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VIBRO -ACOUSTIC DIAGNOSTICS OF TURBOCHARGER

The proposed method is based on solving a system of complex equations. The article congitetiothe
for diagnosing a turbocharger, based on the spectral analyglsr@dicousticsignals ofacompressor. A method
for eliminating the ADFT | eakage effectdo in the discre

Key words: turbocharger diagnostics, leakage effect, spectral analysis, compressor blade frequency.

Turbocharger diagnostics Turbachargers are an integral part of most modern marine diesel e
gines. Modern turbochargers provide a high value of charge air pressupetp 6 at ST2:5erie and
"wupto 10 at K2B serie) and highly efficient operation of marine diesel engines with Issiens of
carbon oxides and soot [1, 2].

High efficiency of MAN ME and MAN MC diesel engines (with a real specific effective flow rate
of 160/ 170g/kWH is provided by the high charge air pressure, in particular. When the efficiency of the
turbocharger dgeases, the efficiency of the diesel engine drops abruptly, the level of emission of ca
bon oxides and soot increases.

During operation of marine diesel engines, the exhaust manifolds become clogged with products of i
complete combustion. As a result, theoughput of the exhaust manifolds and the nature of the internal flow
of gases before the blades of the turbocharger impeller may vary. In this case, the appearance of pulsations
is possible which leads to rotor oscillation. The increased level ofastilation creates additional loads on
the turbocharger bearings and reduces their life. In the event of microdefects in the bearings af-the turb
charger, the vibration level of the rotor increases even further that may lead to a severe accident.

Constat operational monitoring of the vibration level of the turbocharger rotor can prevent an
emergency situation [3].

The experiments on diesel engines in laboratory and in sea conditions have revealed thai-the turb
charger compressor blades generate osoitlatwhich are always present in the overall vibratiortspe
trum, regardless of the technical condition of the turbochafger spectral analysis of tharbocharger
vibration hasshown that the compressor blades generate a vibroacoustic signal witheméyeequal
to the speed of the turbocharger rotor multiplied by the number of air blades [3, 4]

0o =Ny | RPMtur/ 60,

whereg, i blade frequency of the turbocharger compressiar,n, i the number of compressor air
bladesRPMturi the speed of the turbbarger rotor mit.

To determine the blade frequency of the turbocharger compressor and the subsequent calculation
of the turbocharger speed, thmplitude spectrum of vibroacoustic signals was used. The recording was
made on the opposite side of the coegsor air filter (see Fig. 1) using a broadband industrialomicr
phone with a frequency bandwidth of B@7 20kHz.

In the case of recording vibration of the turbocharger of diesel engine 6L8OMCE with the turb
charger VTR 56481 (20 compressor blades)etbxpected blade frequency of the compressor was ca
culated on the basis of the turbocharger rotor speed rating at the nominal conditions:

g, = 20 bladesl 9000rpm/ 60 = 3 kHz.

Due to the fact that the operating mode of the diesel engine was at adagvahé expected speed of
the turbocharger rotor shall be less than the nominal one. Thus, the value of the blade frequency calculated
for the nominal conditions can be used as the upper limit for determining the actual operational value.

6
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Fig. 1. Recording the vibration of turbocharger using the broadband microphone

Fig. 2 shows the vibration spectrum of the turbocharger VTRE86recorded at a load closetha
nominal one. It can be seen frdéfig. 2 that the harmonic closest tkBizhas a frequecy of2 948 Hz.
The nearest harmonic on the left has a frequency of 1H&7/hd is a subharmonic withfilequency
equal to half of the blade frequengy/2. This leftmost subharmonic in the spectrum can be considered
as the left boundary when determigiof the harmonic corresponding to the blade frequency of the tu
bocharger compressor.

speed of TURBOCHARGER:

2948Hz 720~ 60 = 8844 rpm 10
-20

| 30

. ql,w i -40
| )

-7l

-80

-30
vibroacoustic spectrum of :fg

turbocharger Egi

5K

30 50 100 200 300 HOO 1000 2K 3K 10000 Hz

Fig. 2. Vibroacoustic spectrum of turbocharger VTR-364

Thus, according to the blade frequency of the VTR-BB4urbocharger compressor determined in
the spectrumn the operational conditions, we calculate the speed of the turbocharger rotor:

RPMtur= 60T g,/ ny,
RPMtur= 601 2948Hz / 20 = 8844RPM

The regular tachometer of the turbocharger showed a rotation speed oR®BDWhich in can-
parison with the value determined by the spectrum gives a relative error of 0,5%.

It is necessary to take into @aemt the industrial accuracy class of the standard tachometer (div
sion scale of 20&RPM).

Spectral analysis of a vibroacoustic signal recorded at a frequency dtHZrakes it possible
to analyze harmonics in steps of less thahiZlat a recorded sighdrequency up to 2kHz [5].
The blade frequency of the turbocharger compressor is significantly lower. Thus, as a result afthe spe

7
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tral analysis of the vibroacoustic signal of the turbocharger compressor, an error in determinigg the fr
quency less thafh RPM can be reasonably obtained. Such accuracy is much higher than the accuracy
of the standard tachometers, which makes it possible to use the blade frequency of the turbocharger
compressor in accurate calculations of the main rotational speed oflibehtarger and the subsequent
estimation of the diesel engine power.

After determining the compressor blade frequency and the main speed of the turbocharger
(RPMtun, we can analyze the harmonic amplitude at the main speed of the rotor:

gturbocharger: gb/ Ny
In the case shown in Fig

Otwrbocharger= 2948Hz / 20= 147,4Hz

We eliminate the "|l eakage effect for tohe har mc
charger, using the algorithm described in paragraph 4, solvingstexsof equations (1). After reco
ering the amplitude of th@yrmocharges WE analyze it.
Obviously, if there is a significant increase in the amplityode the harmonic at the main speed of
the turbocharger rotor, this demonstrates an increased oibmaftithe rotor. Fig2 shows a slightn-
crease in the amplitude of the fundamental harmagmiehich characterizes the permissible vibration
level of the turbocharger rotor.
Preliminary experiments on MAN MC diesel engines have shown that an increaseamilitude
of the harmonic at the main frequertiyochargerin 2 3 times regarding the average level of the &ampl
tude spectrum characterizes the dangerous vibration level of the turbocharger rotor. The average level
of the harmonic amplitudes was estited in the frequency range

[glurbocharger]. 50Hz --gturbocharger+ 50 HZ]-

To better quantify the limits of vibration level of the turbocharger rotor, further researeh is r
quired. It may be noted that the spectrum analysis of vibroacoustic sigtiadstofbocharger comse
sor can be made quickly under operating conditions.

Eliminating the "leakage effect" of discrete spectrum In the process of analyzing the discrete
spectrum of vibroacoustic signals in order to estimate their frequency and amgliaweeteristics, it is
necessary to solve the problem of eliminating the effetieakage" This effect is a consequence of the
finiteness of the analyzed temporal realization and its discrete ref@@ése. The effect of "leakage”
or outflow of powerfrom the spectral peaks into the adjacent spectral lines is considered to be one of
the main DFT errors [4, 5]

As an examplekig. 3 shows the amplitude spectra of the same sinusoidal signal with an integer (a)
and a nofinteger (b) number of samples pene signal periodLet the frequency of a signal
ber e pr e s e n METdwhdref is the period of the signall =n+ (, nwshae integer and

0 < 0 < 1, then the maxi mum di stortions of the am
and leakage ofpowe i nt o t he neighbouringSe3es will be obse
A(w) A(®)
Q)] 0}
a) a4 = 0 b) & 1 o0

Fig. 3. DFT leakage effect

Thus, when analyzing the parameters of the original spectrum sigaathe central harmonic, the
resuting amplitude, frequency and phase will be distorted in the case otiatager number of signal

8
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samples per its period. In practice, for discrete recording of sjgral&DC with a selected and fixed
sampling rate is usett.is understandable théite number of samples per period will never be ag-int
ger and the value af will change from 0 to 1 depending on the natural frequency of the measgred si
nal, and the accuracy of estimating the signal parameters along the central harmonic will change.

