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Abstract. Previous studies of the optimization
of the manipulator motion mode on an elastic base
based on the criteria of the rms value of the drive
torque and the rate of change of the rms value of
the drive torque established that the use of optimal
manipulator motion modes, which are created on
the basis of higher derivatives of the characteristics
of the change of the drive torque, allow to obtain
more smooth movements of the boom system of
the manipulator, thereby reducing its oscillations
on the elastic support. At the same time, the ob-
tained optimal modes of movement didn't com-
pletely eliminate the boom system oscillations
during the change of departure. By observing the
oscillations of the elastic link of the manipulator,
the quality of the obtained optimal modes of
movement was evaluate and the presence of resid-
ual oscillations was shown.

This work considers the possibility of optimiz-
ing the manipulator's motion mode based on the
criterion of the mean square value of the accelera-
tion of the drive torque change. For this purpose,
the second derivative of the driving torque function
of the manipulator boom system drive was deter-
mined first. Such a criterion for optimizing the
motion mode is an integral functional, the minimi-
zation of which is carry out by the methods of var-
iational calculus. The regularity of the change of
the driving torque it was find from the dynamic
equation of motion.

The search for the optimal motion mode of the
manipulator realized through the solution of the
Poisson boundary nonlinear differential equation
of the fourth order.

The results of the conducted research made it
possible to clarify much better the nature of the
vibrations of the manipulator boom system and, as
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a result, to develop a drive control system that
allows the realization of the obtained optimal mode
of movement.

Keywords: manipulator, elastic base, optimiza-
tion criterion, rms value of moment acceleration,
minimization of oscillations.

INTRODUCTION

Manipulator dynamics modeling in many
cases is carried out with the assumption that all
links of its mechanical system and support
mechanism are absolutely solid bodies, and the
support surfaces are horizontal [1-5]. For mo-
bile machines that work on different types of
support surfaces, the mechanical properties of
which are not known in advance, this assump-
tion is false. It is important for manipulators of
mobile robots to be able to minimize the oscil-
lations of their support system [6], as this will
affect the safety of work.

The oscillations of the boom system of the
manipulator strongly depend on the magnitude
and nature of the change in the driving torque
of the drive mechanism. The regularity of the
change in driving torque over time [7] has a
decisive influence on the dynamics of the ma-
nipulator movement process.

ANALYSIS OF PUBLICATIONS

The analysis of known works it was shows
the relevance of the existing problem of ma-

11


https://orcid.org/0000-0003-4259-3900
https://orcid.org/0000-0002-8263-9400
https://doi.org/10.32347/gbdmm.2023.101.0201

MINING AND LIFTING TRANSPORT MACHINES

nipulator dynamics with elastic characteristics
of links and support surfaces [8, 9].

The dynamics of the boom system of the
manipulator on an elastic base was considered
by a number of authors in works [6, 9-12], but
a qualitative assessment of the influence of the
drive system on the dynamics of the elastic
support mechanism was not investigated. In
work [12] it was research the problem of over-
loading and overheating of the power drive of
the manipulator, which arises as a result of the
action of dynamic loads, which are formed in
the process of starting and braking due to the
action of vibrations of the elastic parts of the
boom and accumulate during work, is investi-
gated. The author of the work [13] proposes an
energy balancing method elastic deformations
of the metal structure of the manipulator
boom, which occur during fluctuations of un-
balanced masses. The paper [14] considered
the stability conditions of the mechanical ma-
nipulator system using the Lyapunov function.
As a criterion for optimization in the study of
boom systems of manipulators with flexible
links, it is also possible to use the function of
energy accumulation by its elastic element
during the spatial movement of the load [10-
12].

In work [15] was consider the method of
synthesis of the optimal mode of motion of a
manipulator on an elastic base according to
kinematic characteristics, and in work [16] -
according to the function of the driving mo-
ment. From the analysis of the conclusions of
which it was clear that in order to optimize the
modes of motion of the manipulator with the
minimization of its oscillations elastic support
mechanism. It is necessary to apply a criterion
that will be built on the derivatives of the driv-
ing torque of the drive over time.

In this research, it is propose to consider the
optimization problem according to the criteri-
on of the minimum root mean square value of
the change in the acceleration of the driving
torque of the manipulator drive with an elastic
base part and two generalized coordinates.

PURPOSE OF THE WORK

The main goal of the study is to minimize
the oscillations of the manipulator links on an
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elastic base by optimizing the drive mecha-
nism movement mode in the process of chang-
ing the load departure.

