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It has been substantiated that in order to improve the operational characteristics of the vessel thrusters, it is
necessary to use the torque and power control. It has been shown that torque and power control are feasible
solutions for high-performance thruster control only if special precautions are taken during extreme
environmental conditions, when the propeller may be subject to ventilation and in-and-out-of water effects.
Therefore, an anti-spin thruster controller has been designed.
The results have showed that the torque and power controllers with anti-spin have comparable performance
to that of a well-tuned shaft speed PI controller during ventilation, without compromising the superior
performance of torque and power control in normal conditions.
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Introduction. The power plant on ships consists of several gas turbines or diesel engines
driving electrical generators. In order to ensure the safe operation, there must, in all load
conditions, be enough spinning reserves providing sufficient available power for unpredictable
variations in load in order to prevent a blackout.

The blackout prevention, by means of reducing the load on heavy consumers, must
typically respond faster than 500 ms to be effective. With torque and power control, the propeller
load is less sensitive to ambient variations, which produces less power disturbances and improves
voltage and frequency quality. Additionally, the maximum power consumption may easily be
limited to available power in both schemes, since the power limitation is explicit in the torque and
power control algorithm. This, in contrast to controlled speed and pitch propellers, where the actual
power load must be measured as a feedback signal with an inherent time lag, which declines the
blackout prevention response time. The accurate and fast control of power and power limitation in
torque and power control gives less unpredictable load changes and less available power demand.
Consequently, there will be a reduced probability of blackout due to overload, since unintentional
power peaks will be suppressed. In conventional speed controlled drives, the excess of controlled
torque/power may occur up to 5%. If this occurs for several thrusters simultaneously, significantly
more power is being consumed than requested by the positioning system.

In this context, in order to reduce this dependence, it is required to find out new laws of
thruster control.

Aim of work — to define thruster control methods when changing operational conditions.

Results and discussion. Ventilation, cavitation, loss of effective disc area, and the Wagner
effect are all closely related physical phenomena. Let Qm denote the torque generated by the
propeller drive. A torque balance for the propeller shaft is written [1]:

l.o=Q, -Q, —Q; (@), (1)

where Is is the moment of shaft, propeller, and drive inertia, w=2zn is the angular shaft speed, and
Qt(w) is the shaft friction, Qa — is the shaft torque.

In commonly, the friction may be considered as a sum of static friction (or starting torque)
Qs and a linear component:

Q, (w) =tanh(w/ £)Q, + K, o, 2

ISSN 2313-4763


https://orcid.org/0000-0001-6920-0324
mailto:hersongala@gmail.com

NPl 8] ABTOMaTH3allis Ta KOMII'IOTEPHO-IHTErpoBaHi TEXHOAOTI]

where ¢ > 0 is an appropriately chosen small constant, and K,, is a linear friction coefficient. On
request, more complex friction models may be used, including e.g. nonlinear elements, Stribeck
friction, and hysteresis effects.

As detailed in [1], the load torque assessment may be used for valuation multiples
calculation of torque loss fo

From (1) the following control unit model of the thruster dynamics is proposed:

Isa):Qm _Qa _Qﬁo(nr)_Qflw +5f’
Q =o,

Qa is here assumed to be a bias term due to an external bounded disturbance wq. It is required to
capture the fast transients during ventilation. The static friction compensation term Qfo(nr) from
[1] is used instead of a static friction model based on @ in order to avoid oscillations in this term
about ® = 0. ¢+ allows for errors in the friction model. With the measurement y = w + v being
contaminated with a bounded disturbance v, and y = ®, the propeller load torque observer copying
the control unit model [1] is:

H=1/1,Q, -0, -Q,,(n,) - Q.d)+k,(y - ¥),
Q, =k, (y-9),

where ka and ky are the observer gains. In [2] it is shown that with a constant load torque Qa implied
by wq =0, zero measurement disturbance v = 0, and advanced friction knowledge such that 6t = 0,
the equilibrium point of the observer estimation error is globally exponentially stable (GES) if the
observer gains are chosen as ka > -Qr1/ls and kp < 0.

