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Introduction

The presented simulator of human rhythmic movements is based on the original model of central pattern generators
(CPG), which generate periodic signals for controlling the muscles of the joint. Current models of parkinsonian move-
ments do not simulate lower structures that obtain signals from decision-making structures in brain and are involved in
controlling rhythmic muscle activity. Namely, rhythmic activities are influenced by Parkinson disease the most.

The aim of this work is to simulate human lower limbs to study the effects of Parkinson's disease on walking. Global
simulator would consist of three consequent levels-computational models: basal ganglia, network of CPGs, and muscu-
loskeletal lower limbs. The presented work covers second and third levels regarding single hip joint.

Simulator architecture

The CPG model consists of four layers for four types of neurons. Output signals of a pair of motoneurons are fed to the
inputs of the Hill models of two opposite leg muscles. Muscles pull thighbone and musculoskeletal model calculates
feedbacks, which are represented by three types of sensory neurons.

The presented work is illustrated by implementation of neuro-musculoskeletal system of right human thigh, controlled
by two muscles of the hip joint, Iliopsoas and Glutei. Three types of sensory neurons react to speed of contraction,
force, and length of muscles. They affect motoneurons of both own and opposite half-centers.

Modelling results

CPG is able to rhythmically control muscles without upper control from brain. The latter only influences modes of
CPG. Phase diagram of the joint showed stable swings after 4 periods of transition from stillness to one swing per 2
seconds. The change in the oscillation frequency of the CPG showed a short transition period before stabilization of the
hip swings. The phase diagram of the hip joint showed stabilization of periodic motion on a single trajectory for each
speed value.

Conclusions

Simulation shows symmetrical and smooth swings, with amplitude limited to values of natural gait. Used version of
control is presented for the first time. The further work is directed on creation of a stable human gait with CPG models
for each pair of muscles for both legs.

Keywords: central pattern generator, musculoskeletal model, Parkinson’s disease.
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Introduction. Radiometric methods and devices of the radio frequency spectrum that are characterized by high
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sensitivity, are increasingly used in various fields of science and technology for measuring, monitoring and evaluating
the parameters of weak signals. To a lesser extent, radiometry is used in optics, despite its significant potential capa-
bilities. The purpose of this study is to create affordable high-sensitivity optical modulation radiometers (OMR) and to
consider possible options for their application in medicine, biological research and materials science.

Main_part. In the article the possibilities of modulation-switching transformation for construction of high-
sensitivity radiometric devices of optical range and variants of their use in medicine, biological researches and materi-
als science are considered. The original schemes of optical modulation radiometers (OMR) in combination with light
therapy devices are developed, which extends their capabilities and improves the efficiency of treatment technologies.
The scheme of the photometric radar meter for the location of poorly transparent materials is considered and the re-
sults of experimental studies of samples of biological tissues of plant and animal origin, as well as the interaction of the
light flux of different wavelengths with the human body tissues (hand) are given.

Conclusions. The possibilities of switching-modulation transformation for construction of circuits of optical radi-
ometers provide:

1. Significant simplification of structural schemes and the process of measuring the intensity of optical signals, in
connection with the use of optoelectronic elements and absence of optical-mechanical components of the measuring
path.

2. Extension of the functional capabilities of radiometric equipment in the field of light therapy and medical-

biological studies of poorly transparent materials.

Key words: switching modulating transformation, optical radiometer, light-therapy, light flux intensity.

Introduction.

Formulation of the problem

Radiometric methods and tools of the radio-range
frequency, which are characterized with high sensitivity,
are finding more and more application in the different
fields of science and technique. They are used for meas-
urement, control and evaluation of the weak signals
parameters in radio astronomy, physics and plasma
physics, medicine and biology [1]. The fluctuation sen-
sitivity threshold of the certified mm-range modulation
radiometers reaches 1072%...10%" W/Hz [2]. The same
radiometers could be used for various equipment with
weak level signals checking so as for scientific re-
searches of the low-intensity electromagnetic fields and
physical and biologic objects radiation [2].

