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Modern medicine widely uses mechatronic modules in systems of various purposes, such as automated systems
of diagnostics, scanning, irradiation. Recently, mechatronic modules in robotic surgical complexes are gaining
importance. Thus, with the use of integrated sensors in mechatronic modules, executive manipulators of automated
systems, positioning accuracy in defined spatial coordinates can be maintained. This data helps the medical staff to
diagnose, monitor the patient's condition and make treatment decisions. The main purpose of sensor support in
mechatronic systems is to ensure the accuracy and reliability of the system's functioning. Sensors must be sensitive
and stable enough to provide measurements with high accuracy and respond to changes in real time. In addition,
similar mechatronic modules are combined with sensors to create bionic limb prostheses, to restore human
movement functions in various orthopedic diseases.

At the same time, the trajectory of the movement of the executive bodies of the mechatronic medical system,
regardless of its purpose, during spatial transformations of searching for the coordinates of a real object, must be
determined taking into account possible deformations.

Therefore, the accuracy of real-world displacement in space is determined by sensors that measure the
parameters of physical objects. Thus, real transformations can be defined by spatial deviations that can be
described using an ellipsoidal model. Accuracy, like the strength of the mechatronic module of a robot arm, is a
variable value. They depend not only on the number of joints and the mobility of the hinges, but also on the position
of the manipulators in space. At one point of coordinates, the module can apply more force than at another. The
same is true for positioning accuracy, where the positioning error is greater at some points than at others.
Therefore, an important actual problem in the creation of medical robotic systems is to determine the step-by-step
movement of such a module in the workspace.

Therefore, the purpose of this work is to determine the ellipsoidal TONTOR step model of sensors for
automated mechatronic systems, as the motion of the executive manipulators and sensors of the system during
transformations from imaginary coordinate space to real space determines trajectory errors. Based on the existing
opportunities analyzed in the work application of mechatronic modules in automated medical systems, relevant
tasks related to maintaining the positioning accuracy of diagnostic manipulators and sensors are defined. The
importance of sensory complexes in measuring various biological parameters that determine the patient's condition
is noted. And this involves the application of models of spatial movement of the sensor in the working space of
automated equipment, in particular, a robotic mechatronic complex.

In the work, it is proposed to use the TONTOR step model to increase the accuracy of the realization of the
movement trajectory of the sensors of the mechatronic automated system. The results of creating an ellipsoidal
model of the TONTOR step, which most accurately reflects the features of moving an object in space during
transformations of the transition to real space, are given.

Keywords: TONTOR step; sensor; mechatronic systems; vector model; transformation; distance.

Introduction

Modern medicine widely uses mechatronic
modules in systems for various purposes. So, in this way,
under the condition of using integrated sensors,
automated diagnostic systems, scanning of human body
organs, and robotic surgical complexes are created [1, 2].

Integrated sensors have found wide application,
in particular in medical mechatronic systems.
Integrated sensors are used to measure physiological
parameters such as body temperature, pulse, blood
pressure, blood oxygen level, and others. Thus, with
the use of integrated sensors in mechatronic modules,
executive manipulators of automated systems,

positioning accuracy in defined spatial coordinates can
be maintained.

This data helps the medical staff to diagnose,
monitor the patient's condition and make treatment
decisions. The main purpose of sensor support in
mechatronic systems is to ensure the accuracy and
reliability of the system's functioning [3 - 5]. Sensors
must be sensitive and stable enough to provide
measurements with high accuracy and respond to
changes in real time.

In addition, similar mechatronic modules are
combined with sensors to create bionic limb
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prostheses, to restore human movement functions in
various orthopedic diseases [6].

In general, mechatronic modules and systems
with executive bodies have wide applications in
various industries where precise control of movement,
performance of operations and manipulations is
required [6 - 8]. They help to improve productivity,
efficiency and quality of work in various spheres of
life, contribute to automation and the development of
new technologies.

At the same time, the trajectory of the movement
of the executive bodies of the mechatronic medical
system, regardless of its purpose, during spatial
transformations of searching for the coordinates of a
real object, must be determined taking into account
possible deformations.

Therefore, the accuracy of real-world
displacement in space is determined by sensors that
measure the parameters of physical objects. Thus, real
transformations can be defined by spatial deviations
that can be described using an ellipsoidal model. In
this case, we will rely on previous physical and
mathematical models [9 - 11].

The most appropriate model for determining the
spatial displacements of an object is the TONTOR
step model [11].