For DP operation, the expected nominal propeller load torque On may be calculated by
feedback from the propeller shaft speed n. The estimated torque loss factor Pq is calculated [2]
from Qs and O as:

©)

(4)

fo= = = nx0 ©
Q. Ky.pD’nn|
where the control coefficient Kqc is used to calculate On.

Thruster normal operation suggests minimum ventilation effects. The ventilation detection
algorithm is implemented by defining limits for the onset and termination of ventilation S, ., and
Do, and generating a detection signal by monitoring the thrust loss factor fo. An additional
criterion for detection is that the magnitude of the thruster torque Qm doesn’t increase. The
ventilation incident will then show the following evolution of the detection signal ¢, with time

instants t; < t, < ts:

A

tl : ﬂQ > Poon = é =0,
t,: By <B,.,0sign(Q,)Q, <0 =¢&=1, (6)
t: Be2PBu = &=0.

To avoid switching and chattering of the detection signal due to measurement noise and
transients, an algorithm implementing a detection delay is added, such that once ventilation has
been detected, it cannot be reset until after a set time interval T,.,.. The detection delay can be seen
as an implementation of the switching delay time proposed in [3, 6]. This ventilation detection
scheme has shown good performance in both simulations and experiments.

The torque and power controllers, although advantageous for normal operating conditions,
will show unacceptable behavior when subject to large thrust losses. The nature of this problem is
in many ways similar to that of a car wheel losing traction on a slippery surface during acceleration
or braking. The work on anti-spin thruster control has therefore been motivated by similar control
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strategies in car anti-spin and ABS braking systems. For normal operating conditions, the proposed
anti-spin control scheme is divided into two:
1. Primary anti-spin action: override the core controller and take control of the shaft speed.
2. Secondary anti-spin action: lower the setpoint of the controller to reduce the shaft speed.
Since both the structures of the physical systems and the control objectives are similar, the
development of the thruster anti-spin control system has been motivated by similar hybrid control
strategies in car anti-spin and ABS systems, see, for example [4] or [5, 7] with such model as:
o =-rF +Q,,
F
— = (1),
£ =HA) (7)

zZ

mo=F,

where |, is the wheel rotational inertia, w., is the wheel angular velocity, r is the wheel radius, Fx
is the tire friction force, Q., is the breaking or accelerating input torque to the wheel from brakes
and motor, F; is the vertical force between tire and road, x is the tire friction coefficient, 1 is the
wheel slip, m is the mass of a car, and v is the car speed.

When comparing the two models for propulsion and car anti-spin, many similarities may
be noticed. The rotational dynamics of the propeller and the wheel are identical, with inertial terms
Isw and 1o, Motor input terms Qm and Qm, and load torque terms Qa = fo(@,{) and rFx = rFu(2)
respectively.

In both cases, the aim of the anti-spin control is to optimize the load torque through control
of the motor input. For car anti-spin, too high input torque will lead to loss of friction through spin
(acceleration) or wheel lock (braking), and hence reduced acceleration or stopping force. For
thruster anti-spin, too high load on a propeller operating close to the free surface will lead to loss
of torque through ventilation, and hence loss of thrust. In addition, the propeller load torque and
tire friction force depend on many other parameters, most of which are unknown to the controller.

So, if a ventilation incident is detected by the detection algorithm in (6), the desired primary
anti-spin control action is to take control of the shaft speed until the ventilation has terminated.
This can be done by modifying the core controller output Qci [2] with a torque scaling factor y:

Qcas = ]'Qci ! (8)

where Qcas is the anti-spin commanded torque, and v is proposed as:
{1 for £ =0 (notventilated),

B, for ¢ =1 (ventilated). ©)

That the anti-spin control law will give a bounded shaft speed during ventilation.

