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In our previous author’s works such properties of the phantom step as its length and curvature relative to the
imaginary plane were considered. All these parameters were considered within clearly defined coordinates associated
with the beginning and end of the step.

Analytical and graphical models were obtained in this work, which are based on mathematical approaches to
determining the spatiotemporal characteristics of the movement of objects taking into account the characteristics of
phantom chains of bionic systems. Therefore, the application of the obtained models provides prospects for obtaining
precise parameters of the movement of the final real technological object in the working space when performing
complex kinematics of movements.

At the same time, the dependences of the relationship between the volumes of technological abstract and their
formed phantoms were investigated, which provide the opportunity to describe positive and negative technologies that
are currently promising in modern production and the realities of the application of bionic automated equipment for
various purposes.

The results of our research can be used as a basis for obtaining new analytical models that determine the motion
characteristics of dynamic abstract objects depending on the scope of application. This has the ultimate goal of being
able to determine different types of motion of bionic objects, which is associated with automated systems in industry,
medicine, implementation of technological processes, and scientific research.

The prospects for further scientific research on this problem regarding the development of bionic automated
systems, devices and objects are to continue the creation of analytical models of these objects with a view to their
application in various areas and at different stages of the life cycle of technological objects, which improves production
processes, as well as complex bionic systems for medical purposes.

Keywords: phantom TONTOR chains; bionic devices; automated systems; object; movement trajectory; the
process of stepping; unit cycles.

Introduction

As was stated in part 1 of this work [1], there is
an urgent problem of research into the functioning of
precision objects, the main application of which is the
automation of wvarious processes. These include
problems related, firstly, to production tasks, and
secondly, to the problems of automating the
workspace when performing complex kinematically
complex movements of abstract objects [2, 3, 4].

These objects and their functioning processes
must ensure the accuracy of technological operations
in various areas of use. The main tasks in this case are
to ensure the consistency of real objects and their
models (phantoms), which corresponds to the
technical regulations of their operation. At the same
time, such objects may have the character of
performing medical functions intended for conducting
scientific and analytical medical research [5, 6, 7, 8],

as well as the functions of production automated
systems [9, 10, 11, 12, 13].

Problems related to the accuracy of the
functioning of technological objects and systems, as
previously proven by the authors [14, 15, 16, 17],
depend on the modeling of those processes that are
defined as dynamic, as well as on the degree of
accuracy of obtaining an information image and its
detailing. Thus, based on the analysis of TONTOR
models, i.e., the description and study of phantoms of
real objects, the main analytical approaches to
increasing the capabilities of precision automated
systems were obtained.

At the same time, it is necessary to determine the
role of bionic approaches to the development of
automated modules and systems that ensure accurate
functioning, fulfillment of specified operating
characteristics of technological processes. This applies
to the creation of manipulators for industrial
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equipment, for medical systems of such a purpose as
surgical complexes, as well as such an important
application as bionic prosthetics. In any of these
applications of automated systems, an important
parameter is the dynamics of movement of such
manipulators, and sometimes the entire system.

Therefore, the problem of determining spatial
coordinates and the interaction of system components,
objects, their location and behavior during the
performance of work functions is an important task in
creating new automated systems and improving
existing ones with the possibility of their further
modernization.

Formulation of problem

So, we have considered the facts and theses of
the existence of a technological phantom in previous
research [1, 14, 15, 16, 17]. As a result of these
investigations, it was found out that a phantom as such
is the image-function, on which either the action or the
form of an object and its physical properties are built.

A very important problem remains the
justification of models of spatial motion of the
phantom of abstract objects, which provides the
opportunity to develop new bionic automated
technology. Therefore, the purpose of this work is to
study such parameters as the dependence of the
volume of the abstract entity and its phantom, as well
as the dynamics of phantom steps formed.

These models provide approaches to increasing
the accuracy of the operation of moving modules of
bionic automated systems, which allows their
application in such areas of activity as medicine,
industry, and transport automated systems.

Dependencies of an abstract entities volume
and its technological phantom

The main task of a technological phantom is to
form a shell with certain properties. Currently, such a
shell (form) can exist independently until there is a
need for its use. In addition, in this case, the shell is
filled with material mass so that the object has the
opportunity to perform the planned functions.