Accuracy, like the strength of the mechatronic
module of a robot arm, is a variable value. They
depend not only on the number of joints and the
mobility of the hinges, but also on the position of the
manipulators in space [3].

At one point of coordinates, the module can
apply more force than at another. The same is true for
positioning accuracy, where the positioning error is
greater at some points than at others. Therefore, an
important actual problem in the creation of medical
robotic systems is to determine the step-by-step
movement of such a module in the workspace.

Z(U) Z,(R)

Therefore, the purpose of this work is to
determine the ellipsoidal TONTOR step model of
sensors for automated mechatronic systems, as the
motion of the executive manipulators and sensors of
the system during transformations from imaginary
coordinate space to real space determines trajectory
errors.

Ellipsoidal TONTOR step model at sensors

In our research [9, 10, 11], we determined the
features of the transition from imaginary spatial
coordinates to real ones when measuring the
parameters of objects with integrated sensors, which is
necessary for specifying the trajectories of movement
of mechatronic modules.

Let's use the model created by the authors in the
work [11]. In this case, the curvature of real vector

[11, Fig. 2, p. 103] is determined by angles , and
\,, which are only indirectly related by the torsion

coefficient of space. Therefore, let's imagine the
problem in a slightly different way. We will assume
that distortions in space represent elliptical
deformation. In the basics of this theses, situation is
considered in [11], where it is shown that the
deformation of one half of the step space during the
movement of the mechanisms of equipment can be
described by a parabolic law.

Thus, let's consider the previous drawing at [11,
Fig. 2, p. 103] with the new coordinate system as in
(Fig. 1) of this work. Of course, we have a number of
simplifications here, but nevertheless the whole
situation has a more visual character.

So, if we consider the sum of two parabolas, the
branches of which to meet each other are directed, then
as aresult we get an ellipsoidal geometry of this figure.

0(U) !

Fig. 1. Ellipsoidal model of TONTOR step

So, in a general form, we have an ellipse with a
central focus, which is located on a plane

X(U),0(U),Y(U) at a distance y, from the origin of

coordinates O(U) . Thus, its description in its current
form will be as follows
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where a, b are the parameters, which defined in [12].
The size of vector [I_(] will be on axis
OMU)Y(U) between the M,(U)M,(U) points.
Projection of this vector on to the curve of ellipse

gives us a curvilinear vector [f(} between the points

M,(R) and M,(R) with the corresponding angles
VY, and v, .

According to the problem we are solving, it is
possible to accept the condition that the points
O(U), M,(R) and M,(R) are on the same straight

line. This line is at an angle 7y relative to the
imaginary coordinate plane X(U),O(U),Y(U).

We tie the local coordinate system [11, Fig. 2,
p. 103] with its origin to a point M (R) and get a real

coordinate system X(R),O(R),Y(R). Points of the
vector [f(} rest with their ends on the ends of the

realization vectors I,(R) and I,(R).

So, in order to decide on the given task, we need
to decide on the coordinates of the points M (R) and
M, (R), length of the vector [K], magnitude of the

vectors I (R) and I,(R). To begin with, let us

consider the equation of a
O(U) M, (R) in the form

straight  line

z=t1gyd . (2)

If we transform the equation of the ellipse (1) to
the imaginary form, we get

2 :bZ[l——(y_zyO) J 3)

a

By substituting z from equation (2) to equation
(3), we have the opportunity to obtain the coordinates
of the points M (R) and M, (R)

N2
tg2’y|:j/2 :b2|:1—(y 2yO) :|’

a

From here
2
(1+Z—2tg2 yjy2—2y0y+y§ -a*=0. 4

Solving (4) with respect to y, we obtain the
coordinates of the points M, and M,, accordingly of
the imaginary coordinate system.

So,
2 a’ 2 2.2
yo_\/yo —{1+l)2tg YJ(Yo_a )
):

2
1+Z—2tg2y

y(M, (5)

):yo+\/y§ (Hbztg vJ( a?)

y(M, (6)
1+ Z—z tg2 v
and on the z coordinate
z(M,) =gy (M,)
2(M,) =gy (M) ™

The length of the [f( vector will be determined
by a known equation y(Ml)

y(M)

[K]= [ Ji+lzoPay,  ®
where -
2y = [ Ja=(y=y) }
_b (y  my) 2
) y yo

The integral (8) cannot be solved in the usual
way, because it is a transcendental function. To do
this, we expand the integrand into a series using
Newton's binomial

I+ =1+ [z (62)% —g[z'(y)]4+

1
+ —_ —_
N 6[Z ‘I [S]

To facilitate mathematical operations, let's
ignore the last member of the series, considering it
equal to [S].