The modulation method of the input signals trans-
formation is most promising method used for high-
sensitive radiometers construction. It’s easy performing,
reliable and provides high sensitivity.

The block diagram of the direct transformation
modulation radiometer includes an input duplex switch
(modulator), modulation frequency generator and meas-
uring channel in which modulated signal is transform-
ing. The measuring channel consists of the consistently
connected amplifier, quadratic detector, selective
switching frequency amplifier synchronous detector and
low pass filter. Transmitters are connected to the inputs
of the switch. In the radio range, the reception antennas
are used and in the optical range photoelectric convert-
ers are applied.

With two-stroke operation mode of the switch the in-
put signals from the reception antenna or from its equivalent
are alternatively transforming in the measuring channel [3]:

{ul (t) = u() (t) + uw (t) (1)
u,(t)=u,(t) ’
where u (¢), u, (tf) - measuring signal and hardware

noise.

An algorithm for compensation of own noise
which provides a reduction of the fluctuation threshold
and increasing of the radiometer sensitivity is imple-
mented in the measuring channel:

uy (1) =u, () —u, () =u,(t) . (2)

The signal from measuring channel is submitted to
analogue or digital indicator.

Radiometric methods are used in optics to a lesser
extent, despite its significant potential capabilities. It’s
connected mostly with complexity of the optical range
equipment, its considerable cost and the lack of the
high-sensitive devices. Thus, photometric meters of the
optical signals parameters, considered, for example, in
[4 - 6], use complex specialized means — photometric
sphere and light-emitting benches, systems of protection
from third-party light sources, optical-mechanical con-
nections, mechanical modulators of light flux. These
means significantly complicate the processes of measur-
ing and implementing such equipment.

However, the development of the theoretical foun-
dations and elemental base of optoelectronic technol-
ogy, appearance of the new semiconductor light
sources, highly sensitive diode and transistor
photodetectors, optical electronic modulators, new cir-
cuit design solutions for the construction of radiometric
equipment contribute to its spread, both in the field of
optical measurements and in practical use in various
fields of science and engineering [1, 7].

The aim of this study is to create affordable highly
sensitive optical modulating radiometers (OR) and to
consider possible options of their application in medi-
cine, biology and material science.

A number of devices and systems for light therapy
using wide spectral range: ultraviolet with wavelength
180...380 nm, visible (380...780 nm), and infrared
(0,78...760 microns) appeared in medicine recently.

Equipment of the Korobov visible spectrum series
“Barva” which uses light diodes with power from 5 to
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120 mW, is widely used in Ukraine, so as various infra-
red range lamps, polarized light lamps by famous Swiss
company Zepter, UV lamps, laser and LED devices
such as UFL — 1, APL - 1, MILTA-F-01, Mustang [8,9]
and others. Typically, the power of such equipment is
within 102 ... 10 > W,

The method of low-intensity light therapy (LLLT)
is also known, it use laser and LED irradiating sources
with power from several to tens milliWatt [10]. The
feature of LLLT devices, which are known as photo-
biomodulators, is the transformation of light energy into
the metabolic energy of biological functioning of cells.
The mechanisms of the low-intensive light therapy are
considered in details in [11].

The measurement of the specified power levels
usually is performed with build-in photodetector with a
simplified scheme. However, sophisticated therapeutic
systems for light therapy with feedback, radiation expo-
sure and absorbed dose determination require a more
sensitive measuring device based on, for example, an
optical radiometer. This requirement in fullest is also
applied to scientific research on the interaction of opti-
cal radiation with tissues and other weakly transparent
substances and liquids [7]. The power of optical signals
can thus be 10-9 ... 10-12 W. Such signal level can be
compared with power of the hardware noise, their influ-
ence during measurement could be reduced by using
modulation optical radiometer circuit.