In any case, the phantom is responsible for
organizing the shape of the object. However, the
physics of this process is still unknown and requires
relevant research.

For example, we can build a model of the
existence Q(x,y,z) of a phantom object. To do this,
we will assume that the shape and volume of the
phantom can be described through a level surface, i.e.
f(X,y,2) =c, where c=const . In this case, if isa P
point on this surface, then the vector function will be
defined as the radius - vector g=q(P)=q(r), where
the radius vector of the point will be r =Xi + yj+ zK.

In coordinate form this is g =q,i +q,j+ g,k , where

qx = qx (X! y’ Z)
g, =0,(xy,2)

qz = qz (X’ y’ Z)

are the projections of the vector a onto the coordinate
axes.

In this case, the lines of force or flux lines are
found from the system of differential equations

o _dy_dz,
g a, d

The vector’s flow a(P) through the surface S, in the

direction determined by the unit normal vector
n{cosa,cosP,cosy}, to the surface is determined by

the integral
[fands = [[q,dS = [[(q, cosa +q, cosp + g, cosy)dS -

S S
Therefore, if is a closed surface that encloses the
volume Q, and n is the unit vector of the external
normal, then Ostrogradsky—Gauss formula [18] is
valid, which has the following vector form

ffa,ds = [|] divadxdydz
S Q)

From this formula, we obtain the dependence - the
relationship between the volume Q of a body and the
surface area S that limits it

Q =;JJ (q,Cos0+4, COSP + g, cosy)dS

From this dependencies it is clearly seen that such
parameters of an abstract object as its volume, surface
area and vector flow are mutually dependent physical
parameters. Thus, we have a phenomenon, when the
ends of the field vectors hold the surface of the
abstract object on themselves.

Thus, we have the opportunity to consider several
options for the properties of the vector field of an
object under simple dependencies of vector functions.
Currently, the simplest case is a sphere when g=r. In
this case, the divergence and vector will be divr =3
and rotr =0 respectively.

A more complicated case is when g =rc, where ¢
is a constant spatial vector. As a result, we obtain the
following dependences for divergence and vortex

. rxc
div(re) =" rot(rc):—: -
r

The most complicated case is obtained, when the
generating vector is functionally dependent, i.e.
q=f(r)c.

In this case, we obtain the following result for
divergence and vortex

divf(f(r)c):@-(cr)?

rotf (f (r)c) = f'r(r)ch.
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In a rather simplified view, we can assume that
the radius vector in the previous cases marks with its
end a series of points that correspond to different
coordinates of the phantom surface with the volume
Q. The external shape and surface of the object
correspond to its phantom image function U, therefore
the origin of the phantom shell can be described as

divQ =[S]U,
rot<U[S])=%~([S]x v).

In this case, the principle of minimal
displacements is used.

Nevertheless, despite all these mathematical
explorations, we are interested in the volume occupied
by the technological phantom. For this, we will use
the d’Alembert principle and the principle of minimal
displacements.

So, we have a Pandan zone of the technological
phantom, which coincides with the Pandan zone of the
object up to the limits of the microPandan zone at the
atomic level. That is, the surface of the phantom
coincides with the surface of the real object up to the
limit allowed by Van der Waals forces. So, if we did
not count from the outside or from the inside, we get
the result of the measurement accuracy of the value
[S]. Thus, as a result, the volume of the shell is the
difference between the outer and inner Pandan zones.

The divergence between the Pandan zones will be
the surface volume of the technological phantom

divQ[-div]Q=[S]S , (1)

Q[ - external Pandan zone of the object,
Q] - internal Pandan zone of the object,

S - surface area of an object.

Thus, equation (1) gives the dependence of the
technological phantom on the difference between the
Pandan zones of the abstract entity.

At the same time, this equation provides the
possibility of describing positive and negative
technologies. In this case, the surface must be
perceived as one to which the surfaces of the Pandan
zones approach infinitely from both sides.

Model of Phantom's step dynamics

In previous works [1, 14, 15, 17], such properties
of the phantom step as its length and curvature relative
to the imaginary plane were considered. All these
parameters were considered within clearly defined
coordinates associated with the beginning and end of
the step.

