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The conducted theoretical studies provide a basic thesis regarding the creation of a generalized concept of
diagnosis of the signs of multiple sclerosis, which should determine the parameters of the distortion of the idealized
model of the body system by the real nature of the disease and the state of the object.

The work presents an analytical model for determining the onset of the disease using the TONTOR step model.

The proposed method provides the doctor with information, excluding the subjective factor, while the results of
such information technology significantly increase the accuracy of determining the early stage of the disease.
Purpose of work consists in modeling the diagnostic signs of appearance of multiple sclerosis at an early stage of
development, and appearance of moment of action's onset of this pathology by analysis methods.

With this method of modeling, we have the opportunity to use affine and conformal transformations, which
were considered earlier. In this case, the chord should be perceived as a directional vector with location accuracy.
A circle is a consequence of an affine transformation. Thus, we have the opportunity to set the coordinates of the
points of the trajectory and the circle in an unambiguous correspondence. In addition, since the real motion along
the trajectory is characterized by oscillatory processes, the affine transformation of the model can be imagined as
an exponential curve.

The proposed physical and mathematical information processing models will help determine the main points of
creating the principles of operation of technical integrated diagnostic tools. The basis is a vector model for
determining the state of biological objects, which will allow information signals to be determined with help of
integrated TONTOR sensors and TONTOR step model.

As a result, the study of the nature of this functional dependence will provide analytical dependences in digital
form, will allow the creation of a computer-integrated hardware solution that will eliminate subjectivity in
diagnostics according to the "bad - good" principle.
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Introduction

Treatment of multiple sclerosis as one of the
common diseases is an urgent problem of modern
world medicine. Most people with multiple sclerosis
are diagnosed between the ages from 20 to 50, and
women are two to three times more likely than men to
be diagnosed with the disease. Multiple sclerosis
affects more than 2.3 million people of working and
reproductive age worldwide.

The disease has a negative prognosis, because it
tends to progress and significantly reduce the human
life quality: cognitive abilities and concentration of
attention deteriorate; violations occur in the work of
internal organs; there is muscle weakness, tremor of
limbs.

Movement (pyramidal) disorders are
characteristic of this disease. Of great importance is
the syndrome of dissociation of the tendon-periosteal
reflexes of the upper and lower limbs: increased knee

or Achilles reflexes with the expansion of reflexogenic
zones while maintaining or reducing the reflexes of
the upper limbs.

Currently, there are practically no technical
means of full diagnosis of this disease, therefore,
development of modern means of control is necessary,
which provides wider opportunities for monitoring the
patient's condition.

However, there are a number of problems, the
main of which is the almost complete lack of physical,
mathematical and hardware support for the diagnosis
of this disease.

Significant progress in scientific research took
place in 2015, when new ways to stop multiple
sclerosis, restore function that has been lost, and treat
the disease were proposed. National Society of
Multiple Sclerosis [1], for its part, pursues all
prospective solutions to uncover new medical and
technical advances wherever such opportunities exist.
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Here is a brief summary of the significant
progress of modern research and initiatives of modern
scientists, which confirms the urgency of the problem
and the financial efforts of society aimed at creating
new methods of diagnosis and treatment of multiple
sclerosis. In addition, interest in the problem by the
existence of the periodical publications "Journal of
Multiple Sclerosis", "Multiple Sclerosis and Related
Disorders" [2, 3, 4] etc. is confirmed.

For the most part, diagnosis is made based on
indirect signs, i.e. history, subjective examination [4],
however, recently, diagnostic methods using magnetic
resonance imaging (MRI), cerebrospinal fluid (CSF)
analysis, and visual evoked potentials (EP) have been
introduced to speed up the diagnostic process, and
there are some attempts to use blood test diagnostics.
In work [6] such methods are considered: complex
and nonlinear analysis, detrended fluctuation analysis,
which can provide insight into changes in the
condition of people with multiple sclerosis, i.e.
identification of various signs of disease progression
and related physiological function failures, which are
manifested by changes in fluctuations within and
between different time scales.

