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IMPROVED ALGORITHM FOR SUPERVISORY CONTROL AND DATA
ACQUISITION OF COMBINED VESSEL’S ENERGY SYSTEM

Annotation. Main development trends of modern ship power systems have been analyzed. The purpose of the paper is the
analysis of energy modes and the development of criteria for transitions between different modes of an integrated marine vessel’s
power system, providing maximum efficiency in the use of fuel and motor resources of main vessel engines. It is proposed to identify,
in addition to the shore-to-ship mode, four main operating modes in the presence of a synchronous machine on a propeller shaft and
a converter that ensures an operation of this machine in both motor and generator modes. By dividing the main engine load into four
levels — small, medium, nominal and large — an automatic system can accordingly control (or recommend in semi-automatic mode)
the switching sequence of power equipment and actuating machines and mechanisms. Using a few container ships as an example, it
is shown when the ship moves at a low speed, the main engine load becomes so low that it can be provided by diesel generators of
the ship’s energy system (“Power-Take-Home” mode). This, on the one hand, allows to save fuel, and on the other hand increases
the completeness of fuel oil consumption, since diesel generators operate at an optimal load unlike the main engine, the load of
which reaches only 10 percent. Similarly, in case of medium loading of the main engine, it is recommended to switch to the power
supply of ship’s grid from the main engine with the shaft generator (“Power-Take-Off” mode), and if it is necessary to obtain
increased power of the propulsion system, the synchronous machine is switched to the engine mode powered by diesel generators
(“Power-Take-In" mode). In addition, the ability to switch of these and main modes in emergency situations quickly increases the
vessel’s survivability and safety. Based on the analysis, an algorithm for switching between modes is proposed, which can be
implemented in Supervisory Control Ad Data Acquisition of ship’s energy systems, in particular, on a physical simulator at the
National University “Odessa Maritime Academy .

Keywords: ship power system; ship power system operation modes; shaft generator; inverter; optimal fuel oil consumption
indicator

Introduction
International Marine Organization (IMO) has

A few methods of fuel consumption efficiency
increase are offered due to the introduction of

conducted comprehensive researches that allow us to
distinguish the factors of fuel consumption reduction
on vessels, and related to them harmful emissions of
so-called Green House Gases (GHG) that contain
carbon dioxide CO,, nitrogen NOx and sulphur SOy
oxides [1]. Siemens, ABB, Mitsubishi Heavy
Industries and others who are leaders in the
manufacturing of equipment for vessels pay a lot of
attention to the increase of ship power systems
efficiency and provision of the optimal mode of
combustion engines operation that enables both fuel

oil consumption and substantial GHG emissions
reduction.

© Busher, V. V., Zakharchenko, V. N., Glazeva, O. V.,
Khandakji, Kamal, 2020

electric motion [2-3]:

— optimal control of generation, distribution and
consumption of energy;

—operation methods upgrading on existing
vessels.

All modern marine power systems meeting Al
automation class use Waste Heat Recovery System
(WHRS). For example, Mitsubishi Heavy Industries
offers Mitsubishi Energy Recovery System (MERS)
at the market which recovers and consumes energy
again from the main engine exhaust gases [4].
MERS optimizes thermal efficiency, automatically
regulating power in accordance with the required
electric power. Solutions in this category consist of a
fuel-efficient world-class engine, a WHRS, hybrid
turbo-compressors, and optimized propellers [5].
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These technologies can be used for the plants
thermal efficiency increase by 20 %.

In addition, Selective Catalytic Reduction (SCR)
and Exhaust Gases Recirculation (EGR)
technologies reduce NOyx and SOy emissions which
are the two widespread sources of air pollution
considerably. SCR and EGR reduce NOyx emissions
by more than 80 %, and EGR with the help of a
scrubber reduces SOx emissions by more than 98 %.
The combination of these solutions provides a
substantial ship power system efficiency increase
and, as a result, fuel consumption and GHG
emissions reduction, that meets IMO Tier Il
regulations [4].