The most common solution fdeakage effecteductionis based on window traftsm methods.
The essence of the method is simple: to reduce the number of discontinuities at the edges in order to reduce
leakage it is necessary to reduce the amplitude of the signal near the edges. This scaling is carried out du
ing the implementationf the multiplication by the window with the special form

s'=5 W),
whereW(j) is stands for Window functior(see Table)
As a result of applying window functions, the spectrum of the original signal is changed and its
RMSdecreases bRMS Coeff times,as shown in TableThe decrease IRMSwhen using the Hanning
window is 0,707 / 0,433 = 1,633 hus, the dependence of the amplitude, frequency and phtse of
fundament al har monic in the spect thatthe fundamantat he v

harmonics”; can be used to approximate the signal parameters with a certain constant error, which can
be taken into account.

Table

Window functions and RMS coefficient used to reduce the effect of "leakage"

32'n
v(n) =0,53836 -0,46164 cEh——
CN -1

a&n

Hemming window| RMS Coeff =1,414

Hanning window

RMS Coeff=1,633

v (n) =0,5 g; €0s oo—
¢ §-1

Kaiser window

RMS Coeff = 1,61

i |O(b./1 -(zmi)z)

V() =
|1,00)]

BlackmanHarris
window

RMS Coeff = 1,585

v(n) =0,42 0,5cos(2n /N( - 1) On, Bico

More precisely, we can eliminatbe "leakagé effect by a numerical method based on the- pr
cessing of the compleRFT results. In [5], a suggestion was made that the frequency t he phase
and the amplitude A of the original signal from the values of two maximum harmonics in the spectrum

X, X,.,; should be specified. For this it is proposed to solve numerically the system of commex equ
tions. To do so, the stem of complex equations is proposed to be solved numerically:

HE(MO), / E(m d| [/ X §
TArg(E(mf),) HArg(X,) 7
where the parameters of tkeéh harmonic are specified as:
X, =Re +Im;
X, =NA€",

=%Q/Re2k Hnt,

f, arctg%) Arg(X, ).

(1)

The harmonic coefficients can be represented in the &g (A /2)E(m )., where E(mf),
is a complex function independent of the amplitude, but dependent ongherfoy and phase:

2pj (M &) 2 jfm k)+
. -1 . € -1
f g f
EMP) = —ew ® —Zimwr
e V -1 e N 1
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The system of equations (1) must be solved in the case where the harmonics to the left and right of
the central one are not equal to zero (in praéticemoret han a gi ven small value U

Xk—l > dxki <

If X._,=0,X,, O, then the leakage effect is absent and the frequency, amplitude and phase of

the central harmonica correspond to parameters of the measured initial signal 8ee Fig

When solving the system (1) for the situation obisy leakage effectsli(~ 0,5 SeeFig. 4), only
five full iterations were required to provide a specified error of less t/&# b frequency and phase.
For a sinusoidal signal, the amplitude and frequency are recovered to the value specified in the original
signal with accurey to 5 decimal places. In this case, the amplitude of the central harmonic indhe spe
trum after the DFT before the recovery procedure was with an error of 35% E)dSéec [3, 4].

A(®) a b c d

os].ic=0.1 6=0.3 =0.5 G~0

07

05
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02

1

:,o ..111 lll“. III” lll"'-'- l||| !llll | T ——

0 200 400 600 800 1 000 1200 1 400

()
Fig. 4. DFT leakage effect eliminating [3, 4]

An error in estimatig the frequency of the original signal with respect to the frequency of the
central harmonic can also be significant. It depends on the frequency of the ADC and the frequency
of the original signal. As the frequency of the ADC increases, the erroiirimaéay the frequency will
decrease.

The solution of the system (1) is not associated with additional memory as is the case for the fast
Fourier transform (FFT). Despite the iterative numerical solution for system (1), such procedure only
very slightly inadeases the overall computation time, and make it possible to obtain not only ¢he spe
trum of the signal, but also the restored value of the fundamental frequency, amplitude and phase of the
measured signal, when it is close to sinusoidal

The solution of gstem (1) is not connected with allocating additional memory for storing volumetric
data sets and computed coefficients, as in case of fast Fourier transform (FFT). In this regarmak the alg
rithm can be programmed on a modern DSP controller which impletherfésT.

Despitethe iterative numerical solution (1), such a recovery procedure increases the total calculation
time very slightly and it allows recovery of not only the signal spectrum, but also the restored value of the
fundamental frequency and amptie and phase of the measured signal, if it is close to sinusoidal.

This method was investigated in case of noise in the original signal (with a white noise of 5%
and 10% of the aplitude of the sinusoid). Figt shows the solution of the system (1) fosiausoid
with an anplitude of 0,8 and for the casesma¥ 0,1, b)s= 0,3 ¢) A= 0,5 and c)a= 0. The entral
green line in each Fid, ai d is the main harmonic of a sinusoid with amplitude of 0,8 with the restored
amplitude, frequency and phase, being a result of gpthi@ system of equations (1).

For all the cases, not more than 5 complete iterations were required to ensure a given accuracy.
As a result of the solution of the system (1), the phase and frequency of the signal with the addition of
white noise to 10%,ra restored to the initial valueitiv an error of not more than3356.

Conclusions The methods of vibrodiagnostics of marine diesel engines with turbocharging co
sidered in the article can be helpful for practical use."ldakage effectmethod improveshe reliabl-
ity of diagnostic findings. A vibroacoustic method for determining the speed of a turbocharger rotor and
estimating the level of the oscillation amplitude at the main rotational speed can be used as a basis for
the express diagnostics of thueiocharger under operating conditions.

10
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THEORETICAL STUDY OF THE INFLUENCE OF CHANGE OF TYPE AND DENSITY
OF FUEL ON THE PARAMETERS OF THE MAIN VESSEL ENGINE TYPE 6L20

The deals with a theoretical study of the resulfsa computational expenents in order to determine the
effect of various type of fuel on the parameters of the combustion procesdingter indicators and effective
parameters of marine main diesel engine type 6L20.
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DETERMINATION OF EFFICIENCY OF MECHA NIZATION
AND AUTOMATION OF PROCESSING PROCESSES

This article determines the effectiveness of mechanization and automation of technological procasses by
indicators as increasing labor productivity, reducing production costs, shortening the procymgafprocessing
time), improving the quality of processing and facilitating working conditions. The estimation of the comparative
labor productivity, the degree of automation of the machine, the coefficient of automation, the comparative cost
of procesing one workpiece and the payback period of capital investments are calculated.

Key words: efficiency of mechanization, technological process, labor productivity, labor input of aa oper
tion, technological prime cost.
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LASER CENTERING OF SHAFT OF GAS TURBINE UNITS

The question of improving the quality and performance of installation work of ship gas turbine units in a test
stand. A method of laser alignment of shafts using adjustable vibration supports is proposed.

Key words: installation, gas turbine units, laser centering system, vibration dampers.
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TO THE QUESTION OF THE DE VELOPMENT OF THE SHIP REPAIR INDUSTRY
OF THE KAMCHATKA REGION

The work considers the issue of the prospects for the development of the ship repair industry in thé Kamcha
ka Region. The information from the strategy of secbnomic development of the Kahatka Regionis presen
ed. The relevance of using gédermal coatings in ship repair is considered. The types of coatings are given.
The relevance and prospects of creating a research laboratory of mechanical engineering and ship repair on the
basis of he Kamchatka State Technical University are shown.