But despite these studies, we have not determined
the process of movement within the step. Movement
within the step has a rather specific nature, the essence
of which lies in the processes of acceleration and
deceleration. In addition, at the "start" (A) point, the
acceleration has a positive character and increases to a

maximum, after which it decreases to zero and
changes sign.

These processes were considered in [14, 16], when
phantom touching of object surfaces was studied. At
the same time, the surfaces of objects had phantom
properties. The essence of these properties was that
real processes were considered as non-destructive,
although the analytical models of consideration were
of an imaginary nature, i.e. phantom ®"' and P [1].

In order to understand what happens during
walking, let's consider a simplified problem of linear
motion (Fig. 1), when there is a unique direction from
point A to point B. In this case, all steps are the same
[K]=const, as is the speed at each step
k, -V, = const - This speed is the maximum that the

object system can create.
V

V4

(K] (K] (K] K]

Fig. 1. Linear stepping model

With this method of movement, the maximum speed
of movement is achieved in the middle of the step. At
stopping points (x; etc.) the speed is zero.

All this is similar to the touching of two objects,
which was considered in [14, 16]. But there are also
differences. In [14] we considered single-point
touches of the phantom surface in a certain coordinate
of the object surface. In our case, in the relative
coordinates of the step, we have from point — [K]/z to

point “0” “acceleration”, and from point “0” to the
point [K)/2 of braking (Fig. 2).
Vv

P

0 t

K]
2
Fig. 2. Velocity versus time diagram within a step

K]

8}
—

The processes of acceleration and braking occur
according to linear laws, i.e.

V, =ka,t,
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where o, is the acceleration, and t is the time.

But for our case, we need the dependence of the
speed on the distance traveled. In this case, the speed
will be defined as

V, =20 X.
In this case, the diagram of the dependence of

speed on the distance traveled takes the form of a half-
parabola (Fig. 3).

K]
2 2
Fig. 3. Velocity versus path diagram

Eal

[

In addition, the branches of the parabolas are
directed towards each other, and the poles are located
within the coordinates +[K]/2.

As a result, the velocity trajectory can be
represented as parts of two parabolas:

- for the right part

kV, = |- 2kiap[x—[K]J :
2
- for the left part

kV =_[2ka (x+[K]]-
p I p 2

In any case, the trajectory cannot have breaks,
such as in Fig. 2 and Fig. 3, although the mathematical
description of acceleration and deceleration has the
form y:ki‘x‘. This can be seen if the motion

function is expanded into a series within the step size
[K]. ie.

[K] 8 [ X 3nx 5nx j
Y=t~ —| COS— + COS——— + COS——— +...
4 [KIUTK] 9IK] 25[K]

Discarding insignificant terms of the series and
simplifying the equation, we obtain the following

dependence
8 ([K]Z nxj
y=— —C0S—
[K]\ 32 [K]

This equation is a parametric representation of a
regular cycloid, which in Cartesian coordinates has the
following equations:

acos((x++/y(2a—y))/a)=a-y

or

kV, cos((x+ [y(2kV, — y ))/ kV,)=kV, —y.

The cycloid can be elongated and shortened. In
our case, since the shortened cycloid is a velocity
diagram without braking, we are not interested in it.
More often there are cases with an elongated cycloid,
when double contact is performed [14, 17].

In this case, such a diagram is typical for cases
where the coordinate of the object stretching is refined
at each step. Unlike the usual touch, the object
reverses the movement, determining the coordinate
through two others that are nearby.

The next option for describing the velocity
diagram can be an ellipse, if you use the radius vector
method ri1 and r.. Currently, these vectors can be
drawn from foci that are located at some distance from
the origin. In this case, these radii can be written as

r,=4(x+c)*+y? _
r,=y(x—c) +y’

According to the definition of an ellipse, the sum
of these radii is a constant, i.e.

r1+r2:\/(x+c)2+y2 +\/(x—c)2+y2 =[K]-

After a series of transformations we get

4x° y?
—— + — =1.
K] KT -c?

After substitution kV, =[K]* —c* we get

LB( I
[KF - (kV,)’

i'p

Solving this equation with respect to velocity, we
obtain the following dependence for the i-th step

2kV. o —
V00 = e JIRF x| @)
The graph of the function (2) is shown in Fig.4.
Vo

Fig. 4. Velocity and acceleration diagrams within
the step distance
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If we differentiate the function V.(x), we will
obtain the acceleration diagram during the movement
of the object within the step.