Literature review

On vessels being in operation, the energy
consumption efficiency increase can be attained due
to implementation of wide range of actions of
technical and operative character, majority of which,
in one way or another, relates to the marine Power
(Propulsion) Plant (PP) which consists of both main
Internal Combustion Engines (ICE) and diesel-
(turbo-) generators [6-7]. With the development of
high-voltage  equipment and  semiconductor
converters, the application of high-voltage networks
of direct and alternating current with inverters in
which it is possible to provide energy recovery
modes that in combination with main diesel engines
and diesel-(turbo-) generators operation modes
optimization can provide the increase of fuel
consumption efficiency becomes a new direction in
ship power systems [8-12].

Electronically-controlled ship diesel engines,
hybrid and combined or Integrated Propulsion
Systems (IPS) are most suitable for this purpose [6].
The important component of such IPS is a
Synchronous electric Machine (SM) which is set in
the line of a propeller shaft and is called a shaft
generator, that can work both in a generator mode
(SG) and in an engine mode (SG / M) [13-14].

Such systems not requiring bringing of any
excessive changes in the vessel construction provide
the following advantages:

—increase of vessel survivability due to having
of additional energy and propulsion sources;

— reduction of Brake Specific Fuel Consumption
(BSFC) both of auxiliary engines and the main
engine;

— reduction of oil consumption and maintenance
expenses;

—reduction of the installed power or auxiliary
engine capacity;

— reduction of emissions;

—use of WHRS for the main engine efficiency
increase;

—a more flexible solution for connecting to the
shore supply sources;

— redundancy in case of main or auxiliary engine
failure;

—independent  optimization of
efficiency and electric power generation;

— possibility of generators operation combined
modes.

Optimization of combustion engines operation
modes results in a reduction of Specific Fuel
Consumption (SFC) and considerable increase of
engines parts service life because of vibration
reduction [13].

Re-engineering process is carried out by
upgrading of an existing main engine (ME) for a
hybrid power-plant that is a dynamic combination of
ME and a Diesel-Electric Plant (DEP) (Fig.1).

propulsors

Fig. 1. Configuration of a typical Ship’s Energy
System with Shaft Generator Drive [2]

This system with centralized data acquisition,
control and dispatching (Supervisory Control And
Data Acquisition — SCADA) of all energy sources
and consumers has five motion modes allowing to
adapt to requirements of different operation
conditions: STS is a Shore To Ship supply mode,
MAIN is a main mechanical mode, PTO is a mode
with transmission of power from the main engine to
MPS of a wvessel, PTl is a mode with which
mechanical power on a propulsion shaft from the
ME adds up to SM, PTH is a mode with which the
ME is stopped and a propeller works from SM
(Fig. 2a-¢) [14-15].
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Fig. 2. Modes of propulsion systems with shaft

Providing of survivability increase and safety on
vessels [16-18] where one of the basic factors is
reliability and power system surplus is a no less
important problem [9; 15].

Numerous researches are conducted in this
direction aimed at the analysis of emergency
conditions in the generalized models and for the
concrete situations at sea, control and topology
analysis of ship networks for rapid taking measures
in emergency situations of accidents and their
consequences prevention [19; 20].

The purpose of the article

The purpose of this work is the development of
marine power plant control algorithms which are
realized by means of the Supervisory Control And
Data Acquisition system on the basis of the analysis
of loads and the grounding of the criterion of
transitions between the main engine key power
modes and diesel-generators of the combined
propulsion plant.

Main part. Analysis of energy indicators in
PTI, PTH and PTO modes

Marine power system operation modes, main
engine and diesel-generators in different load ranges
fuel consumption will be analyzed.