Substituting (9) into (8) and using (10), we
obtain the following result

. (10)

“T)JH SIS
V@ @ ==y,
y(My) \(M)

dy +—
yMp) 2\(M0)a (=¥,

yMp) _ 4

8 L@’ =(y=y)'T

=y)dy | (1

2

We solve each integral, separately using and the
following equation (12)

o Yoty —8(yo—a’)

[ dv=yM)-yM,) =

2
¥Mp) 8 (12)
Yo=Y =8y —a’) _ 2
— . ! \/yo 82()’0 -a )

5 IES
where
2

& =1+Z—2tgy.
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ly(Ml)_(y _yo—)z ol :l{l[az —(y—yo)zT -

2 qpa=(y-y) 202
2 2 2 2 2| [P _
_za[a -(y=,) }+a Inja® =(y-y,) },\'(MD) T (13)
1 a2 yM;)
= (—uz —au ——ln|u|J
4 2
yOMo)

where u=a’=(y=-y,)’.
We define

1 [az —()’_)’o)z}3

[az_(y_yo)z:r 8 3

_4&12[542 —(y—yo)z}2

1 ( - 0)4d
g-[ Y=Y y

+6a2|:a2—(y—y0)2:|_

) (14)
2 _ (. _ 2| _ a
@ ()] az—(y—yo)z}

After substituting the values from (12), (13) and
(14) into (11), we obtain the following result

[K]= [VI+IZ 0o =5—22 v =8 (vi-a’)+

w1, 6
+| ———u*(+a)+ua|l 1+— |- 15
[24 4M (I*a) ua( 8aj (1>

-4a’In

4
—%az(l—a)ln|u| —”ﬂ +[SI,

given certain boundaries

_y0+\/y§—52(y§—a2). _yo_\/yg_az(yg_az)
M= 5 Y, = 5 .

The length of the chord M M, is defined as

[K]=LMM,) =

=y -y ] +[zM,) - 2M)]

Or, after a number after following
transformations, using equations (5), (6), (7), we
obtain

Skl

1+Cblztg2y](yg—a2) 2(1—tg2y)2
2
2

1+a—tg Y
bZ

+

+[S]
In order to determine the angles y, and W, , we

need to know the angles of inclination of the tangents
at the points M (R) and M,(R). Let's define these

equations through the coordinates of the points. So,
for a point M (R) we have

yOM,) |, 2GM,) _
a’ b* N
After the transformation, we get

7= b |:1_y|:j7(21\/[0):| (16)
z(M,) a

Whence the derivative of the function (16), and
therefore the tangent of the angle of inclination will be
2 M 2
=t M) b

a’ zM,) a

1.

where
_ M)
z(M,)

Similarly, we define the appropriate series of

0

transformations for the M;(R) point
yOM,) |, 2BM,) _,
2 2 -

a b
_ b2 |:1_ yg/(Ml):|
= 2
zZ(M)) a
Z':b_zg (Ml) :b_2 1
a zM)) a
where
_yM)
b))

Using the formula for determining the tangent of
the angle of intersection of two straight lines on the
plane and equation for the secant line [12], we find the

corresponding angles y and .
So that will be it

- for y,
2
kg b’P,—a’tgy
v, =arctg 4—— 5 =arctg—————,
1+2 p a” +b higy
7 Fol8Y
a
- for
b2
PG bR, —a’tgy
v, = arctg 5 =arctg ——+———.
a” +b°Pt
I+ 7 higy veY

Finally, consider the radii of curvature, which
directly relate to possible distortions. Thus, for both
points we will have the following

O ZZ(MO)TZ
a

RM,) = azb{ i

5 5 3/2 ’
yYM) |z (M])}
4 4
a

PM,) = azb{ b

Now consider the realization vectors I (R) and
I, (R) , which are in the error plane P(x,y,z) =0.
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Since we have a direction of movement from the
point M (R) to M, (R), these vectors will be under

the influence of deformation distortions. Thus, making
the transition from the imaginary to the real, we
always get distortions not less than the value of [S].
So, according to the model of distortions that we are
building, the I,(R) vector cannot be smaller than [S].

At the same time, the difference between the vectors
I,(R) and I,(R) cannot be less than [S].

In fact, the values of these vectors are
determined by the size of the angle 7y and the

geometric dimensions of the ellipse. If the angle v is
equivalent to the coefficient 1 (rotation of the space

error), then the ratio of the semi-axes of the ellipse is
the scaling factor (u).