Thus, the list of the tasks to solve in the medical
biologic applications and researches by using the modu-
lation optical radiometer should include:

-g_ 4 | 6

Measuring Channel

7

- metrological support and conduction of the light ther-
apy equipment with the wavelength range
A=180...780 nm, and power P < 10~ Wt;

- measurement of the interaction parameters of light
fluxes with tissues of plant and biological origin and
determination of the absorption, reflection and dis-
persion indicators;

- conduction of tomographic diagnostic researches,
determination of pathological abnormalities in the
body with high resolution and instrumental sensitiv-
ity within P<107...107 Wt;

- the study of the interaction of light fluxes of different
wavelength with translucent materials and fluids;

- highly sensitive optical spectrum analyzers construc-
tion.

The working of the structures of several special-
ized measuring modulation radiometric circuits for reg-
istration and measurement of low intensive optical sig-
nals for medical biologic researches were carried out by
authors to solve the problems set.

Optical radiometer for weak signals measure-
ment

Figure 1 shows the scheme of a highly sensitive
optical modulation radiometer developed by the authors
[12]. The measuring photodiode 1 and the reference
photodiode 2 with a protective sheath 3 are connected to
the inputs of the switch 4 of the radiometer.

o ——— —— ———
1
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Fig.1. The block diagram of the modulation meter of the intensity of the optical signals

Amplifier 6, detector 7, selective frequency
switching amplifier 9, synchronous detector 10, low
frequency filter11, and indicator 12 make up the meas-
uring channel of the radiometer.

The proposed scheme works as follows. With the
help of a rectangular signal of the generator 8 to the
input of the measuring channel periodically connected
photodiodes 1 and 2.

At the coordination load 5 in the position of the
switch 1, a voltage proportional to the intensity of the
light flux is formed

U=+I)R,+U, =R +U,, 3)
where I, — the current of the measuring photodiode
which is equivalent to the intensity of the incoming light
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flux, I, — dark current of the measuring photodiode,
U, — the level of hardware noise of the radiometer

brought to its input,

Switching the switch to position 2 leads to the
connection of the darkened photodiode 2 to load 5 and
the appearance of voltage proportional to the dark cur-

rent of the reference photodiode 7,
U,=LR +U,. “)
For periodic operation of the switch 4 at the output
of the measuring channel, a constant voltage is allocated

(Ul — Uz) _
—2 =

1
U, =S8, 505(11_A[)RH9 Q)
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where S, — total conversion rate of the measuring
channel; Al =1/-1, — difference of dark currents of

photodiodes 1 and 2

From the obtained equation (5) it follows that the
intensity of the light flux is proportional to the sum of
the output current of the measuring diode and the differ-
ence between the dark currents of the measuring and
reference diodes. Increasing of sensitivity is also en-
sured by compensating of own noise of diodes and
measuring channel. When using, for example, a photo-
diode BPVI10 in the range of optical signals of
380...1100 nm, it is possible to measure the intensity of
the optical signal at the level of 107...107""W/cm?.

Light therapy device with absorption dose
measurement

Light therapy conducting is always connected with
necessity of the determination of the optimal intensity of
the illuminating signal, the frequency of modulation of the

4\8

light flux and its exposure. More correct is the determina-
tion of the dose absorbed by the patient's skin, and the
maximal absorption frequencies that can predict the effec-
tiveness of the therapeutic procedure. Structure scheme of
the device for light therapy in conjunction with an optical
radiometer [13] is shown in fig. 2. This device provides
irradiation of the patient, measuring the dose of the energy
absorbed in the field of radiation on the human body, for
example, the biologically active point, and determining the
frequencies of maximum absorption of light energy.

The device implements the radar mode and in-
cludes: the radiation surface A; generator unit in the
generator 1 of impulse rectangle voltage of variable
frequency, attenuator 2 and light emitter 3; high-
sensitive receiver, which includes photodiode 4, load 5,
standard measuring channel OR 6 and indicator 7. LED
3 and photodiode 4 are fixed at the same angles to the
plane of the irradiation A.