As an example, a lot of containerships (Gerda
Maersk, Mathilda Maersk, Mette Maersk, Maersk
Herrera and other) marine power plant will be
considered [21]. Main engine nominal power is
Pue, =68.640 MW . At the maneuvering mode of

these vessels, the marine power plant required power
is Py =5057.37 MW . Each of three diesel-
generators Siemens 1DK4531-8BF05-Z nominal
power is Pyg, =2.520 MW.

From these data, it follows that in this mode
main engine power is comparable with diesel-
generators power of the marine power system. If the
propulsion plant R,z and connected electric

consumers  Pyingrig total power does not exceed

total power of diesel-generators, then it is possible to
carry out switching to the PTH mode which is one of
the modes the possibility of which is a
fundamentally new feature of the integrated power
systems [22].

The fact that such transition is expedient while
considering fuel saving and, as a result, vessel
ecological cleanliness increase will be shown.

Dependencies of main engine and diesel
generators Brake Specific Fuel Consumption
(BSFC) at the relative load 5...15% <L <100 % can

~ generator: be approximated by polynomial functions of the

a) STS; b) Main mechanical mode; ¢) PTO; second order which for the machines being

d) PTI; e) PTH considered on the basis of experimental data from
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official specifications presented as charts and
formulas of polynomial trends in [23, p. 24] and in
more convenient form in [24]:

BSFCyz = 00112, ~1513L,,¢ +226.3 k—g} (1)

BSFCpg =0.006L% —0.959L +230.2 k—g} )

where: L is relative power in percent:
Lipg =100P/2.520 during one diesel-generator

L,pg =100P /5.040during two diesel-

generators parallel operation; Ly, =100P /68.640

for the main engine.
In the area of ultralow loads L<5% of

operation;

BSFC(L) dependence is approximated by other

functions, but this range is not actual for the marine
power systems.

The fuel consumption is determined by the
formula:

SFC(P)=BSFC(L)-P. 3)

The important feature of (1) and (2) functions is
the existence of an optimal point in the area of
80...85 % of nominal engine power, that meets ICE
design principles. There is the most complete fuel
combustion at such power, that results in more
effective transformation of fuel combustion energy
into mechanical energy and the least level of
harmful emissions.

Let us build (1) and (2) fuel specific
consumption charts, planting aside on abscise axis
absolute power P for all ICEs (Fig. 3).

It is seen that in the area of small loads

BSFCye (P) of the main engine is considerably

more than BSFC;p;(P) and BSFC,pg (P) of

diesel-generators.

Therefore in the low loads range, in particular at
the maneuvering operation mode, it is expedient to
switch the power plant into the PTH mode,
meanwhile at power up to 2.5 MW it is possible to

use one diesel-generator, and at power up to
5.0 MW it is possible to use two diesel-generators

(the third generator is in stand-for safety reasons).

— BSFC-2DG

- BSFC-1DG

BSE(
Tf./.[

FTH-1DG
PFTH-2I

>
Z

MAIN n

150

0.0 200.0 30.0 60.0 P, MW

Fig. 3. Break specific fuel consumption and the
principle of separating of modes

Let us calculate the fuel consumption during the
main engine or two diesel-generators operation,
ignoring on this stage of researches additional losses
from diesel-generators to the propulsion shaft.

The main engine consumption will make:

Lye =1002%57 _7367 9%,
68.640

=5.057(0.01L¢ ~1.513Lyye +226.3)=1000 kFg

Two diesel-generators consumption will make
similarly:

5.057
L =1002227 ~100.3%,
206 5.040 ’

) ®)
=5.057(0.006L55 0959156 +230.2) =

=983.0 k_g
h

The same result we will get, if the consumption
of each of diesel-generators is calculated separately
(based on the supposition about the symmetric
distribution of the load):

2,529
L =1002°2% Z100.3%,
1DG 2,520 °

= 2.529(0.006L5p6 —0.959Lyp +230.2) = (6)

=491.5k—g,
h
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Thus, the economy of fuel will make:
kg
SFCME - SFCZDG = 1070 W,

that is 100ﬂ=9.8 %, that exceeds the possible
1090

energy losses in the DG-FC-SG/M channel

substantially.
Let us analyze another load area from 5.0 MW

to 20 MW . In this case ME and DG-SG/M (PTI

mode) joint operation is inadvisable, since ME load is
small, and its reduction by means of DG-SG / M will
only worsen power indexes.

