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The article defines the relevance of modeling the parameters of spatial location of an abstract object when
performing various functions. Thus, modeling makes it possible to determine object movement trajectories both during
industrial application in technological processes and when used to create bionic objects, for example, the action of
artificial limbs, correction of the movement trajectory of an object with spatial orientation defects.

The main goal of research was to substantiate the analytical models of object movement, taking into account
spatial coordinate systems, according to which coordinate transformations are carried out during the functioning of an
abstract object of various applications.

The creation of a sensory complex to compensate for violations of limb functions based on the justification of
analytical models of vector field of main systems of the object, characteristic of its vital activity, can solve the
possibility of real actions of an abstract biotechnical object in interaction with other objects of the external
environment. It is necessary to compare the idealized parameters of vector fields with the real current characteristics of
the object under study and to determine the difference as a differential function that corresponds to diagnostic
parameters of state of object's limbs trajectory. Or when applied in industrial conditions, errors in the reproduction of
the movement trajectory are taken into account.

As a result, the study of nature of this functional dependence of the state violation and its restoration in the
automated mode of operation of the integrated tool will allow the creation of a computer-integrated hardware solution
for the identification of objects that interact by approaching and touching their surfaces.

Thus, determining the positioning of TONTOR step in the space of movement of objects and during their
interaction provides the possibility of the functioning of each abstract object when performing various types of work.

At the same time, it is necessary to significantly develop the base of physical and mathematical models that
determine the vector fields of objects in dynamics over a certain time, taking into account the TONTOR step of the
phantom and real spaces of the existence and operation of the object. Thus, hardware implementation of this hypothesis
increases the accuracy of identification of objects interactions with a human limb, regardless of its condition, and the
accuracy of determining their relative location in space.

Key words: TONTOR step; positioning; object; spatial coordinates; movement trajectory; surface lines.

Introduction

Currently, overcoming the consequences of
various kinds of violations of the functional state of
human limbs as a result of diseases of the bone
system, nervous system, and amputations is an urgent
problem. For this, transplantation of a healthy limb (or
its part), prosthetics, and the use of artificial means of
support are most often used. But these means are only
able to partially restore her sensorimotor functions of
the body's limbs.

Thus, technical means are currently known [1 -
7], which aim to create bionic systems of prosthetic
devices that adapt to the patient's body. At the same
time, the use of adaptive physiological functionality is
a feature of a bionic prosthesis. At the same time,
known systems of bionic limbs capable of repeating a

set of movements of the patient's fingers or hand use a
set of sensors, performing  multi-channel
measurements of biological signals and complicating
the device itself and its cost.

At the same time, the task of determining the
formation, type of materials, and identification of the
type of contact surface of various objects that
approach and come into contact with the limbs in a
disturbed state remains unexplored, and therefore,
there is an emergency situation in the contact
interaction when the dynamic load on the limbs is
exceeded.

Thus, the creation of a bionic sensor complex,
which provides support for a violation of the
functional state of the body’s limbs based on the
analysis of integrated signals of the field structures of
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objects, is an urgent scientific and applied task of
automated device construction in the field of
prosthetics and orthopedics.

An integral task in the creation of such
complexes is the determination of the distances of the
surface of the working body from the surface of the
touching object, the space-time coordinates of the
working body’s stepping.

On the basis of research, authors are created the
basic principles of physical and mathematical
modeling, which allow to reflect the fluid processes
that arise in objects of various nature as a result of
interaction with internal and external factors [8 - 10].
These studies provide an opportunity to determine
changes in the object's characteristics, identify trends
and the dynamics of their development, which are the
basis for diagnosing the state of abstract biotechnical
object and technological object at processing [12]. As
a result of this theory, it was indicated in which
direction research should be conducted in order to
fully solve the problem of diagnosing the nature of the
movement trajectory violation. Guided by these
principles, it is possible to determine the direction of
compensation for such a violation to restore the
patient's condition.

Currently, the implementation of similar tasks is
based on the creation of a number of models of
abstract biotechnical object’s interaction and its
reaction to a standard external stimulus.

Thus, based on the principles of TONTOR
theory [11], analytical models for the diagnosis of
signs of diseases of the nervous system, associated
with a violation of trajectory of the limbs movement
and their specific symptoms of the condition, have
been created.