PRESENTING MAIN MATERIAL
A simplified dynamic model of the boom sys-

tem of a two-link manipulator with an elastic
support part is known (Fig. 1) [17].

Fig. 1. Dynamic model of the manipulator boom
system mounted on an elastic base

The adopted dynamic model consists of rig-
id boom links with a length ofl; and a main
frame with a length of I,. The main frame has
two support points, one of which is shared
with the support joint of the boom and is as-
sumed to be completely rigid, and the other is
replaced by a movable link that reflects the
elastic properties of the deformed support
mechanism. A movable elastic yoke have a
characterized by a combined elasticity coeffi-
cient c. The drive mechanism in the form of a
hydraulic cylinder placed between the boom
and the support frame and attached to the
boom at a distance a, and to the support frame

at a distancea,, which are measured from the

rigid support of the boom (the pivot point of
the boom).
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In the adopted dynamic model of the ma-
nipulator, it is assumed that the load is mass
m concentrated at the end of the boom and
rigidly attached to its base. It is center of mass
of the boom m, and the supporting frame m,

placed in the middle of the corresponding ele-
ments and regardless of the geometry of the

specified parts are at distances 11, and %I,

from the boom's support hinge. Friction and
backlash in kinematic pairs was not take into
account, and the mechanical system of the
boom was placed on a horizontal supporting
surface.

The angle ¢ of rotation of the support frame
and the angle a of rotation of the boom with
respect to the horizontal surface are taken as
generalized independent coordinates. The an-
gle of rotation of the support frame will be
determined by the deformation of the elastic
element of the support frame. The movement
of the rod of the drive hydraulic cylinder will
determine the change an angle of rotation of
the boom.

Change the departure of the load is per-
formed by the manipulator in an absolutely
unchanged space due to the joint movement of
the boom relative to the support frame and
vibrations of the support frame relative to the
horizontal support surface, i.e.

a=y+0. 1)

Within the framework of Newton's theory, a
mathematical model of the considered ho-
lonomic beam system was determined using
Lagrange equations of the second kind [18,
19], which is written in the form of a system of
recurrent differential equations [7]

(J,+ml})é =M —(m+ %)gl1 cosa;

2)
J,p=-M —m,gl, COS(p—C|22((p—(p0),

where:

J,=ml?/3 and J, =m,I?/3 is moments of
inertia of the boom and the support frame rela-
tive to their turning points;
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& and @ is an angular accelerations of the

boom and support on top;
M is the external driving torque of the drive;

@, Is the initial deviation of the support link
(in the following it is accepted ¢,= 0).
The first and second equations of system

(2) are connected by a moment determined by
the following relationship

sin(a.— ) 3)

M =Faa, > 2 ,
\/a1 +a, —2a,a, cos(a.— @)
where:

F, is forces on the rod of the hydraulic cylin-
der.

From the first equation of system (2), the
driving moment M is determined, which de-
pends on the coordinateoa and has the next
view

2 . v
ddtl\z/l =M =(J, + mlf)oc—
(5)

—(m+ %)gll(dsin o+ 6> cosal).

Let's mark

v 2
f:(a—kz(dsina+d2 cow)] ., (6)

Let's determine the equation of the criterion
for estimating the minimum of the root mean
square value of the change in the acceleration
of the driving torque

4

Mg = .|| M?dt — min )

0

13



MINING AND LIFTING TRANSPORT MACHINES

or taking into account the expression (6), the
set problem is equivalent to the minimization
of the functional

From equation (8), it is obvious that the
minimum value of the function will be provide
that the integrand acquires the minimum value.

Let's solve the set variational problem (8)
by numerical methods, ensuring the following
boundary conditions of motion:

t=0:a=0,0a=0a=04=0;
9)

t=t:o=a,,&=06=00=0.