There are also research attempts [4, 5] method of
confocal laser endomicroscopy for histological
visualization of tissues in real time, and in particular
for diagnosis of lesions of the brain and spinal cord.
Research of optical coherence tomography have
shown that the nerve fiber layer is different in people
with multiple sclerosis than in healthy people, making
this method a useful tool to learn more about optic
nerve pathology and to collect additional evidence of
disease activity when the diagnosis is suspected.

So, for comparison in work [5] evaluated the
parameters of macula and retina of nerve fiber layer
thickness using two different parameters of optical
coherence tomography: the temporal domain and the
spectral domain, in patients with multiple sclerosis
and without unilateral optic neuritis, when it was
possible to detect a difference in the data. There are
also attempts to determine the signs of multiple
sclerosis, using, for example, non-linear methods to
identify adaptive and maladaptive dynamics of
postural control in people with multiple sclerosis [6,
71.

However, despite a sufficient number of studies,
it can be determined that there is still no method, let
alone technical means, that allow a full-fledged
diagnosis of whole system of body for the detection of
multiple sclerosis, and therefore the proposed method
is relevant.

That is, the diagnosis of multiple sclerosis is
currently carried out, mainly, by separate devices with
a difference in the diagnosis of the patient over time,
which leads to errors in the identification of signals
and the comparison of results [9, 10]. The diagnosis of
multiple sclerosis remains mainly clinical, which
requires "dispersion of symptoms in space and time."
In the classic version, reliable multiple sclerosis is

characterized by the development of various
manifestations in different periods of time. At the
same time, a new aggravation may repeat the clinical
picture of the previous one, but may occur with
completely different symptoms [11, 12]. Therefore, it
is necessary to constantly monitor the condition of the
patient with detected signs of the disease.

Purpose of work consists in modeling the
diagnostic signs of the appearance of multiple
sclerosis at an early stage of development, and the
appearance of moment of onset of the action of this
pathology by hardware methods of analysis.

Physical and mathematical basis of TONTOR
step

In author's works [13, 14, 15], the basis for
distortions formation during the transition from
imaginary to real space and conversely is considered,
but it is necessary to pay attention to fact that these
primary distortions of a straight line consist of a
number of geometric constructions in space, as they
have an effect on distortion of areas, volumes, and
coordinate systems.

So, according to its construction, TONTOR step
is a combination of a vector that draws an arc. In this
case, the vector indicates the direction of movement,
and the arc is the trajectory. In a simplified form, this
situation is shown in work [14] (Figure 1). Function
(1) in this case has sense of a vector. All other
functions in this case play an imitation of real
movement (2, 3, 4, 5).

Specificity of such movement is that the vector
shows the direction of movement from one point to
another, and its length is the distance between them.
The vector acts as a function of the imaginary
direction.

On other hand, the ends of the vector are
combined by a real trajectory of movement. This
trajectory can be significantly different from the
targeted vector, because it can go around various
obstacles. The beginning and end of this trajectory
have coordinates that differ from the initial and final
coordinates of the vector by value . In some cases,
this value can reach the dimensions of duality.

In addition, it should be remembered that
movement along trajectory is always directed in one
direction. Thus, if we need to make a mathematical
description of TONTOR step , we need to do it
separately for the vector and separately for the
trajectory as Figure 2.

Thus, in this given examples, it is clearly visible
that the vector connects the points and at the time,
when the real trajectory bypasses obstacles in way of
movement.

The length that this object travels from start to
finish is very important for TONTOR step. This
length has three values, one according to the length of
the vector AB (Figure 2,a), the second according to
the real length and average.
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Fig. 2. General cases of TONTOR step: a) general case of TONTOR step; b) TONTOR step, when bypassing a right
angle; ¢) TONTOR step, when overcoming a discrete obstacle; d) TONTOR step for internal movement
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The second most important parameter is the
speed of movement between extreme points. Such
speed is imaginary by vector and real by trajectory.
There is a parameter of efficiency of trajectory, that is,
the ratio of imaginary to real path

In general, TONTOR step can be defined as a
series of an infinite number of steps, i.e. for an
imaginary step

[K], =[K]+[K],+.+[K] =3[K]

and for real

(K] =[K] +[K], +..+[K] =2[Kl .

At same time, each individual i-th step will be
equal to the product of the speed by time interval, i.e.