Key words: ship repair, gashermal coating, spraying, classification of coatings, technical research aborat
ry of mechanical engineering and ship repair.
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METHODOLOGY OF INDISTINCT ESTIMATION OF THE EFFECTIVENESS OF METHODS
OF FINISHING AND STRENGTHENING PROCESSING OF MACHINE PARTS

The article presents a version of the mathematical solution to the problem of evaluating the effectiveness
of methods of finismg and strengthening processing of machine parts. The purpose of the methodology is to i
crease the operational characteristics of machine parts and their unions. To solve the problem, data othe param
ters of the surface layer state, operational progeeiif parts, and methods of finishing and strengtheniog pr
cessing are formalized. The methodology is based on the mechanism of indistinct composition of binary indistinct
ratios, statistical analysis and expert estimation method.
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a binary indistinct ratio, aindistinct composition.
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THE IMPLEMENTATIO N OF THE CAPABILITIES OF ADDITIVE TECHNOLOGIES
IN THE MAINTENANCE OF GAS TURBINE ENGINES

This article proposes a solution to the problem of import substitution during the repair work related to the
maintenance of power plants of ships using additivenlclyies. Comparative analysis of 3D printing tecbrol
gies with using metal powders, their differences and features of application undetationary conditions, the
main advantages and disadvantages are determined. The conditions necessary fosirgpé#iesse technologies
are summarized. The authors determined the most optimal 3D printing technology from the point of view of pra
tical implementation for repair work and maintenance of power plants of ships and vessels. Examples of the use of
repairs vith the help of additive technologies are given. An algorithm for using additive technologies to eliminate

malfunctions arising from the operation of power plants of surface ships is proposed. The material contains tables,
references, statistics.

Key words: ship repair, additive technologies, gas turbine engine, maintainability, 3D printing, direct laser
growing.
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DEVELOPMENT OF METHODS FOR TIGHTNESS CONTROL
OF BIMETALLIC ELEMENTS OF SHIP ENGINEERIN G PRODUCTS

In this work we propose a methodology and equipment for testing the hydraulic tightness of bimetallic
assemblies and joints having an antifriction purpose, evaluate the tightness of prototypes of cast aluminum
alloy + sintered powder materiahnd serial bearing assemblies of cast aluminum alloy + bronze cast allog-comp
sition. The impact of the technology for producing bimetallic compounds on the degree of its hydraulic tightness
is assessed.

Key words: bimetal, bearing assembly, oil pumpggdhaulic tightness, powder material, liquid metal stamping.
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ANALYSIS OF THE TECHNICAL AND ECONOMIC CHARACTERIST ICS
OF THE MODERNIZED OIL TANK OF THE PROJECT 610
TO INCREASE THE REGISTER CLASS

The article deals with the issues of improving the environmental safety of navigation, providing ports and oil
companies with modern bunker vessels. The problem of modaplaysical deterioration of bunker tankers and
the need to modernize them is considered.

The cost estimate of the stages of modernization of bunker vessels with the aim of increasing their Register
class has been carried out. The technical and econoruitsre$ the modernization of the project 610 oil tanker
and the economic feasibility of their implementation are analyzed. As a result of modernization, the oil tanker has
become environmentally friendly.

Key words: assessment, modernizatidnunker vesde navigation.
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METHODS OF CONTROL OF MECHANICAL STRESSES IN FERROMAGNETICS

The article discusses the methods of-destructive testing of mechanical stresses in ferromagnetics, their
feasibility of applicatiorin the control of trunk pipelines and other lasgieed products.

Key words: non-destructive testing, ferromagnetics, magnetic method, magnetic noise method, magnetic ci
cuit, magnetic field, control object.
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ON APPLICATION OF MAGNETIC METHOD
FOR MONITORING THE MECHANICAL STRESS OF A SHIP'S HULL

The article deals with method for monitoring the
oft he residual magnetization, considering that the sh
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TECHNOLOGY OF APPLICATION OF FUNCTIONALLY ORIENTED
ION-PLASMA COATINGS ON THE WORKING SURFACE OF THE BALL PIN

The article proposes a technology of amilimn of functionally oriented ieplasma coatings on the working
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ON MODERN SHIP HULL CLEANING TECHNOLOGIES

The degree of surface preparation for applying protective coatings is key. The main task of cleaning
isto obtain a rough surface, which will provide good albe to paints and varnishes. In ship repair, several o
tions for organizing work on cleaning surfaces are possible, while the choice of a specific option is distributed
both by the main activities of the enterprise and its production program.

Key words: ship repair enterprises, ship hull structures, ship repair, ship hull cleaning technology.
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APPLICATION OF INNOVATIVE TECHNOLOGIES IN SHIP REPAIR

The ship repair industry in modern conditions is the introduction of innovative solutionsaastbtmations
into the technological process. With the development of new generation vessels, the need arises not only for
updating, but also for the continuous development of the ship repair industry. The strategy for the application of
innovative technlmgies during repairs related to natural depreciation, as well as during recovery from
emergencies, is very relevant for the modern ship repair industry. Historically, during the period of reforms,
perestroika and in the process of transition to markatioels, the ship repair industry of the Russian Federation
had a very low level of technical resources. The fleet built in the last century did not requitechigiguipment.
The enterprises in this sphere used equipment, as well as materials introttactite technological process
35140 years ago. Such outdated maintenance is not sufficient to repair modern vessels of various categories.
The relevance of the topic discussed in the artidleatfor the organization of the stable operation of tissian
fleet, a complete modernization of the ship repair industry is necessary, which is impossible without the
introduction of innovative solutions.

Key words: ship repair, innovative methods, laser cutting, laser surfacing.
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THE ANALYSIS OF ACCIDENT RATE OF FISHING FLEET VESSELS IN THE FAR EAST

The article provides official stigtics on collisions of fishing vessels, as well as the causes and consequences
of accidents. The analysis of safe navigation devices, preventing the vessel collisions is shown. Solutions to the
described problems by developing modern ship managememibteghes based on an integrated control system
are proposed.

Key words: collision, vessels, fishing fleet.
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FEATURES OF THE PROCESS OF PREPARATION
OF HIGH -DISPERSION TALC POWDERS

This article discusses the features of the preparation of highly dispersed talcum powder. The dependence
of the humidity of the upper limit of plasticity, the maximum swelling humidity and the capacity of the calcite
talcite exchange cations on the duration of dry grinding are considered.

Key words: talcite, calcite, dry grinding duration, maximum swelling maistupall mill.
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IMPLE MENTATION OF INTEGRATED PROTECTION
OF SHIP ASYNCHRONOUS ELECTRIC DRIVES

Asynchronous electric motor today is the main drive of ship mechanisms, systems and devices. Reliability
and efficiency of its work is ensured by a system of measures, where altmgcamistructive solutions,
animportant place is given to maintenance and maintenance of the operational characteristics of electric drives
during operation. An important element in this system is the protection of the drive from various emergency co
ditions. However, a variety of operating modes and features of the operating conditions of an asynchi@nous ele
tric drive do not allowto provide effective protection of the electric driveby traditional means. This requires
the development diindamentally nevapproaches to solving this problem and the introduction of integrated pr
tection of marine electric drives.

