOMMJIKY 1HTepIpeTarii Ha ceHcop PRS DSS-inTepdeiic HenieBuit

VY KOHTEKCT1 CUCTEM AMHaMI4HOro mno3uiionyBaHHs (DP) HeBu3HaueHicTh HE €
JIMIIIE CYyMyTHBOI CTAaTUCTHMYHOIO MOXMOKOIO, BOHA BHCTYIAE SIK AaKTUBHE J[KEPEJIO
PU3HKY, 3/1aTHE YMHHUTH CyTTEBUW BIUIMB Ha PIIICHHS, HABITh Y TEXHIUYHO CIPaBHIi
cuctemi. Ilpeacrasnena knacudikaiis y Ttadnaumi 3.6 JDEMOHCTpye, L0 MPUPOJA
HeBu3HaueHocTi B DPRA-Mozeni 6araTomapoBa i BKIIOYAE K (pi3UYHI, TaK 1 JHOACHKI
acnekTH. AJjeaTopHa CKJIaJ0Ba, MOB’si3aHA 3 MPUPOJHUMH 30YPEHHSAMH, TAKUMU SIK
BiTep, XBWJIIOBaHHSA a00 TedYii, 3yMOBIIIOE PO3IIMPECHHS IMOBIPHICHOTO TMPOdIIIO
PU3HMKY HaBITh 3a BIJACYTHOCTI BHYTpimIHIX BigMoOB. Lle cTBOproe (oHOBHIl PHU3UK,
KU 3HIDKYE TMOPIT CIPAlbOBYBAaHHS CHUCTEMHU Ta YCKIAIHIOE 1AeHTUDIKAIIIO
ICTUHHUX 3arpo3 [222].

CeHcopHa BapiaTUBHICTD, III0 BUHUKA€E BHACIIIOK HECTaOIILHOCTI CUTHAIIB Bif
PRS, thrust-natynkiB abo TpOCOBUX CHCTEM, NPU3BOAUTH A0 MOSIBU (aibIIMBUX abo
cynepewinBUx curHaiiB. Knacuunuii mpukianzoM moxke OyTu cTpubok «thrust» Ha
10-15% mpoTAroM KuUIbKOX CEKYHJ, SKUIl MOYE MaTH IJIKOM Pi3HI HACTIAKYU 3aJI€KHO
Bim pkepena. Skmo 1e € ¢oHOBUH ImyM, TO orepatop abo DSS MoxyTh
MIPOIrHOPYBATH HOTO, 110 B HOPMI € JOIMYCTHUMUM aJIe€ SKIIO K 1IeThCS MPO peasibHE

(d131uHEe HaBaHTa)KEHHs, cUCTEMa Ma€ c(hopMyBaTH NONEPEIKEHHS a00 BTPYTUTHUCH.
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llogedinkosi ma opeanizayitini 6ap'epu y enposadxcenni DPRA 6 peanvrHomy

yaci. ONHIEIO 3 HAWCYTTEBIMMX Tepemkoa s BrpoBamxkeHHs DPRA B pexumi
peabHOTO Yacy € JIOJCBKUI (akTop, IO MPOSIBISETHCS HE JUIIE Y BUIVISAIL
IHIUBIIyaIbHUX IIOMHJIOK, @ W SK CHCTEMHA ITOBEIIHKOBAa CKJIQJIOBa, SIKa CYTTEBO
BIUIMBA€ HA HAJIIWHICTh OINEPaIIiHOI B3a€MOJIT MIXK JIFOJUHOIO Ta aBTOMAaTHU30BAHOIO
norikoto. [Tonmpu texHiuny nockonanicte DPRA-moneneit, octaTouHe pimieHHs 4acTo
sanmumiaetbess 32 DPO, omeparopom, sSKWi Tpaioe B yMOBaX OOMEXKEHOIO 4Yacy,
BHCOKOI KOTHITUBHOI HANpyTrW Ta HEBU3HAYCHOCTI. TpeHaXepHe MOJICITIOBAHHS,
pPE3yJIbTaTH SKOT'O PO3TIINAIUCS y TOIMEPEaHIX po3/iiaaxX, MiATBEPHKYE, IO HABITH
npu HasBHOcTI DSS-minkazox peakiii DPO nemMoHCTpyrOTh 3HAaYHY BapiaTHUBHICTS,
MOB’s3aHYy HE CTUIBKM 3 TEXHIYHMM PIBHEM, CKUIBKHM 3 TIOBEIIHKOBUMHU Ta
opraHizariiHUMU YUHHUKAMHU.

Tunosorizaiis nux 0OMeXXeHb T03BOJIIE BUSIBUTH YOTHPH OCHOBHI KaTeropii a
caMe KOTHITUBHY, IHTEpHpEeTalliiiHy, opraHizamiiny Tta iHtepdeiicHy. Koxxna 3 HuX
M0-CBOEMY MOJU(IKY€ JIOTIKY MPUUHATTS pIlIeHb 1, y pa3l HEmpaBUIBHOTO
KEpyBaHHsI, MOX€ 3BECTH HaHiBellb nepeBaru DSS-anroputrmiB. Huxye HaBeneHO
3BEJICHy TaOJIMII0O TUMOBUX Oap’epiB, IXHIX MPOSIBIB Ta MOXKIWBHUX HACTIAKIB IS

po6otu cuctemu DPRA (ta6i. 3.7).

Ta6muis 3.7 - [ToBeninkoBi 6ap’epu BripoBamkeHHss DSS/DPRA B peanbHOMY

qaci
Kareropis Mposis Mpuxnan curyamii MoTeHuilinuii Hacainok
Korsitnsaa nepeBaHTa})KeHHﬂ OpnnouacHi curaanu: PRS IrHOpyBaHHS KIIFOYOBOTO
iH(opmartiero fault + thrust 1 TPUBOKHOTO CUTHAITY
Henpasunshne “Pusuk” — cnpuiiMaeTbess | 3HMKEHHS JIOBIpH 10
InTepnpera- « » N
nifiea TPaKTyBaHHs SIK “TIOMUIIKA DPRA abo ioro
CUCTEMHU BiJIKITIOYCHHS
BincyTHicTh Hewmae nipaBuin miii y DPO mnpuiimae iHTYiTHBHE
Opranizaniitna | TPOTOKOJTY Bumanky “ASOG breach” pileHHS
B3aeMOIIT
. Hesposywmini DSS- | [ToBimomnenHs 6e3 DPO =e pearye, 60 HE
Inrepeiicna BUBOJHU nosicuenns (“risk 17) pO3yMi€ ceHcy
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VYci HaBenmeHi Karteropii MarOTh HE JIMINE ONepaliiHui, a ¥ TIMOMHHUI

KOHIIENTyanbHuil BIUMB. Haltbinbin HeGe3neuHoo € iHTepIpeTailiifHa po30iKHICTh Y
CIOPUMHATTI MOHATTA “pu3uK’. HacThHaA onepaTopiB PO3IIiAIae MOro sIK O3HAKY BXKE
HasBHOI HECIPABHOCTI, a HE SK IONEPEHKCHHS MPO 3pOCTar04y IMOBIPHICTH IOIi.
VYHacnigok nporo cuctema DSS, ska moBigomiise mMpo pU3MK SK MPO WMOBIPHICHE
BIJIXWJICHHS, 4acTO a00 IrHOpYeThCs, a00 HAaBMaKH, CIPUUMAETHCS SIK CUTHAJ JI0
HEraHOro BTpy4YaHHsi 0e3 JOJaTKOBOTO aHamidy. Takuih KOTHITUBHUH 3CyB
MPU3BOJIUTH /10 MOBEAIHKOBOT acuMeTpii: aii DPO He BiANoOBiIalOTh rpajallii pusmky,
a GOpMYIOTECS HAa OCHOBI €MOI1iiiHOT 200 1HTYITUBHOI OiHKY [223].

SckpaBum npukianom € curyaiis 3 «thrusty = 100% na ogHOMYy 3 pymIiiB. ¥
TPEHAXKEPHUX ClIeHapisx (IKCyBaloCch JBI OCHOBHI peakilii. YacTuHa omepaTopiB
3anmumianacs |y cTaOUIbHOMY pexuMmi, mepeBipsuia cutyauiro yepes ASOG 1
MIPOJIOBXKYBaja MOHITOpUHT. [HIIa yacTrHA oapasy iHimitoBaiza Emergency Stop. Ilpu
upoMy DSS BupaBano uitkuii BUCHOBOK: «thrusty Bume 95% mnporsrom monan 3
XBWIMH, CJiJI BBaXaTH MIJABUINCHUM PHU3UKOM, PEKOMEHIOBAHO MPOJOBXKUTU
yTpUMaHHS MO3ULi 3 MOCTIMHUM KOHTpojeM. [Ipore nuiie 35% ydyacHUKIB BUOpaiu
III0 ONTHMAJIbHY CTPATETiI0, TOML SK 1HIII JisTH IMITYyJIbCUBHO a00 HAJITO 00EpPEXkKHO.

Takuil pe3ynabTaT MIATBEPIKYE, 10 Oe3 mosicHoBalibHOro DSS-xommnoneHTa
HaBITh TOYHA MOJENb PU3UKY HE TapaHTye€ KOPEKTHOI peakiii 3 OOKy omeparopa.
[ToTpiGHO He nMIlle BKa3yBaTH PEKOMEHOBAHY [I110, a ¥ YITKO MOSICHIOBATU MPUYHHY
i€l peKoMeHallli, i KOHTEKCT Ta OYiKyBaHHMM pe3ynbTaTr. KpiM TOro, IOIIIBHO
BIIPOBAKYBaTH CHCTEMY CIIEHApHHUX ‘“‘pedIeKciB”, sIKI HABYAIOTh OMNEpaTopa: SIKIIO
curyanis A — 10 pusuk B — 10 nis C — 3 4ITKUM NOSCHEHHAM 4YoMmy. | 3pemroro,
KIIFOUYOBOIO OCBITHBOIO METOIO JUIsl WIEHIB eKimaxy, siki mpaiootb 3 DPRA, mae
cTatu (OopMyBaHHsS IMOBIPHICHOTO MHCIIEHHS - YMIHHS OauUTH PU3UK HE SIK CUTHAI
“Bce 37aMaHO”, a SIK 3MIHHY OIIIHKY IMOBIPHOCTI, fIka BHMAara€ OOIPYHTOBAHOTO

piteHHs [224].
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Obuucnioganvua ckaaouvicme ma uac peaxyii DPRA y peanvnomy wuaci.

JlunamivuHa OIliHKAa PU3HMKIB y cHUCTeMax auHamiyHoro mno3uiiionyBanHs (DPRA)
MPUHIUMIIOBO BIJIPI3HIEThCA BiA Tpamuuidanux PRA-Mozeneit came TuM, 110
byHKIIIOHYe y pexumi pearbHOro dYacy. lle o3Hagae, 1m0 BOHAa Mae cCIpaBy 3
Oe3nepepBHUM MOTOKOM 3MIHHUX - TO3MIIS CyJHA, HaBaHTa)XCHHS HA PYIIIi, BITEP,
XBWIS, 3MIIICHHS IIEHTPY Mac Ta 1HINI 30BHIIIHI (akTopu. Yci Il mapameTpu
3MIHIOIOTBCS 3 BHCOKOIO YAaCTOTOIO, 1 CHUCTeMa TOBHHHA HE JIWINE BCTUTATH iX
OHOBIIIOBATH, & i TeHEPYBAaTH, OLIIHIOBATH Ta PAHXKyBaTH CLIEHAPIi pU3UKY OYKBaJIbHO
mocekyHau. Taki pekoMeHalii MaroTh HaaxoauTtu 1o omneparopa (DPO) no Toro, sik
BIJIXWJICHHSI BUHIYTh 32 MEXI KOHTPOJIbOBAHUX CIICHApiiB, 1HAKIIE IHIMICHT MOXE
HAaOyTH HE3BOPOTHOro po3BUTKy. Came I BHMOra HEraHOro pearyBaHHS U
00yMoBIIIO€ TOJIOBHY MpoOsiemy DPRA, a came oO0uncitoBaibHy CKIaAHICTb.

Ha koxHOMYy Kpolll yHacy cCHCTEMa CTUKA€TbCA 3 BUOYXOBHM 3POCTaHHSIM
KUIBKOCTI MOXJIMBUX clieHapiiB. Ha BimMiHy Bia KiacH4yHOi OIHAPHOI JIOTIKM “‘TOJIS
BimOymack / He BimOymace’, DPRA-enemMeHTH MawTh Trpagarii HMOBIPHOCTI,
Koe(ILIEHTH Baru, JIOT1YHI 3B’SI3KM MDK COOOI0, 1 HaBITh 3aJIeKaTh BIJ TOTO, SIK Ha
HUX Bigpearye moanHa. Koiau 10 TEXHIYHHMX 3MIHHUX JOJAIOThCS KOTHITHBHI
BianmoBimi DPO, a TakoX BpaxoBY€ThCA THOCEOJIOTIYHA HEBU3HAYEHICTH (TOOTO
HEMOBHOTA 3HaHb PO CTaH a00 CTPYKTYPY CHUCTEMHU), MOJAEIb MIBUIKO MEPEXOAUTD Y
30HY HaJBUCOKOI KOMOIHAIIIHOT CKJIaHOCTI.

s umoctpanii 1poro egekTy Mo)KHa HaBeCTH OOpaxyHOK CILIEHApiiB MpHU
MOCTYTIOBOMY 3pOCTaHH1 KIJIbKOCTI 3MIHHHUX. Y 0a30Biil JIOTIIl KOKHA OIS TOIBOIOE
KUTBKICTh MOKJIMBUX T1JIOK JepeBa ClieHapiiB, ToMy 3 moaii 1arTh 8 KoMOiHallil, a
Bke npu 10 iX mnoHax Ttucada. Y TPAKTUUYHUX YMOBAaX, HANPUKIAA, SKIIO
BpPaxoBYIOTbCA 4 TeXHIUHI mojii (pymIiid, CEHCOp, >KUBIEHHS, TPOC), 2 30BHIIIHI
(xBwiis, Bitep) 1 3 Bapiantu peakuii DPO (pearye, He pearye, MOMUISETHCS), MU
OTPUMYEMO IIOHaWMeHIe 512 MOTEeHUIMHUX CIEHApiiB 1 1e JuiIe 0a30BUI PIBEHbD,

0e3 ypaxyBaHHS YaCOBUX 3CYBIB, MapajiebHUX Mol un cascading-failure edexris. Y
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TaOMHIl HUKYE HABEJIECHO THIOBI 3HAYEHHsS OOCATY CIIEHApIiB Ta BIAMOBIIHHI dYac

oOpaxyHKy Oe3 ontumi3arii (Tadsm. 3.8).

Ta6muis 3.8 3pocranns kiibKkocTi crieHapiiB DPRA 3amexHo BiJ KITBKOCTI

napaMmeTpiB
Kinbkicte moaiii (n) | MoxkiuBux cuenapiie | Tunosmii yac o6paxyHky (0e3 onTumizamii)
3 8 <lc
5 32 ~2-3c¢
7 128 ~5-8¢
10 1024 ~10-20 ¢
12 4096 > 30 ¢ (kputnuno aysa DP)

BoueBunp, mo Bxe npu aecsatd 3miHHUX DPRA 0e3 nomaTkoBHX MeXaHI3MiB
ONnTHMI3allii He 3JaTHa BIJIMOBIAATH HA TOJIi B JOIMYCTUMOMY YacOBOMY BiKHI,
0COOJIMBO y KPUTHUYHUX MOPCHKHX ONEpalliiX, e peakilis Mae OyTH MUTTEBOIO. ToMy
B cuctemax peanpHoro uacy DPRA 3acrocoBye cnemiainbHi €BpUCTHYHI abo
aJlaliTUBHI METOAM JJI 3MEHILEHHS OOYMCIIIOBAIBHOIO HaBaHTakeHHs. Cepel HUX:
Bukopuctanas anroputmy PSO (Particle Swarm Optimization) ajis npiopUTETHOTO
NOIIYKY HalIMOBIPHIIIMX TUIOK cueHapito, «Bayesian pruning» ajii aBTOMaTUYHOIO
BIJICIKAHHS CIEHapiiB 3 HU3bKkow 1MoBIpHICTIO (< 0.01), a Takox OHIaiH-
Oydepuszanisa “rapsunx” CcTaHiB, TOOTO TMONEpenHIA OOpaxyHOK ClLEHapiiB i3
B1JIOMUMH KPUTHYHUMH KOMOITHAITISIMH.

[Ipuknan epexkTHBHOCTI TakOi OMTUMI3AIlli CIIOCTEPITaBCA y TPEHAKEPHOMY
cuenapii Exercise 3, ne moennano BimMmoBy PRS Tta «thrust = 100%». V mpomy
BUIAJKy CHUCTeMa 3reHepyBaja 137 MOXIMBUX CHEHapHUX TUIOK. be3 »xomaHux
¢binpTpiB 00YHMCICHHS TpuBajio 17.2 CeKyHIu, 10 € HEMPUIYCTUMUM Yy KOHTEKCTI
OTEepPaTUBHOTO pearyBaHHSI.