To optimize the thrust and reduce the wear and tear due to dynamic propeller loading
during ventilation, it may desirable to reduce the propeller shaft speed. This can be done by
modifying the thrust reference during ventilation since the primary anti-spin control action assures
that the shaft speed is kept close to its reference. The desired shaft speed during ventilation, nas,
will be a thruster specific parameter, and must be chosen as a trade-off between thrust production,
wear and tear, and response time. The nominal shaft speed reference nr should not be changed to
Nas instantaneously, as this will lead to undesired transients. It is therefore proposed to add a low-
pass filter with time constant z, and a rate limiting algorithm to the change from nr to nas at
ventilation detection, and from nas to n, at ventilation termination. The filtered and rate limited
shaft speed reference is termed Nras, i.€. Nfal < Nras < Nrise, Where N and Nrise are the rate limits.
The thrust reference corresponding to nras is termed Tras:

Tras = Sign(nras) KTCpDAnI’ZaS’ (10)
where Krc is strictly positive thrust control coefficient.
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Perfect shaft speed control during ventilation would be possible if the ventilation incident
could be foreseen, and j(t, ) was known. However, since the propeller torque is not available as
a measurement, and the ventilation incidents are random processes caused by wave elevation and
vessel motion, this is not possible. An implementable solution is to use the torque loss estimation
and ventilation detection schemes. The deviation of the shaft speed from the steady-state solution
will then depend on the deviation of the torque modification factor y from the actual torque loss
factor f(t, ) during ventilation.

To achieve the best possible control over the shaft speed during ventilation, y should be
switched from 1 to A, immediately when ventilation is detected. However, in order to avoid

transients in the control input, the transition of y from 1 to B, at ventilation detection, and from
B, 10 1 at ventilation termination, should be rate limited, i.e. pran <y < yrise. The rate limits yrise and

ytai Would typically be of magnitude 1. Furthermore, to avoid using the potentially noisy estimate
A3, directly in the control law, it may be beneficial to filter y by a properly chosen low-pass filter

with time constant z,.

A block diagram of the resulting thruster controller with anti-spin is shown in fig. 1.

In order to analyze the performance and the robustness of the control laws given above we
will demonstrate the sensitivity subject to thrust losses. In order to compare the different control
schemes a simplified sensitivity analysis is carried out to address the most significant properties
of speed control, torque control and power control. Pitch control is not studied, but is expected in
general to have the same behavior as speed control.
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Figurel — The anti-spin control scheme, including core controller, torque observer, loss
calculation,ventilation detection, and anti-spin control actions

The experiments were conducted at basin 60m long, 9.5 m wide, and 1.5 m deep, and were
equipped with a towing carriage and a wave-maker system. Two types of setups were used during
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the various tests. The tested propeller was of conventional design with 4 blades, pitch ratio at 70
% of the propeller radius P/D = 1.0, and expanded blade area ratio EAR = 0.55.

The propeller was tested both with and without duct. For the results presented here a duct
was used for the anti-spin tests only. The propeller was attached to a shaft equipped with thrust
and torque sensors inside an underwater housing, and driven by an electric motor via shafts and
gears with gear ratio 1:1. The rig with motor, gears, underwater housing, shaft and propeller were
fixed to the towing carriage on a vertical slide, which was used to control the submergence of the
propeller relative to the free surface. Ventilation incidents could hence be generated by moving
the propeller vertically with a calm free surface. The motor torque was controlled from a PC
onboard the carriage, using feedback from the propeller shaft speed and the motor torque. The
control code was generated by rapid prototyping using Opal RT-Lab and source code in
Matlab/Simulink [8].

A sketch of the experimental setup is given in fig.2. The main characteristics of the ducted
propeller and drive system are summarized in table 1. The nominal thrust and torque coefficients
for the propeller without duct were found to be Ko = 0.570 and Kgo = 0.0750. The nominal thrust
and torque coefficients for reversed thrust were found to be Kror = 0.395 and Kqor = 0.0665.

Table 1 — Main propeller data
D (m) Ko Koo Is (kgm?) Qs (Nm) Ko (Nms)
0.25 0.513 0.0444 0.05 1.0 0.01

Source CPU Control CPU Q.

fﬁi;?férk e | roeitianle Q. Motor
Opal RT-Lab |
Opal RT-Lab pamia < K"
m.N i

2 N N2 N [ NG N
Current Waves

Strut

—_— Underwater housing

Figure 2 — Sketch of the experimental setup

The shaft friction turned out to affect the performance of the torque and power controllers.
Over the course of the experiments, the friction compensation coefficients were found to be in the

range Q,, [0.8,1.0] and Q,, €[0.009,0.011].