Key words: asynchronous electric motor, electric drive, electric protection, thermal protection, thermal relay,
short circuit, acoustic protection.
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MODELING OF OPTIMIZATION PROCESSES OF SHIP'S ELECTRIC POWER SYSTEM
AT POWER SUPPLY FROM THE SHORE NETWORK

Certain stages of the operation of ships and vessels are associated withopgrking at the pier facilities.
For a number of flaing objects, this mode of technical operation is the main one. Power supply to consumers
of electric energy in this mode is carried out from the coastal network. Ensuring the safety and reliability of power
supply in these conditions largely depends andhality of electric energy. However, for a number of objective
and subjective reasons, the provision of the required quality indicators of electricity for ship consumemsin the i
plementation of power supply from shore sources is associated with chffiairities. This is due to the structu
al, operational, technological and regulatory features of the ship's electric power system. Optimizdtipn of
consumers' operating modes during power supply from the shore and simulation of the prodet=astih
between ship and shore networks is an urgent task.

Key words: ship electric power system, loitgrm parking mode, eshore electric network, shore power
board, power quality, power consumers, reliability of power supply.
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ANALYSIS OF CIRCUIT SOLUTIONS OF ROWING ELECTRICA L UNITS
OF ALTERNATING CURRENT

The scheme of upgrade of the rowing electrical unit is presented in this @ti@e. object of modernization,
adirect currentowing electric unit was selected, the windings of which are powered by an independersouoeee

In this article the author suggests to power rowing unit from the main ship alternating current network
byusing semiconductor voltage converters on thyristors in the excitation circuit of rowing motors.

Key words: rowing units, thyristors.
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UPGRADE OF DC ROWING ELECTRIC PLANT

In this article, the author considers the possibility of upgrading a DC rowing eleletnic For this purpose,
the proposed system is compared with existing analogues; all advantagiisaalvdntages of the systems are
depicted. The author also provides a structural diagram of the proposed unit with a detailed description.

Key words: electric drive, frequency converter, direct current, generator.
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ON THE FEATURES OF STARTING HIGH -VOLTAGE ASYNCHRONOUS MOTORS
FROM GENERATORS OF COMPARABLE POWER
OF THE SHIP'S ELECTRIC POWER SYSTEM

An increase in the power tifie main engines of ships leads to an increase in the capacity of ship power plants.
The wse of voltage classes upt®10 0 V | eads to an increase inannime equi pn
crease in current loads. The next step to the improvement of ship power systems is the transitagettéevels
above 1000 V. At the same time, éhproblem of compliance with the indicators of qualitgletctric energy remains
important. Particular attention is paid to the starting of the induction motor thrustee athe most powerful ce
sumers. Methods are given, which allow to determiegotirameters dhe electric drive, the parameters of thecele
tric motor of the thruster and tiggality indicators of electric energy.
The article will be useful not only for electricians, but also for other professionals involved in the operation
of ship power equipment.

Key words: main engine, ship power station, quality indicators, asynchronous engine, electric drive, bow
thruster.
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ENHANCING FUNCTIONALITY AND EFFICIENCY
OF COMBINED SHIP PROPULSION SYSTEMS

The use of electracally controlled main engines, which are part of the propulsion complex of masne ve
sels, makes it possible to optimize not only the workflow, but also reduce NOx emissions with exhaust gases
to the standards established by MARPOL 73/78, and reducéisgdael consumption. Installing a synchronous
machine in the shaft line allows you to get an additional source of electrical energy or a source of mavement, i
creases the efficiency and reliability of the propulsion of the vessel. Regulation of thenfreau rotation ofhe
source of movement is carried out from the frequency converter of the company SIEM&N&mics S120.

The presence of a frequency converter with an active rectifier allows the movement source to omeaienat
frequenciesdwer than that established by the Register rules.

s ey words: main engine, shaft generator, electric motor, electronic control, diesel generator, specific fuel
consumption, loading, active rectifier, frequency converter, vector control.
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MODELLING OF THE ROWING ELECTRICAL UNIT WITH THE FREQUENCY CONVERTER

In this article authors provide results of experimentsnonelingan electric drive with frequency control.
This experiment consisted of two stages. The §tage included creation of model with an electronic frequency
converter.The second stage included the construction of a model with a converter based on electrical machines.
Further comparison of the received characteristics was carried out.

Key words: electric drive, frequency converter, direct current, tension.
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ANALYSIS OF STATISTICAL VALUES OF WIND SPEED IN THE SHELF SEAS
OF RUSSIA AND ITS USE IN AUTONOMOUS CATHODIC PROTEC TION SYSTEMS

The article discusses alternative energy sources for supplying cathodic protection systems for oil and gas
pipelines. In particular, the source of alternative energy is considered the wind. It is shown that this type
of renewable energy is m® promising and economically profitable than traditional ones. It can be usea-for c
thodic protection with an external current source.

Key words: corrosion, power source, wind power installation, cathodic protection, power module.
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ENVIRONMENTAL DANGER OF CELLULAR TELEPHONY
The article discusses a possible impact of electromagnetic radiation of a mobile phone on the bioelectric pr
cesses on the human organism. An attempt to determine parameters of thé dellgbltone impact on theuh

man organism.

Key words: telephone, human, organism, impact, radiation.
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ON THE EXPEDIENCY OF USING SILVER CHLORIDE ELEC TRODES
FOR MONITORING S YSTEMS OF PROTECTIVE PROTECTION
OF THE STEEL HULL OF A SHIP

Corrosion is one of the causes of wear and tear of ships, reducing their strength and safety. The fight against
corrosion in the fleet is a priority state ta3ke solution of this problem is impossible withargtining of opea-
tors and exchange of experience in monitoring the operatigasstlsand ship protection systems against gorr
sion. The paper presents the results of measuring the potential of the hull of the boat RA2NAt&#yiven control
point usirg a multimeter MASTECHMY 62 and two control electrod&s the first control electrode, an electrode of
our own design, made of an electric carbon product for electric machines, was used. A standard portable-silver chl
ride reference electrode was usedtas second electrode. Both electrodes have beepeimation for three years.
The investigated vessel was in a lgegm parking mode. Control measurements were performed from 23.05.19
to 07.07.19, while monitoring the potential of the body three tintes/aising fivegparallelmeasurement§ he time
interval between parallel potential measurements is approximately 5 seconds. The hull potential measurements were
performed by a specially trained operator. The accuracy of the measurements was estintated oegtficient
of variation. Analysis of the research showed that the accuracy of testing results cathodic protection systems against
corrosion of shipglepends on the choice of the type of the control electrode. It is established that the efficiency
of the silver chloride electrode has a very strong impact on its service life. The resultssoffeltorrosion st
ies can be used by ship crews to justify the choice of control electrodes.

Key words: corrosion of steel hulls of ships, control of llea pr ot ecti on syst ems, con
hull potential
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ON THE ISSUE OF USING STEEL PLATES TO CONTROL
THE TREAD PROTECTION OF SHIP AND VESSELSHULLS

Corrosion is one of the main reasons for the deterioration of ships and vessels, reducing their strength and
safety. The fight against corrosion in the Navy is a priority state task. The solution to this problem ighimposs
without improving the control of the operation of ship and ship protection systems against corrosion. This requires
the exchange of experience in the field of protection of ships and ships from corrosion. The paper presents the
results of measuring ¢hpotential difference between the MB5 hull and polished steel plates made of ship hull
steel manufactured in Russia and Ukraine, made using the MASTECH MS 8261 multimeter. The vessel under
study is in a long mooring mode. The measurements were cauteid the period from 07/05/19 to 07/17/19,
while the tread protection of the hull was performed once a day, using 15 parallel measurements. The time interval
between parallel measurements of the potential difference is approximately 5 seconds. Alhwesstgements
were performed by a specially trained operator. The accuracy of the measurements was evaluated based on the
results of the assessment of metrological characteristics. An analysis of the studies performed that the accuracy of
the results oftte control of the tread protection of the hull primarily depends on the state of the surface of the steel
plates.It has been established that additional measures for the processing of steel plates cause certain difficulties
for the crew of the ship, antdrefore this type of control of the tread protection of the hull is not used by crews of
vesselsand ships.