[Ticns 3acTocyBaHHS €BPUCTUYHOTO (UIBTPY, 110 BUKIIIOUAB CLIEHAPHI TUIKH 3
iMOBIpHICTIO HIKkYoro 3a 0.01, Basocss CKOpPOTUTH 3arajlbHUi 4ac pearyBaHHS

cuctemMu 110 3.4 cexyuau. Lle Bxe BiAMOBiIae MPAaKTHUHUM BUMOTaM IO IIBHUIKOCTI
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pillieHb y KOHTEKCTI AUHAMIYHOTO yIpaBiiHHSA cyaHoMm. OpHak Takud pe3yibTaT

HiJKpecitoe BBy o0cTtaBuny: epexktuBHicTh DPRA y peanbHOMY uaci 3a1exuth
HE TUIbKHU B1Jl TOYHOCTI caMOi MOJIEN1 pU3HKY, a i B1J TOr0, HACKUIBKH a/IalITUBHOIO €
il oOumcIIFOBaIbHA peai3allis. Y CImiimHa poOoTa I1i€i CHCTeMH nependayae He MOBHE
OXOIUICHHS BCIX BapiaHTIB, a pallioHaJbHEe OOMEXKEHHS TMOIIyKYy, BHUSIBICHHS
HAWBaXUIMBIIIOTO 3a Yac, KOPOTIIMM, HDK caMe BIAXWICHHS PO3BHHE KPUTUYHI
Haciaku [225, 226].

OcranHiM, ajie HEe MEHII BaxauBuUM Oap’epoM aisi DPRA B pexxumi peanbHOro
Jacy € B3a€MOJIis 3 aJanTUBHUMH KoMIToHeHTaMu DSS Ta sKicTh camoro inTepdericy.
CyuacHi cuctemu DP nenani yactiiie BUKOPHCTOBYIOTh CAaMOHABYAJIbHI ITIIXOAH TaKi
sk LSTM, «reinforcement learning», riOpuani eBpuctuku. DSS Ha ixHili OCHOBI
3MIHIOE 11a0JOHU MOBeAIHKH, Kopurye mopord ASOG 1 HaBiTh nepelylnoBye Baru
WMOBIpPHOCTEHN y 3aJI€KHOCTI BiJl HAKOMUYEHOTO JTOCBIMYy. AJjie mpobieMa MoJsirae B
tomy, mo DPRA sk mMomenr mae OyTu JOTIYHO CTallIbHOIO, BOHA HE MOXKE
CaMOCTIHHO «BimuyTH», mo DSS, Hanpukman, Oinblne HE BBaxKae «thrust >95%py
KPUTHYHUM, SKIIO MO3UIIMHE BIAXUICHHS <2°.

VY takux Bumagkax DPRA mpojoBkye cUrHami3yBaTH PO BUCOKUN PU3HK,
HaBITh SKIIO caMa CUCTeMa 1€ BXe He crhpuiiMae K KpuUTHuHe. Buxonuts, 1o
MOJENh ‘“KMBE B MHHYJIOMY’, 1 1€ KJIAQCMYHUNA MPUKIAJ] JIECHHXPOHI3allli: oJHa
YacTUHA CUCTEMH JIi€ 32 HOBUMU MpPaBUIIAMU, a 1HIIIA OLIHIOE CUTYAIII0 MO-CTapoMy.
[[{o6u 1LOro YHUKHYTH, MOTPIOEH MPOMDKHUM PIBEHb, YMOBHO Ka)Xyudd, MICT MIX
DSS i DPRA. Takuii monyns MaB Ou BiACTeXKyBaTu 3MiHU B Jjioriti DSS, dikcyBaty,
10 OHOBWJIOCH, 1 BIAMOBIHO MepeOyIOBYBaTU NEPEBO PHU3UKIB. AJie HaBiTh KOJIU
TEXHIYHA CUHXPOHI3aIlisl MPAIIoe, Yce BIUPAEThCS B KoMyHiKalito. ko DSS nogae
MOBIJOMJICHHSI Ha KINTAIT “pU3MK: BUCOKHK~, 0€3 MOSICHEHB, IO CaMe€ BHKJIMKAJIO
PU3HK 1 YOMY II€ BaXXJIMBO OUIBIIICTH OMEpaTopiB abo HEe 3po3ymie, abo B3araji He
3pearye. | cripaBa TyT He B HeyBaxkHocTi DPO, a B Tomy, 110 cucteMa He Jae Homy

JOCTAaTHBO 1H(POpMaLi 111 0OIPYHTOBAHOTO pilieHHs [227].
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VYV tabnumi 3.9 HaBeneHO, SKUMHU MaloTh OyTH KIIOYOBI eneMeHTH DSS-

KOMYHiKaIlii, mo6 omnepaTop He TLIbKUA NMOOAYMB, aje i 3p03yMiB JIOTIKY 1 3MIT JTisITH

YCBI1JIOMJICHO.

Tabnuns 3.9 - Bumorn no komysikariii DSS 3 onepatopom DPO

Komnonent DSS Heo0xigHa noBeginka
. [ToBHa ¢pa3za: “Thrust >95% Oinbiie 3 XB - OLIHKA: PU3UK MT1IBUILIEHO.
IToBigomeHHS bp ’ " ' p FUBHIIT
Pexomennyerbes yrpumMaHHs
Bizyamizanis ) )
I'padixk, mkana abo cTpijika 3 MPOrHO30M PO3BUTKY
pU3UKY
[losicHenns “Lleit pu3uk 3pocrae uepes 360iit PRS + thrust acumerpis”
AnbpTepHaTHBA MTiH “MoxHa: A - yrpumatu Kypc; B - synuautu. Puzuk A =0.12, B=0.07"

Cnin nonatu, 10 1€ HE MUTaHHS 3PYYHOCTI, 1€ MIHIMYM, 0€3 SIKOTO MOJEINb
PU3UKY NIEPETBOPIOETHCS HA TEOPETUUHY BIIpaBy. SIKIIO ONEpaTop HE PO3yMi€, HOMY
CUCTeMa MPOIOHYE caMe TaKy Jil0, BiH MOYMHAE AISITH Ha BIACHUN po3cya. | Akmio
Opy IbOMY caMa CHUCTeMa BXK€ 3MIHWIA JIOTIKY, @ MOJENIb PHU3UKY 3aJIMIINIACh
CTapoIO TO IMTOMHUJIKH CTAlOTHCA 3 000X OOKIB ogHOYACHO [228, 229].

Takum unnoM, DPRA B peanpHOMY 9aci 1ie HE IPOCTO TEXHIYHA KOHCTPYKIIIS
Ha 3pa3oK JepeBa cieHapiiB. Lle moctiitHa poOoTa 3 TEXHIYHUMHU, IMOBEIIHKOBUMU U
OprasizaliiHuMu oOMexeHHsIMH. TyT yce 3aB’s3aHO: OOUYMCIIOBaJIbHI pECypcH,
3/1aTHICTh MOJIEJI aanTyBaTUCS 1O 3MIH y CUCTEMI, 1 pO3yMiHHS 3 OOKy omeparopa.
HaiineOe3neuninma cuTyallis, He TeXHIYHA IMOMHMIIKA, a Te, o DSS 6auuth onHe, a
DPO 3o0BciM i1Hme. CaMe 11 CTBOPIOE TOUYKY PO3PHBY, B SKI HaBITh MpPaBHJIbHA
OlliHKa pU3HKY He mparoe [230].

Peanbna DPRA-Moens moBMHHA BMITH aanTyBaTUCh 10 3MiH y Jjoriii DSS,
MPAIOBATH 3 YMOBHUMH WMOBIPHOCTSIMH B PEabHOMY Yaci, Ta BOJHOYAC TOBOPUTHU
IPOCTOI0, 3PO3YMLJIOI0 MOBOIO. [HaKIie BCSI TOYHICTh HE AOXOIUTH JO TOrO, XTO

npuiiMae pimeHHs. [lomaneini po3poOKKM MarTh pyXaTHCh y HampsMi 1HTerparii
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TphoX MomuH: aHamituaHoi (DPRA), anroputmiunoi (DSS) Ta nosexinkosoi (UX).

bes oUX TpbOX CKJIAAOBHX HIYOr0 HE 6y,Z[C InpanrBaT Ha piBHi, SAKOIro BHUMaArae€

Mopchke cepenoBuiie [231].

3.4 BuCHOBKH 10 TPETHOT'O PO3ILITY

Y  npganomy po3aun  aucepTanii  peayi3oBaHO KOMIUIEKCHMM MIAX1J 110
MOJICJIIOBaHHSI TOBEAIHKM omeparopa JAuHamMiyHOro mnosuiionyBaHHs (DPO) vy
HAJ3BUYANHUX CUTyaIlisiX, [0 € KPUTUYHO BaXIWBUM Juisi peamizamii DPRA.
Po3po6neni DSS-moneni 103BONSIIOTH OMUCYBATH TUIIOBI MATEPHU PillieHb, 30KpeMa B
yMoBax iHGopMaliiHOT HEOJHO3HAYHOCTI, MepEeBAHTAXXEHHS a00 BTpaTH CEHCOPHUX
nanux. byno mponemonctpoBano, mo peakiii DPO He 3aBau BIANOBIIAIOTH JIOTILII
pU3MKY, IO BUMAara€ He JHIIE aJrOPUTMIYHOI MIATPUMKH, ane i aJanTHUBHHUX
MOSICHIOBAJIbHUX CHUCTEM.

[HTerpamist CUMYISIIHHUX Ta TPEHAXKEPHUX CILIEHAPIiB Jana 3MOTy CTBOPUTH
y3arajgbHeH1 Mojieni peakiiit DPO, ¢popmanizoBaHi y BUTIISIIL IMHAMIYHUX CLIEHAPHUX
nepeB. OcoOnuBY yBary MPHAUICHO YaCOBUM 1 HMOBIPHICHMM XapaKTepHUCTHKaM
€TamiB TPUUHATTA pIlICHb - BHSBJICHHS, JIarHOCTUKH, peaii3ailii CIeHapiiB, sKi
MatoTh Oyt iHTerpoBani 10 DPRA sk moBeniHKOB1 BaroBi Koe(ili€HTH.

Poznin takox okpecnoe peanbHi 0ap’epu BopoBamkeHHs DPRA y pexumi
pEabHOrO Yacy: HEeCTAaOUIbHICTh JaHMX, KOTHITUBHA MEPEBAHTAXKEHICTh ONEepaTopa,
HEJIOCTAaTHs TPo30picTh DSS-moBigomieHs. 3anponoHOBaHO MiAXOAM J0 MOAOJAHHS
nux npobieM, 30kpeMa amanTuBHe OydepyBanHs, Bayesian pruning, eBpuCTUYHI
DSS-nosicHeHHs Ta MOJIeNTi CLIEHAPHOTO HABYAHHS.

VY Mexax TpeThoro po3/ily BUKOHAHO HACTYIIHE.

1. CdopmoBano Tumnoi mojeni moBeaiHku DPO y KpUTHYHHMX CUTyaIlsix 3

ypaxyBaHHSIM aJbTEPHATUBHUX CIICHApIIB [1{, THUIIB TOMUJIOK Ta BIUIMBY
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KOTHITUBHHUX (PAKTOPIB, IO TO3BOJIMJIO BIATBOPHUTH pPEaJIbHI TPAEKTOPIi MPUAHATTS

pillieHb Y AUHAMIYHOMY CEPEIO0BHUIIL.

2. Po3pobneno anropurmiuny Joriky DSS, 3maTHy aBTOMaTH4HO
po3Ili3HaBaTH aBapiiiHi cutyarii (Hampukian, «thrust >95%py, 3611 PRS, xondmikT
DPO-kopexkIiiif) Ta MponoHyBaTH PEKOMEHMAAIIl B MeXaX BU3HAYEHUX KPUTHIHHUX
1HTEepBaJIiB Yyacy.

3. [IpoananizoBano (a3oBy CTPYKTYpy pearyBaHHs ofmeparopa, BiJ
BUSIBJICHHS /10 peaji3allli pillleHHs, 3 BU3HAYEHHSM ONTHUMalbHOrO BikHa s DSS-
I1/1Ka30K.

4. 3anpomoHOBAaHO CTPYKTYPY TpEHa)XepHOI miatgopmu, sika A03BOJISE HE
JUIlIe HAaBYaTH, a ¥ 30MpaTu crueHapii MOBEIIHKU K eMmmipuuHy 6a3y mist DPRA-
MOJIETTIOBAHHSI.

3. BcranoBneHo, 1o moAChKUKA  (DAKTOp € KIIOYOBHM  JIKEPEIOM
BapIaTUBHOCTI PU3MKY, HABITh MPU CTAIMX TEeXHIYHUX yMoBax. lle Bumarae o0Oiiky
MOBEIIHKOBUX TMApaMeTpiB y peanbHOMY 4aci. TpeHaxepHi clieHapii IHTerpOBaHO /0
ctpyktypu DPRA sk nuHamiuni 0a3oBi mojii, 0 MiAJMATalOTh KadlOpyBaHHIO 3a
cratuctukoro niid DPO.

6. 3anporoHOBAaHO METOAM afjamnTarlii CHUCTEMH 4epe3 3acTOCYBaHHS
eBpuctTuuHuX ¢UIbTpiB, Bayesian pruning ta DSS-komyHikarito 3 omneparopomM Ha
OCHOBI KOTHITUBHOTO MPOQLIIO.

PesynbTaTu po3aiy omnyo6sikoBani y [172, 184, 212].
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PO3/ILJT 4. IPAKTUYHA PEAJII3ALILS METO/IIB DPRA TA OLIHKA X

E®EKTUBHOCTI B YMOBAX EKCIITYATALIIT

4.1 ®opmamizaris npuunH aBapiii DP-00'exTiB Ha ocHOBI cuieHapHOro DPRA-

MOACITOBaHHA

Cucremu pauHamiuHoro mno3uuionyBaHHs (DP) Ha MOOUIBHUX MOpPCBHKUX
OypoBux ycranoBkax (MODU) BiJiloBi1al0Th 32 TOYHE YTPUMAHHS MO3UIIlI CyJHA B
yMoOBax OypiHHS, J¢ HaBiThb HE3HAYHE BIAXHJICHHS MOXKE IPU3BECTH JIO0 BTpaTH
CTaOIIBPHOCTI paii3epa, aBTOMATUYHOIO aBAapiHOTO BIAKIIOYEHHA CcHCTeM abo
eBakyarii ekinmaxy. DPRA (Dynamic Probabilistic Risk Assessment) nHanae
THCTpyMEHTapii AJisi peKOHCTPYKIIl TaKUX 1HIMAEHTIB 1 reHepallii aJbTepHATUBHUX
CIIEHapiiB, y SIKUX BPaXOBY€ETHCS SIK TEXHIYHA, TaK 1 TOBEAIHKOBA KOMIIOHECHTA.

V kgitHi 2018 poky Ha omHIi 13 MOOUTBHEX OypoBuX ycTtaHOBOK (MODU) Gyno
3apikCOBaHO 1HIIMACHT BTPATH MO3UIII MiJ Yac MPOBEJICHHS PEMOHTHHUX POOIT Ha
paiizepi. JlaHuii mpuBEpHYB yBary Ta BHUIIQJOK HAaOyB IIMPOKOTO PE30HAHCY, 3
OPHUBOJy TOTO, IO OyJI0 NPOAEMOHCTPOBAHO, SK IIOEJHAHHS 30BHINIHIX YMOB,
BHYTPIIIHBO1 KOH(QITYpallii CUCTEeMH Ta JIOJCHKUX PIIICHh MOXKE IIBUIKO MPU3BECTH
0 BTpaTH KOHTPOJIO HaJ CTaOUIBHICTIO (YHKIIOHYBaHHS OO€KTa HaBITh 3a
BIJICYTHOCTI IBHUX T€XHIYHHX B1JIMOB.

Jlanuii 1HIOUAEHT pO3BHUBABCS B yMOBaxX HAJIMIPHOTO XBHWJIIOBaHHS 1
T1JBUILIEHOTO HABAHTAKEHHS HA PYILIIHHY CUCTEMY, TIOB’SI3aHOTO 3 aKTHUBHOIO (a3010
OypiHHs. Sk HacHiOK, 3aJMIIKOBa TMOTYXHICTh DP-cuctemu Oyna KpUTHYHO
ooMmexeHa, y rieit MomeHT DPO Ta odinep ycranosku (OIM) He iHILIIOBAIN KOIHUX
aKTUBHUX Jii: OyJI0 MPOITHOPOBAHO CHUTHAJIM TPUBOTH, a AaBTOMATHUYHA 3yMHHKA
CHUCTEMHU TMO3WIlifoBaHHS Oyya 3a0iokoBaHa. Take pimieHHS OyJ0 OOIPYHTOBAHO

OUIKYBaHHSM Ha ‘“‘CaMOBIHOBIICHHSA To3uIlli. TMM YacoMm, yCTaHOBKa IMOCIIAOBHO
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NepeTHYJIa JOMYCTUMI OPOTH ISt KOBTOI (7 M) 1 uepBoHOi (11 M) Mexi, TOCATHYBIIH

MaKCUMAaJIbHOI aMILTITY I BiIXWJIEHHS B 12 METpiB.