Therefore, it is proposed to continue the results
of these theoretical and experimental author's studies
in the direction of creating an integrated sensory
complex to support the normal functional state of the
limbs in presence of signs of disease, as well as when
using artificial prosthetic limbs. A similar problem can
be solved by a certain TONTOR step in space of the
mutual location of objects.

Formulation of problem

The proposed work is a continuation of a number
of theoretical studies and experimental research
works. Initially, the methods and system of
diagnostics and forecasting of the state of the
biotechnical object were created, which were based on
the principles of TONTOR theory, which is based on
the analysis of the field structures of electromagnetic
fields of objects.

Therefore, main goal of this work was to create
analytical models that determine the basic principles
of location in the space of an abstract object’s
TONTOR step, which implements the functions of
mutual action of objects when they are touched.

Modeling a TONTOR step in the movement
space of an abstract object

Projecting a straight line in space onto the
coordinate axes, we get equations in vector form.
Focusing on the methods of determining a straight line
in three-coordinate space, we can determine the basic
planes that allow us to determine the spatial location
of the straight line. Currently, we have three planes
that determine the location of the motion vectors in

the imaginary coordinate system [I_(] and in the real

system [KJ To solve this problem, we define the

main three surfaces by which we obtain the basic

principles of the location [I_(J of the motion vectors
and the accompanying [f(] .

In addition, in the plane P(x,y,z)=0 are the
realization vectors I (R) and I,(R). By their

essence, these vectors are borderline cases of a surface
that coincides with a real surface I(x, y,z) =0 within

the defined movement (Fig.1).
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Fig. 1. TONTOR step in space of moving the object

So, as a result, we have four surfaces in two
projection coordinate systems, namely:

U, +U, +U_+U, =0

W +W, +W +W, =0 0
P +P +P +P, =0

R, +R +R_+R;=0
The system of equations (1) is the basis for
solving the accuracy of the technological process and
its possibility.
In order to solve the problem of location and

accuracy of execution of an abstract vector [I_(] in
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real space, that is [K] we need to solve a number of

equations that determine the parameters we need.

At the same time, we are forced to assume that
the imaginary coordinate system is compatible with
the measurement coordinate system (1) and equation
of the length of a real straight line

[K]=r1®)= T JE +(P)’do=
J‘\l —sin” @d@

The values of angles ¢, and @, are determined
from the polar equation of the straight line.

So, for the imaginary plane, we have the
following dependencies, that is, in the vector form
from (1) and (2) as

Ny +U, =0.Ny = (Ux’Uy’Uz) > (3)
rU =(XuaYU7ZU)

)

1+ecos(p

If the normal vector N, is defined as

|NU|:1/U§+Ui+Uf =1, then the equation of the

plane U(x,y,z) =0 can be written in form of the
normal equation of plane

Xy cosay +x, cosP, +x cosy, —p, =0,p>0

— X — —_—
cosa, ——|,c0sBU —|—,c0syU =

[Ny ul

[Ny
and measurement coordinate systems

r, N, +W,=0,N, =(W, W W)r, =(x,,y,.2,)

If the normal vector N_ is defined as

|NW| = JW;+W}+W? =1, then equation of the plane

W(x,y,z) =0 can be written in form of the normal
equation of plane

Xy COS Oy, + Yy, cosPy, + 2y, cosy, —p=0,p20

— X — —_—
COS Oy, ——l,cosBw —|—,cosyW =

N, o N, |

At the same time, the real coordinate system
receives the following description

N, +R; =0,N; =(R_,R ,R_),ry =(Xg,¥g>2Zg)

If the normal vector N, is defined as

|NR|:JRi+Ri+R§ =1, then the equation of the

plane can be written in form of the normal equation of
plane

Xg COSO, + y, COSP, + 2, cosyy —pg =0,p20,

coso, =——,

cosPy =—,
NG|

For a real surface, we get

r,N, +P, =0,N, =(PX’P\"PZ)’I'P = (Xp,Yp»2Zp)

If the normal vector N, 1is defined as

|NP|:1/PXZ+P;+PZ2 =1, then the equation of plane

P(x,y,z) =0 can be written in form of the normal
equation of plane

X, cosa, + y, cosP, +z,cosy, —p, =0,p 20,
P P
N[ N N

Thus, as a result of all the above, we have the
opportunity to formulate a mathematical model of the
transfer (or transition) from the imaginary coordinate
system to the real vector of the distance between the
points M, (U), M,(U) of the imaginary coordinate

system into the real one M, (R), M,(R) . At the same

coso, = ,cos P, = ,COSYp =

time, the basic vector [I_(] will be determined in the
following two ways by the equations of the plane
U.+U +U_+U; =0
P +P +P +P =0,

or vector equations

r,N, +U, =0
r,N, +P, =0.