The condition for the minimum of the func-
tional (8) is the fourth-order Poisson equation
[7, 20]:

4 n
Ay

4t 2a® (19)

+
aa n=1

It was find the derivatives of equation (10)
from expression (8);

a_ —2k? (& cosa— &2 sin o)

v
x(a—kz(dsin o+ 62 cosal) )

i = —4k?* cosoudL x
o (12

v
x(oc— k?(asin o+ COSOL))

dot_ —2k?[2k? sin 206" + 2 cos i x

dt da
1V
x (a—k2ésina) —a’(k*(3+5c0s2a)d + (13)

\% \
+2sina.a) +2cosac(a—k? sin adi)];

1\
% = 2k?sin a(kz(dsin o+6% cosa) — ocj; (14)
(00

14

ii = 2k*[k? cos2ac’ + cos i x
dt od. (15)

1\ \Y
x (4k*a.sin o — o) +sin ou(k? sin a6 — )]
d2 of 2 2 a: -4 -2
— ——=Kk°[2k"sin 20(-26." + 26" +
dt® oa
[\ v
+306) + k? cos2a. (140’6 — o) + k? a— (16)

1\ \% i v VI
—2cosou(d o+ 26.a) + 2sin a (6 o—a)];

ifnzo; d_i =0; (17)
ool dt o
d? of d® of
dt? aoi dt® ot )
of Vo P
—v = Ja—k*(cosaa’ +sinad)];  (19)
oo
i%zZ[kz(—3COSad&+Sinax
@ oa (20)

(6 ~@) + ol

d2 8f 2 .4 "2 e
— —v = 2Jk“(cosa(a” —36° —4adi) +
" 5o (21)

v \
+sina(66°6 — )+ al;

d3 af 2 .. . 3 e . v
PrEBR 2[k“(5cosa(2a(a” —d) —aa) —
oa (22)
\ VII
—sina (&’ —1566.° —106°6 + o))+ a];

4
%% = —2k? cosaét® — 456267 —
oo

\Y \Y
—206.%6 +106° + 156 0+ 6Lo) — (23)

— 2k sin o(=15(—c* 6L + 6.° + 4o +
v \ VIl
+a’a)+al+2a;

After substituting expressions (11)...(23)
into equation (10), a complex nonlinear differ-
ential equation of the 8th order is obtained for

ISSN(online)2709-6149. Mining, constructional,
road and melioration machines, 101, 2023, 11-20



MPHNYI TA TIAHIMAABHO-TPAHCITOPTHI MALLIMHA

the solution of which we will apply the Runge-
Kutta numerical method:

[-k? cosac® + 3k* cosasin ad’ +
+15k? sin ad.® —k? sin o ® x

x (k® cosa +156) + 20k cos a6t i —

v
—10k? cosadi® + k*sin? o oi—

v
—15k? cosaudi o+ 3k %6’ x (24)

x (—2k?sin? o +15c0s o +

A%
+5sinoa) + 2k 2(2sin o x

\Y . Vi VI
—3cosaa)—2k*sina o+ a]=0.

Have been find a solution to the given prob-
lem in the section of the arrow movement from
45° to 85° for a duration of movement of 3 s.
The parameters of the mechanical system it

was adopt as follows: m, =300 kg; m, =100

kg; M=900 kg; |, =4 meter; |, =2 meter; ¢ =
a'(t), rad/s
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500 000 H/m?;a,= 0,8 rad. (45°); o, = 1,45
rad. (85°).

On Fig. 2 a...d shows the graphs of the kin-
ematic characteristics of the boom, which re-
flect the solution of the problem (24) under the
given boundary conditions (9). The results of
the found numerical solution of equation (24)
were substituted into system (2), from which
the dependences of the change in the angle
¢o(t) of rotation of the support frame of the
manipulator relative to the horizontal surface
were found (see Fig. 2 d).

We compare the obtained numerical solu-
tions of equation (24) with the integral curves
of the following linear differential equation of
the 8th order:

VI

a, =0. (25)

The solution of equation (25) is taken as a
polynomial of the 7th degree:

a"(t), rad/s?

0.4}
0.2f

~0.2}
~0.4]

o(t), rad
0.01}

:
-0.01
-0.02
-0.03}
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d

Fig. 2. Graphs of changes in speed (a) acceleration (b) jerk (c) manipulator boom and change in
the angle of rotation of the supporting frame (d) relative to the horizontal surface
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a,(t)=C, +Ct+C,t> +Ct* + C,t* +

(26)
+Ct° +Ct° +Ct7", 0<t <t,
where:
Co, Cy, ... C7 are constants of integration de-
termined by given boundary conditions (9).
The first, second, and third derivatives of
expression (26) were determined:

6, (t) =C, +2C,t +3C,t* +4C,t° +

(27)
+5Ct* +6C,t° +7C.t°.
&, (t) = 2C, +6C,t +12C 2 + 20Ct° + 28)
+30C,t* +42C.t°.
&, (t) = 6C, + 24C,t + 60Ct% + 29)
+120C,t* +210C.t*.