The friction compensation was chosen with Qo = 1.0 Nm and Q1 = 0.01 Nm. The inertia
compensation was not needed for the small model-scale propeller. The control coefficients were
chosen as Krc = Kto = 0.513 and Kgc = Kgo = 0.0444. For the combined controller (266) the
weighting function parameters were chosen as [r, p, K] = [4, 0.5, 1]. This gave a pure torque
controller for n < 0.5 rps and a pure power controller for n > 3 rps. The shaft speed PI controller
parameters were chosen as Kp = 0.2 and Ti = 0.05s.

In the load torque observer, the gains were chosen as ka = 15 and ky =-25. In the ventilation
detection scheme, the parameters were chosen as £, = 0.6 and £, 5= 0.9, and the detection delay
was set to T,e..= 1. For the proposed anti-spin controller, the settings for the primary anti-spin
action were yrise. =151, yran = -1s%, and unless otherwise stated z, = 0.3s. For the secondary anti-
spin action, the filter time constant was chosen as tn = 0.05s, and the rate limits were chosen as
Nrise = 35 and N = -3s72. The desired shaft speed during ventilation was set to nas = 9 rps. The
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latter choice was motivated by observations during the tests, where it seemed that the most violent
dynamic loading disappeared below 10rps. A maximum shaft speed of hmax = 25rps was enforced.

The anti-spin control scheme appears to be robust to parameter tuning. In order to avoid
detection chattering, however, it is important not to choose £,,.» too large. In addition, if the rate
limits are chosen too low or the filter time constants too large, the anti-spin controller response
will become slow, and the shaft speed will be allowed to increase more during ventilation.

A total of 36 tests were run with zero advance velocity and varying motor setpoints. Each
setpoint was run for approximately 60 seconds in order to get good statistical values. The nominal
thrust and torque coefficients Kroand Kqo for varying propeller shaft speed n and Va = 0 are shown
in Fig.4, where also the mean values used in the rest of the work are shown. The resulting mean
values were Ko = 0.5359 and Kqo = 0.0832. The shaft friction for the tested propeller was found
as the steady-state difference between the motor torque Qm and the propeller torque Qa, and is
plotted versus n fig. 3.

K= 05359, K, =0.0832
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Figure 3 — Nominal thrust coefficient Kro and nominal torque coefficient Koo measurements
for varying shaft speed n

In the sensitivity tests the thrust reference was kept constant at Tref = 100N, the advance
velocities were Va = {-1, -0.5, 0, 0.5, 1, 1.5} m/s. and the speed, torque and power controllers were
used. Each combination was run 3 times, giving a total of 54 runs. The performance of the three
controllers are summed up in Fig.4, where the propeller thrust Ta, propeller torque Qa, shaft speed
n, motor torque Qm and motor power P are shown for varying advance speeds. The friction
compensation is not included in the plots of motor torque and power. It is clear that the three
controllers obtain their objectives: the shaft speed controller keeps the shaft speed constant, the
torque controller keeps the motor torque constant, and the power controller keeps the motor power
constant. As the advance speed increases, the effective angle of attack of the propeller blades is
decreased, and the propeller loading decreases for a constant shaft speed. This can be seen in terms
of reduced propeller thrust and torque at increasing advance velocities for the shaft speed
controller: at Va =1.5m/s the propeller thrust is reduced from 100N to 18N. The torque and power
controllers have much better performance, since they will increase the shaft speed as the propeller
loading decreases: Va=1.5m/s the propeller thrust is reduced from 100N to 65N and 50N
respectively. The reason for the propeller torque not remaining constant for increasing advance
velocities are inaccuracies in the friction model.