Regarding the measurement plane, we will have
w»' +Wy +Wz +W0 :0
P +P +P +P =0,
or vector equations
r,N, +W, =0
r,N, +P, =0.
The real vector , which is in the real coordinate
system, will be defined as the intersection of the plane
of the real coordinate system and the plane of the

trajectory, i.e.
R, +R +R_+R;=0

P +P +P +P =0,
or vector equations
N, +R; =0
r,N, +P, =0.

If we consider the technological transition from
an imaginary to a real coordinate system of a vector of
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imaginary length, then we have the opportunity to
obtain the following series of vector equations

r,(U)+rU)=[K]
r,(R)+1,(R)+[S]1=[ K |

At the same time, the transition from the
imaginary coordinate system to the real one is
performed using the realization vectors I (R) and

I, (R) , which are defined as

I,R)=Z,(U)+Z,(R) +[S]+D
ILR)=Z,(U)+Z,(R)+[S]+D
Realization vectors during the transition from the

imaginary to the real coordinate system represent a
finite discrete, i.e., the plane R(x,y,z) =0 is located

relative to U(x,y,z)=0 or W(x,y,z)=0 at a

distance P, = const = n[S] , n=1,2,3...00.

Let's consider more precisely what distortions a
straight line that enters the real technological space
receives. To do this, consider projections of vector and
accompanying coordinates on surface error (Fig. 2).

We introduce a new coordinate system, where
the axis Y,(R) passes through the points M, (R),

M, (R) . At the same time, this coordinate system is

deviated by an angle relative to the axis Z(R) (Fig. 2).

z,®) “®
T [K]
Y )
M, & M M, (R)
S~ Y®)
M,(R) “"’ dI=[K]
- Y(R)
L(R)
1,(R)

Fig. 2. Parameters of a straight line in real space

Turning the tangent along the vector [K] from
point M;(R) to point M,(R) changes the angle of
inclination from v, to ,. The chord M,(R)M, (R)
that contracts the arc of the vector [KJ is assumed to

be equal L.
Therefore, the rotation of the tangent from point
M, (R) to point M, (R) is equal to y,-y,.

This means that the full curvature of the arc of

- 2
Yo, , and the curvature k, =‘ L8

ﬂ,s

the vector is

is the angle between the curve and the chord

LIJ() :%H:K:”k() :%Lk() °

L is the length of chord.
Therefore, directly from the definition of the
curvature of a plane curve, we have

Consider the case when there is a difference in
curvature between the beginning and the end of
vector, in addition, the initial curvature is twice as
large as the final one, so we get:

k

+ -
= 2T S]= 2k, + 1) 48]

Vo= o3

Let's rewrite the vector equation in the real
coordinate system using Taylor's formula

Z,(R)y=ay+by’ +cy’ +[S]
d
az[ﬁ]
dy My
b:l{_dZZOJ
2
2\ dy ",

. [d%(, )
| T
6\ dy i,

At point B we get

Y

M

=Lz, (R) = aL+bL? +cL’ +[S] =0,
where from
a=-bL-cL” +D.
So, with the accepted location of the axes
Z,(R) = =(b+cL)L+by’+cy’ +[S],

dz

= =igy=y+[S]=

dy “4)

=—(b+cL)L+2by** +3cy’ +[S],

and the curvature in the floating point M

k:_d_\v = _d_\[/ﬂ = —d_\llcos\v =
dL dy dS dy

2
:_d_\u 1+\V_+W :—d—W+D=—2b—bCy+D.
dy 2 dy

According to the equation (4) in points
M, (R), M, (R)
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vy, = 2b+D
Y, = —2b-6¢L+[S]=y, —6cL+D.

From the last two equations, we get the value b

and C due to the curvatures J, and

"IJO :E LIJ03+ LIJI +[S] =

L p—
=S, +%)+[S]

-, :E LLIJ] + W, +[S]=

2 3

_L W~ Y,
—Z(UJ1+ 3 )*[8]

Thus, we have to conclude from equation (5) that
the curvature is different both for the beginning of the

vector [f(] and for its end.

®)

Consider the difference between the length of the
vector and its chord (Fig. 2). To do this, we select a
separate element between the arc of the vector and its
chord.