Key words: corrosion of steel hulls of vessels and ships, control of tread protection systems, control steel
platess hi p6s hul | potenti al
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INTEGRATION OF MODERN TECHNOLOGIES IN SEA CARGO TRANSPORTA TION

The article discusses the relevance of the usage of modern technologies by sea carriers that will allow them
to focus on their business, ensuring maximum safety of ships. The main drivers for this is the search for additional
profitsand security. Thiey element of transformation is digital services and technologies.

Key words: sea transportation, modern technologies, port, port dispatching services.

bteOHdydsdedets dzO MmbkzHOA, Cslstste’ § L Oded 3O Ismw  dsstem§G
meow L d, tcOB S-@H O PL sdQH Jusdnls Odzydd e iMfj ydoeo Ot ls MoV
Bt se s MizH dOd fipf S W jctOis Y Aztsmdziz y B 8.D0].dZstemME se 58 §f sStels O

[eBts?2 sl B0 dMfitsd Lkzjls 1l sdf MmMewidgd. RrRL dO
dZzse j yd ME B2 3 dEedgdm Jdgoy jdgtarfiery Bdj L 5 OMdesMisd Bstehy dzOe Oded
sj B3O MewrLd 11l/sl. [d&O dhHficdsutses Ofz@Kh dzss sM@P-iE § OF dzu |
dZzOo &zd o Oj spw RO HOR] X ORssiflL dAco PNy Bdzhis f gsB@ Mo B isdz: Yt
4t HOYd HofiflslotxfovO de jtsB § MY j yJ dzdwv Oo Oted2 dese s 5B 3 020.
MowrL! fvwistsets  Ctdzfdgdy ] BEls s {EnEditsdiRs 8 © @fmxfsatls | d3"

1 B8 MiesHdY oBLAddCOjls dzj sBrtsHd d3ssMis! 9 desor o Isj nm
i sMis & Wipadga ¢! MM COYH'" B3 GctekzL s dc3 MikzHdesd3, ylstsB'™ f jtej H
ddeW sted3Oydd .

stesdzsy Issets OMIskzIs Istej Btsoa Odzdw ¢ BJL B OMmMdaAsmisd. |
tcsH dzs2 dBsteMC 52 rsatod Mafiim® QufanizatiofiMQ))e. O ¢ dzs W Og Isfiigss ls tsw
dzsds B dztso dzj ded d dzO d if ¢ Qlapd todgik RO 1BG Isc . dzj L O dfipd di3ts ¢
ftedfdms¢d ofgpj MEHO, bfwOodvehdjmw o HOdMESH § dZOo C
Ltso Ols! dztseo " j C Otelsr . I COyjmbe j Mddsiys e tizj-is ©eaz@iE
COwlstsctcOW dyj M @wde dz@aizPay@ tpafizsaRazts i Misj &G ( ECDI S) d
MfEMCOJ 3" J dz2O otsHE detser j MEHO HBdydr B'" s+ Mtseo d3 Mis

130


https://www.teacode.com/online/udc/65/656.614.3.html

l sty H 2 dz0tc s H dz@Y ndEdlapidaE OV C sdaW j o dzydw

CCMmYf jtolsr slstcOMmMdyd diguzfis'yetlam, z@dasr© L OHOYO By jls B
e ftod dzOkzdudd HobRofMitttsdddn MfklsddStssr & fdhlsy
MfEsddStcots?2 MewrLd dO BOL,| GBBttkzHBe Oddw VSAT d |
MowLs dzgjLOoadmMddis tsls t©6O25dz0 dzOr 5 H J dzd 1 ZRisthin ¢ tf O J f
fjtcjHOYO HOdzdzr 7, ybts fsLotsdzv jIs Stokzedzrgj55nkzlsC d dzO

{BiMmfifmYead@iless d O Qicgze Qdgs? dda steBOYdd, Is@E-ts2 §C
ds?2 foylr, ctOWduimédy WoOord , WOB®CIdMmO&BRCRr ME O
stesd3j] bets fBHHjydoOjlshwy f jtejHOYO foltsitotsets
M dz0 odHiBCtdW jtoj dzydd d Ctwokzedzr §j MmMlstsd l ttkt
dotcj 2. J[Mdesodz d@3 dzOf tcOo dzj dzd § dF Jot©) @ HUsSYO = Isfis @alz jddés
90w MmeowrL! dO BOLJ IjtedsddzOdzss VSAT. 1t dMmyftsdz L ts9

#tse dzOMmdes dL zyj dedats 2 diryftdso] tagj Ol rdiedg” j[ 1d9ts to fipS. d j1 3f4jlte j o
Cf tetsh j dgd © d EkZHJjhjodzj dzd s i tc o UsiHijfipts 0 1 Ctsoizls 3 xfddrfirf s s
dzfo slswils IstcOIsdls! toj Metemr dz0O EZfteOodzj dedj dJdzaWw cOMistclz
CodBBzdzd C Oydesdzadze MiejHE © oadHj MittadmMO. RrRMYtsdz L

| feHCds yjdd) S jHdds? Hipgaird §f et e Py@d HP
Mdtetse Ols+ Mmw @O Mmetsjd BdLdzj M, sBj M j ydse
Ldtelzw dztse dffdstsiujd g d.j B dL dzj f
dqLOoydd ftetsj SO 8 MtsL HOdz] ¥ B J M {t=(ndetsls dzts G
¢

O]
73
o
N
x
Q—

¢

0 .0
&

@
v =
> =
o7
&
QN'

dz
T O RBdtdzd? T o C tsBf®Misd MikzlkddStsots? fMmeawL d,
dCOydodzilz trni BBt Modzs T B BIsd dzs H S k2 d3d dzls, f
dydtese Ols! dBstemMCdj MEHO 5 Misifjdd dr Ools
fsHOL 2 d4] o @g lsts dptfdsdigs Mfisz H dzts , dzi IbtcjBlzshj
toj 2M0Oe sypOFHdgs, sBplOE sdzj Csistste’ Ctolzt
dd Myudlos stesf s fs®ls fiIgPAtsg yj MSCd toj Odzd L Iz §
OtetsH dzsets BsteMC 56 & j 102G ¢ s dsOCAfSj dtinlsd & 10D ff
zdzjtal® LdgO Bfipls C 52 MOBBdr Oolstsdesdider 7 MEzHBo . 1 Ist
s tewH ftspdzjd3 ot odzgjHtcjdzedd twiBtSlsdL qtotso Odzdz -
MistuSd Lt dzdw da IS¥d@Scssdiusidh S[&12, 4ck. W j6c9 ] .