Now the acceleration diagram is shown in the same
Fig.4 and the velocity dependence by equation (2):

oo VX 3)
" 2KWIK] - X2

Especially important when walking is the reference
to the coordinate. But there is a problem of
determining this coordinate.

In our case, between the points of contact there is a
distance within the step. This distance is controlled by
the size at each step. That is, in our case, we deploy
multiple single-point contact into a curvilinear
movement [14].

Therefore, the entry and exit from the coordinate
point X; occurs according to the parabolic diagram

(Fig. 5).

[S] [S]

L

Fig. 5. Velocity diagram when moving from step
to step without transition

The coordinate X; is located within the error of
determining the surface [S]. In this case, in order to
determine the coordinate X, the entry into the
tangency between the abstract entity must occur
within the value [S].

So, the entry into the touch occurs at the
coordinate X;—[S]. The exit from the coordinate
occurs with the same principle, but in magnitude
X;+[S] in the direction of movement. But the touch
surface is located even earlier than X, —[S], since,
having elastic properties, it must react accordingly
until the sensor generates a signal that the surface is
registered. This registration process in time is shown
in Fig. 6.

In this case, the real coordinate of the surface is
much closer than the coordinate X;—[S]. When leaving
the touch, that is, from the moment the coordinate is
determined, everything happens in the same order,

only the time intervals are used to perform other
functions.

y b | f

|
|
|
' | |
| | |
| | |
I | X |
| | |
I | |
| | I

Fig. 6. The process of registering the coordinate of a
step in time

When entering the zone of presence of the
coordinate X;, it is necessary to feel the substance that
determines the location of the coordinate X;. This
happens as follows. Registration of the surface begins
at a distance [S]. from the coordinate X;. But the
pressure power in this coordinate is zero.

In the process of movement it grows in such a
way that over time t. it can be unambiguously stated

that the process of fixing the coordinate X, —t,; has
taken place and now it is necessary to make a decision
to stop. For this, it is necessary to spend time - making
a decision to stop and fixing the coordinate X;. All this
time the object continues to move and stops at the
coordinate X;. Therefore, the real surface is not at the
coordinate but much earlier, that is, by the value [S].

Thus, the coordinate X; is imaginary. Further
actions consist in creating the next step. To do this, it
is necessary to exit the coordinate X;. This occurs by
accelerating the abstract object from the coordinate
with speed (Fig.6).

In this case, the exit from the coordinate is fixed
for time tf . After which a decision is made on further

acceleration for time t_. During this time (t; +1,7),

the system moves this distance [S]. Thus, we obtain
the uncertainty of the coordinate X; within £[S]. In
this case, it is necessary to determine that this error is
maintained for each step [K].

It is quite easy to see, that it is practically
impossible to maintain such accuracy during braking
and acceleration, that is, the diagrams Fig.4, Fig.5,
Fig.6 are phantom.

In reality, all abstract objects use the definition of
the coordinate by the movement with the flow, as
shown in Fig. 7.
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Fig. 7. Diagram of the speed of movement according
to the method with the course of the coordinate

In this case, the accuracy of the coordinate
definition increases to [S]/2.

The result is the ability to determine various types
of motion of bionic objects, which is associated with
automated systems in industry, medicine, the
implementation of technological processes, scientific
research.

Conclusions

Analytical and graphical models were obtained,
which are based on mathematical approaches to
determining the spatio-temporal characteristics of the
movement of objects taking into account the
characteristics of phantom chains of bionic systems.

Therefore, the application of the obtained models
provides prospects for obtaining precise parameters of
the movement of the final real technological object in
the working space when performing complex
kinematics of movements.

At the same time, the dependences of the
relationship between the volumes of technological
abstract and their formed phantoms were investigated,
which provide the opportunity to describe positive and
negative technologies that are currently promising in
modern production and the realities of the application
of bionic automated equipment for various purposes.