Let, for example, Bz =15 MW.

The main engine consumption will make:

Lye =100—>0__ 21 8506,
68.640

2 kg
=15.0(0.01L3g ~1.513Lyg +226.3)= 2070~

Let diesel-generators operate with 80 % optimal
load. Then we get:

P,pg =0.8-5.040 = 4.032 MW,

= 4.032(0.006L5p6 —0.959L 5 +230.2) =

=773.6 k_g;
h

150-4082 _, 10968
68.640 68.640
SFCye =10.968BSFCyye (Lye ) =

=10.968(0.01L3 ~1.513Ly +226.3) =

©)

=2244.9 krg

Adding up (8) and (9) results of calculations, in
the total we find:
SFC =SFC, s + SFCyz =3018.6 krg (10)
The fuel consumption obviously increases.
Therefore, the system necessary operation mode is
MAIN (ME and DGs independent operation).

Further, in the range of main engine middle loads
which is more 20 MW , its specific fuel consumption
is less than that of the MPS diesel-generators.
Therefore, switching to PTO mode becomes
expedient, when all marine electric network needs are

provided by the SG shaft generator and WHRS. On
the one hand, it will approach the main engine to the
optimal operation point, and on the other hand it will
save diesel-generators service life.

Obviously, that in the range of loads from 65% to
85..90 % PR,z main engine operates in the mode

close to the optimal one, therefore switching to the
MAIN mode is also expedient.

And, finally, when the required ME power
becomes higher 90..95 % By, it is necessary to

switch into the PTI mode. Then diesel-generators and
WHRS will increase the general power passed to the
propeller by the value 2Pyg + Rynrs — Psnip aria » that

will allow to bring main engine load down, again
approaching to an optimal value from the both fuel
consumption and combustion completeness point of
view.

On the basis of the presented considerations a
combined marine power system control algorithm can
be offered allowing in automatic or semi-automatic
operation mode to provide both optimization of fuel
consumption and the rational use of ICE service life
and completeness of fuel combustion what is
important for the environment pollution level
reduction. The corresponding procedure algorithm is
shown in Fig. 4. There are four basic branches in it
which divide the modes in accordance with Fig. 3.

The MPS physical simulator functions at the
Department of Ship’s Electromechanics and
Electrical Engineering of National University “Odesa
Marine Academy” consisting of two diesel-
generators, an emergency diesel-generator, a shore
supply module, a shaft generator module based on an
asynchronous generator with the converter of
frequency, a load control module, and switchgear of
marine application [25]. Besides specialized
comptrollers for separate subsystems, Schneider
Electric M340 industrial comptroller is included in
the simulator.

SCADA is realized on the base of Citect v.7.40
platform, the basic screen of which is shown in a
Fig. 5 [26-27]. SCADA and the comptroller provide
operation of the system in automatic, semi-automatic
and manual modes. Taking into account that a
simulator is built on true-to-life diesel-generators and
SCADA is able to work in real-time mode, in control
programs the implementation of load power analysis
system is planned for forecasting and carrying out of
switches between vessel power system modes and
informing of the operator. For operation modes
indication, pointing of direction and energy streams
power, the indication of switchgear state, “pointer
devices”, histograms, giving complete information
about the MPS state both for cadets and developers
are foreseen in SCADA.
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START
/ Measurement P /
P>0.9PmME
YES P>0.1PmE
v v
/ PTI mode VES / PTH mode
YES / Turn On DG1 YES YES / Turn On DG1
© <Fosm> DENO
@ P<0.05PVE