After substituting the initial conditions at t
= 0, constant coefficients were found from
expression (9) in equations (26)...(29):

C,=a,, C,=0,C,=0,C,=0. (30)

As a result of substituting the final condi-
tions at t = t; from equality (9) and constant
integrations (30) in dependence (26)...(29), we
obtain a system of linear equations

ax_ao.
4 k)
1

AC, +5Ct, +6C.t7 +7C.t> =0; (31)
12C, + 20C.t, +30C,t? +42C.t* = 0;
24C, +60C.t, +120C t2 + 210C,t° =0.

C,+Ct, +CtZ +C.t’ =

The solution of the system of equations (31)
gives the following values of constant coeffi-
cients

o — Qg
4

G =-842x "% (32)

5

C, =35

c,=70% "% ¢ =—2o°‘kt‘7°‘°. (33)

6
1
In fig. 3 shows a comparison of graphs of

the obtained solutions of equations (24) and
(25), from which it is clear that in dependence
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(24) the dominant component that determines
its solution is the term with the highest 8th
degree of the derivative. Thus, the approxi-
mate solution of equation (24) can be express
in the form of polynomial (26). For the exact
solution of the solution of the given variational
problem (24), it is possible to apply a complex
polynomial, which consists of two terms.

a'(t), rad/s

0.4 /
03t 7

2
0.2

0.1}

05 10 15 20 25 30

a"(t), rad/s?

04} /
/ 1

02f / —
, | ] s
05 10 15 20 25 /30
~0.2} /
~0.4}

Fig. 3. Graphs illustrating the change in kinematic
and dynamic characteristics of the system over
time: the function of the angular velocity a (a) and
its acceleration (b); 1 — for equation (25); 2 — for
equation (24)

alt)=o,(t)+a,t), 0<t<t . (34)

In equation (34), the first term ay(t) is a
polynomial selected from the condition of en-
suring the boundary conditions of motion (9),
and the second term a,(t) is a polynomial that
determines the free coefficients and satisfies
such boundary conditions

0,(0) =0,6,(0) =0,6:,(0) = 0;5,(0) = O;

. ) (35)
o,(t)=0,a,(t)=0a,()=0;d,()=0.
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The polynomial a,(t) must provide the

minimum of the integral functional (8), so it
can be used in the following form:

a,(t) =t*(t-t)%(A +...+ At"), (36)

where: 0<t<t,,

The multiplier t*(t-t,)° in expression (36)
guarantees the fulfillment of the target bounda-
ry conditions for any coefficients 4,,... 4,,.

These coefficients are free and used to find the
minimum of the functional (8).

The effectiveness of the application of the
optimal criterion of the rms value of the accel-
eration of the drive torque with the optimal
criterion of the rms value of the speed of
change of the driving torque of the motion
modes for the boom system of the manipulator
under consideration is compared. Fig. 4 show
the graphs that shows the nature and ampli-
tudes of changes in the oscillations of the ma-
nipulator support link for the indicated optimal
modes of movement of the manipulator boom.

o(t), rad

i OSPM

| 'I‘..‘.""UJ [ t,s
OTCTHRTCH s kel i byt 0

-0.01

~0.02} i | ‘\

—0.03 "

OSShM

Fig. 4. Comparison of the optimal according to the
criterion of the rms value of the acceleration of the
drive driving torque (OSPM) and the optimal ac-
cording to the criterion of the rms value of the rate
of change of the torque (OSShM) of the driving
modes

The results of the calculations are given in
the table below.

From the above table of the results of the
comparison of the oscillations of the rotation
angle of the manipulator support frame for
optimal according to the criteria of the root
mean square value of the speed and accelera-
tion of the change of the drive torque, it can be
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seen that the deviation between the maximum
values of the amplitude of the oscillations can
be in the range from 0,3% to 19% in different
time periods. At the same time, the maximum
value of the angle oscillation amplitude does
not exceed 0,03 radians, i.e. micro oscillations
of the elastic support mechanism of the ma-
nipulator are observed.