The sensitivity to variations in advance velocity Va can be studied by representing Kt and
Kq as functions of Va and ignoring all other loss effects. The experimentally determined sensitivity
functions for varying advance velocity are shown in Fig.7 This confirms that the shaft speed
controller is the most sensitive and the torque controller the least sensitive to variations in advance
velocity.
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To validate the dynamic performance of the controllers when subject to rapidly changing
inflow to the propeller a total of 34 tests in regular and irregular waves were performed. The thrust
reference was Tq = 100N and the carriage was kept stationary. A comparison of the controller
performance in regular waves with wave height 8cm and period 1s is shown in fig. 4. DP
functionality has been simulated, such that all controllers gave the same mean thrust. The results
are summarized in the following:

— the shaft speed controller keeps the shaft speed constant, and has to vary the motor
torque and power in order to achieve this. The resulting propeller thrust and torque have the largest
variance;

— the torque controller keeps the motor torque constant, and as a result the shaft speed
varies with the loading. The resulting propeller thrust and torque have the smallest variance;

—  the power controller keeps the motor power constant, and as a result both the shaft
speed and motor torque varies with the loading. The resulting propeller thrust and torque lie
between the shaft speed and torque controller values.
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Figure 4 — Comparison of propeller thrust T,, propeller torque Q., shaft speed n, motor torque Qm and
motor power Py, for the shaft speed, torque and power controllers in varying advance velocities Va

The anti-spin control scheme was tested in a variety of operating conditions: for constant
and time-varying thrust references, in waves, with a calm free surface and forced vertical motion
of varying amplitude A, , period T,, and mean submergence ho, and in combinations of waves and
vertical motion. In the results presented here, the thrust reference was kept constant during forced
vertical motion with a calm free surface. This improved repeatability and enabled comparison of
the various controllers, since the time series could be synchronized by comparing the relative
vertical motion of the propeller. Because of the chaotic nature of ventilation, the actual operational
conditions for the propeller vary from one test run to another. However, the repeatability is in
general good. The results presented below are for ho = 15¢cm, A, = 15¢cm, and T, = 5s.

Fig. 5 shows comparisons of the thrust Ta, propeller torque Qa, shaft speed n, motor torque
Qm and motor power P, for four different thruster controllers during a ventilation incident with T,
= 200N. The ventilation incident starts at t ~ 11.2s, and terminates at t =~ 14.5s. The compared
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controllers are shaft speed PI control, torque control, power control, and the proposed anti-spin
controller based on combined torque/power control. With anti-spin activated, both the primary (8)
and the secondary (10) anti-spin actions were used. The time series show that the torque controller
and the power controller both lead to propeller racing. The shaft speed controller and the anti-spin
controller limit the shaft speed as intended, with the secondary anti-spin action giving a slightly
reduced shaft speed during ventilation. The resulting thrust during ventilation is about the same
for all controllers. That is, the anti-spin controller, which reduces the shaft speed to 9rps during
ventilation, produces the same thrust as the torque controller, which races to the imposed limit of
25rps. The power consumption of the torque controller is unacceptably high, whereas the power
controller keeps the power consumption limited. The shaft speed and anti-spin controllers give a
lower power consumption during ventilation, but this is not considered to be a problem.

— Torque control
= = Power control

++ Combined control with antispin P+S
+= Shaft speed control

T
a
=y
o o
[==]
T

a

Q_[Nm]

m
[ L L ]
T T T T T T T T

Q

11 12 13 14 15
Time [s]

Figure 5 — Comparison of four controllers during a ventilation incident at T, = 200N

Fig.6 shows details from the anti-spin controller during a ventilation incident: propeller
torque Qa versus estimated propeller torque Q_, estimated torque loss factor B, and ventilation

detection signal , torque modification factor y, deviation of y from the measured fq, and the
desired shaft speed nras. The time series show that the anti-spin controller, including torque
observer and ventilation detection, performs as intended.
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Figure 6 — Time series of the main parameters in the anti-spin control law with primary and secondary
control actions during a ventilation incident at T, = 300N

Conclusions. Low-level controllers based on shaft speed, torque, and power control for
electrically driven thrusters on vessels in normal operating conditions have been investigated, and
evaluated according to three main performance criteria. The conventional shaft speed controller
gave the thrust, torque, and power with the largest variance, and it was the least robust to
disturbances in the in-line flow velocity. The torque controller produced the thrust and torque with
the smallest variance, and was superior with respect to compensating for thrust losses due to
disturbances in the inflow. The power controller gave the least oscillations in the power, with the
resulting propeller thrust and torque in-between the shaft speed and torque controller values. The
combined torque and power controller gave the overall best improvement in the performance from
low to high loadings. Steady-state sensitivity functions describing the performance of the various
controllers in terms of resulting thrust, shaft speed, torque, and power when subject to thrust losses
were presented. Experiments illustrated the difference in performance and robustness of the
different controllers.