YEs/ Turn On DG2 / vES

l YES / Turn On DG2 /
/ Turn On SM / / Turn On SG / YES » 5 )e |
: i

/ Turn Off DG1 / / Turn On SM

v v
Turn Off DG2 / Turn Off ME
Y A +
/ Msg: “PTI Msg: “PTO Msg: “MAIN Msg: “PTH
mode - On” mode - On” mode - On” mode - On”

Fig. 4. The algorithm of the subroutine “Switch of
PTI-PTO — MAIN — PTH Modes”

Fig. 5. The main screen of SCADA “Ship Electrical Power System”
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Conclusion. The analysis of basic development
trends of modern marine power systems is carried
out in this work and the principle of operation modes
division of the combined marine power system is
offered in accordance with the main engine load.
Besides a shore to ship supply mode, four basic
operation modes are distinguished at the presence of
a synchronous machine in the system which is on the
propulsion shaft and a converter providing operation
of this machine both in the propulsion and generator
mode. Then according to the main engine load level
which can be small, medium, nominal and large, the
automatic control system can define the switchgear
and actuating machines and mechanisms switching
sequence accordingly. It is also necessary to mark
additionally that possibilities of powertrains
switching in the combined power plant in emergency
modes promote a vessel’s survivability and safety.

As the example a 16,000 TEU containership was
chosen to show that while moving with a small
speed the vessel’s main engine load becomes so
small, that it can be provided with marine power
system diesel-generators. Then switching to the PTH
mode, on the one hand, allows to save fuel (near to
107 kg/h), and on the other hand it increases fuel
combustion completeness, because diesel-generators
operate at the optimal load unlike the main engine,
operation of which in this case is close to idling and
extremely unfavorable for the machine.

Similarly on the basis of analysis of fuel
consumption dependence on the main engine and
diesel-generators load and combustion engines
properties, the operation algorithm of the automatic
control system of the marine power system is
offered. This algorithm can be realized in ship
SCADA, and also, in particular, on a physical
simulator at National University “Odesa Marine
Academy”.

Further researches can be aimed at the
clarification of transition borders between PTO-
MAIN modes both taking into account fuel
consumption and fuel combustion completeness and
the risks conditioned by frequent diesel-generators
starting’s and stops.
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VIOCKOHAJIEHUI AJITOPHTM JUIs CHCTEMH JUCHETYEPH3ALLIT TA
350PY JAHUX KOMBIHOBAHOI CY/JIHOBOI
EHEPTETUYHOI YCTAHOBKU