6 7

Measuring Channel —)@
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Fig. 2. Light therapy device with absorption dose measurement

Light therapy device works as follows. Initially, in
the first stage, the device is calibrated. For this the mir-
ror should be set to point A (focus of the reflector). The
signal come in to input of the photodiode and the bal-
ance of intensity can be written in the form:

B=P, +P, (6)

where P; — power of the emitter 3 light flux; sz -

power received by photodiode (reflected from mirror);
P; — power of dispersion on the way laser emitter — mir-
ror — photodiode.

When signal of power P,, is send to the photodi-
ode the photocurrent /; proceeds in the circle photodi-
ode — load 5; this photocurrent is identical to light flux
intensity

I =B, (7)

The signal fed to the photodiode periodically under
the action of the generator 3 impulses. At the coordina-
tion load 5, the voltage dispersion is formed during the
passage of the signal

Ul2 = IlszH +U1i , ®)
where U — noise dispersion which is brought to the
measuring channel input.

In the second half-period, when the signal does not pass,
the signal voltage is absent and
U; =U., ©)
The voltage packets (8) and (9) are fed adherently
to the input of the measuring channel 6. As the result of
this process in the output of the measuring channel for
the switching period by the analogy with the equation
(5) for calibration mode we get the value:

Ul -U3) 1

Uy =8, ———==55 LR, =B, (10)

1™ u

In the formula (10) the unknown part of the scattering
power P; which physically participates intensity balance
according formula (6), is not taken into consideration.

As it’s seen from (10), in the output of the OR
measuring channel we receive constant voltage which is
proportional to power, reflected from the mirror. Its own
noises are compensated in the measuring channel by the

modulation conversion algorithm.

At the second stage the measurements of the ab-
sorption dose while patient irradiated are performed.
The skin area (or biological active point - BAP) is
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placed in the focus A of the reflector. The optical signal
is fed to the photodiode and intensity balance we can
write as

'

R=P,

2w

+P, +P

4w >

(11)

where P, — reflected by the skin to photodiode power;

2w
P,,, —absorbed by the skin power.

From the equations (6) and (11), taking into con-
sideration the equality of falling £ and immutability of
the scattered power P, by preserving the geometry of
the irradiation, determine the absorption power of the
area of absorption or BAP

Lu=P P, (12)

Taking into account the calibration procedure and

the equation (10), we obtain

1
U; =505(112K—122W)R,, =B B, (13)

It is seen from formula (13) that power absorbed
by the BAP, is proportional to the difference of the re-
flected power from mirror during calibration and during
irradiation of the skin. The scattering power, which can

5

be 15-20% of the total intensity of the falling light flux,
does not affect the result of the measurement, which
greatly increases the accuracy of the measurement of the
dose of optical radiation.

In addition, by the changing the frequency of the
generator 1, modulation frequencies with the maximum
absorption can be determined, thereby the effectiveness
of the light therapy with proposed scheme device will
increase.

System for light therapy with absorption dose
determination.

The device considered in (13), provides irradiation
of the certain areas of the patient’s skin, most often
BAP. At the same time the necessity of the surface ef-
fects on the biologically active zones, wounds surfaces
and so on, arises.

Fig. 3 shows an automated microprocessor system
for light therapy of the skin surface using a matrix illu-
minator and the ability to measure the dose of energy
absorbed by the skin area [14].
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Fig. 3. Simplified scheme of automated system for light therapy with determination of the dose light flux energy ab-
sorption

Microprocessor system consist of photodiode ma-
trix 1, photocell 2, calibration mirror 3, generator of the
reference voltage 4, commutator 5, measuring channel
6, analog-to-digital convertor 7, and computer 8.

At the first position of the commutator 5 the meas-
urement of the reflected signal from irradiated object is
performed

U =1R +U,, (14)
where I, — current through the photocell 2 at the maxi-
mum light flux intensity of the light matrix 1; R — in-

put resistance of the converter current — voltage of the
measuring channel, U, — appropriate dark voltage of the

photocell 2.

System provides possibility of automatic determi-
nation of the absorption dose of the matrix illuminator
light flux.