[K], =&V A,

where ki is the speed coefficient;
V, - maximum possible speed;

At, - time interval for i-th step.

If we turn to general step, it is necessary to pay
attention to fact that speed during its execution is not
same in interval. That is, it depends on the coordinate

and is a function of this distance V, =V (x).
Similarly, we can state the fact that there is a function
of time from the path T =T (x) .

As a result, we have speed and time in the
following relationship

n B
v, = VPZ:‘kI. =V, [k(x)dx
i= A

T=T(x)=Y Ar, = [T(x)dx

So, as a result, the length of minimum step will

be
» B
[K]=V, [[T(ok(x)dx
A
For a linear vector, this value will be determined
as

(K], =k, 0, . (1)

Since there is a TONTOR step, there is also a
minimum displacement (1) for which this step can be
registered. According to [14, 15], the minimum length
of the line that turns into a hyphen is the distance in

3 [S] . As a result, the length of the trajectory is also

determined in 3 [S] , since a smaller length loses any
meaning. The start and end of the trajectory step have
an uncertainty within [S] (Figure 3).

Since the total length of the trajectory, as a
parameter, has the following dependence

[K]+[K]=V,[ fT(x)k(x)dxdx thy IV 0,

then the limit value of step function will be
determined as

hm([f(] +[K]) =8[S].
R F(U)

By F(R)

0,
0, [f~~1I8] =

Fig. 3. A general case of TONTOR step in the
transformation of imaginary - real components
of movement

Currently, we have the opportunity to observe
such a situation in the picture (Fig. 4).

Fig. 4. Graphical interpretation of minimum TONTOR
step

At the same time, the movement distances are
equal to following values:

A, B, =3[S] - imaginary direction vector;

AgB, =3[S] - vector of real motion;

A, Az =[S] - uncertainty vector of point
coordinate;

B,B; =[S] - uncertainty vector of point
coordinate.

In this situation, the imaginary vector is equal
to the value of real path. Purely from a principled
point of view, such equality has minimum size
requirements, although in general it can be infinity,
because vector imposes only the coordinates of
beginning and end of step and not its length.
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So, as a result, there is a quality of TONTOR
step performance, this is the ratio of vector length to
the real path length

[K]
The limit of this value corresponding to
conditions (5, 6) at author work [14].

In a simplified form, TONTOR step ring takes
the form

@)

[K1=§ /(x, y, 2)dl +[K]. 3)
K]
It can be seen from equation (2) that there is a
situation, when the curvilinear integral can be equal to
zero, i.e. from equation (3) the following follows

¢ fooy.0dl =[KI=3S] @)
K]

Thus, our studies of TONTOR step are reduced
to the determination of two quantities, namely the
linear direction vector and the curvilinear trajectory of
the object's movement.

Analysis of imagine and real trajectories of
TONTOR step

The main study of TONTOR step is a
comparative analysis of ratio of the direct action

vector [K] and real trajectory [K] , which provides

the possibility of diagnosing a violation of trajectory
of human movement. It was previously shown that
there is a coefficient of step realization (2). But this is
not only parameter of TONTOR step. Therefore, to
begin with, we will consider whole range of possible
step parameters.

First, it is an imaginary (phantom) vector of the

movement direction and its length, i.e. [I_(] .

Secondly, the length of the vector in space is
determined by the coordinates of its beginning and
end. For this, the coordinates must be determined with

maximum accuracy, i.e. no worse than [S] .

Thirdly, the trajectory of the real movement, as a
phantom image of the movement function, and the
method of its implementation should be determined.

So, we previously considered the physical and
mathematical models of phantom rectilinear vectors
and curvilinear trajectories of movement between two
points. Despite a rather simplified consideration, we
got a rather complicated situation with the description
of the movement during the TONTOR step. But there
are quite a large number of options for performing the
steps and, as a result, for their mathematical
description. It is enough to consider a fairly simple
situation, when it is necessary to bypass an ordinary
rectangular obstacle Figure 5. At the same time, it is
necessary to reproduce step from point A to point B.

As a result, we have the opportunity to go around
the object along a curvilinear trajectory or along a
broken line (7). It is quite clear that for any trajectory

there will be a requirement for minimum energy
expenditure at maximum speed. Therefore, optimality
of these parameters will be determined by the
minimum length of the path.