3 Ttouku 30py DPRA, Takuil po3BUTOK TOJIM € TUINOBUM MPUKIAIOM
PO3CHHXPOHI3aIlli MiX alroputMmidHor Jiorikoro (ASOG/DP) 1 noBeniHkoBHM
mabsoHOM i omepaTopiB. Y TaONuWIll HIKYE NPEICTABICHO TOJOBHI (pakTopu

IHIIMJICHTY Ta BIAMOBIIHY OLIHKY peakiiiii DPRA:

Tabmuis 4.1 - Ananiz nojieBux (HpakTopiB IHIUAEHTY Ta BiAnoBias DPRA

Komnonenrt ®akT noaii Ak pearye DPRA
3poctae poHOBA IMOBIPHICTH
XBUIIHOBE 30ypeHHS IIporuos He OHOBIIEHO . :
Bigxunenns (Bayesian Update)
3HIKCHHS TATH Yepe3 AxTtuBHa (haza, BUCOKE dikcyeThes neilUT 3aTUITKOBOL
OypiHHs HaBaHTAXEHHS MOTYXHOCTI
3abmokoBaHa IaryituBna nis DPO, ne Busnavaerbes sk oz “manual
aBTO3yNHHKA y3romxkeHa 3 ASOG override”
1IIeHHs H aTpUMKa pearyBaHHs Ha ~ Ka3y€ThCSl IK KPUTUYHUN YaCOBUIM
Pimenns OIM “ne 3 45 B
€BaKyIOBaTH CEKYH] 1HTepBaj BTpy4YaHHs

Leit BUMagOK LIOCTPYE KIIOYOBUI NPUHLMII MOJeNtoBaHHS pu3suky B DPRA:
HaBITh HE3HAUHi, Ha MEPIIMI MOIJIAMA, OpraHi3aliiiHi ad0 OnepaToOpchKi PIlICHHS
MOXXYTh MAaTH CHUCTEeMHHH e(EeKT y BHCOKOJWHAMIYHHMX CepeqoBHINax. Mojaensb
J03BOJIIE HE JIMINE PO3KJIACTU MO0 Ha 0a30Bl CIIEHApHI €IEeMEHTH, a W JaTu
KUIBKICHY OIIIHKY KOXXKHOMY 3 HHMX 3 ypaXyBaHHSM iXHbOI'O BHECKY B 3arajlbHUM
pU3MK. 30KpeMa, 3aTpMMKa peakilli Ha KUIbKa ACCATKIB CEKyHJ a00 HECBOE€YACHE
NEpPEMHUKAHHS pPeXKUMY KePYBaHHS MOXKYTb 3yMOBHUTH KapAUHAJIBHO 1HIIUN PO3BUTOK
CUTyarlii, BIJ TOBHOI cTaOumi3amii 10 HEKOHTPOJHOBAHOTO Aperdy 3 pHUUKOM
aBapiiHOTO BIAKIIOYCHHS paizepa. Came TOMy mMOIOHI I1HIUAECHTH JOIIBHO
pO3IIISIIaTU HE JIMINE SK JDKEPENo HaBYAIbHUX CIIEHapiiB, a SK OCHOBY JUIS

nepeocmucieHHs Joriku inrerpaiii DSS, ASOG Tta onepariiiinux npouemnyp.
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Jnst po3yMiHHA AWHAMIKM 1HIMJICHTAa Ta MOTEHIlany 3amoOiraHHs, MOJelb

DPRA no3Bomsie mOpIiBHATH (PAKTUYHMIA PO3BUTOK TMOMINH 13 MOXKIUBUMU
albTepPHATUBAMH, TOOTO CIICHApPisIMU, K1 MOTJIM O peai3yBaTucs 3a 1HIINX YMOB a0o
pIllIEHb eKIMaxy.

Y Ttabmumi 4.2 TpencTaBlIeHO YOTHUPH KIIOYOBI BapiaHTH, IO Oyiu
3MOJIEJIbOBaHI Ha OCHOBI IOTO Keiicy. {7 KOXKHOro 3 HHUX BKa3aHO MMOBIPHICTH

peatizariii 3riiHo 3 oniHkoro DPRA Ta mporHo3oBaHi HacaiaKu.

Tabmuns 4.2 - CuenapHuil aHasi3: peaiabHa MoAisl MPOTH aJbTEPHATUB

Ne Cuenapii ﬁMOBipHicTL HacJainkn
(DPRA)
Brpara no3uuii 10 12 M, BUCOKHI
1 OIM 61510Ky€ aBTO3YIUHKY 0.41 P A ’
PU3UK
) ABTOMaTHYHA 3yIIMHKA 021 [To3unis BTprMaHa, IHIIUACHT HE
BUKOHY€THCS ' PO3BUBAETHCA
3 DPO oapasy aktuBye pydHe 0.7 Yacrtkose 3mimieHHs (10 7 M),
BTPYYaHHS ' KOHTPOJIb BITHOBJICHO
4 3MiHEHO KOH(Irypariito 011 [Tnardopma 36epirae crabiibHy
SKUBJICHHS 3a30aJIETiab ’ TO3HLIO0

VY peanbHOCTI peanizyBaBcsa cueHapiii Nel, B sikomy Oyno 3a0J10KOBaHO
aBTomatnuHy peakuiro ASOG. Lleil BapiaHT MaB HalBHILly HMOBIPHICTh CaMe€ uepe3
MOIIMPEHY MPAKTUKY “BIAKIaAaHHS BTPYUYAHHS , XapaKTEePHY JJIs1 KPU30BUX CUTYaILlli
3 HM3BKHM piBHEM BH3HadeHocTi. [IpoTe HaBITH YacTKOBa 3MiHAa TMOBEIIHKH,
HAIIPUKIIAJl, CBOEYACHE MEpPEeMHUKaHHS B PYYHHM pexuM abo MiAroTOBJIEHA 3MiHA
KoH(pirypariii >KMBJICHHS MOTJM O CYTTEBO 3MEHIIWTH HACTIAKKA a00 TMOBHICTIO iX
YHUKHYTH.

Takum ynnom, DPRA He nuiie 103BoJis€ OMIHUTH YK€ peali3oBaHl Moii, aje
U  BHUKOPUCTOBYETbCA SIK IHCTPYMEHT NPOrHO3YBAHHA Ta  IPOEKTYBaHHS
allbTepHaTUBHUX cTpaterid g DSS abo Tpenaxepnoro HaBuanHs DPO/OIM, mio
CTBOPIOE OCHOBY ISl TIEPEXOJy BiJi PEAKTUBHOTO aHAI3y JO TMPOAKTUBHOTO

YIPAaBIIiHHSA PU3UKOM.
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Y miarpami Ha pucyHky 4.1 mpeacTaBieHO TOKPOKOBY PEKOHCTPYKIIIO

KITFOYOBUX TMOAIM, SIKI MPU3BEIH 10 1HIMACHTY BTpAaTH MO3HUIlli MOOUIBHOI OYpOBOi
ycranoBkr (MODU) y peanbaux ymoBax Oypinns. [loOyaoBa rpyHTy€eThCSl Ha aHali31
KypHaiiB nofid, mapamerpiB ASOG, mnokasuukiB DP-iHTepdelicy Ta pe3ynbraTiB

po3ciiayBaHHs, HaBeIeHUuX y [232, 233].

1. DP Alarm:
3HIZKeHa MPOAYKTHBHICTh

2. BigBonikaHHs yBaru:
MepeKeBe IlepeBaHTaKeHHs

3. Brpara peakuil Ha
skuBneHHs (No Power Alarm)

4. HoBa cxeMma JKHBJIEHHS:
4 mmru X 1 DG

5. Iloropsi ymoBH:
XBIUII — 3MIILIIEHHS ITO3HIIil

/ Y

— DPO ouikysas
BiTHOBJIIEHHSA

6. Hepocratusa tsara

/ A

7. IlepeBHIIEHHS MeIK: — OnepaTop He NepeKITIOYHB
skoBTa (7M), 4epBoHa (11m) PeKHM KepyBaHHS

/ "2

8. Pimenns OIM: — DPO mir aktusyBaTu
6/I0KyBaHHS aBTO3YIIHHKH Joystick Mode

9. Makc. BigXieHHs:
12 M — crabinizamis

10. PoscnigyBanss:
HUSBKHII 3aac MOTYKHOCTI

Puc. 4.1 - [locniioBHICTh pO3BUTKY IHUUAEHTY BTpaTH no3uiii MODU

Onuc ma pyHKYioHAIbHUL AHATT3 emanis.
l. Etanu 1-2: Cuenapiii po3MmoYMHAETHCS 31 3HUKEHHS €(PEKTUBHOCTI
cucreMu DP Ta omgHOuacHOro mepeBaHTaXXEHHS EHEPreTUYHOI Mepexi. B 1pomy

MOMEHTI Bi10yBaeThes 1HGOpMaIliiiHe “HaKJIagaHHsA CHUTHANIB, 110, 3T1IHO 3 DPRA,
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CTAaHOBUTH MIABUIICHUA PHU3UK 3 OIJISAY Ha KOTHITUBHY IepeBaHTaxeHicTb DPO.

[Ipocrime kaxyuu TpuBora Big DP-cucremu Oyna mnepekpura cUrHalaMd Bill
MEpEKEBUX KOMIIOHEHTIB, 1 ONIEpaTop BTpaTUB (OKYC.

2. Etamu 3-4: Ilomanmeme irHopyBaHHsS TpuBoru “No Power Alarm”
MPU3BEJIO 0 TOro, IO CHUCTEMa MPOAOBXKWIA poOOTYy Ha ONHIM CHIJIOBIM JiHII 4
pPO3MOAUTBHI IIMTH OyJIW TMIAKIIOYEHI J0 OJHOrO0 JM3eIbHOTO TeHeparopa. lLle
chopMyBajiO0 MNPHUXOBAaHUN Je(IIUT MOTYXKHOCTI, HE TMOMIYEHUH ONEepaTopoM Yy
pEeXUMI peaibHOTO Yacy.

3. Etanu 5-6: IloromHi yMOBU CHPUYUHWIM 3CYB TIO3MII, SKUHA Yy
HOpMaJbHOMY DPEXKHMMi MaB Ou OyTHM KOMIICHCOBAHHM pyIIisiMH. AJie yepe3 BTpary
PEe3epBHOI TATH CYJHO IMOCTYNOBO BTpadae mo3uiiro. DPO odikyBaB camocTtabimizariii,
HE TMEepexXoAsiud B PYUYHUH pEXKUM KepyBaHHS TOOTO IacCMBHA CTpaTeris, IO
MOTJINOUIa PU3HK.

KittouoBi By37M CLIEHapHOTO PO3Tally’KeHHs MOJIAraloTh B ToMmy 110 By3zom 6
M03HAYa€ MOMEHT, KOJHM CHUCTeMa JMHAMIYHOTO IMO3UI[IOHYBAHHS BTpaya€e 3/1aTHICTh
CaMOCTIHHO YTPUMYBATH MO3UIIII0. Y 1€l KpuTudHuii MmomeHT omneparop (DPO) mae
JIBa BapiaHTH pearyBaHHS: aKTUBHE BTPYYaHHS 3 MEPEXOJIOM JIO PYYHOTO PEKUMY
kepyBanHs (Joystick Mode) abo mnacuBHe oOuwikyBaHHS camocTabOumi3aii cyjaHa.
OO6unBi aii GOPMYIOTh PO3Tay’KEHHS CIEHApil0 3 PI3HUMH HACHiKaMH. Y pamMKax
DPRA naHa Toyka € YMOBHOIO MEXKEIO MK MOTEHI[IHHO KEPOBAHOIO CHUTYAIlIE€I0 Ta
CIIEHAPIEM 13 HAPOCTAIOYUM PU3MKOM BTpATH MO3UIIIT [234].

Haromictes By3on 8 ¢ikcye ympaBmiHChke pimieHHs odinepa Ha OypoBiid
ycranoBli (OIM) miomo OlOKyBaHHS aBTOMATHUYHO! 3yMUHKU CYJHA, TONPH
NEPEBUILICHHS BCTAHOBJICHUX MOPOTiB BIIXWJIEHHS ()KOBTa MeXa - 7 M, 4yepBoHa - 11
M). 3rigHo 3 Jorikoro DPRA, Taka mis kimacuikyeThCsl SK TMOBEIIHKOBA MO 3
BHCOKOIO KPUTHYHICTIO, K4 CYTTEBO 3MIHIOE HMOBIPHICHY CTPYKTYpYy CIICHApIIO.
Bona mosxe OyTu onucana 3a JOMOMOTOI0 TUIIOBUX KaTeropiit “manual override” a6o

“ASOG bypass” Ta Ma€ npsMUi BIUIMB Ha KIHIEBI T'UIKH JIepeBa pU3HKIB.
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Kosken 13 mo3HaueHUX eTamiB Ha cxemi BiamoBigae 6a3oBii moxaii (basic event)

y CTpyKTypi cuenapHoro aepeBa DPRA. KpiM TexHIYHHUX yMOB, 0 MOJENI MOXYTh
OyTH BKJIIOYEHI MMOBIPHOCTI Aiil uM Oe€3/iil omeparopa, 30KpemMa uepe3 METOAU
SPAR-H (Standardized Plant Analysis Risk-Human) abo ATHEANA (A Technique
for Human Event Analysis). lle mae 3mory He nwWine BU3HAUUTHU 3arajibHI PiBHI
pU3MKY, a ¥ MOJENIOBaTH albTEepPHATUBHI TpaekTopli. Hampukman, cBoeyacHe
NepeMHUKaHHS Ha Py4YHE YNPaBIiHHSA B KPUTUYHOMY BY3Jl1 6 OTEHLIHHO A03BOJIMIO O
YHUKHYTHU MEPEBUILICHHS Y€PBOHOI MEXI1 Ta cTaOUII3yBaTH MO3ULI0 cyHa [235, 236].

PosrmsiHyTHE BUMAamOK JEMOHCTPYE, SK TIOCTIOBHICTh B3a€MOTIOB’S3aHHUX
TEXHIYHUX Ta MOBEAIHKOBHUX pillleHb (OPMYy€ CKIAJHUN CLEHApiil BTpATH MO3HIII].
HaBiTh y Mexax HOMyCTUMHX TEXHIYHUX YMOB (3aJIMIIKOBA TATa, MOTOJAHA CUTYallis)
3pOCTaHHA PU3MKY 3YMOBJICHO IEPEBAXXHO OPraHi3alliiHUMHU Ta ONEPATOPCHKUMU
dakTopamMu, 3aTpUMKaMH, OYIKYBaHHIM CaMOBIJIHOBJICHHS Ta PyYHUM OJOKYBaHHSIM
cranaaptHoi joriku ASOG.

[ncrpymentapiit DPRA no3Bonsie He nuie dopMarizyBaTi TaKy CHUTYaIllIO SIK
MOZeNb JUIsl aHamizy micas 1HOuaeHty (post-incident reconstruction), ame W
3aCTOCOBYBATH ii y BUTJISIIII TPEHAXKEPHOTO CIIeHapito, anroputMmy DSS-pexomenpariit
abo mrabmony i Bepudikaiii mMoBHOTH mporeayp B3aemomii Mk DPO, OIM ta
aBTOMAaTH30BaHOIO 4acTUHOW DP-cucremu. Came Taki NpUKIATUd JOBOJSTH
BaXJIMBICTh IHTEIPOBAHOTO MITXOY, B SKOMY JIIOJICBKHM (DaKTOp PO3TIISAAE€ThCA SIK
NOBHOLIIHHA 3MIHHA Y MOJIEJIIOBaHHI PU3HUKIB.

JI71s1 KUTBKICHOTO OTMKMCY JUHAMIKH peaiizailii aBapiiiHUX CIieHapiiB y cucTeMax
DP (Dynamic Positioning) AOIiIBHO BHUKOPUCTOBYBATH METOJIM HMOBIPHICHOTO
ananmizy. Y pamkax migxony DPRA 3aiiicCHIOETbCSI TOCTYIIOBE OHOBJICHHSI PU3UKOBUX
OLIIHOK Ha OCHOB1 HOBUX JIaHUX, II0 HAJIXOJSATh 13 CEHCOPHOI CUCTEMHU CyJHa a0o BiJ
ekcrepTiB. baleciBCchbkuii miaXia € 0a30BUM MAaTeMATHYHUM I1HCTPYMEHTOM, SKUU
JI03BOJISIE BPaxOBYBAaTH K anplopHy iHGOpMAIliio, TaKk 1 HOBI CIIOCTEPEKECHHS IS

YTOYHEHHS IMOBIpHOCTEHW KpUTHYHMX noii [237, 238].



167
HUmosipuicnuii ananiz na ocuogi batieca. ONiHIOBaHHA PU3UKY B YyMOBax

HEBU3HAUEHOCTI OTPeOye BpaxyBaHHs HE JIUIIE MOTOYHHUX 3HAYCHb MApaMeTpiB, ajie
# MOXIIMBOCTI iX OHOBJIEHHS Ha OCHOBI HOBUX JaHMX. Y 1IbOMY KOHTEKCTI
¢(eKTUBHUM I1HCTPYMEHTOM € Oal€CIBCBKHM MIAXid, SIKHUHA JIO3BOJISE YTOYHIOBATH
IMOBIpHICTh HACTaHHS KPUTHYHOI MOJIi y pa3l HAIXOKEHHS CIOCTEPEKEHb a0o0
CUTHAJIB.

bazoBa ¢dopmyna baiteca Bu3Hauae, sk amnpiopHa WMOBIpHICTH mofili P(H)
OHOBJIIOETHCS TIPU OTPUMaHHI CIIOCTEPEKCHHS E:

P(E|H)-P(H)
PE) (4.1)

P(H|E)=

ne: P(HIE) - amoctepiopHa KWMOBipHIicTh rinote3u H, P(E|H) -iMOBipHICTh
CIIOCTEPEXKEHHS 3a YMOBM ICTUHHOCTI Trimorte3u, P(H) - moudarkoBa (ampiopHa)
HMOBIipHICTh, P(E) - HOpMyBaIbHUN KOSDIITIEHT.