The output voltage of the reference generator 4 is
determine by the expression

Uy=U; =Ry, (15)
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where [, — dark current through photocell 2; y, — ap-

propriate dark voltage.

The reference generator introduction provides
compensation of the dark current of the measuring pho-
tocell during modulation transformation process, which
increases system sensitivity.

Measurement of absorption dose is carried out in
two stages. Initially, a system calibration using reflected
light from the mirror is performed. The result of output-
ting ADC 7 in the form of a code N, is stored in the

computer memory
(16)

where S, — total conversion rate of the measuring channel.

1
N, =S,U, :SOE(UI —UO),

At the second stage the mirror is removed and the se-
lected skin area of object A is irradiated, resulting in the
output of the measuring channel we obtain the voltage

value U_, from which ADC 7 is formed the code N, :

1

N, =S,U, =S05(U1'—U0), (17)
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where U/ — voltage due to intensity of the reflected
from irradiation objectl5; U, — second value of differ-

ence voltage.

The difference between the results of calibration
and irradiation measurements, which is calculated by
computer 8, characterizes absorbed by object of study A
part of the photodiode matrix 1 light flux:

N3:N1_Nz:S0(U2_U2’)' (18)

Thus, proposed system is characterized increased
sensitivity and measurement accuracy of the light flux
power, and at the expense of the developed measure-
ment algorithm — control over the level of energy ab-
sorption during the light therapy procedure and, accord-
ingly, ensuring the possibility of the biological effect
evaluating and predicting the result of irradiation.

Photometric radar meter for materials sensing

Measuring of parameters of optical irradiation,
which pass through biological tissue or other poorly
transparent (cloudy) materials and environments is actual
task for such fields as biology and medicine, chemical
industry, ecology, food industry and other. The evalua-
tion of the absorption abilities of materials and fluids, the
depth of light flux penetration, for example, in biological
tissue, and fading factor determination. Measurement of
the concentration of a substance in various solutions by
the method of determining the light penetration or optical
density is widely used in medical technology and envi-
ronmental research. Optical tomographs for brightening
and diagnosing breast cancer in women and the brain in
newborn infants are the most secure diagnostic systems
[15].

P ‘g‘ 9| Measuring Channel

In this case is important the provision of high sen-
sitivity and accuracy of the initial parameters of the
light fluxes passing through the investigated materials —
depth of penetration, coefficient of weakening or ab-
sorption. The development of photometric equipment
such as colorimeters, spectrophotometers, optical tomo-
graphs and others require high sensitivity and resolu-
tion, and in the range of optical low-intensity signals [7,
16]. These requirements are met by the modulation
methods of transformation of information signals,
which, using optical-beam elements, provide highly
sensitive spectral analysis in the light therapy processes
and medical biological researches.

Fig. 4 shows the simplified scheme of the modula-
tion meter for the study of the reaction of poorly trans-
parent substances and liquids to the irradiation by light
fluxes in the range of the optical signals [17].

Highly sensitive modulation meter (spectral ana-
lyzer) for sensing materials includes generator unit con-
sisting of microcontroller 1, modulator 2, three-
positional switch 3, semiconductor photodiode matrix of
three light sources, receiving portion includes photocell
5, standard measuring channel 6, analog-to-digital con-
verter 7 with output connected to computer 8. The com-
puter output is connected to microcontroller input 1.

Receiving portion is a high-sensitivity optical ra-
diometer which is installed on a moving carriage.

Structurally, the LED matrix 4 and the photocell 5
are arranged on the same axis, which does not change
with carriage movement, which provides the ability to
measure the ballistic component of the light flux passing
through material. Photometer which measure absorption
capacity of the materials works in several stages as fol-
low.