Table. Comparison of values of the angle
function turn o(t) for different driving modes

ts o(t), rad.
’ OSPM OSShM
0 0 0
0,5 -0,017672 -0,017731
1 -0,028897 -0,030872
1,5 -0,008129 -0,008277
2 0,010377 0,012374
2,5 -0,002857 -0,002471
3 -0,017877 -0,01789

DISCUSSION OF THE RESULTS

The analysis of the obtained results of the
calculation of the optimum according to the
criterion of the mean square value of the
change in the acceleration of the driving mo-
ment of the movement mode of the boom sys-
tem of the manipulator, which is installed on
an elastic base, shows that an increase in the
smoothness of the change in the acceleration
of the change in the angular coordinate of the
boom significantly reduces the oscillatory pro-
cesses that occur during its movement [7, 16,
20].

The obtained solution of the optimal motion
mode can be replaced by an integral polyno-
mial of the differential equation of the 8th or-
der, which greatly simplifies the calculation of
such a motion mode.

A comparison of the optimal modes of
movement according to the criteria of the
mean square value of the change in speed and
the acceleration of the drive torque showed
that the smoothness of the change in the accel-
eration of the angular coordinate of the boom
has a significant effect on the system dynam-
ics, which can be achieved when optimizing
according to the criterion of the mean square
value of the change in the speed of the driving
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torque, and optimization according to higher
derivatives from the function of changing the
driving moment, the boom dynamics are not
changed significantly.

The decision of the optimal mode of
movement of the manipulator based on the
criterion of the root mean square value of the
change in acceleration was apply to calculate
the driving torque of the drive (4) and its rate
of change over time. The calculation results
shown in Fig. 5.

M(t), Nm
35000
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25000{
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5000 \\\\ .
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05 10 15 20 25 30

M(t), Nm/s

10000//ﬁ\\\ N\

\
\
- t
&5\\L0 15 20 /25 30
\ /

\ /
AN
b

Fig. 5. Graphs illustrating the change in the func-
tion of the driving torque M(t) (a) and the rate of
change of the torque over time (b)

S

£l

-10000
-20000}
-30000¢

On Fig. 6 shows the graph of the compari-
son of the oscillations of the support mecha-
nism of the manipulator, determined according
to the criteria of the minimum root mean
square values of the driving torque [7] and the
acceleration of the change in time of the driv-
ing torque of the drive. The graphs of the de-
pendences show that the amplitude of oscilla-
tions in the mode according to the criterion of
the root mean square value of the acceleration
of the driving torque change is almost always
smaller than the amplitude of oscillations in
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the mode according to the criterion of the root
mean square value of the drive torque. At the
same time, the deviation of the amplitude of
oscillations for the obtained optimal mode of
movement from the amplitude of oscillations
determined by the criterion of the root mean
square value of the drive torque [7] is 40% for
the maximum value and 60% for the average
values. This indicates the advantages of using
the optimal mode of movement according to
the criterion of the root mean square value of
the acceleration of the change in the driving
torque of the drive mechanism.

&(t), rad

0.02¢

~0.02}1!

0,04 fi i

Fig. 6. Oscillation graphs of the support mecha-
nism of the manipulator for the minimum mean
square value of the driving moment of the drive (1)
and the mean square acceleration of the driving
moment of the drive (2) optimal according to the
criterion

CONCLUSIONS

Optimization of the manipulator movement
mode based on the criterion of the mean
square value of the acceleration of the change
of the driving torque allows to achieve a
smooth movement mode of the manipulator
boom, which is evidenced by the figures
shown in Fig. 4 graphical dependencies. The
change in the angular coordinate of rotation of
the support mechanism of the manipulator for
the obtained mode of movement will be car-
ried out with micro-oscillations of insignifi-
cant amplitude.

It was established that the conditions for
ensuring the boundary conditions of motion
play a dominant role in the minimization of the
integral criterion. Moreover, it is possible to
hypothesize that it is the values of the bounda-
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ry conditions and their number that provide the
value of the optimization criterion.

Note that the application of motion modes
obtained on the basis of the derivative of the
driving moment allows to increase the
smoothness of the movement of the boom sys-
tem of the manipulator, and therefore to reduce
the amplitude of oscillations of the support
mechanism of the manipulator.
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JocaigskeHH ONTHMAJIBHOIO PEXUMY PYXY
MaHinyJsitopa po0doTa Ha mnpyxHiii omopi 3a
KpPUTePiEM cepeIHbOKBAAPATHYHOIO 3HAYEHHS
NMPUCKOPEeHHS PyIIiHHOT0 MOMEHTY NPUBOAY

Bauecnas Jlosetixin®, Jmumpo Miugyx?®,
‘Hayionanonuii yHigepcumem biopecypcie i
NPUPOOOKOPUCIY8aHHA YKpainu,