3aranpHa HMOBIPHICTh CIIOCTEPEIKEHHS OOUUCITIOETHCSI SIK:

P(E)=P(E|H)-P(H)+P(E|=H)-P(=H), (4.2)

ne: P(—H) =1 - P(H) - iMOBIpHICTh NPOTUJIC)KHOI T1MTOTE3H.
VYV pa3i aHamizy JEKUIbKOX ajJbTepHATUBHUX TINOTe3 (HAMPHUKIAI, KIUJIbKa

CIIEHapiiB PO3BUTKY aBapiiiHOI CUTYaIlii), 3aCTOCOBY€ThCA y3arajJbHEHUN BUpa3:

P(E|Hi)'P(Hi)

P(H, | E)= »
D P(E|H,)-P(H,)

k=1

(4.3)

Y BHmanKy HaJIxO/DKCHHS KUIBKOX He3alexHux curHaiiB (E;, E»),

arocTepiopHa OLlIHKAa YTOUHIOEThCS Yepes:
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P(E, | H)-P(E, | H)-P(H)

P(H |E,NE,) =

ITepatuBHa ¢dopMa OHOBIIEHHS B JMHAMIYHOMY pEXHUMI (ISl CUTHANTIB, IO

HAJXOJATh y Yaci t):

P(Et |H)P(H|Et—1)

JIns  mpakTUYHOrO — aHami3dy  KOPUCHUM €  TOHATTA  KoedirieHTa

npasaonoaioHocTi (likelihood ratio):

P(E|H)

Likelihood Ratio = ———=—
P(E|—H) - (4.6)

[leit mMoOKa3HUK JO3BOJISE IIBUJKO OLIHUTH, HACKUIBKM HOBa 1H(OpMAILIis
3MIHIOE HAIly BIIEBHEHICTh Y rinote3i. KpiM Toro, /uist OliHKHM HAKOMUYEHOTO PU3UKY

JI0 MOMEHTY t y TMHAMIYHOMY aHaJTi31 MOKHA 3aCTOCYBATH:

R =)o P(HI|E)

4.7)
i=1
ne a € (0, 1) - koedimieHT 3ry1aKyBaHHs JJIs HETaBHIX JTaHHX.

SKI1110 pO3MOIII CIOCTEPEKEHb HEBIIOMUM, JUTsl allpOKCUMAIlli MOXKHA
BUKOPUCTOBYBATH:

- 6eta-posnoain ais P(E|H):
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P(E|H)=Beta(c, B) ; (4.8)

- PIBHOMIPHHM PO3MOILT SIK TOYATKOBY alpPIiOPHY OLIHKY:

P(H) ~ Uniform(0,1) . (4.9)

Takum urHOM, OalieciBChKMM MiAXin 3abesneuye ¢(opMaii3oBaHy ITEPaTHUBHY
CXeMy, IO JI03BOJISIE THYYKO a/IallTyBaTH MOJEIb OIIHKA PU3UKY J0 HOBUX JAHUX SIK
y peaJIbHOMY 4aci, TaK 1 B CLIEHApHOMY aHali3l.

Oyinrosanus azpecosanozo pusuxy cyenapiie (Risk Aggregation Framework).
Jlnst iHTErpOBaHOTO OILIHIOBAaHHS PU3HKY JUIsl CHCTeM OO€KTYy Y BIJIOBiAb Ha
noTeHuiiHi Hebesneuni cueHapii (DPRA) nmouinbHO 3acTocyBaTy KUIBKICHUHM TAXIT
0 OOYMCIIEHHSI 3arajJlbHOrO PIBHS PU3UKY, SIKHH BPAaxOBY€ HE JHILE HMOBIPHICTbH
peanizaiii mojii, ajne ¥ o4ikyBaHy KPUTHUYHICTh HACIIJIKIB.

3aranbHUM PU3UK MHOXUHH CLIEHAPIiB PO3PaxOBYETHCS 3a (DOPMYIIOKO:

N}

Row = 2.5 C; (4.10)

ne: P; - IMOBIpHICTb peaiizalli i-ro cueHapiio (oiiHeHa 3a jJomnomoror Bayesian
DPRA), C; - xoediiieHT KpHTHYHOCTI abo ImKkoja Bix creHapito, R; = P; - Ci -
JIOKaJbHUN PU3UK CIICHAPIIO.

Kputnunicte momiii Moke OyTH TIpeICTaBlIeHa SK JIiHIAHA KoMOiHAIlis

(dakTopis:

C =Z;Wj'fy, @.11)
<
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ne: fij - 3Ha4eHHs j-ro (akTopy y CIeHapii i, w; - BaroBui KoeQillleHT 3HAYYIIOCTI

dakTopy.

AJNbTEepHATUBHO, HOPMOBAHA KPUTUYHICTD:

ne: S;- mKajia HaCHIAKIB, Smax - MAKCUMAILHUNA MOKIIMBHI 30UTOK.

(4.12)

B ymoBax eKOHOMIYHOTO MIAXOAY A0 PU3HKY MOKHAa OOYHCIWTH OYiKyBaH1

BTpaTH:

Expected Loss = ZR L

Impact Score =

max

ne: L;- maTepiasibHa mKo/a (B TPOIIIOBOMY €KBIBaJICHT1) AJIS CLIEHAPIIO L.

J171s1 HOpIBHSIHHS CLIEHAP1iB 3aCTOCOBY€ETHCSI HOPMOBAHUN PUBHK:

A TakoXX arperoBaHHil BaroBUi pu3MK 3a MPIOPUTETAMHU:

Weighted Risk = Z w R

Ci B Cmin
-C

min

(4.13)

(4.14)

(4.15)

(4.16)
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3 MeTOr KUIBKICHOI IHTEpIpeTallii WMOBIPHICHOTO TPO(UII0 MOTEHIIHHUX

aBapiiiHKUX clieHapiiB y cucTeMi quHamivHoro nosuiiroBanHss MODU Oyiio BUKOHaHO
pO3paxyHOK arperoBaHux pHU3UKIB R; ne P; - oliHeHa WMOBIPHICTh peanizallii
clieHapito, a C; - ekcrepTHa OIIHKAa HOTO KPUTHYHOCTI.

Tabnuus 4.3 MICTUTH pe3yibTaTH AJi YOTUPHOX CILIEHApiiB, MOOYIOBaHUX Ha

ocuoBl manux DPRA.

Tabmuus 4.3 - [Ipukian oliHKY pU3UKY CLIEHApIiB

Cuenapiii HmogipuicTs P; Kputnunicrts C; Pusuk R; = P; - C;
S1 0.35 0.80 0.280
) 0.25 0.65 0.163
S3 0.20 0.90 0.180
S 0.20 0.50 0.100
P - - 0.723

Ak BuAHO 3 TabnuUIll, HAMOUIbIIE 3HAYEHHS] PU3UKY MPUTAMaHHE CIICHApiio S,
camMe Iei BapiaHT BiAMNOBiJae HAWOUIBII  BIPOTIAHOMY PO3BUTKY  TOIIH,
3apikcoBaHoMy B pesynbTarax oiiHku DPRA. Husbkuii pusuk crenapio S,
MOSICHIOETBCS MOETHAHHSAM BITHOCHO HEBEJIMKOI MMOBIPHOCTI peaiizallii Ta HU3bKOi
kputuyHOCTl. Jlani 3 Tabnuil OynM BUKOPUCTaHI JJI TMOOYIOBH BIAMOBIIHUX
rpadikiB pusuky (puc. 4.2-4.4), siki 03BOJISIIOTH MPEICTaBUTH MPOQUIb 3arpo3 y
KOMITAKTHIN Ta aHATITUIHO 3py4Hid (opmi.

Ha pucynky 4.2 momaHo rpadik arperoBaHoro pu3uky KOXXKHOTO 3 YOTHPHOX
DPRA-crieHapiiB, 3M0/€bOBaHUX JIS OIIHKK HAcHiAKiB BTpatd mo3umii MODU.
Benuunna pusuky R; po3paxoBaHa sk J0OyTOK I1MOBIpHOCTI peamizamii P; Ta
kputuyHOCTI HachiakiB C;. Crenapiii Nel mae HailOUIbllle 3HAYEHHS PHU3UKY, IO

Y3TOJKYETHCA 3 PAKTUUHO peali30BaHUM BaplaHTOM 1HIIUICHTY.
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Puc. 4.2 - ArperoBani 3Ha4€HHs pU3UKY TSI KO>KHOTO ciieHapito DPRA Ha ocHOBI

HMOBIPHOCTI Ta KPUTUYHOCTI

Jliarpama Ha pucyHky 4.3 BioOpakae CIiBBiAHOIICHHS] HIMOBIPHOCTI peaizariii
crieHapito P;ta ioro kputuunocti C;. Po3mip 1 Koip MO3HAUKK BiANOBiAA€ BEIMUUHI
arperoBaHoro pusuky R;. Takuii ¢opmMar HAOYHO JEMOHCTPYE BiJHOCHY HeOe3IeKy

CIIEHaPIiB y KOHTEKCT1 IMHAMIYHOTO PU3HK-MEHEKMEHTY cuctem DP.
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Puc. 4.3 - [nterpoBana oIiHka pu3uKy: KOOPAUHATH MPEACTABISAIOTh UIMOBIPHICTH Ta
KPUTUYHICTH CLIEHAPIiB, @ pO3MIp 1 KOJIIp MO3HAYKH 3HAUCHHS

arperoBaHoOro pU3uKy R;
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Ha pucynky 4.4 npencraBieHo TEIUIOBY KapTay KiIro4oBuX napameTrpiB DPRA-

CIIeHapiiB: WUMOBIPHOCTI peaiizallii, KpUHTUYHOCTI HACIHIJKIB 1 arperoBaHOTO PU3HUKY.
Bizyanizamist 103BoJisie MIBUAKO 1IEHTU(]IKYBATU ClieHapii 3 HAWBUIIUM PU3UKOM 1

i BUIIICHOIO MPIOPUTETHICTIO st DSS Ta TpeHaXepHOTro HaBYaHHSI CKIMaKy.

0.9

0.35 0.28 0.8

0.25 0.16 0.6

=0.5

Scenario

0.20 0.18 -0.4

-0.3

0.20 0.10 -0.2

54

Criticality Probability Risk "0l

Puc. 4.4 - TeruioBa kapTa KIIOYOBUX MapaMeTpiB CIIeHApliB: KIMOBIPHICTh peasizallii,

KPUTUYHICTh HACTIIKIB Ta IHTETPOBAHUM PU3HUK

Ak, miACMOK y MeEXax ILbOro JOCIIIKEHHS peai30BaHO KUIBKICHY OI[IHKY
PU3HKIB JJI1 TUIOBUX clieHapiiB BTpatu no3ullli MODU 3 BUKOpUCTaHHSIM KOHIICTIIIT
Dynamic Probabilistic Risk Assessment (DPRA). [[ns kokHOTO cIlieHapiro OyJio
BUKOHAHO OOYHCIIEHHSI aIloCTepIOpHOT WMOBIPHOCTI peaiizaimii 3a JOIMOMOTOIO
0aifeciBCHKOTO MiAXOMAY, 110 3a0e3edyy€e THyUYKe OHOBJICHHS PU3UKOBOTO MPOQLII0 HA
OCHOB1 HaJXO/DKCHHS HOBUX JJAHUX a00 CUTHAJIB 3 IIUPPOBUX CUCTEM.

[IpoBeneHo po3paxyHOK arperoBaHOr0 PU3MKY KOKHOTO CHEHapil0 MUISTXOM
MHOKEHHSI WMOBIPHOCTI peani3ailii Ha YMOBHY KPUTHYHICTH HacmijkiB. Otpumani
pe3yJIbTaTu MOoKa3aiu, Mo cleHapiil ) mae HallBulmi iHTerpoBanuii pusuk (0.280),
y TOH 4yac gk cueHapii S; - S; MawTh Hwkui 3HadeHHs (0.163, 0.180 1 0.100
BiAMOBiAHO). lle cBimuuTH TpO MiABHUINEHY BIPOTIAHICTH peamizamii S; 3a ymoB

(baKTI/ILIHOI“ O ITOIIKOI?KCHHA HOSI/II_[iIOBaHHSI.
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Pusuk kokHOrO crieHapito OyB MpeacTaBieHUN SK (PYHKIA HWMOBIPHOCTI

peaizailii Ta KpUTUYHOCTI HACHIKIB. 3aCTOCYBaHHS arperoBaHUX METPHK, TAKUX SIK
n00yToK R; = P; - Ci, no3Bomiio opmaiizyBaTu npioputetu pearyBanHs. ['padiuna
iHTEepnpeTais (CleHapHa Jiarpama, TEIUIOBa KapTa) MiATBEpAWSIa JOMIHYBaHHS
creHapito Sy y mpodini 3arpo3 s onepaiifHoi 30HH.

Bizyanizariisi pe3yibTaTiB y BUTJISAIl IHTETPOBAHUX KapT PU3UKY J03BOJIUIIA HE
JIUIIEe paHXKyBaTu ClEHapii 3a HeOE3MEeUHICTIO, ajie M HaJaTH OCHOBY JUISl MIATPUMKH
pillieHb Y pexXuMi peanbHoro yacy. OTpuMaHi pe3yiabTaThH MOXKYTh OyTH BUKOPHUCTaHI
y TpEeHa)KepHIN MIArOTOBI, PO3pOOLl IHCTPYKLIM 3 pearyBaHHsS Ta BIPOBAIKEHHI
CUCTEM MIATPUMKHU NpUUHATTA pimeHb (DSS) Ha erami ynpaBiiHHS MO3UIIIOBAaHHIM
MODU.

Takum 9MHOM, MPECTaBACHUH MMIIX1]] MOEIHYE JOTIKY HMOBIPHICHOTO aHATI3Y,
JUHAMIYHY MOJICNIb OHOBJICHHS OINHOK 1 MyJbTH(AKTOPHY Bi3yalizallito, sKa
n03BOJIIE €(DEKTHBHO aJanTyBaTH CTparerii Oe3meKkd A0 pealbHUX TEXHOTCHHUX

PHU3UKIB.

4.2 MojentoBaHHsI TEMIEPATYPHUX PEKUMIB TOJOBHOTO ABUTYHA IUIABYYHX

00’exTiB y DP-cucremax

OnHMM 13 KPUTHYHUX €JIEMEHTIB, IO BU3HAYa€ OE3IEYHICTh 1 HAIIAHICTH
pobotu cuctemMu nTuHamigHoro nosuiionyBanHs (DP), € ebexkTuBHe QyHKITIOHYBaHHS
rosioBHoro asuryHa (I'Jl) OykcupHoro cyaHa, 30kpeMa cTaOlIbHE PEryIIOBaHHS HOTro
TEMIIEPATypPHOrO pexuMy. SK TpUKIa[, MOPYIICHHS TEIIOBOTO OanaHcy MOXe
CIOPUYMHUTH aBapiiiHe BIAKIIOYEHHS a00 3HMKEHHS TATOBUX XapPAKTEPUCTHK, IO
0e3nocepeIHbO 3arPOKy€e 3/1aTHOCTI CyJHA YTPUMYBATH 3aJlaHy MO3UIIiI0. Y 3B 3Ky 3
[IMM BUHHMKA€ HEOOXITHICTh BJIOCKOHAJIEHHS CUCTEM YyIpaBiiHHS TemrepaTtyporo /1,
K1 J03BOJISUIM O HE JMIle MIATPUMYBATU TEIUIOBY CTaOUIBHICTh, a i 3a0e3revyBaTu

OMEpPaTUBHY OIIHKY TEXHIYHOTO CTaHy JABUTYHA B PEKHUMI PEaIbHOTO yacy. Y JaHii
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CTaTTl MPOMOHYETHCA PO3MIAA MPAKTUYHOTO MIAXOMY 0 MOJEpHi3alii CHUCTEMU

OXOJIO/PKEHHSI TOJIOBHOTO JIBUTYHa CyJHA Ha 0a3l MIKpOIPOILIECOPHOTO PETYIsTOpa,
[0 JO03BOJISIE MIJBUIIUTH €()EKTUBHICTh 1 €HEProomaAHICTh MNPU OJHOYACHOMY
3HIDKEHH] PU3UKIB JUJISI CHCTEMHU JUHAMIYHOTO TTO3UIIIOHYBaHHSI.

OckiIbKH CITIOCOOOM TEPEMIIIICHHSI MOPCHKUX CYJIEH, sIK CAMOX1THUX 00’ €KTIB,
HANOUIbII e(EeKTUBHUM 3a KPHUTEPISIMA BUTpAT Yacy Ta IMajuBa, € MPSIMOJIHIAHUN
PIBHOMIpHMI pyX, TO MPAKTUYHO BCl pPEryjsTOPM XOJY CYAHOBHX JBUTYHIB
HaJalllTOBaHI camMe Ha Takui pexum. IIpouiecu HarpiBaHHs, siKi BiIOYBalOTHCS Y
ronoBHux nBuryHax (I'J[) cymen mpu piBHOMIpHOMY iX XOJi, JA0Ope BHBYEHI 1
MaTeMaTUYHO onucaHi. 3apa3, musi cyaHoBux [Jl, ICHYIOTH pI3HOTO THILY
aBTOMATH30BaHI cucTeMu ix oxonomkeHHs. Opanak, Bci mpomecu y [ pi3ko
3MIHIOIOTBCS, KOJM JIBUTYH I[IOYMHA€ TMPALIOBaTU B PEXKHUMI HENEPioJUYHOro,
CTpHOKOMOIIOHOTO, MOBTOPHO-KOPOTKOYACHOTO HaBaHTa)XCHHS (HANMpUKIAI, MpU
3BOPOTHO-TIOCTyNaJIbHOMY pyci cyaHa). Ilpm 1pomy mpomecu  crabumizamii
temreparypu ['/] y TakoMy ekcTpeMaibHOMY €KCIUTyaTalliiHOMY PEXHMI B HAYKOBIi
JiTEepaTypl MPaKTUYHO HE PO3TISAAIOTHCS.