It has been shown that torque and power control is a feasible solution for high-performance
thruster control only if special precautions are taken during extreme environmental conditions,
when the propeller may be subject to ventilation and in-and-out-of water effects. To solve this
problem, an anti-spin thruster controller has been designed. The thruster performance was
monitored by a load torque observer, and the anti-spin controller was triggered by a ventilation
detection scheme. The anti-spin controller took control of and lowered the shaft speed.
Experiments with a model scale propeller were presented. The results showed that the torque and
power controllers with anti-spin had comparable performance to that of a well-tuned shaft speed
Pl controller during ventilation, without compromising the superior performance of torque and
power control in normal conditions.
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HaroBckuii  JI. A., Homenxko I. T. METO/IbI VIIPABJIEHUS TITPOITYJIbCUBHBIMU
ABUXETEJSIMU CYJHA B UBMEHAIOINXCA YCIOBUAX OKCIUTY ATAIIUN

OO0O0CHOBAHO, YTO JJIsl TIOBBIIICHHS KCILTyaTAMOHHBIX XapaKTEPUCTUK JBIDKETENEH Cy/HAa HEO0OXOIUMO
HCII0JIb30BaTh yNpPaBIeHUE 110 MOMEHTY U MOLIHOCTHU. [IoKka3aHo, 4TO yIpaBileHUE TI0 KPYTALEMY MOMEHTY
1 MOUIHOCTH ABJIACTCA BO3MOKHBIM PCIICHUEM JIsA BBICOKoa(bq)eKTI/IBHOFO YIIpaBJICHUA ABUTAaTEJIEM TOJIBKO
B TOM CjIyd4ae, eCid NPEANPHHUMAIOTCS 0COOBIC MEPHI MPEIOCTOPONKHOCTH B IKCTPEMAIBHBIX YCIOBHSIX
Oprnca}omeﬁ Cp€abl, KOTraa BUHT MOKET IMMOABEPTraThbCA BO3}1€ﬁCTBH}O Typ6yJ'IeHTHOCTI/I " BbIXOJa U3 BOJFHI.
Pa3pabotan KOHTpOJIIEp CBOOOIHOTO BpAIllCHHUS BUHTA.

Iloxa3zaHbl pe3yabTaTbl TOTO, YTO PETYJSTOPHI MO KPYTALIEMY MOMEHTY M MOIIHOCTH C KOHTPOJIJIEPOM
CBOOOJIHOTO BpAIICHUS HMMEIOT MPOU3BOAMTEIBHOCTh, COIOCTABHMYK) C XOpOMIO HAcTpoeHHbIM PI-
PETYIATOPOM CKOPOCTH Baa BO BpeMs 3¢ (ekTa BEHTIIIAUH, 0e3 yiuepOa st XapaKTePUCTHK YIIPABICHUS
KPYTAIIAM MOMEHTOM M MOITHOCTEIO B HOPMAJIbHBIX YCIOBHUSX.

KitroueBble ciioBa: KOHTPOJUIEP CBOOOJHOTO BpAllleHHs BUHTA, YIPABJICHUE, ABIDKUTEIh CyIHA, KPYTAIIUI
MOMEHT, MOJICJIb, MOIIHOCTh, 3(Q()eKT BEHTUIISIHN.
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NPl 8] ABTOMaTH3allis Ta KOMII'IOTEPHO-IHTErpoBaHi TEXHOAOTI]

Harosebkmii JI. A., Jomenko I'. I'. METO/I YIIPABJIIHHA IMPOITYJIbCUBHUMU PVYIHIISIMU
CYJIHA B 3MIHHUX YMOBAX EKCITJIY ATALIIT