From this figure, we can obtain the following
dependence

ds _ o
—= =1+—+
& secP =1 5 [S], (6)

or by equation
() = —bL4+2by-cd® +3cy* +[S]. (7)

Substitute (7) into equation (6) and get:

a5 _ 1 +lb2L2 -2b’Ly+2b*y* +bcl’ -
dy 2

~2bcl 2y —3beLy? +6bcy® +[S].

Whence the relative change in length is
determined as:

K|-L 1t
—[ ] :ljd—sdy—l L 2y
L L+ dy 2 3

0

+bcl +bel’ —%bcﬁ +[S]=
= lbL2 [é + cL] +[S]
2 3

The disadvantage of the considered situation is
that the form of the projection of an imaginary straight
line onto real space does not have a clear
mathematical dependence, that is, there is no
connection with the environment.

In addition, the curvature of the real vector is

determined by the angles , and \,, which are only

indirectly connected by the torsion coefficient of
space. Therefore, let's present the next stage of the

problem in a slightly different way. We will assume
that distortions 1in space represent elliptical
deformation.

In the principles of this thesis, it is possible to
imagine that the deformation of one half of the space
in contact with the surfaces of an abstract object,
which is touched by the working body of the
manipulator, can be described according to the
parabolic law. This may be the next task of exploring
TONTOR steps.

Conclusions

The creation of a sensory complex to compensate
for violations of limb functions based on the
justification of analytical models of the vector field of
the main systems of the object, characteristic of its
vital activity, can solve the possibility of real actions
of the object when interacting with other objects. At
the same time, it is necessary to compare the idealized
parameters of the vector fields with the real current
characteristics of the object under study and to
determine the difference as a differential function that
corresponds to the diagnostic parameters of the state
of the trajectory of the object's extremities.

As a result, the study of the nature of this
functional dependence of the state violation and its
restoration in the automated mode of operation of the
integrated tool will allow the creation of a computer-
integrated hardware solution for the identification of
objects that interact by approaching and touching their
surfaces.

Thus, determining the positioning of TONTOR
step in the space of movement of objects and during
their interaction provides the possibility of the
functioning of each abstract object when performing
different types of work.

At the same time, in the perspective of research,
it is necessary to significantly develop the base of
physical and mathematical models that determine the
vector fields of objects in dynamics over a certain
time, taking into account the tontor step of the
phantom and real spaces of the existence and
operation of the object. Thus, hardware
implementation of this hypothesis increases the
accuracy of identification of objects of interaction
with a human limb, regardless of its condition, and the
accuracy of determining their relative location in
space.

In further research, it is advisable to consider the
ellipsoidal model of the tontor step as a distortion of
the shape of the object or its trajectory of movement in
space. This will make it possible to simulate the real
shape of the surfaces of objects that interact with each
other in various processes, in particular in
technological processes, in the processes of
recognition of the external environment by a bionic
object.
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B. L. Cxumok, T. P. Kiouko

Hayionanonuu mexuiunut yuisepcumem Yrkpainu «Kuiecokuil nonimexuiunuti iHcmumym iMeHi
leopa Cikopcvkozo», Kuie, Yxpaina

OCHOBHI ITPUHIUITN [TPOCTOPOBOI'O PO3TALLIYBAHHSA YABHOI'O TA PEAJIBHOI'O
KPOKY TOHTOP

VY crarTi BU3HAYEHO aKTyaJbHICTh MOJIEIIOBAHHS MapaMeTpPiB MPOCTOPOBOIO PO3TAIlyBaHHs a0CTPAKTHOro 00’ €KTa IpU
3MiMCHEHH] pi3HUX (QYHKIIH. TakuM 4MHOM, MOJEIOBAHHS HA/Aa€ MOKJIMBOCTI BU3HAYaTH TPAEKTOPIl pyxy 00’€kTa i
IIPY TIPOMHCIIOBOMY 3aCTOCYBaHHI B TEXHOJIOTIYHUX MPOLECaX, i TP 3aCTOCYBaHHI JJIsl CTBOPEHHsI O10HIYHHMX 00’ €KTiB,
HalNpHKIal, i MTyYHUX KiHIIBOK, KOPEKTYBaHHS TPAEKTOPil pyXy 00’ €KTa 3 BaJlaMH Opi€HTaLil B IPOCTOPI.
OCHOBHOIO METOIO JIOCTIJDKEHHS Oylio OOIpYyHTYBaHHS aHAJITUYHUX MOAENEH pyxy O0’€KTa 3 BpaxyBaHHSIM
IIPOCTOPOBUX KOOPJMHATHHUX CHCTEM, 3a SKUMH 3AIHCHIOIOTH IEPETBOPEHHS KOOPAMHAT MNpH (YHKIIOHYBaHHI
a0bCTpaKTHOTO 00’ €KTa Pi3HOTO 3aCTOCYBaHHSI.