Anomauia: [Iposedeno ananiz 0CHOBHUX MEHOEHYIN PO3GUMKY CYUACHUX CYOHOBUX elleKmpoeHepeemuyHux cucmem. Memoio
pobOmMU € AHANI3 EHEPLeMUUHUX DPeXCUMi6 [ po3pobKa Kpumepiie nepexooie Midc DIZHUMU DENCUMAMU KOMOIHOBAHOT cunosol
YCMAHOBKU, Wo 3a0e3neuyoms MAKCUMATIbHY e@eKmueHicms SUKOPUCMAHHA NAIUBA I MOMOPECYPCy OCHOBHUX MAWUH CYOHA.
3anpononosano eudinumu, Kpim pexcumy 0epez08020 HCUBTIEHHS, YOMUPU OCHOBHI pedxcumu pobomu npu HAA6HOCMI 8 cucmemi
CUHXPOHHOI MAWUHU HA 2peOHOMY 641y | nepemeoprosayd, wo 3ade3neuye podOOmy Yici MAWUHU 8 pexlcUMax O8ucyHa ma
eenepamopa. Po30inusuiu Ha8anmaxcents 20106H020 OBUSYHA HA YOMUPU PIGHI — Maje, cepeOHE, HOMIHANbHE | 8eluKe — cucmemda
ABMOMAMUYHO20 KEPYBAHHS MOdice BIONOBIOHO ynpasiamu (abo 8 HaAnieagMoOMAMUYHOMY PedCUMi peKoMeHOy8amu) nociioo8Hicmy
NEPEMUKAHHA KOMYMAayitiHol anapamypu i UKOHAGYUX Mawiuk i mexawizmie. Ha npuknadi cyOHOSUX eHepeemuuHux yCMAaHO8OK
OesiKuUx KOHMEUHepo6O3i6 NOKA3AHO, WO NpU Nepecy8anHi CYOHA 3 MA0I0 WEUOKICMIO HABAHMANCEHHSI 20I06HO20 OBUSYHA CMAE
HACMINbKU HU3LKO20 Pi6HS, AKULL Modice Oymu 3a6e3neyenull Ouseib-2eHepamopamu eiekmpo-enepeemuunoi cucmemu (PTH mode).
L]e, 3 00HO20 6OKY, 0038014€ EKOHOMUMU NATUBO, A 3 ITHUIO20 DOKY NIOBULLYE NOBHOMY 320PAHHA NAIUBA, MAK K OU3ETb-2eHepamopu
npayioms npu ONMUMAIbHOMY HABAHMANCEHH] HA 8IOMIHY 8I0 20108H020 08UZYHA, HABAHMANCEHHA K020 00CA2AE auule 0ecimu
8incomxie. AHano2iuHo npu HeNOBHOMY 3A8AHMANCEHHT 20JI06HO20 0BULYHA PEKOMEHOYEMbCS NEPEXio HA HCUBNEHHS 8CIX CHOXHCUBAYIE
8i0 207106H020 O8ucyHa 3 eanocenepamopom (PTO mode), a npu wneobxionocmi ompumanHa nio8uweHOi NOMYHCHOCTIE
NPONYIbCUBHOU CUCTIEMU - CUHXPOHHA MAUUHA NEPEBOOUMbBCL 8 PENCUM OBUSYHA 3 ICUBTEHHAM 610 dusenw-cenepamopis (PTI mode).
Kpim moeo, moocnusicmo wieuokoeo nepemuxants mioic pesicumamu PTH-PTO-PTI-MAIN 6 asapitinux cumyayisx niosuwye pieers
arcugyyocmi ma besnexu cyona. Ha niocmasi nposedenozo ananizy 3anponoHo8aHo aneopumm nepemMuKanHs Midic pejicumami, skuti
Modice Oymu peanizoganuil 8 cucmemi Kepyeans, oucnemuepuzayii ma 360py OaHux CyOHOBUX eHEPSeMUYHUX CUCTeEM, 30KpemMd Ha
Qizuunomy mpenadxcepi ¢ Hayionanonomy ynisepcumemi « Ooecbka MOpCbKa akaoeminy.

Knrwuoei cnosa: cucmema pywannusa cyoua, pesxcumu pooomu CyOHO0BOI eHepeemuyHoi cucmemu; 8ai02eHepamop; iHgepmop,
ONMUMATHUL NOKASHUK 320PAHHA NAAUBA
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YCOBEPHIEHCTBOBAHHBIN AJITOPUTM JJIAA CUCTEMBI JTUCHETYEPU3ALINA U
CBOPA JAHHBIX KOMBUHHUPOBAHHOU CYJOBOU
SHEPTETUYECKON YCTAHOBKH