Fig. 5. Simplest version of TONTOR step

Accuracy of output to vector coordinate A or B is
determined by the speed of movement along the

trajectory ~ KV,.  During  acceleration  and

deceleration, we get the corresponding coordinate
determination errors such as AA", BB', which should
not exceed the value of [S]. In the case of optimality
of step parameters, there is always a plane on which

the vector AB, error vector AA', BB' and
corresponding trajectory can be located. At same time,
the minimum length of the trajectory will be located
on the object’s surface.

Let us consider possible cases of such
trajectories on basis of conducted research. So, let's
start with the elementary limiting case and minimum
contour of TONTOR step, i.e. (3) and (4). In this case,

we have length of the direction vector [I_(] =3[S].

This vector cannot be smaller than 3[S], because with
existing quantization step, next value is 2[S]. But for
such a magnitude of vector, coordinate points are
extremely ill-defined because the coordinates go from
the concept of "point" in the imaginary system (A and
B) to a real "point" (A" and B'). In addition, the
coordinates of beginning and end of vector are
determined with an accuracy no better than [S]. In this

case, the aperture of direction vector can reach 120°.
Consideration of this situation leads to conclusion that

the geometry of complete trajectory [K] is a
rectangle with a perimeter of 8[S]. Currently, long
sides of the figure have a length of [I_(] =3[S] and

[K] =3[S], and short sides of [S]. The location of

direction vector and its corresponding motion
trajectory is indeterminate in the space occupied by
volume of idealized line as a geometric figure. The
direction of these microvectors depends on the
direction of external force (principle of small
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displacements). But at same time, within limits of this
figure, the rectangle will be distorted into a flat
parallelogram. A different situation will be observed
when the magnitude of the movement trajectory
increases. In this case, at some point it will become
parabolic, as in the case in work [15] and at Figure 5

as shown. It should be noted that the values [I_(] and

[KJ are slightly different in size and, as a rule, are in

the same plane.

That is, on this example, we should observe one
of TONTOR step properties, namely, the possibility of
scaling. Value [S] is an extraneous factor in the
accuracy of determining the coordinates, depending on
the relative speed of the objects to each other and the
measurement time of staying within the determined
coordinates. The speed of relative motion refers to the
speed relative to which an object comes and goes from
a point A and to B. As a result, we get the points A’
and B'. In addition, this value depends on time of
measurement of moment passing through the
coordinate.

Most often, the principle of stepping is inherent
in biological objects. Of course, in first place of this
phenomenon is the biological object’s movement,
which is accompanied by stepping. At same time, the
steps have a dual character, it is enough to remember
how a person steps or moves some objects. Such
TONTOR steps (cycles) are observed everywhere and
many examples can be given. According to this
principle, they form stepping chains.

The conclusion from all of the above may be
possibility of creating a model of abstract TONTOR
step. In this case, we have four sections that create a
TONTOR step. Let's consider these components
according to their degrees of importance. The first
component of vector chain of TONTOR step is the
phantom vector [S] at the beginning of movement
(point A). A similar phantom vector exists at end of

the movement (point B). Between points A" and B’
is our basic direction vector [I_(] ,i.e. AB.

Encloses the entire contour of this trajectory,
which can be defined as a series of vectors of small
size, which under a certain approximation ([S]) has the

form of a spatial curve [f(] . Each of these elements

can be considered as a small TONTOR step, the
general appearance and theory of which is shown in
[15]. If we discard all secondary features, then we get
a regular contour that can be considered as a regular
circle and a chord that cuts off a certain shade of the
circle. With this method of modeling, we have the
opportunity to use affine and conformal
transformations, which were considered earlier. In this
case, the chord should be perceived as a directional
vector with location accuracy ([S]). A circle is a
consequence of an affine transformation.

Thus, we have the opportunity to set the
coordinates of the points of the trajectory and the
circle in an unambiguous correspondence. In addition,
since the real motion along the trajectory is
characterized by oscillatory processes, the affine
transformation of the model can be imagined as an
exponential curve.