VY nmanuii yac pi3ko 3pocia KUTbKICTh MPAKTUYHUX 3aBJaHb, SIKI BUPIIIYIOTHCS
3a JIOMOMOTOIO CIIeIalli30BaHUX O(IIOPHUX CYJICH, Jie el BAKKUN eKCIUTyaTallliHUMA
pEeXHUM CTaB BUKOPUCTATHCS 3HA4YHO 4yactimie. Hampukian, HOro 3acTocoBylOTh Ha
cylHax-saKope3aBenHukax (Anchor Handling Vessels, AHV, abo Anchor Handling Tug
Ships, AHTS) y npoueci "miapuBy sikopiB". BpaxoByrouu reorpadiune MOMIMPEHHS
O(IIOPHUX 30H Ta 30UIBIIEHHS CBITOBOrO 00CSTY BHUAOOYTKY KOPUCHHMX KOTAJIHH,
MOKHA CTBEP/IKYBATH, 10 PEXKHUM 3BOPOTHO-TIOCTYHNAIBHOTO PYXY, SIKUU MPUBOIUTH
1o neperpiBy ['/], akTHBHO 3aCTOCOBYEThCS Ha CyJHAX O(UIOPHOTO (IIOTY MPAKTUYHO
noBctogHo. Cepel YUCICHHMX HAOpsMIB aBTOMAaTH3allii CYJIHOBUX CHCTEM
YIOpaBIiHHSA IBOMY, IyX€ BaXKKOMY, €KCIUTyaTamiiiHoMy pexumy pobdotu '], mpu
AKOMY BIH TIEpErpiBaeTbcs, HE TMNPUAUICHO JIOCTaTHHO YyBaru. BpaxoByroumn

NEPCIEKTUBU PO3LIUPEHHS CBITOBOIO BUOOYTKY KOPUCHUX KOIAJIMH Ha MOPCHKOMY
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menbdi, HezabapoMm Ie Oulblie 3pocTe KimbKICTh cyneHn 3 [JI, sxi OyayTh

eKCIUTyaTyBaTHUCS Y TAKUX BAXKKUX YMOBaX.

Came TOMy MOCTa€ akTyaidbHa 1 MPAKTUYHO BaXJIMBa IpoOsiema 3a0e3MeUeHHs
HAAIMHOI 1 eHepreTHuHO edekTuBHOI poboTn ['/] Takux cyaeH 3acobaMu Cyd4acHOTO
aBTOMAaTHU30BAHOTO YIIPaBJIiHHA. Y CTATTI aBTOPH aHAII3YIOTh MPHUHIIUIHN MOOYAO0BH 1
oOnaJHaHHS ICHYIOYMX CHCTeM oxojomkeHHs [, skl mpamioTb B peXUMI
EKCTPEMAIILHOTO HETIePiOAMYHOTO IIOBTOPHO-KOPOTKOYACHOTO HAaBAHTAXKCHHHL.

AHayi3 4YHUCIEHHUX JDKEpEeNT MIATBEPIKYE: TEIUIOBUNM PEXHUM TOJIOBHOTO
JBUTYHA SIK OJWH 13 HAUKPUTHUYHIMUX (PaAKTOpiB, M0 OOYMOBIIOE HAMIWHICTH 1
dbyukmionaneHy Oe3nexky DP-cuctem. ¥V myOmikamisix [239], [244], [246] Ta [250]
HE3aJIeKHO TMOKA3aHO, 10 MEPEeBUILIEHHS TEeMIEepaTypu OXOJODKYI0UOoi pifuHu abo
CHOBUIbHEHHS TETIO0OMIHY MPU3BOJATH 10 3HMXKEHHS JOCTYIHOI MOTY>KHOCTI Ha 8—
15% y>xe B neplii XBUIMHHM MICIs HABAaHTa)KEHHS.

3rinno 3 [240] 1 [243], 1HepIIHHICTh TEIUIOBUX TMPOIECIB Yy AU3EIAX
MOCHJIIOETECS B yMOBAaX YacTUX 3MIH TSITOBOTO peXuMy, TUNOBUX s DP-
MaHeBpyBaHHs. lle dopmye nokanbpHI meperpiBu Ta myJibcallii, siki He (IKCYIOThCA
CTaHJIAPTHUMH JIIHIHHUMU MOJIEIISIMU, aJie CTal0Th AeTekTopamu faerpagarnii y DPRA.

Y pobGorax [241], [249], [248] 3poOneHO akIEHT Ha HEJIIHINHICTh
XapaKTePUCTUK CHUCTEM OXOJIODKEHHS Ta e(eKTUBHICTh BHUKOpuctanHs PID-
PEryisaTOpIiB 3 HEUYTIMBOIO 30HOI0, CaMe Ty apXiTeKTypy, SIKy peai3oBaHO B MOJENi
(4.2). OcobOmuBo BaxsuBo, mo [247] (piBHsHHa Churchill-Usagi) no3Bosisie
yHI(iKyBaTH KOE(IIEHT TEIUIOBIIAYl y PI3HUX CEPEAOBHINAX, 10 POOUTH MOIENb
npunatHoro 1o iHTerpanii B DPRA ans pisHUX THMOIB CyAeH: Bii OyKcHUpiB 10
OypOBHX yCTaHOBOK.

TakuMm YWHOM, MOJENb, MpeAcTaBlieHa y miapo3aum 4.2, 0a3yeTbcs Ha
MEepPEeBIPEHNX  3aKOHOMIPHOCTSIX  Ta  MATPUMYETHCA  €KCIIEPUMEHTATbHUMHU
pe3yiabTaTaMyd 3 UHCIEHHUX HayKoBHX poOIiT [239-251], 3a0e3medye BHUCOKY

BIJIMOBI/IHICTh PEAIbHUM CIIEHapisiM TEIJIOBOr0 HaBaHTakeHHs npu DP Ta npo3Bossie
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agantyBati DPRA 1o mapameTtpiB meperpiBy sik 0a30BHUX TOJIM y JE€pPEB1 PU3HKIB.

Crnig BiA3HAYWTH, IO O3HAYEHA MpoOsieMa €(PEeKTUBHOTO OXOJIOKEHHS CYIHOBOTO
JBUTYHA, KU Mpallo€e y CKIAJHUX EKCIUTyaTallliHMX yMOBaX, /J0CI HE BHUpILIEHA 1
notpedye TOJAaTKOBHX JOCHIIKEHh 1 BUKOPHCTAHHS HOBITHIX TEXHIYHUX PilllEHb
TOMY AaKTyaJlbHUM € TMpPEACTaBICHHS YJIOCKOHAJEHOI CHUCTEMHU peryIrOBaHHS
TEMIIEpaTypHu CyJHOBOTO JIBUTyHA, sIKa 3/1aTHA €(DEKTHUBHO OXOJOJKYBATH JBUTYH Y
CKJIQJIHAX EKCIUTyaTallifHUX yMOBaX BHCOKMX HABAHTA)XEHb, IO MPUBOAWTH JIO
neperpiBy ABuryHa. Came Taki pexxuMu poOOTH CyJHOBUX IBUTYHIB MPUBOJSATH 0
CYTTEBOTO 3MEHIIICHHSI TEPMiHY X eKCIUTyaTallii i mepeI4acHuX PEeMOHTIB.

Sk BimOMO, MpU BUKOPUCTAHHI OPTraHIYHOTO NaJKMBAa B CYJAHOBUX JIBUTYHaX
BHYTPIIIHBOTO 3ropsiHHs Jjuiie 01u3bko 50 % TerninoBoi eHeprii mepeTBOPIOEThCS Ha
MexaHiuHy. Xodya JiesKa YacTKa peIlTH BUIUIEHOI TEIUIOBOI eHeprii 4acTKOBO
YTUITI3YETHCS HA CyAHI, aje OlabIna ii YacTMHA - HEMOBOPOTHI TEIUIOBI BTpaTaMH, IO
MPU3BOJATH 10 HEO0AXaHOTO TMEperpiBy BCIX YACTHUH JBUTYHA, IO CTHKAIOTHCS 3
nponaykramu 3ropsiHas. 1[{o6 30epertu mpaie3naTtHICTh CYTHOBOI €HEPreTUYHOI
YCTAaHOBKHU JIOBOJIUTHCS 32 JOIMOMOTOI) PI3HHX CHCTEM OXOJIO/PKCHHS BiJIBOIUTH
HAQJJIMIIOK TeIla HE TITbKHU BiJl TAKUX EJIEMEHTIB TOJOBHHMX JIBUTYHIB, SIK KOXYX
JBUTYHA, TOJIOBKM IWIIHAPIB 1 BIABIIHUNA KOJIEKTOp, SIKI MIANAIOTHCA BIUIMBY
HANOUIBII BUCOKUX TEMIEPATyp, ajie 1 BiJ 1HIIUX MEXaHI3MiB, arnapaTiB 1 MPUCTPOIB,
TaKuX, K MIIITUITHAKA, MACIIAHI Ta MOBITPSHI XOJIOAUILHUKH, KOMIIPECOPH, HACOCH
Ta 1H.

Ha OGinpiocti cyneH ToOpriBenbHOro (UIOTy, i€ OCHOBHUM PEXKHUMOM POOOTH
TOJIOBHOTO JIBUTYHA € TPUBAJIUN XOJOBHUI PeXUM 3 (HiIKCOBAHOIO YACTOTOK 00EpPTAHHS
1 MPaKTUYHO HE3MIHHUM HaBaHTaXXEHHSIM, 3aBlaHHs cTalurTi3alii TeMiepaTypu
JNBUTYHIB TPaJULIAHO BHUPIIIYETHCA 3a JONOMOIOI AaBTOHOMHHX JIBOKOHTYPHHUX
PIAMHHUX CHUCTEM OXOJO/PKEHHS Ha OCHOBI TEPMOCTATHYHHMX KJAMaHiB 1 ix
pi3HOBHUIB. be3yMOBHO, Ha Cy4acHHX CyJHaX 3aCTOCOBYIOThCS KUIbKA THIIIB CHCTEM

OXOJIOJPKEHHSI JIBUTYHIB, SIKI BIAPI3HSAIOTBCS 3aCTOCOBAHUM  TEILIONPOBIIHUM
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cepenoBuileM, (QYHKIIOHAIPHIM HAOOPOM €JIEMEHTIB, €KOHOMIYHOIO €(eKTHUBHICTIO,

HAJIMHICTIO.

Hanpuknan, na cyani AHTS npoexty UT745 3aCTOCOBY€ThCS JIBOCTYIIHYACTA
TPUKOHTYpHA cuctema. llepmmii cTyninp (Mepiivii KOHTYp) YTBOPEHUH BiAKPHUTOIO
OJTHOKOHTYpHOIO cucteMoro (SW Cooling System), mpu3HAYEHOIO JIJISI OXOJIOKEHHS
IUTACTUH TETIOOOMIHHMKA LEHTPAJbHOTO OXOJO/KyBaua MHPOTOYHOK MOPCHKOIO
Boj010. JIpyra yactuna cucremu oxosiomkeHus (FW Cooling System) BuKOHaHa 3a
3aKPUTOI0 CXEMOIO 1 MICTUThH JBa MOB'A3aHI KOHTYpH: BUCOKOTemmepaTypHuid HT
(High Temperature) ta Hu3bKoTeMiieparypuuii koHTyp LT (Low Temperature).
3akpuTa YacTMHA CHCTEMH OXOJIOJPKEHHS ToJoBHOro nBuryHa HT-LT MicTUTh
OIpaIbOBaHy OXOJO/KYBAJIbHY PIAMHY (CyMilll XIMIYHO JAE€MiHEpalTi30BaHOI MPiCHOT
BoAM, 1m0 Mae pH y ogianazoni 5,5..9,0 1 Habip iHriGiTOpiB KOPO3ii).
Bucokoremneparypunit H7-KOHTYp CUCTEMH OXOJIOJKEHHSI BKJIIOYAE HACOC, SIKUU
3a0e3mnedye IpOTOKY PIAUHU B KOHTYPI, OJOK IMTIHAPIB 1 OXOJIOHKYBad HATyBHOTO
MOBITPSL.

binbmr ngetanbHO po3risiHeMO MOOYAOBY MPOCTINIOI, ajie JOCUTh MOLIUPEHOI
CUCTEMH OXOJIOJUKEHHSI TOJIOBHOTO JBHUIyHA, CIIPOLIEHA CXeMa SIKOi HaBeleHa Ha

pucyHKy 4.5.

3sopomnuit 36'A30K 3aeoanns

3@ menepamypoit MNP
PETVJIATOP [

TOA ¢
t, | ABUI'YH 5
| G4
G1 BH2 ¢
BH1 p 3 4

4|O: Gl R PeT G4

Puc. 4.5 - I[BOKOHTypHa CUCTCMA OXOJIOKCHHSA I'OJIOBHOI'O ABUT'YHA

Ha pucyHky HaBeneHa THUIIOBA, JJis OUIBIIOCTI CyaeH oguiopHOTO ¢IoTY,

CIpPOIIEHA JIBOKOHTYpPHA CHCTEMA OXOJOJDKEHHS €HEPreTHYHOI YCTAaHOBKHM CYJ/HA.
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Jl1st eeKTUBHOI'O OXOJIO/PKEHHS IBUTYHA TaKa CUCTeMa BUKOPHUCTOBYE J[BA OKPEMUX

KOHTYPH IUPKYJSIIIT piAMHKA: BHYTpilHIA KOHTYp (Hacoc BHI1) 3 mpicHoto Bomor0 Ta
30BHIIIHIN KoHTYp (Hacoc BH2) 3 Mopcekoro Bomoro. Temno Big ABUTYHA
NepeaeThCsl MPICHIM BOJI, KA MOTIM OXOJIOKYETHCS B TEIUIOOOMIHHOMY armapati
TOA MOpCBHKOIO BOJOIO.

Ha puc. 4.5 noznaueno: BH1 - BoasHuii Hacoc BHYTPIIIHBOTO KOHTYPY, SIKUK
3a0e3neyye LUPKYJSLII0 MPICHOI BOAM Y BHYTPILIHBOMY KOHTYpl, CTBOPIOIOYU
nocTiiHui noTik G1 piauHU, IO NPOXOJUTh Yepe3 JIBUTYH 1 Jaii A0 KEPOBAHOTO
posnoauteuoro knanany (KPK); BH2 - Bomsuuii Hacoc 3a00pTHOI BOIH, SKHUI
3a0e3rneuye MOCTINHY MUPKYJIIALII0 MOPChKoi Boiu uepe3 TernoooMinHuK (TOA); ¢, -
TeMIlepaTypa MpiCHOI BOJHM, IO HAAXOAUTH JI0 JIBUTYHA; f, - TeMIepaTypa HarpiToi
MPICHOT BOJM, IO BUXOJIUTH 3 ABHUryHa; G1 - MOTIK MPICHOT BOJAW Yy BHYTPIITHBOMY
KOHTYDI; #4 - TEMIIepaTypa MOPCHKOi BOJIU, IO HAAXOAUThH IO TEIUIOOOMIHHUKA; f5 -
TEMIIepaTypa MOPCBHKOI BOJHM, IO BHUXOAUTh 3 TemuooOMinHuka TOA micis
HarpiBaHHs; G4 - MOTIK MOPCHKOT BOJU Yepe3 TErI00OMIHHUK.

OcHoOBHHUII By30J1 cucTeM - KepoBaHuil posnonuisbunii knanan (KPK), sxuit
posnoaisie noTik (¢, G1) raps4oi mpicHOi BOAM HA ABl YAaCTHHU: @) MOTIK Traps4oi
MpiCHOI BOJU BiJ ABUTYHA (f, G2); 0) NOTIK (f,, G3), KU i1e HA OXOJIOHKEHHS. Y
terioooMiHHUKY TOA moTik (%, G3) oxonomxkyerbes (45, G3). Lli nBa moToku pi3zHOi
TEeMIIEpaTypu 3MillyoThesa A0 piBHS Gl 1 HayTh, 3a momomororo Hacocy BHI, y
BHYTPIIIHIN KOHTYP OXOJIOJIP)KEHHS IBUTYHA.

Perynsatop Temmeparypu, 3a JIONOMOIOI JIaTYMKa, OTPUMY€E CHUTHAJ
3BOPOTHOTO 3B'SI3KY 3a TEMIIEPATYPOIO MIPICHOT BOAM (1€ TeMIepaTypa BOAU HA BUXO/I1
3 ABuryHa abo mepen HuM). Perynarop, Takox, OTpUMyeE 3aJlaHe ONEpPaToOpOM
3HAYEHHS TeMIepaTypH, sIKe HEOOXiHO MIATPUMYBATH B CHUCTEMI OXOJIOIKEHHS
neuryHa. Ha ocHOBI pi3HMIN MK (DAKTUYHOIO Ta 3aJaHOI0 TEMIEPATyporo (TTOMUIIKH
pEryJIOBaHHS), PEryJsITOp, 3a BHU3HAYCHUM airoputMom (3a3Buyait, ue [II]1-

anroputm) reaepye kepyrouy airo Ha KPK. Kepyroua aist 3a 1ormomMororo 101aTKOBOTO
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MPUBOJAHOTO MEXaHi3My 3MIHIO€ MojokeHHs kinamany KPK, tum camum 3MiHIOIOUM

CIiBBIHOIIICHHS MTOTOKIB Taps4oi Ta 0X0Jo/pkeHoi npicHoi Boan. TOA € mpuctpoewm,
y AKOMYy B1IOyBaeThbCd Iepeiaya Temia BiJ rapsdyoi MPICHOI BOJAX IO XOJIOJHOI
MOPCBHKOI BOJM 0e3 iXHbOro Oe3mocepelHbOro 3MillyBaHHsA. [apsda mpicHa Bojaa
(2, G3) IpOXOIUTH Yepe3 OJHY YaCTHHY TEIIOOOMIHHUKA, a XOJIOAHA MOPChKa BOJIa
(t4, G4) — depes iHIY. Y pe3ysbTaTi TEIJIOOOMIHY IMpICHA BOJA OXOJIOKYETHCS 10
TEMIIEPaTypu ¢;, a MOPChbKa BOJAa HArpiBaeThCSA IO TEMIIEpaTypu fs. 3abopTHA
(Mopcbka, (UIBTpOBaHA) BOJAa BUKOPUCTOBYETHCS SIK OXOJIOJKYHOYa pIIUHA Y
30BHIITHEOMY KOHTYPI.