Since we considered the simplest case, the
distortions are minimal, because this is the first stage
of implementation. Under these conditions, for
example, the duality changes from the dimensions
I,(R) to the value b (the semi-minor axis of the

ellipse). However, this is the first distortion step that
we encounter during the initial stage of obtaining the
required step size of the sensor in the mechatronic
system in space while performing medical
manipulations. For the next stage of the displacement
process of this defined object, the real coordinate
system becomes imaginary relative to which its real
system is developed.

At the same time, the angle y (Fig. 1) can be

both positive and negative depending on the type of
process, that is, positive or negative.

In fact, the above is the analytical basis of the
considered chain of processes of carrying out spatial
movements in the mechatronic system working space
from a vector point of view. Each subsequent spatial
transition is accompanied by a new angle Yy and

ellipse in the coordinate y, .

Conclusions

Based on the existing opportunities analyzed in
the work application of mechatronic modules in
automated medical systems, relevant tasks related to
maintaining the positioning accuracy of diagnostic
manipulators and sensors are defined.

The importance of sensory complexes in
measuring various biological parameters that
determine the patient's condition is noted. And this
involves the application of models of spatial
movement of the sensor in the working space of
automated equipment, in particular, a robotic
mechatronic complex.

In the work, it is proposed to use the TONTOR
step model to increase the accuracy of the realization
of sensors movement trajectory of the mechatronic
automated system.

The results of creating an ellipsoidal model of
the TONTOR step, which most accurately reflects the

features of moving an object in space during
transformations of the transition to real space, are
given.

Further research in this direction involves the
expansion of the proposed TONTOR step model in
terms of additional parameters of the sensor
movement trajectory during diagnostic and therapeutic
manipulations by automated systems.

References
[1] Siamak Najarian, Javad Dargahi, Goldis
Darbemamieh, Siamak H. Farkoush.

Mechatronics in  Medicine. A  Biomedical
Engineering Approach. Copyright © 2012 by The
McGraw-Hill Companies, Inc.

[2] Yi-Hung Liu, David Moratal, Javier Escudero,
and Han-Pang Huang, “Medical Mechatronics for
Healthcare”, J Healthc Eng., 2018; 2018:
9675482. Published online 2018 Apr 18.
DOI: 10.1155/2018/9675482.

[3] Tianliang Li, Jinxiu Guo, Han Zheng, Shasha
Wang, Liang Qiu, Hongliang Ren, “Fault-
Tolerant Six-Axis FBG Force/Moment Sensing
for Robotic Interventions”, IEEE/ASME
Transactions on Mechatronics, 2023/6/5.

[4] Kunyang Cao, “Application of Mechatronics
Technology in Intelligent Manufacturing”, 08
March 2022, in Advanced Manufacturing and
Automation XI, Editors: Yi Wang, Kristian
Martinsen, Tao Yu, Kesheng Wang, Conference
proceedings, IWAMA: International Workshop of
Advanced Manufacturing and Automation,
(LNEE, vol. 880).

[5] Xu Chen, “Application of Intelligent Control in
Mechatronics System”, Engineering Advances,
2(2), pp. 182-185, 2022.

DOI: 10.26855/ea.2022.12.007.

[6] J. Wierciak, D. Jasinska-Choromanska & K.
Szykiedans, “Orthotic Robot as a Mechatronic
System”, Mechatronics, Proceedings of the 9th
International conference Mechatronics 2011, 21-24
September 2011, Warsaw, Poland, 2011, pp. 579—
588.

[7] C. W. De Silva, Mechatronics: An Integrated
Approach, CRC Press, 2005.

[8] S. Cetinkunt, Mechatronics, John Wiley & Sons,
Inc., 2007.

[9] Gregory Tymchik, Volodymyr Skytsiouk, and
Tatiana Klotchko, “Distortion of Phantom
Object's Realizations in Biological Presence
Zone”, in 2020 IEEE 40th International
Conference on Electronics and Nanotechnology
(ELNANO), 22-24 April 2020, Kyiv, Ukraine,
Ukraine, 1EEE, 1EEE Xplore: (07 May 2020),
pp. 464 - 468.