1 sdz0N jaRle] dedz Mdz3slstew  dzO o " e sHE I fomMstes2¢d d ¢
Ehtweo tsBBLtcddsd BEZHEMj &3 dz Mlssdls Y dHOIs! i s dzdzt
BsteMC sEts MEHsOSHMiss ©. | OdBtdj j o) s ts tesdzH d Is
ftcOodzj dzgdv o' osHdMY dL (kO ftsH Cdlstetsdj dg
kZzyojls SCtsdi3OdzHkz Mdzj Hse Ols! 5 L OHOddsREz &Oth tolzls
sOdzOo dzd o O Isfyw , d ttsBtls ctlsts® digmwe z¢ fid tosfadt js d §
i qd MmMoftsesyHjddj HBdydts Brils! BJ MiJ Y,
d S0O0dzOdzso . v O Ow Mrj BO wOBKIST -fBLOTS
' ] OcOdzZlsdtetso Ols dzjeods jrh Ols (g Wz ) ds o ) 318
fsBBdteso SO (SOC s fj2yof fesdmMosHdls ) Ctsdasj 2
Meslse jlsMisazse h OV HBo o] dedzslsy i@y jls BT Is! o7 HOAZO
pdej Hicj ded ] tetsBslsdL Jetso Odzge s Siy@aztsdn] 2 Sd B auso d ¢ | &
SOCyJ dzjdLBjydets, COC d odzgjHitcjdedd By M ddslsdey = 09
sfdeso dz d3 W O¢ Is st ts 3, sls Ctbtstesets BEHjls L OsadMmjls!
weodzw jIlsiqw o' @ tsH dztgfin lst dzvd i 2 HSEPYAHEIHG ISd® i © -

vs0Cdd3 BBEOL 53, ftod MicetHdwhdzgj i3 Isjrdatsdzsedyd fr
tcsBtslIsdL Jtcso Odzgdz" = MEHtse oL BBy d o MdzjHkzshds GBI
M sdalsj 2 dzj tedL dqtctso Odzgdz" i3 ctolzL OB ( ¢ OStosfiptsdz] frjdzs jdBOAIEC
QOB SISO 9 kEdjtejdedzr » Cdzd BOIdud MSdr EmMdzsedwas (HGM
MzHser 7 CdfmlstezC yd2) ; 3) tOBBlO ftoj ddhilizh § iglds j dat
IfMjds 1 Isdds stcjBtso OdzdW d3 EH 5o dzj lf sstsisi gi s Z ¥ tc O def) stz Has 8 G
flsj fdzafi { otetsf O,i [ oI O (dzj MowiL Odgder 2 ) ftoShGHB®R
tsBlsdL qtetso Odzdz’ 7 MkHse o ftesdkdoOn d kLSCtMlswh ot
Bstelsk BEHEIS ftodmizilsfise so Ols!r  fif taltyg dnplsjcis fijls o dzts ) dfQ dz" I
ZsydsOde d SCoOdzdWdydtetseo Odzde’ 2 MeEHBeatSHdIsj dz, f§toj HMIS
Misckzls shkh jMiseodls! fososHCE MEzHdkO o tojydhj tolzydst

T 0TS S3=z
NOQGo33INKS
ggfoon

Q—.
&
o

s

SsSgaegos B osgin o0 nino
TS E G
<
&
©
&
=)
N
]
Q—

=
N &
I
ZlSs
© o
G o
I @
oo
o
Q—
&
Q—
'S}

131



BindduiMS oY 1 ChYfkzOOoydy oscHdsEEs lStOdhn]f stlsO: f s

t O distsIs@®Y di3,tsB flstsdls HJjdzts ) Isj - detsdztsc o W dglefts tc O ~fyts o
CtiolzL 5§ j tojtobsa LYBE BYus@, dgididskO?2 o dzgj HEsW jIs §JjtejHBar j  ddadzts
CtolzL s jtoj o H)OWHE.] BYZHY®2hjj otej B dkstemMSdj ctekzL st j to,
fn R3OfplsH dzts sdets B' dzts M tetsj Clsd totso Odzts-d iy fr) zgORls- jOR! frfif Catlelz Is
ddzmisdlskzlsj Itstcetso 56t sbte@fi®dzetcics O¢ Ju & isdnpsuc tsWelzn c hong ¢
ol EOdzyy skz. sdlkO2MSt] Bh jMots MkHBot?2 SqOMEHEY S O
fteddv dz0 cetfmMkzH OtcMmise j dzdzOW dBdese s tetstW d dzu dz®8YV  § sty Btz Y
ZzOL " 9 0] Is Jjegts fjtcor &5 o aid te ddzls j dzdzj SlszOdzt dz" o5 €
Bstcj f z0o Ols j dz' detsjy IbtcOdemf stelsdetsy Mtcj HMisods, cfStfdBzjuaf o
dmf sdzded Is j dz' fesHfi | £ d 8 QRO Bi3Qtelsf tod dzV IsT 2 o k] Is O dzi ¢
BsteMC 52 ¢ dzOmMMd¥dSOoydd Ll oyddés Register.

¢cl-Dol phiné (bOCts] dzOL 9 Odzd j fsdkzbyddzts f jtcotsy ) C
d dzdzts & Oy iaOdzdils =0 | i) f Gztizlf ks seat®ivy dtelgj O dz! edatsjedsy tztf o thysdsie
dOdzOdzdL HOdzdzr = CO¢C t BORIHY dtdczi @OBBdR MIcHdg® 52 Mte
tsBtsB N | didias Is tc d3@2apd of ¢ Oy dnts dgdz@Ged®@ tc OB O § & @ G310 dals@lEs Vs iz Is
ColststsBd M GAYisd B3OUA Hzzsldzg § dzd 0 ©§ 3§ dzd . stesd3j] Istsets 1 Ist
fMdzd L d Is ZOctlkzL S dzO 1 Cdfl®Odo KRusidOBs daf j tc jfosmL S Isef ¢ W &
ROy stedz 7 MdlskzoOoyd?.

[ &zd 20 MEkzH 20 MtsMisOs &2 j 3, 1 € &z BB 184 de@dgnilsplb.i ne¢
BzHjls or fsdzdgv Is! BsteMSCdj ctwkzLrtsf jtojotsLtCd dL sdlsoOw o

SsdIlsO2 dOMmists?2 ydwjtsH tsodzjiH tefdedets ofOjyd sdzdz” | Is§ - desdzse d d
CtolzL s j tclj alasy BdgQo sHilzr dnf M § getco ®» W teffj OBt OL Gtolzy O h d2 fr
Ldj Cstedui MCd?2 MertetelzL . (262 {sts dydzts jisQ o SHHAE(AE@NB jdtejdddzO)
13903, GMHOHS Od3, tcOMAY jesEEOYO offdfigdsOo dzv jIs 4,5 d3g. 1 1 €dH

skzHndzs ftocdotsHdlsmw o HodYJjdedd Holdw 4§ &zF9Ist€dHsadc O
rdzv L Of distzp Oz 8 H odf@ Blis gdglsD dztso dzj dz dzdIsdjeor 2 0OCC E Bk
2400 ¢l 1Is/ y. (dts, L QissB® BaQE® Jj ydls! Oo lstsdets dgdats §  f dz(
M stetsls: 8 8  d3d dz o Yyofm. ¢ ¢ ¢ 1P iR dzvdisifsidpBdMs: B OB QIcG
ClstiBsghist s dda tstf Hdrdzd Is B @Is@tcgd) dde, s 5 j dazd sdzy j dz BT Is!
HsMIsOo dzj dz de@ilsiswsdzdh j j ) s@Ades] otcj dBY 2L Qe H Isds QO Iz dgizk
fMtets €, Clstster 2 dzj sBRtSHd A Hdzw ftoetso j HJ dzd W i 5 dzdzts 2
Mftetsj Slsdtetso Odats Hzw o ftsdzdzj ded W toj ydz' » fjtejotsL 58S Gts

v O0C B tcOL ts03, o dzj Hicj dzd J S fXd2] 2 ) HossnsdsHdss 27 dzd € d
Y dzZtso j yj MEtsets btckHO dzgO Mmtsefilse j dzdz” n a3 tseetid id - Mz H
C 5dzC Iz toj dzlasks it tufi) 3 ORC tisg4C Qrded] (izls ' fted ftosydn ®©Oader 7 kM
OdzOdzd L § HOdzdzse s o BfftesMO dzgj sB - SH@EES {cipdlsoda@lg 2 filds:
ftosW mMtss L 59, O BOSYJ tOMmlskzh jj dzOMmJ dzj dedd MlsteOdz ¢ L «
LdzZOydlsj dz' dese s fRgz® j s RByj ded@BBIsded S s dwstemMSts?2 ddzH Iz
Mih i Mise j dzdzts Mmdzd L dIls! Etetse jdz@ L OOBBIsd » f§ d&zOls o dtsts