Conclusions

The work analyzes the existing methods of
diagnosing multiple sclerosis, which are currently
used by modern medicine. For the most part, all these
works have the character of developing more
theoretical principles of diagnosis based on rather
indirect signs and do not provide a complete picture at
the early stage of the development of this disease.
Therefore, the purpose of this work is defined as the
creation of models for early diagnosis of multiple
sclerosis based on the determination of the patient's
motor actions, which are responsible for his general
condition.

The proposed physico-mathematical models of
information processing will help determine the main
points of creating the principles of functioning of
technical integrated diagnostics. It is based on a vector
model for determining the state of biological objects,
which will allow determining information signals
using built-in TONTOR sensors and the TONTOR
step model.

At the same time, the models involve comparing
the idealized parameters of the vector fields with the
real current characteristics of the object under study
and determining the difference as a differential
function that corresponds to the diagnostic parameters
of the state of the object in patients with multiple
sclerosis.

As a result, the study of the nature of this
functional dependence will ensure obtaining analytical
dependencies in a digital form, will allow to create a
computer-integrated hardware solution that will
eliminate subjectivity in diagnostics according to the
"bad - good" principle.

At the same time, the application of the proposed
method in medical practice will allow preventive
actions during general examinations and prevent
serious consequences of this disease.
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Hayionanonuii mexuiunuil ynieepcumem Ykpainu «Kuigcokutli noaimexHivHutl incmumym imeHi

leopa Cikopcvkozo», Kuie, Yxpaina

BU3HAYEHHA  JIATHOCTHUYHHMX  O3HAK
JOITOMOI'OKO MOJEJITI KPOKY TOHTOP

PO3CIIHOI'O  CKIJIEPO3Y  3A

B po6oTi npoBeneHuil aHadi3 iCHYIOYMX METOAIB AIarHOCTYBAaHHS PO3CISIHOTO CKJIEpO3Y, IO Hapasi 3acTOCOBYE
cy4yacHa MeAMIMHA. 31e0UIBIIOro BCi i poOOTH MalOTh XapakTep po3poOJeHHs OLIbII TEOPESTUYHUX MPHUHIMIIB
JIIarHOCTUKH Ha OCHOBI JOCHThH OIOCEPEJKOBAHMX O3HAK Ta HE HA/AIOTh OTPMMAHHS MOBHOI KapTHHU Ha paHHIN
cTaii pO3BUTKY IHOTO 3aXBOPIOBaHHSA. BTiM came I paHHS CTajis IIbOTO 3aXBOPIOBAaHHS MOXE IIE ITiIIaBaTHCh
JKyBaJbHOMY BIUIMBY Ta 3al00IraHHIO PO3BUTKY BKKHX HACHigKiB. ToMy MeTy I1i€l poOOTH BU3HAYEHO SIK CTBO-
pEHHS MoJIelieii paHHBOI TIarHOCTUKH PO3CISTHOTO CKJIEPO3Y Ha OCHOBI BU3HAYCHHS PYXOBHUX JiH MaIli€HTa, 110 BiJl-

MOBIIa€ 3a HOro 3arajJbHUN CTaH.
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[IpoBeneHi TeopeTHyHI MOCHIHKEHHS Aal0Th 0a30Bi TE€3W IIOJI0 CTBOPEHHS y3arajdbHEHOI KOHIIETIii JiarHOCTHKH
03HaK PO3CISTHOTO CKJIEpO3y, SKa Ma€ BU3HAYUTH MapaMeTpH CIIOTBOPEHHS i/1€aTi30BaHOl MOJE CUCTEMH OpraHi3-
My peajJbHHM XapaKTepOM 3aXBOPIOBAHHS Ta IUIMHHUM CTAHOM 00'€KTa.

VY po0oTi MpencTaBICHO aHANITHYHY MOJAETH JUIsi BU3HAUCHHS MOYATKY 3aXBOPIOBAHHS 32 CTYIIHYACTOI MOJICILTIO
TOHTOP.

3anpornoHoBaHUi METOJ Hajae€ JiKapio iHGOpMalliio, 10 BHUKJIIOYAaE CyO'eKTHBHUI (pakTop, a pe3yibratu Takoi
iH(pOpMAaIIHHOT TEXHOJIOT1] 3HAYHO MiJBHIIYIOTh TOYHICTh BU3HAYCHHS PAHHBOI CTa/lii 3aXBOPIOBAHHSL.