DOI: 10.1109/ELNANO50318.2020.9088896

[10] Gregory Tymchik, Volodymyr Skytsiouk,
Tatiana Klotchko, “Modeling of The Phantom
Geometry of Biotechnical Object's Pathological
Zone”, in 2022 IEEE 4lst International

132 Bicnuk KII1I. Cepia IIPUIA/IOBY/IYBAHHA, Bun. 65(1), 2023



ISSN (e) 2663-3450, ISSN (p) 0321-2211
Ilpunaou i cucmemu d6iomeoudHUX MEXHON02IN

Conference on Electronics and Nanotechnology Instrum. Mak., is. 63(1), pp. 100-106, 2022. DOI:
(ELNANO), 10-14 October 2022, Kyiv, Ukraine, 10.20535/1970.63(1).2022.260659.
IEEE, IEEE Xplore: (04 November 2022), [12]Granino A. Korn, Theresa M. Korn,
pp- 363-368. Mathematical Handbook for Scientists and
DOI: 10.1109/ELNANO54667.2022.9927009. Engineers: Definitions, Theorems, and Formulas
[11]V. Skytsiouk, and T. Klotchko, “Basic principles for Reference and Review (Dover Civil and
of spatial position of imaginary and real Mechanical Engineering). 2 Revised Edition,
TONTOR step”, Bull. Kyiv Polytech. Inst. Ser. 2000, 1152.

YK 621.396.6
B. I. Ckumioxk, T. P. Kiiouko
Hayionanonuu mexuiynuti ynisepcumem Yxpainu « Kuigcokuii nonimexniyHuul iHCmumym imeHi

leops Cikopcvkozo», Kuis, Ykpaina
EJIITNICOIAHA MOJEJIb KPOKY TOHTOP CEHCOPIB ABTOMATHU30BAHUX
MEXATPOHHUX CUCTEM

CyvacHa MeIUIMHA ITUPOKO BUKOPHUCTOBYE MEXAaTPOHHI MOJYJIi B CUCTEMAaX Pi3HOTO NMPU3HAYCHHS, TAKUX SIK aBTO-
MaTHU30BaHi CUCTEMH [IarHOCTUKU, CKaHyBaHHS, olpoMiHeHHs. OCTaHHIM 4acoM Bce OinbIIoro 3HadeHHs HaOyBa-
I0Th MEXaTPOHHI MOAYJIi B POOOTH30BAHUX XIPYPIiYHUX KOMIUIEKCAX.

Takum YHHOM, 33 JOMOMOTOK IHTETPOBAHMX NATYUKIB Y MEXaTPOHHHUX MOMYJISAX, BUKOHABYMX MAHIMyJIATOPAX aB-
TOMAaTH30BaHUX CHCTEM, MOXKHA MiJTPUMYBATH TOYHICTb MO3HMLIOHYBAaHHS B 33JaHUX MPOCTOPOBUX KOOpPAMHATAX.
Li mani mormoMararoTb MEINYHOMY MEPCOHATY BU3HAYMTH JiarHO3, KOHTPOJIIOBATH CTaH Malli€eHTa 1 IPUHHATH pi-
IIEHHS LIOAO0 JiKyBaHHS. OCHOBHMM INPHU3HAYCHHSM CEHCOPHOI MIATPHUMKH B MEXaTPOHHUX CHCTeMax € 3abesrie-
YeHHsI TOYHOCTI Ta HAAIWHOCTI (DYHKIIOHYBaHHS CUCTEMH. J[aTUMKKM MaloTh OYTH AOCTAaTHBO YYTIMBUMH Ta CTalI-
JHEHUMH, 00 3a0e3edyBaTh BUMIPIOBAHHS 3 BHCOKOIO TOUHICTIO Ta pearyBaTH Ha 3MiHH B p€aIbHOMY Yaci.

Kpim Toro, momiOHI MexaTpOHHI MOAYJi MOEAHYIOTHCS 3 JaTIYUKAMU JIJISI CTBOPEHHS OIOHIYHUX MPOTE3iB KiHITIBOK,
BiJTHOBJICHHSI PYXOBHX (DYHKITIH JIFOIWHU TPU PI3HUX OPTONICINIHUX 3aXBOPIOBAHHSIX.

BomHouac, TpaekTopis pyxy BUKOHABUMX OpPTaHIiB MEXaTPOHHOI METUIHOI CUCTEMH, HE3aJIeXKHO Bif 1 MpU3HAYCHHS,
IPHU IPOCTOPOBUX MEPETBOPEHHSX MOIIYKY KOOPJHMHAT PEealbHOro 00’€KTa MOBHHHA BH3HAYATHCS 3 ypPaxyBaHHSIM
MOXKITUBHUX Jie(hopMallii.