H4SLHO8 O] BOW MdMmlsj BO dJdeW¥W steBOYdtsdzdztsets M toso Y H J o
dzd bsdz? ¢ 5 M smMsBMmMise s Ols! 1 CMf stelskz dstemMC dn  IstcOdzef
ddzisj ctcdtetseo Ols! MW o GdzsB Odz! dzgk¥ MmdMmisj Bz B J L s OMdetsls d

v 0Cdd3 tsBtddOy iy ofdzi H toj dzd € ts stfa¥ ts ts 5@ et B dzdztd - dets dzts 6 d 2
sBrBHdd , BBdiJ btsets, dadLBJYJdz yYlsts 5B EBIdzse dzj dats
tcOBBISC ] HOdzdzr n. [ BT ydzm d3d, Is cOm jylfisvdzda] d3d ! 1t dst) stB © 63
ofms (odziWeOyfdz d dmMfisd LtseaOls! jj H&Y EftcOs dzj dzd v
YOS ktstesds o EftOodzj dzadd MlsOdetse dlsiw M sesfmis! ©BLEOB ISk
[Bstetsls ddW sted3Oydd oMy Mddz dagjJ odzdwjls dzO #WjClIlsdoe
ZOdetseo ' . EMmdlr] bets, ofj YoOh | dJddWstcd3Oyds L é2OL ™ 9 O
odlsra MstcOdzOr 1 OfOHO wWOMAtSH' d2O dJdaW stedzOYydes kxJj ¢
tcOLEzdRdetsd3 fsHAatSH] 1 Isd tOMatSH' HOtIs ff sdztsy d g dz! dzr 2 |
1515 tizdggds® d GBLOBBISH HOdMdd & Mkh jMmise jdedety -fs0 h O
6] HBSEZ®R] dZsstBBieslsO. wtotej ddj dzdzr j o dal tstc BOYpf s dzdlzr j |
fsd L 5o OdedW Sdeyd f yd2 d deltfsiasdszgiaj § dzdz’ORiz! Bzt © dzdfsdzdsO B 6 IS
Md ¢ sH dy tpsjchi | ydaz®ls s IstH 0% .

132



l sty H 2 dz0tc s H dz@Y ndEdlapidaE OV C sdaW j o dzydw

[ dj OO

1. dzj " Rdr delt ste 3Oy d tsdzdz” j Rs.§ nidesjaftscdf2qo3vsad] fn.

2.) 5n B jutRedzW s tcdZOydsdede” | Isjrmdesdzsedd / | . 4. JBaBJfo
if.: ¢COHjOOg fR.014.

3.1 .cOB Oz tsm dz¥ Is.tc B3O y dldsjdadelzty dzts ¢  d / 1. 6. | OB Okt
l . ykdzddz, 1. 171[f [ :CoBEsyp§jddadzOw h @8 &0 M. 2013.

4.1 dzs Y€ d dzr dgW. g te BO Y d s dzdz" J Isjndasdzse d d / [ .. [
R. 1l dSts&@&fdz: [dd@B562M16.

S5Rdatc 3OIsd € O. RAzW sted3Oydtsdzdz” § MmdMmlisg d3r . R dzgW tstc dzO 1

]l sHetslstse € O X L ROARY jdddzdzy/ 1s1] .5 Hm 2O o OOt U /\u3dﬁq’ fifhM. 201
6.R dzW St d3ZOYydtsdzdz” J Is] ~ldzldzts cudas ¥/ d dtes@. 1§ 8328)0 1 4 .

7oty dzj o O R dgW e BOYdtsdedz’ | sjndesdzsedd /  R. 0. S
0. ). rjfedmbgazed, ) esMEPLIsf). 2016 .
8.s stodzj jso. R dgW. stc 3Oy d ts dzdz" sjrdasdzse d d / R. S. s

1. ¢0Ohbteyfjo. Jyszad, ) tsMf2alsfy. 2015 .
9. jdz dzf C ezl btotgOydsdzdz j Isjndesdzigdd MHSOHY BIP § dz2
432 f.

10.6 d dzOIs S te ROV WS.tlBIdZO Yy d sSdzdz’ § IS4 n dets dztsicfd.d: /1 Oh.Cls.e  uf] ¢
20147456 Mm.

llutso jIstseor dalt Sted3OYyd sdzdz’ § Isj -~ detsdzts@ djdr Qdztspiff§.d:2 & 59
Ilrmhow heg&64 H015.



BindduiMS oY 1 ChYfkzOOoydy oscHdsEEs lStOdhn]f stlsO: f s

vrs 796:656. 6
[.5. 1BBttSO, | .1 . | bktetse

SOBYOIsMEd2 esMmMizHOwmlse jdzde" 2 Isjrdzdyj mM&d2 Ekdzdoj
lilstcsf Op kg @EMSC d2, 683003
e-mail: slavik.gurov.00@mail.ru

Jt1o1RYOARC ARIRYCL[HS B VI rLJullsr i rffic SsrRIGr[s

[ dzv t WWjiSlsdodzsets or f sdzdgj dedv ( sfisOodzj dzdz" = L OBOY d 5B J
9'n bkindduyimédrs MtejHMmlse deisBrtsHdBS §SHHJ e Oded | ntstetsh
EZ&ctcOdzd yj dede" | oL By detsMmisd L Odgw dsdgw Hifjtcis Oldaf s s A sd de d R
Wtstodsyr ydzj deseo 1 SO 0O dgj sBatsHdd M Jjydodz dz@ 2 CtslElzfdzj S k4
h Ols! misw dzzyh j, LHStes9 | | , ar dzsmdzde j i d ¢ tsd@3sy@-Is BT Mists,
ydd mMkzrHdzO o dstey .

fq’dzts[@x@‘”fn Cbd kO, WdLd
ste Isd ~dzd ud ME OV + CMY oz

roi

Jw Ow o' degsfmdzd o sflss ig]
O¢CIs

S dz8 ud ¢
Oydw, BjLBYOMdtshls: .

9
ud med2 W

M.Yu. Bobrov, V.D. Gurov

Kamchatka State Technical University,
PetropavlovskKamchatsky, 683003
e-mail:slavik.gurov.00@mail.ru

ORGANIZATION OF PHYSICAL TRAINING FOR SHIP CREWS

For the effective implementation of the tasks and ensuring the quality operation of the ship's technical
equipment, it is necessary to maintain a good physical shape of the sailor. Despite the limitechioppdiiu
playing sports in ship conditions, a special set of exercises is needed to maintain the general physical form of the
crew members, which will allow sailors to feel better, healthier, more enduring, and will help them quidkly accl
matize to the perating conditions of the vessel at sea.

Key words: physical culture, physical endurance, sports exercises, human factor, technical operation, safety.
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RESEARCH OF THE STRENGTH AND NATURE OF MODEL FAILURES
OBTAINED BY CHANGING THE POSITION IN 3D PRINTING

The results of experimental studies of tubular models obtained by the technblaggrdy-layer deposition
at vertical and horizontal print positions are presented. The influence of the model manufacturing speed on its
strength characteristics is investigated. The analysis of the obtained model strength from the nature of the damage
during testing is carried out.