Meta po0OoTH moJsTae€ B MOJCIIOBAHHI METOJAMH aHAaJi3y JiarHOCTUYHHUX O3HAK IOSBU PO3CISIHOTO CKJIEPO3y Ha
paHHi# cTajii pO3BUTKY Ta BUSABJICHHI MOMEHTY HACTAHHSI IIi€1 MATOJIOTI1.

3aCTOCOBYIOUH IIi METOi MOJIETIOBAHHS, MU MaEMO MOJKJIUBICTh BUKOPUCTOBYBATH a(iHHI Ta KOHPOPMHI MEPETBO-
PEeHHSI, SKi Oy PO3TISIHYTI paHimie. Y 1IbOMY BHIAJIKY XOPJy CIiJl CIIPUAMATH K CIPSIMOBAHUN BEKTOP 3 TOUHIC-
TIO pO3TalllyBaHHS, & KOJIO € HACTIAKOM adiHHOTO MmepeTBOpeHHs. TakuM YMHOM, MU MaEMO MOJKJIMBICTh BCTAHOBH-
TH KOOPAWHATH TOYOK TPAEKTOPii Ta KOJa B OJHO3HAYHY BiAMOBiTHICTH. KpiM TOTrO, OCKUIBKH peasIbHUN pyX 3a
TPAEKTOPIEIO XAPAKTEPU3YETHCS KOJUBAIBLHUMHE ITpOLIecaMu, aiHHe NepeTBOPEHHS MOJIEII MOXKHA YSBUTH y BUTJIS-
Il KCIIOHCHIIIATBHOT KPUBOT.

3anponoHoBaHi (i3uKO-MaTeMaTH4Hi Mozeni oO0poOKH iH(popMalil JONOMOXYTh BU3HAYMTH OCHOBHI MOMEHTH
CTBOPEHHS IPUHLMIIB (PYHKI[IOHYBaHHS 3aCO0IB TEXHIYHOI IHTErPOBAHOT 1IarHOCTHKH.

B 0CHOBY 3ampOMOHOBAHOTO METOY PAHHBOI JIArHOCTHKH PO3CISTHOIO CKJIEPO3Y K HABITh HE3HAYHUX BILUIMBIB Ha
PYXOBHI amapat JIOJAWHU TOKIAJICHO BEKTOPHY MOJICIb BH3HAYCHHS CTaHy Oi0JIOTIYHHX 00’ €KTIB, KA HO3BOJIUTh
BH3HaUaTH iHPOpMaIiiiHi curHanmm 3a gomnomMoror BOymoBanux cencopiB TOHTOP Ta cTymiHgacToi Momeni KpoKy
TOHTOP.

Sk HacHiNMOK, MOCTiKEHHS MPUPOAM i€l QYHKIIIOHATBHOI 3aJIeXKHOCTI 3a0€3MeUnTh OTPUMAHHS aHATITHIHUX 3a-
JeKHOCTEH y 1 poBiit GopMi, TO3BOIUTH CTBOPUTH KOMIT IOTEPHO-IHTETPOBAaHE amapaTHE PIlIeHHs, SKe YCYHE
Cy0’€KTUBHICTD y TIarHOCTHIII 3a TIPUHITUTIOM «IIOTaHO — T0Ope».

BomHouac, 3acTocyBaHHS 3alpOIMIOHOBAHOTO METOIY B MEAWYHIN MPAKTHUII JO3BOJUTH 3MIHCHIOBATH MPODITaKTHIHI
IiT TIpY 3araibHUX NPOQPLIAKTUIHAX 0OCTEIKEHHSIX Ta 3aM00IraTH BaKKAM HACHIIKaM IIbOTO 3aXBOPIOBAHHS.
Karouosi ciioBa: kxpok TOHTOP; xBopi Ha po3cisiHUi CKIIEpO3; IPOCTOPOBI KOOPANHATH; iH(GOpMaNiiiHI TEXHOJIO-
rif; JiarHoCTHKA.
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