VY cucremax OXOJIO/KEHHS CYJAHOBHUX JBUTYHIB BUKOPHCTOBYIOTH KiIbKa
PI3HHMX BaplaHTIB KOHCTPYKTUBHOTO BUKOHAHHS KJIalaHiB, ajie Oyab SKUW MoTpedye
3aCTOCYBAaHHSI OKPEMHX IMPUCTPOIB KEpPyBaHHS - perynaropiB. Hampukman, kiamnax
tuny 65LT (AHTS mupoexkry UT745) ynpaBiaseTbcsi LUPPOBUM KOHTPOJIEPOM
(perynaropom) tumy CHINO2000 [251], BctanoBienuMm Ha myisTi ECR. CurHan
3BOPOTHOTO 3B'SI3KYy 3a TEMIIEPaTypOI0 IMOJAEThCS HA PEryJsTOp BiA JAaTyuKa
temneparypu tury PT-100. ko temnepaTtypa Boau HUKYE 3a4aHOTO 3HAYECHHS, TO
BOJIa, 110 OXOJIOJIXKYE, Oy/Ie CIIPSMOBaHA [0 MAJIOMYy KOHTYPY OXOJIOJPKCHHS Ha3a1 Ha
OiK BCMOKTyBaHHS Hacoca. B iHmomMy Bumaaky kiamnaH 65L7 mepeHamnpaBiisie BOILY
yepe3 IEHTPaIbHUM OXOoJo/KyBad. Ha mgaHoMy cCyaHI BUKOPHCTOBYIOTHCS
MHEBMAaTUYHO KEPOBaHI PEryJsTOPU MEPETIKaHHS pPIAMHA Ha OCHOBI MOBOPOTHHX
3acimiHok tumy 3730 BignmoBigHO 10 ctaHaapty VDI/VDE 3845. Jlns curhanis, 1o
HAJXOJATh JI0 KJIallaHa BIiJ KOHTpoJiepa, HEOOXIHO BHKOPHUCTOBYBATH JOJATKOBI
nepeTBoproBayi (y IIbOMY BHIIQJKy BHUKOPHUCTaHi [/P KOHBEpTOpH), 1HAKIIE 3BaHi

"mo3urionepamu’.
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Puc. 4.6 - OynkiionansHa cxema I/ P mo3uiionepa

[To3umionep (puc. 4.6) 3abe3medye cTabLTI3aALI 33JaHOTO TOJIOKEHHS
3aCNIHKM KJamaHa Ta 3MIHY IMOJIOKCHHsI 3aCNiHKH BiJIMOBIAHO /O EJIEKTPUYHOTO
BxigHoro curHany. Kyt 11 moBopoTy - peryiaboBaHa 3MiHHA, NIPOMOpIiHA
aHAJIOroBOMYy CHUTHaiy KoHTpojepa (4..20 MA - 3MiHHa 3aBmaHHs). Y mpoleci
pEryJIIOBaHHS MO3ULIOHEP MOPIBHIOE KEPYIOUHM CUTHAJ, OTPUMAaHUN BiJl KOHTPOJIEPA,
3 KyTOM IIOBOPOTY 3acCliHKM KjamaHa, a B SKOCTI BHXITHOI 3MIHHOi BHIA€
MHEBMATUYHUIA KEPYIOUMH CHUTHAJl Yy BUIJISIJI TUCKY, IO BIUIMBAE Ha KIamaH i
MOBEpTa€ 3acliHKy HAa HEOOXiMHWUW KyT (iICHYIOTh 1 1HINI TEXHIYHI PIIICHHS 7St
MepPEMIIIEHHS 3aC/IIHKY KIIalaHy).

Ha pucynky 4.6 nozHaueHo: | - kepoBaHUI PEryIOIOUNN KilamnaH, 2 - JaT4UK
nosioxeHHs, 3 - PD perynsarop, 4 - ALILL, 5 - mikpokoHTpoJiep, 6 - I/P nepeTBoproBay
MO3UIliOHepa, 7 - MHEBMAaTUYHUW MIACWIIOBaY, 8 - peryiastop Tucky, 9, 10 -
perynsitopu BuUTpatd, 11 - 1HAYKTUBHMIA KIHIEBUW BUMHKA4, 12 - COJEHOITHHIA
KJiamnaH, 13 - aHajioroBui JAaTYMK MOJIOXKEHHS, 14 - mporpaMoBaHi KiHIIEBI BUMHUKaUl,
15 - Buxim moBimomiieHHs mpo BiaMoBy, 16 - PK mucruiet, 17 - ynpaBmiHHS

COJICHOIMHUM Kiananom, 18 - rampBaniuHa po3B'szka, 19 - LAIL 20 - inrepdeiic
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3B'SI3KY, 22 - TUCKPETHUM BX1Jl YBIMKHEHHS PEECTpAaTOpa JaHUX.

[Tosumionep koH(Irypyerbes 3a pgomnomorow mnporpamu TROVIS-VIEW i
oOnagHaHUN MOJATKOBUM LM(PPOBUM MOCIITOBHUM i1HTEp(ercoM, IO A03BOJISIE
TiKTI0YATHCS 10 KOMIT'IOTEpa 3a Y3ToKyBaJIbHUM KadeneM 3 pos'emamu RS-232 abo
USB. Ilporpama TROVIS-VIEW no3Boyii€e KOpHUCTyBadeBi 3aJaBaTH BUXIJIHI
napaMeTpu MO3UI[IOHepa Ta KOHTPOJIOBATH MapaMeTpH MPOIECIB B ONEPATUBHOMY
pexumi. [lepenbaueHo aBa pexuMU poOOTH MO3UIIIOHEPA — ABTOMATUYHUN PEXUM
(AUTO) ta pyunuit pexum pobotu (MAN). Y MIKPOKOHTposiepl € BOYIOBaHMIA
peectpaTop naHuX. [lojokeHHST 3aCIHKK KJIalaHa KOHTPOIOETHCA JATYUKOM (2),
CUTHAJ SIKOTO 00POOIISIETECSA MIKPOKOHTPOJLIEPOM (5), 1 MEPETBOPIOETHCS aHATIOTOBUM
natuukoM (13) y curHanm mnoctiiiHOoro crpymy B nmianma3zoHi Bim 4 g0 20 MA.
Binxunenns curHaiay y OUIbLIy 4d MEHIIYy CTOPOHY Bil CTAHAApTHOTO Alana3oHy
cTpyMy (< 2,4 MA ab6o > 21,6 MA) 3a0e3meuye MOKIIMBICTh BUSIBJICHHS HECTIPABHOCTI
no3uiiionepa curai A3 (15).

Jliist 06poOKM BXiJTHUX CUTHAIIIB BiJl JATYMKIB TEMIEPATYPH PIANHU B CUCTEMI
OXOJIOJDKEHHS Ta 3aBAAHHS CTPYMOBOTO CHTHAIY KEPYBAaHHS IMO3UI[IOHEPOM KIIAIaHy
HA CYYaCHMX CYJHaX BHUKOPUCTOBYIOTHCS ~MIKPOKOHTPOJIEPHI CHCTEMH, IO
peanizytots [1IJ[-anroputmu perymoBanHs. Tak, Ha puc. 4.7 HaBEIECHO 30BHIIIHIM
BUTJISIJT PETYJIATOPA TEMIIEPATypPH B CUCTEM1 OXOJIOIKEHHS TOJIOBHOTO JIBUTYHA Cy/IHA
npoekty UT745 na ocHoBi MmikpokouTpodiepa CHINO monenit DB1060 [251].

Buxigne nanamrtyBanHs [II/I-perynsitopa Ta Horo mnepeHajJaliTyBaHHA B
OTEPaTUBHOMY DPEXHMI BUKOHYETHCS 3a JOTIOMOTOI0 KHOIMOK Ha TEPEIHIM MaHenl
KoHTposepa. [[ns uporo mimOuparoThesi Bpy4yHYy HeoOXimHi koediuientu P, I 1 D.
OCHOBHUM € MponopIiHUN KoedimieHT P, 0 3aAa€ Aiana3oH MOCHICHHS - MiTHIMAE
BuxigHui curHan (4...20 MA) 1o piBHS, HEOOXITHOTO I JOCATHEHHS 3MIHHOL
npoiecy PV (BuMipsHOi TemmepaTypu) 3agaHoMy 3HaudeHHIO SV. 30UIblIeHHS
3HaueHHs P 3a6e3mneuye "rocTpinry"” peakiiiro KiarnaHy 3a OJHAKOBOI pi3HUIN Mix PV i

SV. Crana iaterpyBanns (napamerp /) iHrerpye pizauuto mix SV ta PV. [lapamerp D
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3aJ1a€ MIBUJIKICTh 3MIHHU peakIlli Kiiamana y BianoBiab. [IpaBuibHuil BUOIp mapaMeTpiB

P, I ta D ocobnuBo BaxumBo y cucremi HT, ne BinOyBaroThCs myke pi3Ki 3MiHH

TEMIIEpaTypH.

[T

{ 0810008
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Puc. 4.8 - 30BHILIHIN BUTJIA MIKPOKOHTpOJIEpA 3 IHAUKATOPAMH Ta OpraHaMu

yIpaBIiHHS/TIPOrPaMyBaHHs

3a3Buyail koedimientu I1IJ[-perynaropa B KOHTpoJIepl HAJAIITOBAHI METOJIOM
[urnepa-Hikosnca, 1m0 MJIKOM NPUMHSITHE MJIS CTalllOHAPHOTO XOJIOBOTO PEXKHUMY
cynHa. OgHak TpU PETyJIIOBaHHI OXOJO/KEHHS B PEXKUMI PI3KMX HABAHTAKCHbD,
HANIPUKJIA]] - MIIPUBY SKOPIB, 3aCTOCOBAHMN AJITOPUTM KOHTpOJEpa HE BCTHUTa€
BiJIIPAIIbOBYBATH IIBUIKO3MIHHI BXifHI mapameTrpu. [Ipy miKOBUX 3HAYECHHSX
HABaHTA)XCHHsI HA TOJIOBHUU JIBUTYH JOBOJWIOCS Y PYYHOMY PEXHMMi 3017bIIyBaTH
MOCUJICHHSI Ta 3MEHIIyBaTH 4acoBi koedimientu. OAHAK MPU LBOMY MPAKTUYHO
BiJIpa3y BHHMKA€E MEPEPEryalOBaHHS, 1HKOIHM - HECTAOUIbHICTH CHUCTEMH, 1 MpPOLEC
nia00py mapameTpiB PErymsTopa JOBOAWIOCS 3HOBY MouMHATH. KpiM He3pydHOCTI
PYYHOTO HAJIAIITYBaHHS BUHUKAIOTH MPOOJIEMH, TIOB'sA3aH1 13 3HOCOM Ta 3MEHIIICHHSIM
TEPMIHIB CJIyKOH 001aHAHHS.

bnox-cxema modeni  pezymosanns memnepamypu oeueyna. Ha puc. 4.9
MpEeICTaBICHO (PYHKI[IOHABEHY OJIOK-CXEMY CIIPOIIEHOI TeTIOBOT MOJEN JBUTYHA 3
CHUCTEMOIO aBTOMATHUYHOTO PETYJIOBAaHHS TeMIiepaTypu. Mojienb BpaxoBye TUHAMIKY
HAJIXO/UKEHHST Ta BIABEJAEHHSA TEIUIa, BHUKOPUCTOBYHOUHM PID-perynarop anus
KepyBaHHs KJIAIaHOM OXOJIOJIKEHHSI HAa OCHOB1 MOXMOKHU TeMrieparypu. Takuil miaxis

peanizyetbcsi B cepenoBuilli MATLAB/Simulink nns gocnigkeHHS €(PEeKTUBHOCTI
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QITOPUTMIB ~ TEPMOPETYJALl 1 BUPOOJEHHS  BIAMOBIIHOI  TpOrpamMu s

3aBaHTAYKEHHSI.

briok N(f) npencrasisie 3MiHHE TEIUIOBE HABAHTAXEHHS, 110 MIEPETBOPIOETHCS Y
TEIUIOBY TOTYXXHICTh 3a JIOMOMOTOI JI0JaTKOBOro KoedimieHty ky. Ilotik O,
HaKOMUYYy€EThCS B TerioeMHOcTi C, dhopMmyroun Temmneparypy AsuryHa 7(t). Cucrema
MOPIBHIOE 11 3 €TAJIOHHOIO (33/1aHOI0) TEMIIEPATypor0 7T, OOUHCIIOE TTOXUOKY e(?) 1
nepenae ii Ha PID-perynstop. 3reHepoBaHMI Kepyrouuid curHai u(f) 3MIHIOE uepe3
NO3ULIOHEP MOJIOKEHHS KIIallaHy, IKUI PEryJilo€ IHTEHCUBHICTh OXOJIOPKEHHS Yyepe3
Oout- JlOoTaTKOBO BPaxOBYEThCS TeMIIepaTypa OXOJIOMKYyBada 7Tcoo, IO BIUITMBAE HA
¢(eKTUBHICTh BiJBEJECHHS Teria. Taka CrIpoIleHa MOJENb JT03BOJISE OIIHUTH SKICTh
MIPOIIECIB PETYIIOBAHHS B YMOBaX 3MIHHUX HaBaHTAXEHb Ta JOCTIAUTH CTaOUIbHICTh
TEMIIEpaTypy 3a PI3HUX YyMOB eKCIUIyartarii. 30Kpema, ii JIeTKO MOJeIIOBaTH

anepioUYHUMU JIAHKAMH 1 3aI1i3HEHHSIM.

N(t)
BxigHa nomyxHicTe
k_N

Koedp. TennoeuginedHn

Q_in
HagxomxenHs Tenna
&
TennoemHicTe
T
TemnepaTtypa gBuryHa
e(t) = T_ref - T(t)
Moxu6ka
PID-perynaTop
u(t)
Kepywunii curHan

Knanan

T_cool
Temn. oxonogxysaua

v

CucTema oXoNogMKeHHA

Q_out
BigeenenHn Tenna

Puc. 4.9 - brnok-cxema Moieli peryatoBaHHs TeEMIIEpaTypu ABUTYHA
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Cnpowena mamemamuyHa MOOeNb CUCMeMU pe2yNI08aHHs meMmnepamypu

20I06H020 08USYHA OVKCUPHO20 CYOHA 0/11 00pobKu sxopie. 3abe3redeHHs cTa0lIbHOT
TEMIIEPaTypy TOJOBHOTO JBHUTyHa CyJHAa B yMOBaxX 3MIHHOTO HaBAaHTAKEHHS €
KPUTUYHO Ba)UIMBHM JUIS O€3MeYHOro (YHKI[IOHYBAaHHS CHUCTEMHU JUHAMIYHOTO
MO3UIIIOHYBaHHs. TeMIOBUI PEXUM BIUIMBAE HE JIMIIE HA pecypc NBUTYHA, a ¥ Ha
TOYHICTh POOOTH BCi€l cuUCTeMHU YIpaBiiHHSI. Tomy HeoOXimHO chopmyBaTu
aJICKBaTHY MaTeMaTHYHy MOJIelb, IO JO3BOJIAE peali3yBaTH OICpaTUBHE Ta
eHepros0epiraroyue peryaroBaHHS.

1. EnepreTunuii 0OanaHC CUCTEMU OXOJOJKEHHSA: PO3TJISHEMO TEIUIOBHMA

OanaHC B OXOJIOKYBAJIbHIN cUCTEMI SIK 3BUYaiiHe qudepeHIlialbHe PIBHSHHS:

dr()
dt

C 0, (1) -0,,(0), (4.17)

ne: C - edexkTHBHA TEIUIOEMHICTH cucTeMu, T(t) - TeMIepaTypa 0XO0JI0KyBaILHOTO
cepenoBuia, Q;y (t) - TEMIOHAAXOMHKEHHS B ABUTYHA, Quuy (t) - TEIIOBIABEACHHS
4yepe3 CUCTEMY OXOJIOKCHHSI.

HaI[XOIL)KeHHSI TCIIJIa € (I)yHKHiCIO HAaBAHTAXCHHA Ha BaJly:
O, () =kyN(), (4.18)

ne: ky - emnipuyHuit KoedilieHT TeroBualIeHHs, N(t) — MUTTEBE HaBaHTaKEHHS Ha
I'J1 y MOMEHT 4acy t.
TernoBigBEeIeHHST MOXHa aNpOKCUMYBAaTH $IK JHIAHY (yHKIIIO pi3HUILI

TeMIepaTyp:

O =k (T(H-T,,,), (4.19)
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ne: T oxon - TEMIEPATYPA OXOJIO/KYBATIBLHOI PIIMHU TICHA pagiaTopa, k. - Koe]ilieHT

MPOTIOPIIIAHOCTI.