2Kuiscokuil nayionansull yrieepcumem
Oyoienuymea i apximexmypu

20

Anoranis. [lonepenHiMu TOCHTIHKCHHSIMHA OTI-
TAMI3amii pexXuMy pyxy MaHIMyJIsTopa Ha MPYXK-
Hi OCHOBI 3a KPUTEPIsIMHU CepeIHBLOKBAIPATHIHO-
ro 3HAUeHHs PYLIIHHOTO MOMEHTY TPHBOAY Ta
MIBUIKOCTI 3MIHA CEpeIHHOKBAIPATHYHOTO 3HA-
YEHHS MOMEHTY NpHUBOAY OyJO BCTAHOBJIECHO, IO
3aCTOCYBaHHS ONTHUMAJIBHUX PEXHMIB PyXy MaHi-
MyJSITOpa, SKi CTBOPEHI HAa OCHOBI BHUIIMX MOXiJ-
HUX BiJl XapaKTePUCTUKH 3MIiHU PYyIIiHHOTO MOMe-
HTY, JO3BOJISIOTH OTPUMATH OiNbII IUIaBHI Tepe-
MIlIEHHSI CTPUIOBOI CHCTEMH MAaHIMyJsSTOpa, THM
CaMUM 3MEHIIWTH HOTO KOJWMBAaHHSA Ha TPYXKHIN
omopi. I[Ipu 1pbOMy, OTprMaHi ONITUMANBHI PEXXUMA
PYXy MOBHICTIO HE YCYBAIOTh KOJIMBAaHHS CTPLIOBOT
CHUCTEMH B TPOIECi 3MiHM BHJIBOTY. 3a CIIOCTEpe-
JKEHHSAM KOJIMBaHb HPY>KHOI JJAHKM MaHiMyJsTopa
OyJI0 OIIIHEHO SKICTh OTPUMAHUX ONTHMATbHUX
PEKUMIB pyXy Ta MOKa3aHO HasBHICTH 3aJIMIIKO-
BUX KOJIUBaHb.

B manomy mocmimkeHH] pO3TIISIAETHCS MOXKIIH-
BICTh ONTHMI3allil peKUMY PyXy MaHImyJsTopa 3a
KPUTEPIEM  CEepelIHBOKBAAPATHYHOIO  3HAYCHHS
MIPUCKOPEHHS 3MiHA PYIIIHHOTO MOMEHTY NPHBO-
ny. Jdns nporo, crioyatky Oyino BU3HAUEHO JPYTy
noxiaHy Biag QyHKUIi pymiifHOro MOMEHTY TPHBO-
Iy CTPIIOBOi CHCTeMH MaHimynsTopa. Takuidi KpH-
Tepii oONTHUMI3alii peXUMYy pyXy INPEACTaBISE
co0o10 IHTerpaspHUi (QYHKI[IOHAN, MiHIMIi3alis
SIKOTO 3J[IICHEHa METOAaMHU BapiallifHOTO YHCIICH-
HS. 3aKOHOMIPHICTh 3MiHM HPUBOJHOTO MOMEHTY
3HAN/ICHO 3 IMHAMIYHOTO PIBHSHHS PYXY.

[Touryk ONTHUMAaJIbHOTO PEXUMY PyXy MaHiIy-
JSITOpa peaizyeTbcsl 4epe3 PO3B 30K KpPaeBOTO
HelniHiiiHOTO MudepeHmiiiHoro piBHsHHS [lyaccona
YEeTBEPTOrO MOPSJIKY.

Pe3ynbpTaTi mpoBeAeHUX JOCIHIIKEHb TO3BOJIH-
JM 3HAYHO Kpallle 3pO3YHITH MPHUPOAY KOJIMBAHb
CTPIJIOBOi CHCTEMHM MaHIMyJsTOpa i, SIK HACIIJIOK,
PO3pOOHUTH CHCTEMY KEpyBaHHS HPUBOJOM, SKa
JIO3BOJISIE peali3yBaTd OTPUMAaHMK ONTHMAaJIbHUI
PEKUM PYXY.

KurouoBi cjioBa: MaHinmyssITop, Mpy»Ha OCHO-
Ba, KpPUTEpPii ONTHUMIi3allii, cepelHhOKBaAPATHIHE
3HAYEHHS TIPUCKOPEHHS 3MIHM MOMEHTY, MiHiMi-
3aLis KOJIMBAHb.
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