Annomayusn: [Iposeden ananuz 0CHOBHbIX MEHOEHYUT PA3GUMUSL COBPEMEHHBIX CYOOBIX INEKMPOIHEPLEMULECKUX CUCTEM.
Lenvio pabomvi s61seMCs AHATU3 IHEPLEMUYECKUX DEXHCUMOB U paspabomKa Kpumepues nepexo0o8 Medicoy pasiudHbIMu
pedcumMamy. KOMOUHUPOBAHHOTL CUN0BOU YCIMAHOBKYU, 00eCneuusaowumM MakCUMAaibHy0 3Q@OeKmusHocmy UCnONb308AHUA MONIUEA
U MOMOPeCypca OCHOBHbIX MAauwiun CyOHa. IIpednodceno 6vienumy, Kpome pexcuma 6epeco8o20 NUmauus, 4emvipe OCHOBHbIX
pedxcuma pabomul npu HATUNUY 8 CUCIeMe CUHXPOHHOU MAWUHbL Ha SpeOHOM 8y U npeobpazoseameis, obecneyusaoujezo pabomy
MO MAUWIUHBL KAK 8 OBUSAMENLHOM, MAK U 6 2EHePAMOPHOM pedxcume. Pasdenus Hazpy3Ky eiaeHo20 08ueameis Ha Yemvipe ypOoeHs
— Manas, cpeoHssn, HOMUHANbHAA U OONLUASL — CUCTIEMA ABIMOMATNUYECKO20 YRPABIEHUS. MOHCEN COOMEEMCMEEHHO HopMUPOsamb
(Wi 8 NOYABMOMAMUYECKOM peXCcUMe PeKOMEeHO08aNb) NOCIe008aMeNbHOCHb NEPEKNIOYEeHUs KOMMYMAYUOHHOU annapamypel u
UCNOTHUMENbHBIX MAWUH U MeXanusmos. Ha npumepe cunosvix ycmanogoK HeKOMOPbIX KOHMEUHep080308 NOKA3AHO, 4MO Npu
nepeosudcenuy cyoHa ¢ MAanoll CKOPOCHbIO HA2PY3KA 2IA6HO20 08USAMENsT CMAHOBUMCS HACMONLKO HU3KO20 YPOGHs, KOMOpPbI
Modicem Obimb obecneuen Ouselb-2eHepamopamu cy0oeoll suepeemuuecko cucmemsl (PTH mode). Omo, ¢ oonoii cmoponsi,
n0360J5lem IKOHOMUMb MONIUBO, 4 C OpY20ll CIMOPOHbI NOBLIUIAEN NOIHONMY C2OPAHUSA MONIUEA, MAK KAK OU3eNb-2eHepaAmopbl
pabomaiom npu ONMUMANLHOU HAZPY3Ke 6 Omiuyue Om 2ldeHO20 O8U2AMEN, HASPY3KA KOMOpo2o Oocmuzaem Aulb Oecamu
npoYeHmos. AHAN0SUYHO NPU HENOIHOU 3a2py3Ke 2NABHO20 08U2AMEINsl PEKOMEHOYem s nepexod Ha numawue écex nompebumenei
om 2naenozo dsuzamens ¢ eanozenepamopom (PTO mode), a npu meobxodumocmu nomyuenuss NOSLIUEHHOU MOWHOCTU
NPONYIbCUBHOU CUCTEMbl — CUHXPOHHAA MAWUHA NEPesOOUMCsL 8 PedcumM O0ueamens ¢ numanuem om ousenv-eceHepamopog (PTI
mode). Kpome mozo, 603modchocmos 6bicmpozo nepexmoderus meicoy pexcumamvu PTH-PTO-PTI-MAIN ¢ asaputinvix cumyayusix
noeviwaem yposenv dcugyyecmu u 6Oezonacnocmu cyona. Ha ocnoeanuu nposedenHo20 anausza npeonodcer an2opumm
NepeKouenUs. MeXcOy DeXCUMamu, KOMopwlid Modicem Obimb peanu3oean 6 cucmeme Ynpasienus, oucnemuepusayuu u coéopa
OGHHBIX CYOOBBIX IHEPLEMUUECKUX CUCEM, 8 YACMHOCMU Ha usuueckom mpenadicepe 6 Hayuonanvrnom ynueepcumeme « Odecckas
MOPCKAs akademusy.
Knrouesvie cnosa: snepeemuieckas cucmema CyOHa; pexcumvl pabomul CyO080U IHEPeMULECKOU CUCEMbL; BUNIO2EHEPANOD);
UHBEPMOD; ONMUMATLHBLI NOKA3AMENb PACX00d MONAUBA
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