Prospects for further scientific research on this
problem regarding the development of bionic
automated systems, devices and objects consist in
continuing to create analytical models of these objects
with a view to their application in various areas and at
different stages of the life cycle of technological
objects, which improves production processes, as well
as complex bionic systems for medical purposes.
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Hayionanonuii mexuiunuu ynigepcumem Yrkpainu «Kuigcokuti nonimexuiuHutl incmumym iMeHi
leopa Cikopcvrkocor, Kuis, Yrpaina

OAHTOMHI TOHTOP JIAHIIOI'Y PYXY BIOHIYHUX OB’€KTIB ABTOMATHU30BAHNX
CUCTEM. Yactuna 2

VY momnepeaHix poboTax aBTOPIB PO3IJNAIUCS Taki BIACTUBOCTI ()aHTOMHOTO KPOKY, SIK MOTO JOBKMHA Ta KPHBH3HA
BITHOCHO YSBHOI IUIOIIMHM. Yci Ii HapaMeTpH PO3IISAAINCS B UITKO BHU3HAYCHHMX KOOPIAMHATaX, MOB’S3aHUX 3
MIOYATKOM 1 KIHIIEM KPOKY, aJie y 3B’A3KYy 3 ITOCTaBJICHUMH 33/1a4aMH B YacTHHI | poOOTH NMPOAOBKEHO JOCTIHKEHHS 3
BU3HAYECHHS 0COOIMBOCTEH AMHAMIKK ()aHTOMHHMX JIAHIIIOTIB CHCTEMH.

OTpuMaHO aHANITHYHI Ta rpadivHi Mozaemi, sKi 0a3yrOThCA Ha MaTeMAaTUYHUX IMiAX0JaX A0 BH3HAUCHHS MPOCTOPOBO-
YaCOBUX XapaKTEPUCTHK PYXy O0’€KTIB 3 ypaxXyBaHHSAM XapaKTEePUCTHK (HPAaHTOMHHX JIAHIIOTIB OiOHIYHHX CHCTEM.
Otrxe, 3acCTOCyBaHHS OTPHUMAaHHX MOJENEH BIAKPHBAE MEPCIEKTHBU I OTPUMAHHA TOYHHUX IapaMeTpiB pyxy
KIHIIEBOT'O PEAIbHOT'O TEXHOJIOTIYHOTO 00 €KTa B pOOOUOMY MPOCTOPI NPU BUKOHAHHI CKJIQ/IHOI KIHEMATHKHU PYXIB.

[Tpu 11bOMY JOCIIIKEHO 3aJIe)KHOCTI CHIBBIAHOMICHHS MIXK 00CAraMy TEXHOJOTIYHOro abCTPakTy Ta iX c(hopMOBaHUMU
(aHTOMaMu, SIKi JIalOTh MOJKJIMBICTb ONKMCATH ITO3UTHUBHI Ta HEraTHBHI TEXHOJIOTIi, MEPCIIEKTUBHI Ha JTaHUH MOMEHT Y
Cy4acHOMY BUPOOHUIITBI Ta peastii 3acTOCyBaHHs OI0OHIYHOT aBTOMATH30BaHOT TEXHIKH. JIJIsl PI3HUX IIUJICH.

[epcriekTHBH MOJAJBLUIMX HAYKOBHX JIOCHI/DKEHb JaHOi MPOOJIEeMH HIOA0 PO3pOOKH OIOHIYHHMX aBTOMAaTH30BaHHX
CHCTEeM, IPUCTPOIB Ta 00’ €KTIB MOJATAIOTH Y MPOIOBKEHHI CTBOPCHHS aHANITHYHUX MOJIENICH IMX 00’ €KTIB 3 METOIO iX
3aCTOCYBaHHS B Pi3HMX cdepax Ta Ha PI3HUX eTanax >KUTTEBOTO IMKIY TEXHOJIOTIYHMX 0O0’€KTIiB, SKa ITOKpAIlye
BHPOOHMYI MTPOIIECH, a TAKOK CKJIATHI OIOHIYHI CHCTEMH MEIMYHOTO TIPU3HAYCHHS.

Kuarouosi cioBa: ¢anromui TOHTOP nanmrorn; GioHIYHI IPHIIAAN; aBTOMATH30BaHI CHCTEMH; aOCTPaKTHHHA 00'€KT;
TPAEKTOPIs PyXy; MPOLEC KPOKYBAHHS; OAMHIYHI ITUKJIH.

Haoittwna 0o peoakyii
15 gepecns 2024 poxy

Peyenszosano
17 arcosmust 2024 poxy
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