Obrpynmosano, wo 011 RNIOBUUWEHHS eKCHIYAMAayliHuX XApakmepucmuk pywisi CYOHA HeOoOXiOHO
BUKOPUCMOBY8AMU 3AKOH YNPAGLIHHS, AKUL BUKOPUCTNOBYE NOKAZHUKY MOMEHMY MA HOMYAICHOCMI HA 28UHMI
pyuis. Iloxazano, wo ynpaeninus, @ AKOMy Kpumepiem onmumizayii € KpymHut MOMEHM [ NOMYACHICMb HA
26UHMI pYULisi CYOHA, € MOJNCTUBUM PIUUEHHAM OJisl BUCOKOEDEKMUBHO20 YNPAGLIHHA OBUSYHOM MITbKU 8 MOMY
8UNAOKY, AKWO 3ACMOCOBYIOMbCA 0COOUEI 3AN00INCHI 3aX00U 8 eKCMPEMANbHUX YMOBAX HABKOIUUHLOLO
cepedosuuya, Ko 28UHM NPONYIbCUBHO20 PYULis MOdCe RIO0ABAMUCA GNIUBY MYPOVIEHMHOCTI Ma 8UXOOUMU
i3 8600u. Pospobneno konmponep 8inbHozo obepmannsa ceunma. Konmponaep suxopucmogye 8 cgoiti pobomi
NOKA3HUKU OUHAMIKU 28UHMA NPORYILCUBHO20 PYULis, NPUBOOHO20 eeKMPOO8USYHA, PO3PAXYHKOBI NOKAZHUKU
KomneHncayii inepyii 2eunma. Ilosedinka cucmemu npu 3MiHi KYmy HAXUTY €3 28UHMA He 00CTIOHCYBANACH I
0y0e 8HeceHa 8 3aKOH YNpasniiHa 8 nodanvutii pobomi. Ilpu npogedenHi 00CioxHcenb BUKOPUCHIOBY8ABCA Ky
Haxuy ae3 28unma 6 poamipi 70%. B pezynbmami ukopucmanhs maxo2o KOHmMponepa 2UHmM nponyibCUeHO20
PYulisi CyOHa 0OMedCcyEMbCs 8 WEUOKOCME 00epmanHs npu egpekmi 8eHmMuIsYii, moomo 3a ymoeu euxooy
26UHmMa 3 600u. Jisi nepesipku GUKOHAHUX OOCTIONCEHb MA PO3PAXYHKI6 NOCMAgieHo 34 docniou Ha izuyHil
MoOdeni 06’ ekma ynpaeuints. JJocniou epaxoeyeanu OKpemy ma epynogy Qikcayio napamempis nomyHcHocmi,
WBUOKOCI 00ePMANHS A MOMEHMY 26UHMA NPONYILCUBHO20 PYWIsL DI3udHOI Moderi.

Tloxazani ompumani pezyromamu mozo, wo pe2yiamopu, AKi GUKOPUCHOEYIOMb 6 CGOEMY 3aKOHI YNPAGNIHH
Kpumepiti onmumizayii no KpymHOMY MOMEHW)Y ma NOMYACHOCMI HA 26UHMI NPONYAbCUBHO20 DYWL 3
KOHMPONEPOM BIIbHO20 00epMAHHA MAlOMb NPOOYKMUBHICHb, AKY MOJNCHA NopieHamu 3 000pe
Hanaeooxcenum Pl-pezynamopom weuokocmi obepmanns 8any nio uac egpexmy genmunayii, 6e3 wkoou ous
Xapakxmepucmux YNpaeuiHHsA KPYMHUM MOMEHMOM 1 NOMYNUCHICMIO 26UHMA NPONYIbCUBHO20 DYWISA 8
HOpManvbHux ymogax. Lle 0o36onse 3aminumu cmanoapmui Memoou ynpagiiHtsa RPponyibCUGHUMU PYULIAMU, SKI
He 8paxosyiomv egexmy GilbHO20 00epmaHHs 8any pyutis Oe3 HABAHMAICEHHS, MUM CAMUM CMEOPIOIOYU
npobnemu npu Ynpasninui CYyOHOM ma 8 eKCnayamayii enekmpoooia0Hants NponyibCUBHO20 PYyulis CyOHa.
Knrouosi cnoea: xoumponep 8iivho2o 0bepmans 26UHMA, YAPAGIIHHS, DYWL CYOHA, KPYMHUL MOMEHM,
WBUOKICMb 06epmaHHsl, MOOeLb, NOMYIHCHICIb, eeKm eHMUNAYIL.
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