Tenep cucrema piBHSHb HaOyC BUTIISIY:

% =k N~k (T()-T,,) (4.20)

2. ApantuBHe KepyBaHHA 3a gonomorow III/I-perynsitopa: 3  meToro
niATpUMKHA Temrepatypu T(t) B OKOJII 3alaHOro 3HAY€HHS T.,;, 3aCTOCOBYETHCS

kiacuunuit [ /1-perynarop 3 aqanTUBHUMH KOE(ILIEHTAMMU:

de(t)
dt

u(t) = K, (0)-e(0)+ K, () e()dz +K (1) 4.21)

ne: e(®)=T,, —T() - noxubka perymosanus; Kp(t), K: (t), Ka(t) - amanTusHi
Koe(illieHTH, 10 3aJeXaTh B IIBUAKOCTI 3MIHM HaBaHTaxeHHS dN(t)/dt.

3anexHICTh ajanTaiii Moxke OyTH 3aJlaHa y BUTJISI]II:

dN(t) dN(t)

K,()=K, +a, , K,(t)=K, +o, , (4.22)

, K@#®)=K, +ai‘

dN(t)
dt

ne Kpo, Kig, Kap - TOUYaTKOB1 HaNAIITyBaHHS, a Up, Ai, Ad - KOSPIIIEHTH aganTalrii.
3. YpaxyBaHHS HEUYyTJIMBOI 30HM: JUIA 3HIKCHHS EHEProCIOXUBaHHS

peryisTopa y BUMaJKax He3HAYHO1 MOXUOKU e(t), BBOAMMO HEUYTJIMBY 30HY A:

)= {0, akio |e(t) < A “423)

2A(¢), inaxme
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Ile nmo3Bosisle YHHMKATHM 3alMBHUX CIPAalbOBYBAHb KJIAllaHA IPU HE3HAYHHX

KOJIMBaHHSIX TEMIIEPATypH.

Jlnst owiHKKM e(EeKTUBHOCTI 3ampONOHOBAHOTO aAJaNTHUBHOIO peEryJsaropa 3
HEUyTJIMBOIO 30HOI0 Oyna moOynoBaHa MaTeMaTWUYHa MOJEb TEIJIOBOTO PEXHUMY
roJIOBHOTO JABUTYHa cyaHa y cepenoBuilli MATLAB/Simulink. Moaens BpaxoBye
HAJXO/KEHHS TeIla BHACTIIOK MEXaHIYHOTO HABAaHTAXXEHHsI, BTPATH Yepe3 CUCTEMY
OXOJIOJIPKEHHSI Ta TEIUIOBY IHEPLINHICTh KOPIYCY IBUTYHAa. BXIJHUM CHTHalIoOM €
3MiHAa HABAaHTAKEHHS HA JBUTYH, 110 MOJEJIOETHCA y BUIVIAIAl IMITYyJIbCHUX 1
CTYMIHYACTUX 30ypEHb.

KepyBaHHs TemmepaTyporo 3IIHCHIOETbCS 3a JOMNOMOIOI0  PEryssTopa
(mpomopiiiiHuii Koe(dillieHT SIKOTO HEeNiHIMHMN - mnapabomiuHuil), skuil dopmye
KEePYIOUMid CUTHAJ JUIsl CUCTEMH OXOJIOPKEHHS, BUXOASUU 3 PI3HULI MK (DaKTHUHOIO
TEMIIEpaTypol0 1 3aJaHUM 3HadeHHAM. JIJisi TOpIBHSHHS peai3oBaHa aHaJIOTIdHA
Mozeinb 13 kinacuaauM [l-perynstopoM. Y mogeni peanizoBaHa QyHKIIIS HEUYTIUBOL
30HU, B MEXaX SIKOI CUCTeMa He pearye Ha He3HauHl BIIXWICHHS TeMIepaTypH, 110
JI03BOJISIE 3MEHIITUTH YaCTOTY CIIPAILIOBAaHHS OXOJIOKYBAJILHOTO KOHTYpyY. Heminiiina
napaboJliyHa YacTHHA 3a0e3MeUyr0 He TUTBKHA FOCTPY PEeakKilito Ha MOXUOKY, a 1 BUCOKY
CTIMKICTb BCI€T CUCTEMMU.

OcHOBHI mapaMeTpHu MOJIENI:

TeroeMHIcTh ABuryHa: C = 8500 Bt - ¢ /°C;

- koedimienT Terosrpat: k= 0.01 Bt/ (°C - ¢);

- rpanuyHa temneparypa: T, = 90 °C;

- niana3oH HeuyTimBocTi: AT =42 °C.

Ha pucynky 4.10 mpeacraBieHO pe3yJabTaTH MOJIEIIOBAHHS TEMIIEPATYpPHOI

JUHAMIKH JJ1s1 000X PEryJssiTOpiB.
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90

Temnepatypa, °C
~
(%)

~
=]

65

—— Mi-perynatop
—— [MapabonivHui perynatop
60 ——- UWineoBa TeMmnepaTypa

0 100 200 300 400 500 600
Yac, ¢

Puc. 4.10 - TemnepatrypHa AMHaMiKa CUCTEMH OXOJIOKCHHS TIPU PI3HUX TUIAX

PEryJnsaTopiB 1 CTpUOKONOIIOHOMY 30ypIOBaHH1

BcTaHoBieHO, 110 3ampoIIOHOBAHMM aJalTUBHUN MapaOOIiyHUN pPEeryssiTop
JO3BOJISIE:

- 3MEHILUTHU aMIUTITYyAy epeperyiaoBants Ha 24 %o;

- CKOPOTHUTH 4ac BCTAHOBJICHHS Ha 18 %;

- 3HU3UTHU KUTBKICTh CTIPAIIOBaHb CUCTEMH OXOJIOMKEeHHS Ha 32 %.

Ha rpadiky (puc. 4.10) npeacraBieHo TeMIiepaTypHi XapaKTePUCTUKH CUCTEMHU
3 BUKOpUCTaHHAM kiacuyHoro III/[-perynstopa (cuHs JiHIsI) Ta 3alPOINOHOBAHOIO
napaboJiyHOrO AJaNTUBHOIO PETYJISITOpa 3 HEYYTIMBOIO 30HOIO (YEpBOHA JIiHISA).
[TouaTtkoBe 3HaueHHs TemiepaTypu ctaHoBUTh T0 = 600 C, a 3agane T3ang =900 C. Y
MoMeHT 4dacy t = 300 ¢ 3MIHIOETHCSI HABAaHTA)XXCHHSI Ha JBUTYH, IIO IMITY€ PanToBe
30UIBIIECHHS TEIUIOBUIICHHS.

AHani3 mokasye, 10 3ampolOHOBAHUN MapaOOIIYHUN PErysaTop JEMOHCTPYE
MOKpAIlleHl MMOKAa3HUKU CUCTeMH y MOpPiBHsIHHI 13 cuctemoro 3 [Il-perynstopom. Ilo-
nepiie, BiACYTHICTh YacTHX IMITYJIbCIB KepyBaHHS Yy 30HI HEUYYTIUBOCTI JO3BOJISE
3MCHIIIUTH CIIPAIfOBaHHS KJama"y 1 MIABUIIUTH CTilKicTh cuctemu. l[lo-gpyre,

HIBUJKICTh Peakilii Ha 30BHIIIHE 30ypeHHs 3pocTae Ha 22 %, a mepeperyiaroBaHHs
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TEeMIIEpaTypu 3MeHIIyeThest A0 17 %, 110 103BOJISIE HE JIMIIe HNIATPUMYBATH pOOOTY

JBUTYHA Yy JOIMyCTUMOMY TEMIIEpaTypHOMY Jiama3oHi, ajle ¥ CyTTEBO 3HUXKYE
SHEProCIIOKMBAHHS Ta 3HOC MEXaHIYHUX €JIEMEHTIB CUCTEMHU.

3anporoHoBaHWK maxiy 3abe3ledyye aJanTHBHICTh CHUCTEMH IO 3MiH
HABAaHTAKEHHsS 0€3 HEeOOXIJHOCTI PYyYHOI'O HAJAIITYBaHHS MMapaMeTpiB pPeryJsaropa,
110 O0COOJIMBO Ba)UJIMBO B YMOBAaX 4YacTUX 3MIH peXuMy poOOTH cyaHa. 3aBIsSKd
IbOMY MO’KHA 3a0€3MeUnTH CTa0lIbHY Ta 0€3MeYHy eKCIUTyaTallio CyaeH 0(pIIopHOro
GI0TYy y CKIaIHUX MOPCHKHUX YMOBaX €KCILTyaTarlii.

Ha ocHOBI mpoBeneHOrO aHalizy Ta eKCIUTyaTalliiHUX CIIOCTEPEKEHb
BCTAHOBJICHO, IO IHEPILIMHICTh 3BUYAHUX MEXaHIYHUX TEPMOCTATIB HE JO3BOJISIE
3a0e3MeYUTH HaJIe)KHE OXOJO/HKEHHsI TOJIOBHOTO JIBUTYHA B YMOBaX 3MIHHHX
HABaHTaXXE€Hb, XapaKTEPHUX JJISi CUCTEM JWHAMIYHOI'O MMO3ULIOHYBaHHS CyIeH. Y
MOETHAHHI 3 OOMEXEHHSAMH TPATUIIIMHUX PEryJIATOPIB 13 (PIKCOBAHUMHU MapaMeTpaMU
1€ CTBOPIOE 3arpo3y JJIs CTaOLIbHOT pOOOTH €HEePTeTUUYHUX YCTAHOBOK Y KPUTHUHUX
MOpChkUX oneparisx. OcoOIMBO 1€ aKTYaabHO MPHU MBUAKOTUIMHHUX MEPEX0ax Mix
peKUMaMHU, KOJM 3pOCTae moTpeda HE TUIBKM B aJalTUBHOMY PpETyJIIOBaHHI
TEMIIEPATYPHOTO pexuMy 0e3 BTpyUYaHHS ONepaTopa, a i y BUKOPUCTaHHI JI0aTKOBOI
eHeprii, ska 3a3BUYail Ha CyJHAX € OOMEXKEHOI. Y TaKuX yMOBaX BHUKOPHCTAHHS
aJIallTUBHOTO  MIKPOIPOIECOPHOTO KOHTpOJIepa Ta MOXKIUBICTh MPOrPAMHOTO
HAJNAIITYBaHHS B PEXHUMI pEaTbHOr0 4Yacy € e(eKTUBHUM pIIICHHSIM, IO
HiATBEPKYETHCS PEe3yJIbTaTaMU MOJICITFOBAHHS Ta TECTyBaHHSI.

Y  pe3ynbrari MPOBEACHUX  JOCIIKEHb OOTPYHTOBAHO  JOIUIBHICTH
BIIPOBA/KEHHSI MOJEPHI30BAHOT CHUCTEMHU PETYIIOBAHHS TEMIIEpaTypu TOJOBHOTO
JBUTYHa SK OJHOTO 3 3aco0iB MIABUINCHHS OC3MEeKH Omepalii JTUHAMIYHOTO
MO3UIIIOHYBaHHS CyIeH. Po3po0ieHa cucreMa 3 BUKOPUCTAHHSAM MIKPOTIPOILIECOPHOTO
KOHTpoJIepa JO03BOJISE€ aJanNTUBHO pearyBaTd Ha 3MiHY 30BHINIHIX YMOB,
3a0e3mevyrour CTaOLIBHICTh TEIJIOBOTO PEXKHUMY Ta OMNEPATUBHY 1HIMUKAIIIIO

NOTEHIIWHUX BIIXWIeHb. Lle, CBO€I0 4eproro, 3MEHIIy€e PU3UK NEPErpiBy IBUTYHA,
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MIIBUIIYE 3arajbHy HaJldHICTL Ta edekTtuBHICT, cuctemu DP. IlpoBenene

MOJICITFOBAHHS MIiATBEPIKY€ 3MEHIICHHS 1HEPIIMHOCTI Ta MOKPAIICHHS YyTJIMBOCTI
CHUCTEMH, IO BIJIKPHBAE IEPCIEKTHUBU JIJIS MOJAIBIIOr0 BIPOBAKCHHS KOHIICIIIIT
aKTUBHOI OC3IEeKH CYTHOBHUX EHEPreTHYHHMX YCTAaHOBOK y paMKaX KOMILIEKCHOI
CHUCTEMHU MOHITOPHHTY Ta OLIHKK PU3UKIB 1]l YaC MOPCHKHUX OMepaliii.
OOrpyHTOBaHO JOLUIBHICTh Mepexomy Bin Ttpamuiidaux IIIJI-cucrem 1o
aJanTUBHUX MNapaOOIIYHUX PEryJsTOPIB 3 HEUYTIMBOIO 30HOIO JJIS PEryJIIOBaHHS
temnepatypu ['J y pexumax 3mMiHHOro HaBaHTaxeHHs. [loOynoBana cmporieHa
MareMaTH4Ha Mojenb, Io peamizoBana B MATLAB/Simulink, nmoBenma, 110
BUKOPHUCTAHHS IIPOIOHOBAHOTO IMIJIXOJY JO3BOJISE 3HHU3UTH EHEProCIOXUBaHHSI,
3MEHIIUTH TepeperynoBanHs 10 17 %, a yac BCTaHOBIEHHA CKOpPOTUTH Ha 22 %.
3MEHILIEHHSI KIIBKOCTI CIpalbOBYBaHb OXOJIOMKYBAJIbHOTO Kiamany Ha 32 %
CBITYUTH MPO 3MEHIICHHS 3HOCY OOJagHAHHS Ta MIJBUINEHHS CTIHKOCTI CHCTEMHU.
3anporoHOoBaHa CHUCTeMa HE MOTpedye YacToro IMepeHajalliTyBaHHS Ta 3/JaTHa
aJanTUBHO pearyBaTH Ha 3MIHM EKCIUTyaTallliHUX YMOB, IO € KPUTHYHUM IS
MIJBUILEHHA €(EeKTUBHOCTI JIWHAMIYHOIO MO3UIIOHYBaHHSA cyleH. OtpuMani
pe3yIbTaTH MIATBEPIKYIOTh IPAKTUIHY MPHUJIATHICTH 3aIIPONIOHOBAHOT KOHIICTIIIT JIsI
IIUPOKOTO BIPOBA/PKCHHSI HA CY4YaCHHUX MOPCHKUX MuiatrgopMax Ta o]uopHUX

CyJIHaXx.

4.3 BUCHOBKH 10 YETBEPTOIO PO3ILITY

B manomy poznini Oyiio peanizoBaHO MpaKTUYHE 3acTocyBaHHs MeToAiB DPRA
Ta TPOBEJEHO OIIHKY iX e()eKTHUBHOCTI B yMOBaX peajbHUX CyJAHOBUX oreparliii. Ha
OCHOBI KelcC-aHali3y aBapiiHUX CUTYalllil y cUCTeMax JUHAMIYHOTO MO3HUIIIOHYBaHHS
(3okpema Ha MODU) Oyn0o nOpoAeMOHCTPOBAHO, SIK IHTErpamis TEXHIYHHUX 1
MOBEIIHKOBUX (pakTopiB A03BOJIsiE (popManizyBaTH CKJIaAHI CIeHapii pu3uKy. 3a

JOTIOMOr 010 0aileciBCHKOTO OHOBJIEHHSI HMOBIPHOCTEH OyJI0 OI[IHEHO HE JIMILe



191
peaizoBaHi ClIeHapii, aje i albTepHATUBHI TPAEKTOPII MOiH, 110 CTAJI0 OCHOBOO IS

DSS Ta TpeHakepHOro MOJICIFOBaHHS.

KpiM Toro, mpenacTaBieHO MOJETh TEIUIOBOTO PEKHUMY TOJIOBHOTO JBUTYHA
CyJlHa, pPO3poOJeHY 3 YypaxyBaHHSAM HECTaOLIbHHUX pPEKHUMIB HaBaHTa)KCHHS.
[TokazaHo epeKTUBHICTP BUKOPUCTAHHS aJalTUBHOTO MapaOOIiuHOTO PETYIATOpa 3
HEYYTJIMBOIO 30HOI0, 110 3HAYHO MOKPAIIY€E CTA0UIbHICTh OXOJIOKEHHS Y MOPIBHSHHI
31 crangaptaum [ /-perynsropom. [IpoBeaene moaemoBanns y MATLAB/Simulink
MNIATBEPAWIIO  3HIDKEHHSI  €HEpProClOXHBAaHHSA, CTAaOLII3allil0o  TEeMIEepaTypHOro
podiTro Ta 3MEHIICHHS KIJTLKOCTI CITpaIlfOBaHb KJIAITaHiB.

Bkazani pe3ynpTaTl CTaNM MIATPYHTSIM AJis1 (POPMYIIIOBAHHS TPHOX OCHOBHHX
BHCHOBKIB, SIKi ISMOHCTPYIOTb METO/IOJIOT1UHY I[UIICHICTh PEalli30BAHOIO M1IXOMdY.

I. 3anpornoHOBaHO MPAKTUYHO OpieHTOBaHy Mmonenb DPRA, mio interpye
AK TeXHIYH1 curHaiau (3001 MPUBOIY, BTpATH MO3WIIii, BIAMOBU NAaTYMKIB), TaK 1
MOBEIHKOBI peakilii oneparopa (DPO), mo n103Bossie HAOIU3UTH aNTOPUTMHU OIIHKH
PHU3BHKIB 70 peaibHUX ClIEHAPIiB, 3a()iKCOBAaHUX Y MOPCHKIN MIPAKTHIII.