ToMy TOYHICTH peajbHOrO MEPEMIIICHHS B TPOCTOP1 BU3HAYAETHCS JaTYMKaMH, SKI BUMIPIOIOTh IapameTpy (izud-
HUX 00'ekTiB. TaKUM YMHOM, pEaJIbHI NMEPETBOPEHHS MOXYTh OyTH BH3HA4€HI IPOCTOPOBMMH BIIXHWICHHSIMH, SKi
MOJKHA OIHCATH 3a JIOTIOMOTOI0 EIINCOiAanbHOi Mojeli. TOYHICTB, K i MIITHICTh MEXaTPOHHUX MOJIYJIIB PYKH p0o0O-
Ta, € BEJIMYNHOIO 3MIHHOIO. BOHM 3asexaTh He TUIBKHM BiJ KUIBKOCTI IAPHIPIB Ta X PyXJMBOCTI, ajie i Bix 1OJIO-
JKCHHSI MaHIIyJISITOPIB Y IPOCTOP.

B oaHiit Touli KoopAMHAT MOAYJIL MOXKE NPUKIanaTH Oinblie cuiay, HDK B iHmINA. Te came crocyeTbcs TOYHOCTI
MO3UITIOHYBaHHs, KOJIM IMIOMUJIKA MTO3UIIIOHYBAaHHS B OJJHUX TOYKax OilbIla, HK B 1HIIUX. TOMY BaXJIMBOIO aKTya-
JIBHOIO TPOOJIEMOI0 NPU CTBOPEHHI MEAWYHUX POOOTH30BAHUX CHUCTEM € BU3HAYCHHS MOKPOKOBOTO PYXY TaKOro
MOJYJIS B poO0OYOMY MTPOCTOPI.

Tomy MeToro AaHoi poboTH € BU3Ha4YeHHS edincoinanbHoi moaeni TOHTOP kpoky ceHCOpiB [isi aBTOMAaTH30BaHUX
MEXaTPOHHHUX CHCTEM, OCKUILKH PYX BUKOHABYHMX MAHIITYJSITOPIB 1 CEHCOPIB CUCTEMH ITiJl 9ac MEPETBOPEHb 3 ySB-
HOTO KOOPJWHATHOTO MPOCTOPY B pEATbHHIA MPOCTIP BU3HAYAE MOXUOKH TPAEKTOPII.

Ha ocHoBi npoaHasi3oBaHUX HasBHUX MOXKJIMBOCTEH y poOOTI 3aCTOCYBaHHS MEXaTPOHHUX MOJYJIB B aBTOMaTH30-
BaHMX MEAMYHUX CHUCTEMax BH3HAYEHO aKTyaJlbHI 3aBJIaHHs, TOB’s3aHI 3 MIATPUMKOIO TOYHOCTI TO3UIIOHYBaHHS
JIarHOCTUYHHUX MaHIMyJIATOPIB 1 JaTYMKIB. Bil3HaueHO Ba>KIMBICTH CEHCOPHHUX KOMIUIEKCIB Y BUMIPIOBAaHHI Pi3HUX
010JIOTIYHKX MapaMeTpiB, 10 BU3HAYAIOTH CTAH MAallieHTa. A Iie nepeadadae 3aCTOCYBaHHS MOJIENEH MPOCTOPOBOTO
HepeMilleHHs JaTdyiuKa B poO0YOMY IPOCTOPI aBTOMAaTH30BaHOTO OOJNagHAHHS, 30KpeMa pPOOOTH30BAaHOTO MeXart-
POHHOTO KOMIUIEKCY.

YV po6oTi 3ampornoHoBaHO BUKOpHUCTOBYBAaTH MOJieb kKpoky TOHTOP aiist migBuIieHHS TOYHOCTI peajtizaiii Tpaek-
TOpii PyXy JaTYMKIB MEXaTPOHHOI aBTOMAaTH30BaHOI cUCTeMH. HaBeneHO pe3ylbTaTH CTBOPEHHS eJICoinaibHOi
moaeni kpoky TOHTOP, sika Hai0iIbII TOYHO BimoOpaxkae 0COOIUBOCTI MepeMillieHHs] 00’ €KTa B IPOCTOPI ITiJ] Yac
TpaHcopmMarliii mepexoay B peabHUN TPOCTIp.

Kurouosi cioBa: kpok TOHTOP; natumk; MmexaTpoHHI CHCTEMH; BEKTOPHA MOJIEINb; IEPETBOPEHHSI; BiJICTaHb.
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