5 6

Z\

MC CPU

7
#

Fig. 4. Simplified scheme of the modulation optical spectrum analyzer

Initially the calibration of the meter is carried out.
Carriage with photocell 5 is set at a distance corre-
sponding to investigated material thickness and the sig-
nal level from the selected LED is measured according
to the standard switching modulation conversion algo-
rithm. Information in the form of code N, is written to
the computer. After completion of the calibration, the
test material is set and measuring the signal level at the
sample output is carried out. Obtaining value in the
form of code N, is also fixed in the computer. The ab-

sorbance capability of the material for the selected
wavelength (light diode) is determined as:
o, =N,/N, . (19)

The fixed in the computer values of the specified
parameters, for example, in the range of visible light
from 4,=400 nm to 4,=700 nm, allow to construct a pre-
dicted absorption spectrogram of the test material.

When we determine the absorption coefficient of
the material, we can estimate the intensity of light flux
passing through the same material of other thickness
using Bouguer — Lambert — Ber’s formula:

130 Bicnux HTYY “KIII”. Cepia IIPH/IA/IOBY/]YBAHHA. — 2018. — Bun. 55(1)



11

ISSN 0201-744X, ISSN 0321-2211

uaaou i cucmemu 0iomMeOuyHuUX mexnoio2ii

J, = Jliad > (20)
where J,, J, - intensity of the light flux respectively on
input and output material; a - absorption coefficient of
the material; d - material thickness.

The authors conducted experimental studies of a
number of materials of the biological and plant origin

with the help of considered device. Figure 5 shows the
results of the study of the absorption of optical radiation
of different wavelengths in soft tissues of the human
body in the BAP HE-GU, GI 4 (Fig. 5, a) and samples
of the animal tissues (Fig. 5, b).
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Fig. 5. Spectrograms for the distribution of light fluxes in samples of biological tissues

The methodology of prepared biological tissue of
animal origin was as follows. The samples of the adi-
pose and muscle tissues of animals, slaughtered for ag-
ricultural purposes, were formed in the same size and
thickness with surface skin saved. Irradiation of the
samples was carried out in three variants: variants 1 and
3 - through the skin and subcutaneous tissue and variant
2 - only through subcutaneous tissue.

As we can see from Fig. 5, a, in a functional (liv-
ing) tissue of the human body, the attenuation of the red
light flux is at the levelldB/mm, and the attenuation of
light fluxes of green and blue is at the level of 5dB/mm.

Fig. 5, b shows spectrogram of light fluxes at-
tenuation distribution in the tissues of animal origin.
Charts 1, 2 and 3 characterize the light passing through
the adipose tissue in the three described above variants.
Solid line reflects the distribution of attenuation in the
muscle tissue and its form and level almost the same as
graph on Fig. 56 a. Light fluxes attenuation in the adi-
pose tissue for different variants of the irradiation, is
within the range of 1 — 2.2 dB/mm. Free penetration of
light fluxes through the adipose tissue is a positive way
to perform procedures in patients with excessive weight.

Fig. 6 shows the spectrographs of the light fluxes at-
tenuation in the samples of plant origin — aloe and beet.

The methodology of the aloe samples studies
(fig. 6,a): 1 and 2 — irradiation through surface layer
and soft tissue and vice versa; 3 — through the integral
leaf. From the graphs we can see that minimal attenua-
tion has light flux of the green. A similar form and close
absorption coefficients in the whole range of wave-
lengths also has a spectrogram of light fluxes penetra-
tion into a kalanchoe leaves (this isn’t ilustrated); so, we
can think that such graphs are common for green leaves.

The studies of beet samples give these results
(fig. 6, b): lines 1 and 2 — irradiation through the surface
layer and strip (tissue) of dark color; lines 2.1 and 3 —
irradiation pass through the surface layer and strip (tis-
sue) of the light color. The presence of the solid red
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pigment in the beet tissues lead to abruptly attenuation
of the light fluxes and lighting of the tissues — to its sig-
nificant decreasing (graphs 1, 2). The form of the spec-
trograph on the fig. 6b is similar to graph on the fig.5a,
this could be explained with the presence in studied
tissue red color from blood — hemoglobin. This effect
can become a base of the non-invasive method of he-
moglobin level determination in the human body.
Using the results of the experimental study, for
equation
B,=(N,-N,)/d, 21
the linear value of absorption which allows to calculate
attenuation for similar material of other thickness d_ is

possible to determine.