2. Bnepuie peanizoBaHo peKOHCTpYKIito iHOUAeHTY Ha MODU 13
dbopmaiizalii€lo JIaHIOra MO Yy BHDVIIAI JepeBa PHU3HKIB 3  IMOAAIBIINM
WMOBIpHICHMM aHani3oM. Bukopuctanus nanux 3 IMCA 103BoJuiIO HeE JIHIIE
i1eHTu(iKyBaTH NEPBUHHY MPUYMHY IHUUICHTY, a W OLIHUTHU BIUIMB il omepaTopa
Ha PO3BUTOK CIIeHapit0. Po3paxyHOK arperoBaHUX PU3UKOBUX METPHUK ISl KOKHOTO
cueHapito 3a0e3leynuB 00’ €KTUBHE paHKyBaHHSA 3arpo3 1 BUSBICHHS KPUTHYHHUX
BY3JIIB, TEXHIYHUX a00 JIOJICHKUX, 1[0 HAWOLIbIIE BIUIMBAIOTh HAa BTPATy CTIAKOCTI
CUCTEMH JTUHAMIYHOTO MO3UIIOHYBaHHSI.

3. Po3po0neHo Ta mpoTeCTOBAaHO MOJIE]bh TEIJIOBOIO PEKHUMY TOJIOBHOTO
neuryna (I'J) 3 enemeHTamMu aJanTUBHOTO KepyBaHHS. Mopenb BpaxoBye
IHEPIIINHICTD ~ OXOJIOJKYBAJIHHOI ~ CHCTEMHM Ta  MIHJMBICTH  30BHIIIHBOTO
HABAHTAXKEHHS, 10 € TUMOBUM g pexuMmiB DP. 3ampornoHoBaHo mapaOoiuHMiA

PEryJsITOp 13 HEUYTJIMBOIO 30HOK0 AJis ctadumizanii temneparypu I'/l. V nopiBHsHHI 3
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kinacuuyauM  [1IJI-perynsaropoM, 3amponoHOBaHWM MiAX1J JO3BOJIIE 3MEHIIUTH

YacTOTy CHpAIlOBaHb BUKOHABYMX MEXaHI3MIB 1 3a0e3neyuTH OuIbIl IUIaBHY
JTUHAMIKY TEMIIepaTypHOTO TIEPEeX0o1y MPH TUX CaMUX MeXaX BiaXuieHb. PesynbpTatu
monemtoBanHs B MATLAB/Simulink migTBepaunu 3HMKEHHS MIKOBUX HABAHTAXKEHB
Ha CHCTEMY OXOJIO/DKEHHS, CKOPOYCHHS EHEPrOBHTPAT 1 3MEHIICHHS PHU3UKY
neperpiBy B yMOBaxX 3MIHHUX PEXHMIB, IO MATBEPIKYE €(DEKTUBHICTh MOETHAHHS
MaTeMaTHIHOTO MojieroBaHHs i DPRA-miaxony y npakTHYHUX YMOBaX.

PesynbpraTi po3ainy onyo6iikosasi y [44, 172, 187].
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BUCHOBKHA

VY nauceprauiiiHid  poOOTI PO3B’SA3aHO  AKTyalbHy HAayKOBO-NPUKIIAIHY
po0JIeMy ITiIBUIICHHS O€3IeKH CYICH 13 CUCTEMaMM JTUHAMIYHOTO MO3UIIIOHYBaHHS
(DP) mmmsxom po3poOku, QopMmamizarii Ta ampobaiii MeToxy OIepaTUBHOI
JUHAMI4HOI 1MOBipHicHOI ouiHku pu3ukiB (DPRA), mo 3a6e3nedye koMIUIEKCHHIA
YPaxyHOK T€XHIYHUX, OpraHi3alliiiHUX Ta MOBEIIHKOBUX (PAKTOPIB y PEaJbHOMY Yaci.

Ha ocHOBI TeopeTUUHOT0 aHasi3y BUSBICHO OOMEXEHHS TPAAULIIITHUX MOJIeei
omiHku pusukiB THiy PRA, 30kpema iX HeCHpOMOXHICTH BiOOpa)KaTH 4YacOBY
IUHAMIKy creHapiiB, BIumB moBefaiHku DPO Ta 3minHi ymoBu HaBiramii. lle
oOyMoBUI0 TOTpeOy B po3poOIiii HoBoro mimxoay - DPRA, 13 ypaxyBaHHAM
a/IalITUBHO1 PEKOHPITypallii JIOTIKH OLIHKH PU3UKY.

VY mporieci 10CIiKEHHS] BAKOHAHO HACTYTIHE.

1. Po3spobnieno DPRA-Monenb, sika 103BOJISIE JUHAMIYHO OHOBIIIOBATH
WMOBIPHICTh PO3BUTKY IHIIMJEHTIB 13 BUKOPUCTAHHAM CEHCOPHUX JaHUX, JIOTIB A
omiepaTopa, MaHUX 3 TPEHAXKEPHUX CIEHApPIiB Ta JAepeBa MOJMIM. 3a1MCHEHO
MaTeMaTHUYHE MOJIETFOBAHHS YacOBOi €BOJIIOMII pu3uKy. Ha BigMiHy BiJ KIIACHYHHX
PRA-mozenelt, 3anmpornoHoBaHa CTPYKTypa 3a0e3leuye MPOrHO3YBAaHHS PHU3UKY B
PEeXHUMI pealibHOTO Yacy, IO J03BOJISIE€ CBOEYACHO KOPUTYBATH PIIIEHHS OMepaTopa B
3MIHHOMY CE€pEIOBHIII.

2. CdopMoBaHO apxiTekTypy MOTOKiB naHux DP-cucremu, sixka 3abe3neuye
CTPYKTYpPOBaHy B3a€EMOJIII0 MK CEHcopaMu, OIiHKow crtany DPO, TpeHaxxepHUMHU
mrabJoHaMU Ta aJTOPUTMAMH OIIHKM PHU3UKY. 3alpOIOHOBAHO MEXaHi3M ajamTarii
PU3MKY 10 TUIy Omepallii, JOCBiAy orepaTopa 1 HaBIraliiHOTO KOHTEKCTY, SKHi
MOke OyTH peali3oBaHO B KOHTEKCTI KOHKpeTHOi omneparlii (tun DP, nocBia exinaxy,
TiIpOMETEO0YMOBH), III0 HEMOXXJIHUBO B JKOPCTKO CTPYKTYPOBaHUX TpPaJAMIIIIHUX
CXeMax.

3. [ToO6yoBaHo nepeBa BIAMOB 1 CIICHApiiB 1HIIMACHTIB, 10 0a3ylOThCS Ha
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cragaaptax IMCA Ta BKiI0o4aroTh (pakTopu 30BHIMIHIX 30ypeHb, TEXHIYHUX BiJMOB,

B3aemonii I13 ta gmiit DPO. IlpoBeneHo ix HMOBIpHICHMI aHami3 3 ypaXyBaHHSIM
KPUTUYHUX TOUOK mepexoxy. Ha mpakrtuui 1e go3Bossie hopmanizyBaTd NPUYUHHO-
HACJIIJIKOB1 JIAHITIOTH JJIsl CKJIQJHUX aBapiHUX TOJIA Ta BIOPOBAIUTH JUHAMIUHE
OHOBJICHHSI JIOT1KM pearyBaHHsI 3aJIEKHO B1Jl CTaHY CUCTEMHU.

4. InterpoBano wmogeni moacekkoro ¢dakropy (CREAM, SPAR-H,
ATHEANA) vy Burisaal 0OaillecOBUX MeEpex, 110 J03BOJSIOTH BpPaxOBYBaTH
WMOBIPHICTh TMOMWJIOK Y MPHUUHATTI PIlIEHb 3aJE€KHO BIJI KOTHITUBHOTO CTaHy
oreparopa Ta piBHSA CHUTyaIiiiHOI 00I3HAHOCTI, IO JO3BOJISE OIIIHIOBATH PH3HUK 3
ypaxyBaHHSIM KOTHITUBHOTO ctany DPO, BIUHMBY nepeBaHTa)KEHHS, CTPECY, BTOMH,
TOOTO (paKTOPIB, AKI KIACHYHI MOJIEJI1 TIOBHICTIO ITHOPYIOTb.

5. Po3pobneHo Ta anpoOoBaHO MaTeMaTU4HI MO PyXy CyJHA B pexKUMI
DP i3 mapaGomiuHUMH peryjsTopamMu 3 HEYyTIMBOIO 30HOI0. JloBeIeHO mepeBary
TAKOro KepyBaHHs Hana kiacuunnmu [IIJ[-perymaropamu 3a nNOKa3HUKaMU
cTabimpHOCTI, TOYHOCTI Ta eHeproedekruBHocTi. Ha Bimminy Bix IIIJI-perymnstopis,
3aMponoOHOBaHUM MiJxij 3a0e3nedye OUIbI IJIABHE KEPYyBaHHA B YMOBax JpiOHUX
30ypeHb, 3MEHIIy€ EHEPrOCHOKMBAHHS Ta BHUKJIIOYAE€ HAIJUIIKOBE CIPAIFOBAHHS
MIPUBO/IIB.

6. CTBOpPEHO TpEeHAXKEPHY CTPYKTYpPY [HJs BIIATBOPEHHS KPUTHUYHUX
ClieHapiiB, 10 Jo3Bosisie KamiOpyBatu monaeni DPRA Ha ocHOBI MOBEIIHKOBUX
mabnoniB peanbHux DPO. 3anpononoBano crpyktypy DSS, anmantoBany 1o
JTUHAMIKU OTIEPATOPCHKHUX PEeaKIii, o 3a0e3neuye aaanTariio MOoJeIeH 10 peaabHuX
HABUYOK EKIMaXKiB KOHKPETHOTO CYyJIHA, & TAaKOX IOKpAIy€ TOYHICTH MPOTHO3IB Y
cuctemax DSS.

7. [IpoBeneno mpaktuuHy ouiHKy edektuBHOCTI DPRA: mpoananizoBano
keiic-aBapii MODU, 3MoaenboBaHO TEIUIOBI PEXUMHU TOJOBHOro JBUryHa y DP-
yMOBax, 3AaiiicHeHo mopiBHsSHHS DPRA 3 kmacnyHuMu migxogaMu 3a KpHUTEPISIMHU

aJanTUBHOCTI, TOYHOCTI Ta BIAMOBOCTIMKOCTI. Ha BigMiHY Bia ICHYIOUMX METO/IIB,
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DPRA n03BoJsie HE JHIIE€ PETPOCTICKTUBHUM aHaIII3, a M TIOMEPEKEHHSI PU3HKIB HA

OCHOBI TMOTOYHUX TeHAeHIi. [le BiAKpUBae MOXJIMBOCTI JJIsl BIPOBAKCHHS B
aBTOHOMHI cuctemHu Ta iHTerpaiio 3 ASOG.

8.  Po3polOieni B po0OOTI MoOAeNi Ta EBPUCTUYHI aNTOPUTMH OTPUMAIH
BNPOBaKEHHST y AisuibHOCTI kommaHid KII «Mopceka molryKoBO-psSTyBaJIbHA
ciyxk06a» 1 komnanii «Mapin Tex Ceppic», 3HalIIUIA B1IOOpaKEHHS Y HaBYATbHOMY
mpoiieci, HaykoBid aAisuibHOCTI HarionansHOro yHiBepcutety «Opjechka MOpChKa
aKaJieMis», 30KpemMa, y HayKOBO-IOCHIAHIN poOoTi poOOoTI Kadedapu yrpaBiIiHHA
cynaom JIP Ne 0123U101463 «CydacHi MEeTOIM yIPABIIiHHS Ta KCIUTyaTallil CyIeH».

0. 3anporioHOBaHA y JAaHOMY JHCEPTALIMHOMY JTOCIHIKEHHI METOJIOJIOTIsS
DPRA € HOBUM HAayKOBHUM 1 MPUKJIATHUM THCTPYMEHTOM JUIS MIATPUMKHU MPUNAHSATTS
pimens y DP-cuctemax, BUKOpHUCTaHHA SIKOi 3a0e3e4y€e BUCOKY UYyTJIMBICTH IO 3MiH
CepeIoBHUINA Ta i orepaTopa, MiABUIIYE piBEHb aBTOMATH3allli Ta OOIPYHTOBAHOCTI
MPUIHATTSA pillieHb, 1 MOXKEe OyTH IHTETpOBaHA, K B ICHYIOYl, TaK 1 B TIEPCIICKTUBHI

ABTOHOMHI MOPCHKI MJIaT(HOPMHU.
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AKT npo BOpoBaIKeHHA Pe3Yy.IBTATIE JHCEPTANLAHONO JOCILLKeHHA HA TeMY:
«Pozpodka MeTogie omepaTHEHOT 0MIEKHA De3NeKH omepanii JHHAMIYHOIO
MOZHOIOHYBAHHA CYAeH»

VYV mucepramfinomMy gocayT#enH: boradeaxa €srema AmaToaiiioBuda
3aMPOTIOHOBAHO KOMITTEKCHY METOHKY [UTA 3abe3neTeHHd Oe3MekH MOPChERX oNepariii y
PeEHMAX THHAMITHOrO DosHIioHVEAHHEA (DP). V paMKax DoCTiT&eHHT PeaTizoBaHo
IHHOBAIIHH] PINIEHHEA JUTE TOOVIOBH THHAMITHHEX Mofenel omesn punkis (DPRA), axi
00'eZHVIOTE TEXHITHI Noaii (3001 pyVIIiie, BTPATH DOZHON, JETPATALIA CHCTEM HHEICHHA)
Ta MOBEIIHKOB1 peakilii onepatopis (DPO). 3 vpaxveaHHAM CIIeHaApHOTC TPOTHO3YBAHHA.

Pozpobreri METOMHER OVIH VCIINTHO BIPOBATASH] V MPAKTHIHY JITEHICTE
HAmMOrO MIANPHEMCTEA, AHATI? ABapif Ta ONTHMIZAIIED TEXHITHHEX PINEHE, DO
CTOCYIOTBCA CTADLIBHOCTL pODOTH CVIEH-OVECHpPIB (B ToMy THcm 3 DP-cucTenman),
OCODIHEO 1L 9AC BHKOHAHHA IOPTOBHX ONICPAIH, B3a€MOIii 2 CYIHAMH Ta 1HIMTHMH
0 exTaMH OVECHpYBaHHA. BrpoBapxeHHa 3abesned o

- NOKpalleHHA HTEPOPeTami pHIHKIB V CEIATHHE MIPOMEeTe0VMOBAX,
- [LIEHIIEHHA TOMHOCTL PEaryBAHHS [IPH MePeBaHTAMCHHAY CHCTEM HHBICHHS,

- ONTHMI3AIMED [APAMETPiE [ONOBHOIO JEHIVHA  LUIAXOM  BIPOBALAKCHHA

TEMIIEPATVPHOTO MOIEIOBAHHA.

BHKOpHCTAHHA 3aIpONCHOBAHNX [ILTKOMIE JOZEBOMEII0 CYITEEO MLIBHINATH
TeXHITHY HAOIAHICTE, Oe3neKy H aJalTHEHICTE CYIHOEHX OIEDAIIH, 4 TAKOK
eiamoeinHicTE pekoMerganiay IMCA/IMO mogo pH3sK-aHATIZY B IOPTOBHX ONEpPaILTy.
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65114, Ukraine
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AKT Npo BHPOBA/KEHHS Pe3ybTATIB ucepTaniinol poGoTH

Y anceprauiiinomy aocnimkenni  Borauwenka €prena AnaToJilioBuua
Ha Temy «Pospobka meronis onepatusnoi ouinkm Gesnexn onepauii
AHHAMIMHOTO TO3MUIOHYBaHHS CyAen» 6y/0 3anporoHOBaHO Ta Ppeali3oBaHo
iHHOBaNiliHI MeToAM Ans AMHAMiuHOT owinku pusuki y pexumax DP (Dynamic
Positioning), MO NOEAHYIOTH TeXHiYHi CHIHAJM BiJl CyAHOBOro objagHaHHsA 3
MOBEAIHKOBHMH peakuisMu onepatopis (DPO).

JlochimKeHHs OXOMUTIOE SK MATEMATH4YHI MOJIEJi PH3MK-aHasizy (1epeBa BiJIMOB,
cueHapHi Mepexi), TaK i IHCTPYMEHTH NpaKTH4HOro BukopucTanus: DSS,
TpeHaxxepHi cuenapii, Mozeni mozacskoro (akropy SPAR-H, ATHEANA, a Takox
TepMoMoeoBaHs pexxumMis pobotu T'J1. Interpauis nanux 3 IMCA, ASOG Ta
TPeHAKEPIiB 103BOJHIA JOCAITH BHCOKOI TOYHOCTI OLIHKH PH3HKIB y pealbHOMY
yaci.

PesynbTaTi foCTimKeHHs Oy yCIiIIHO BIpOBa[DKEH| y NPAKTHKY TEXHI4HOro
aHani3y pHM3HKIB NPH MiArOTOBLI MNOIIYKOBMX omnepauii Ha o6’€kTax Hauioro
MiZANpHEMCTBA, 30KpeMa TMpH OLIHIi CleHapiiB BTPAaTH NEPEBaHTAXKEHHA CHCTEM
JKUBJIeHHA Ta B3aemoii 3 MODU. BripoBaizkeHHs J103BOJHIIO:

— MiABHIIMTH piBeHb nepenbaueHHss KPUTHUHUX CHTYallii;

— NOKPAIIMTH peaklilo cyHOBOAIIB 3aBJsiku DSS-pexomenaaniam;

— 3MEHIIMTH PH3WK MOMMIKOBHX pimleHb B yMmoBax 6aratodakTopHoro
HaBaHTAXKEHHS.

Ili pimeHHs MalOTh BHCOKY MPaKTHYHY WIHHICTE i Oe3neKH MOpPCBKHX
omnepaniii, ekoHOMi4HOI edeKTHBHOCTI Ta BiAnoBiAHOCTI craHaaptam IMO Ta
IMCA. g
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