CTBOpEHHSI CEHCOPHOTO KOMIUIEKCY KOMIICHCAIlii MOpyIieHb CTaHy (YHKIIH KiHIIBOK Ha MiACTaBi OOTpYHTYBaHHSI
aHATITHYHUX MOJIEJIEH BEKTOPHOTO TIOJS OCHOBHUX CHCTEM 00 €KTa, XapaKTepHUX IS HOTo >KUTTEMISUTBHOCTI, MOXE
BHPIIIUTH MOXJIUBICTh pEaNbHUX il aOCTpPaKTHOrO OiOTEXHIYHOTO 00’€KTa MPHU B3aEMOMIl 3 IHIMUMHU 00’ €KTaMH
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30BHILNIHBOrO cepenoBuina. HeoOXiiHUM € MOpPIBHSAHHA iJeali30BaHUX MapaMmeTpiB BEKTOPHUX MOJIB i3 pealbHUMHU
IUIMHHUMHM XapaKTepPUCTUKaMH JOCIIKYBAaHOTO 00’ €KTa Ta BU3HAYEHHS PO3XOUKEHHS K qudepeHuiiHoi GpyHKIii, sKka
BIJIMOBia€ JIarHOCTHYHUM TIapaMeTpaM CTaHy TpPAaEKTOpil pyxy KIiHIIIBOK 00’€kTa. AOO TIpH 3aCTOCYBaHHI B
MIPOMHUCIIOBUX YMOBaX BPaXxOBYIOTh MTOXHOKH BIATBOPEHHS TPAEKTOPIl PYXY.

S HACHIZOK, AOCIIKEHHS XapakTepy Ii€i (YHKITIOHATHHOI 3aJIe)KHOCTI MOPYIICHHS CTaHy Ta HOTO BiTHOBIIEHHS B
aBTOMATH30BAHOMY PEXHMI pPOOOTH IHTErPOBAaHOTO 3aco0y, JO3BOJUTH CTBOPEHHS KOMII IOTEPHO-IHTETPOBAHOTO
amapaTypHOTO pillieHHS 1IeHTH(piIKaIlil 00’ €KTiB, SKi B3aEMOMIIOTh Y HAOIM)KEHHI Ta TOPKAHHI X TOBEPXOHb.

Takum unHOM, Bu3HaueHHs no3umionyBaHHS TOHTOP kpoky B mpocTopi pyxy 00’€KTiB Ta mpH ix B3aeMoOJil Hagae
MOXIJIMBOCTI (DYHKIIIOHYBaHHS KO)KHOTI'O aOCTPaKTHOTO 00’ €KTa P BUKOHAHHI Pi3HUX THIIIB POOOTH.

Boanovac, He0OXiHO 3HAYHO PO3BUHYTH 0a3zy (Gi3MYHMX 1 MaTeMaTUYHUX MOAENEH, SKi BU3HAYAIOTh BEKTOPHI IOJIS
00’€KTIB y IMHAMILI YIPOJOBXK IEBHOTO Yacy, 3 ypaxyBaHHsM TOHTOP xpoky (paHTOMHOTO Ta peajbHOro MpocTopiB
icCHyBaHHS Ta po0oTH 00’ ekTa. TakuMm 4nHOM, anapaTypHa peaii3amis i€l TinoTe3u MiBHUIYE TOUHICTh ineHTHdIKaLil
00’€KTIB B3aeMOZII 3 KiHI[IBKOIO JIIOAMHH HE3aJIS)KHO BiJ 11 CTaHy Ta TOUHICTh BU3HAYEHHS iX B3a€EMHOTO PO3TALIYBaHHS
y IPOCTOPI.

Kurouosi cioBa: kpok TOHTOP; nmo3umitoBaHHs; 00’ €KT; MPOCTOPOBI KOOPIUHATH; TPAEKTOPIs pyXY; JiHii ITOBEPXHI.

Haoitiwna 0o peoakyii
15 nromozo 2022 poky

Peyenzosano
26 xsimus 2022 poky
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