Key words: 3D printing, technology of layeby-layer deposition, strength of a part from ABS and PLA
plastics.
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THE IMPORTANCE OF THE HUM ANITARIAN COMPONENT OF TRAINING
IN THE FIELD OF TECHNICAL OPERATION OF WATER TRANSPORT
IN THE ASPECT OF STATE CULTURA L POLICY

The article provides evidence that the provision of the documents "Fundamentals of the state cultural policy"
(2014) and "Strategy of the state cultural policy until 2030" (2016) on the formation of a harmoniously developed
personality as the maigoal of the state cultural policy should become a methodological basis for solving the
problems of training in the field of technical operation of water transport. For this purpose the definition of the
concept of "harmoniously developed personalitygigen, the question of the specifics of work in the field of
technical operation of water transport is considered, the content of the federal state educational standard of higher
education and cunula in the specialty 26.05.08lavigation".
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eration of water transport, training of personnel, federal state standard of higher education.
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ORGANIZATION OF THE DIGITAL ASSESSMENT FUND
FOR THE TRAINING OF WATER TRANSPORT SPECIALISTS

The article presents a solution to the urgent task of organizing a digital fund of assesshaentthe field
of study in higher education. The scheme described in the article includes three levels of organization: planning,
development and implementation. The main component of the digital fund of assessment tools is the descriptor
model of compedncies. The descriptor model at the planning level structures competencies in the form of sets
of indicators of achievement of competencies, as well as descriptors for rating their importance. At the develo
ment level, descriptors acquire a logical struetilnat expresses criteria for assessing the importarindioftors
and are organized as a fuzzy descriptor model. At the level of implementation of the fassksément tools,
the descriptor model implements an objective assessment of the compsdtemnaégion.

Key words: competency model, indicator of achievement of competencies, descriptor model, fusd of a
sessment tools, level of organization.
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COMPUTER SIMULATION OF THE AS SEMBLY PROCESS
AS A WAY TO ENSURE ITS QUALITY

The possibilities of improving the quality of assembling engineering products based on the method
of individual selection of parts and computer simulation of the assembly process are considered.

Key words: assembly, process, selection of parts, quality, technology, computer simulation.
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COMPUTER SYSTEM FOR COMPILING TOURIST RO UTES
BY METHOD OF GENETIC ALGORITHMS

The paper considers the development obmputerized system for optimizing tourist routes on the basis
of thetravellingsalesman problem. The domain model is considered. Design solutions for creating a system are
presented. The algorithm for finding optimal routes is based on the apparatuset gégorithms. The formal
examination of the routes was carried out from the point of view of the tourist stay program in the context
of theattribute values included in the program of eveht®initial data are the preferences of clients regarding
the program of stay in the recreation aréheresult of the simulation is a selection of the best solutions that sati
fy customer need3hework is ofscientific and research interest from the point of view of the application
of multi-parameter optimizatio by the method of genetic algorithms for solving problems of building routes
andplanning events.

Key words: tourist route, stayprogram, computer system, raulteria optimization, genetic algorithm.
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MATHEMATICAL MODELING OF ROD STRUCTURE DYNAMICS
ON A FLOATING PLATFORM

The problem of construction of mathematical models of rod structure dynamics on the platiesurised
in the article. The rod structure is considered as an elastiwitb variable bending stiffness aditributed mass.
The platform is considered as a hard inert plate on an elastic base. The mathematical thedbiramic bea
ing of the rod is a differential equation with variable coefficients in partial derastiVhesolution of the eqgar
tion by the Fourier method is obtained. Investigation of the influence on the mechanical parameters of the system
the value of the first natural frequency of oscillation is satisfied. Dependencieletimining dynamic &k
placements, rotation angles, and bending moments under pulsed action on the structure are obtained. The equation
for calculating the results of the model with the model of small oscillatiossliofs system is represented.

Key words: floating platform, rod & variable cross section, natural vibrations, Fourier method, Bessel
functions.
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IMPLEMENTATION OF NEW INFORMATION SYSTEMS AT THE TERMINAL COMPLEX

This article idenfies the problem of introduction new automated information systems in warehouses. Two systems
are analyzed for comparison. Particular attention is paid to the consideration of their positive and negative qualities.
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SEARCH FOR OIL TRAPS

The question of the origin of oil products and the formation of oil traps was touched upon. The methods
of searching for oil traps and drilling methods are considered. The advantages and disadvhetgemethod
are given.
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ploration, drilling.
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IMPROVEMENT OF DRINKING WATER SUPPLY TECHNOLOGIES
FOR SHIP AND VESSELSCREWS

The dfective implementation of the task and ensuring the safety of navigation depends not only oh-the tec
nical condition of the vessel, but also on the psychophysiological state of each crew member. The human body
under the conditions of operation of the st sea is affected by various negative factors. These factors worsen
overall weltb e i n g, reduce performance, and also contkibute
opment of a number of occupational diseases. The use ofghajtly drinkng water enriched with molecular
hydrogen ensures the bodyds resistance and creates a

Key words: technical operation, safety of navigation, water supply system, molecular hydrogen.
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MONORAIL TRANSVERSE VIBRATIONS
DURING THE BRAKING OF THE SUSPENDED MONORAIL ROAD

The article considers transversibrations of the monorail, which occur during braking of rolling stock
of suspended monorail road. A mathematical model of transvéssations ofthe monorail is developed, with
taking into account forces arising during starting and braking of thegatock.

Key words: mathematical model, transverse oscillations, suspended monorail.
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OPERATING CONTROL PANEL FOR THE TRAINING COMPLEX
"FISH PRODUCTS TECHNOLOGY"

The presence of a very large number of a wide variety of tecies| for processing water raw materiats, i
cluding wastefree and complex, does not make it possible to choose the most optimal for each specific type of
raw materials, depending on its catch season, quality, structural and mechanical properties, chemosition.

A particularly difficult task is the variability of these characteristics within a single species of fishery objects. In a
market economy, the share of small, "narmwfile" fish processing enterprises has increased. This doe¢ not a
low students to consolidate their theoretical knowledge during the periods of practical training, which ultimately

leads to a narrowing of professional and, moreover, creative thinking. Therefore, it is possible to solve the created
problem by means of virtual #ls training.

The article describes the developed training complex "Fish prothattsology” for the use in the training of
technologists of the fishing industry.

Key words: trainig complex, fish products technology, control panel.
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OBTAINING BIOLOGICALLY ACTIVE ADDITIVES
FROM THE LEAVES OF PACIFIC MUSSEL
USING THE REFRIGERATING POTENTIAL OF SOLID CARBON DIOXIDE

The article analyzes methods for producing bioldgicactive additives from the leaves of mollusks, veget
ble and natural materials. Based on the analysis of the methods with the identification of their disadvantages,
a method for producing biologically active additives from the leaves of the pacifiseinas been developed.
In the developed method, solid carbon dioxide is used to crush the leaves and quickly cool them. The method can
significantly simplify the technological process, reduce operating costs.

Key words: a pacific mussel, solid carbonodide, biologically active additive.
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ANALYSIS OF PIPELINE TRANSPORT PERFORMANCE AND SAFETY INDICATORS

In the article the analysis of workéarried out. Requirements to safety of pipeline transport are studied. The
main factors affecting the operation and safety of pipeline transport are identified. Measures to achieve the grea
est efficiency and reduce the risks of emergency situationsapeged.

Key words: pipeline, safety during operation, risks of emergencies.
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SELECTION OF SIMILARITY CRITERION
FOR CALCULATION OF CENTRIFUGAL SUBMERSIBLE PUMP STAGE

An approbation of the metidl for determining the main design dimensions of the impeller of a centrifugal

submersible pump based on the given feed is given. The calculated dependences are given, the main performance
indicators are established.

Key words: water supply system, cerftigal submersible pump, similarity criteria, the flow part of time i
peller, axial guide device, reduced feed, a coefficient of rapidity.
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