Conclusions

Considered advantages of using switching
modulation transformation for optical modulation
radiometers construction and variations of their

application in medicine, biological studies and material
science provide:

1. Significant simplifying of the block diagrams and
process of optical signals measuring in connection with use
of the optic electronic elements and absence of the optical
mechanical components of the measuring path.

2. The measurement of the low intensive optical
signals at the level 1 107°—1 107*W at the expense of
compensation of hardware noise of the optical electronic
converter and measuring channel of the OR.

3. The possibility of construction of the modern
devices for light therapy with measuring the dose of the
absorbed radiation by selection of reflected and
scattered energy which enhances prediction of treatment
efficacy.

4. The possibility of the choice of modulation
frequencies with maximal absorption of the light flux
and the construction of automated systems with
frequency scanning of the illuminating signal.
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MEJMKO-BIOJIOI TYHUX

MonynsuiiiHa pagioMeTpisi IUPOKO BUKOPHCTOBYETHCS B PaJiOTEXHIYHUX BUMIPIOBAaHHSX, 3a0€3I1€UYI0UN BUCOKY UYT-
JUBICTh BU3HAYEHHS 1HTEHCHUBHOCTI, SIKa JJISl IIYMOBHMX CUTHamiB Moxke csaratu 1 10—21—1 10—22 Bt/Tu. B crarTi
MPUBOASTHCS BIJOMOCTI IIOJ0 BUKOPUCTAHHS HU3bKOIHTEHCHBHHMX ONTHYHUX CHT'HAJIB, 3 IHTEIPAIbHOIO MOTYXKHICTIO
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1 10—9—3 10—12 Bt s Teparmii, AiarHOCTHKH Ta TOTIHOICHUX MEIUKO-010JIOTIYHUX JOCHTIKEHb. ABTOpaMHU PO3TJIs-
HYTO MOJJIMBOCTI MOJYJISIIHHO-KOMYTALIIfHOrO TMEPEeTBOPEHHS Ul NMOOYZOBH BHCOKOYYTIMBUX PaiOMETPUYHUX
MPUCTPOIB ONTHYHOTO Jiala30Hy Ta BapiaHTH iX BUKOPUCTaHHsS. PO3MISIHYTO CXeMy ONTHYHOIO pajaioMeTpa Ta ajiro-
PHUTM NEPETBOPEHHS CUT'HAIB 3 KOMIICHCALIEI0 IIYMIB PaJiOMETPUYHOTO KaHATYy.

[IpuBOASTECS OPUTIHANBHI CXEMH ONITUYHUX MOAYJIAIIHHNX pagioMmeTpiB (OMP) B moeHaHHI i3 MPUCTPOSMHU IS CBITIO-
Tepartii, 110 PO3MIMPIOE TX MOXKIIMBOCTI Ta MiJBHILY€E e(EKTUBHICTh TEXHOJIOTIH JIKYBaHHS, B TOMY YHCIHI MPHUCTPIH JUIs
BU3HAYCHHS JI03H MOTIIMHYTOI €HEprii B MPOIIECi MPOBEICHHS CBITIOTEpAlIii I aBTOMaTH30BaHA palioOMETpHUIHA CHCTEMa i3
OLIIHKOIO NOTJIMHAHHS CBITJIOBOTO MTOTOKY T BUKOPHUCTAHHSIM 3BOPOTHOTO 3B’S3KY 3 00’ €KTOM ONPOMIHEHHSI.

PosrnsiHyTO cXeMy (DOTOMETPHUYHOTO palapHOro BUMiproBada (CIIEKTpOaHami3aTopa) Ui JIOKaIlii ciaabKo mpo30pux
MarepiaiiB, IPUBEJCHO PE3YJbTaTH €KCIEPUMEHTAIBHUX JOCIIDKEHb 3pa3KiB 010TKAHMHU POCIMHHOTO i TBAPHHHOTO
MOXOJ/KECHHSI, @ TAKOXK B3aEMOJIIIO0 CBITJIOBOIO MOTOKY Pi3HOT JOBXKHMHH XBHJIb 3 TKAHWHOI PYKH JIOJUHU. ABTOPCBHKI
TEXHIYHI pillleHHs 3aTBEP/PKEHI MaTeHTaMu YKpainu. ExcriepuMeHTanbHO NOKa3aHo, SIKUM YMHOM HAsBHICTH KOJIOPO-
BOTO IMMrMEHTY B 3pa3kax 0i0TKaHWHH 3MIiHIOE (POPMY ONITUIHOI CTICKTPOTPAMHU, IO MOXKE BUKOPHUCTOBYBATHCS JJIS T10-
Oyll0BH HOBHMX METO/IB Ta 3ac00iB (hOoTOAHANIZY Ta iarHOCTHKH.

KiiouoBi cjioBa: MOIyJALMIHHO-KOMYTAIliifHE TIEPETBOPEHHS, ONTHYHHUHA PagiOMeTp, CBITIOTEparis, iIHTCHCHBHICTb
CBITJIOBOTO TIOTOKY, OioMaTepiany.

1 1 2
)A. ®@. SIHeHKo, K. JI. IlleBueHKoO, )0. JI. TonoBYaHckast

1 o o o o
)HaquHaﬂbelu mexHuyeckull yHugepcumem Ykpaunvl « Kuesckuil noiumexHudeckuti UHCMumym
umenu Heops Cuxopckozoy, Kues, Yxpauna;

2 . .

)HaquHaﬂbelu meouyurckutl ynueepcumem umernu O. boeomonvya, Kues, Ykpauna
MOAVYJIIIMOHHASA OIITUYECKASA PAJMOMETPUA B MEJIMKO-BMOJIOI'MYECKUX
IMPUMEHEHUAX

PaccMOTpeHbI BO3MOKHOCTH MOIYJISITHOHHO-KOMMYTAIITMOHHOTO TPEeoOpa3oBaHus UIsl TIOCTPOCHHUST BBHICOKOUYBCTBH-
TCJIbHbBIX pa[[I/IOMeTpI/I‘{eCKI/IX YCTpoﬁCTB OIITUYCCKOI'o Auamna3oHa u BapI/IaHTI)I HX UCIIOJIL30BaHUA B MCIUIIUHE, 61/[0.1'[0-
THYCCKHUX HCCIICAOBAHUAX U MaTCpI/IaIIOBCZ[CHI/II/I.

[TpuBoasiTCS OpUTMHAIBHBIE CXEMbl ONTHYECKUX MOIYJISLHUOHHBIX paauoMeTpoB (OP) B coueranum ¢ ycrpoiictBamu
IUUISL CBETOTEPAITHH, YTO PACIIMPSIET MX BO3MOKHOCTH H MOBBIMAET YQPEKTUBHOCTh TEXHOJIOTHIA JICUCHNSI.
PaCCMOTpeHHaH cXeMa (bOTOMeTpI/I‘ICCKOFO paaapHoro I/I3M€pI/ITe.HH JJIsL JIOKaluu cna6o HpO3pa‘IHLIX MaTCpI/IaHOB nu
TIPUBOJIATCST PE3YJILTATHI dKCIIEPUMEHTAIBHBIX UCCIIENOBAaHUN 00pa3IoB TKaHEH PAacTUTENBHOTO W XUBOTHOTO IPOMC-
X0XIOCHM:A, a TAKXKC BSaHMOHCﬁCTBHG CBCTOBOI'O ITIOTOKA pa3J'II/I‘IHOI71 JJIMHBI BOJIH C TKAHBKO pyKI/I YCJIOBCKA.

KiroueBble ¢i10Ba: MOIYIAIMOHHO-KOMMYTAIIHOHHOE TIPE0Opa30BaHMs, ONTHICCKUHA palOMETp, CBETOTEpAIHs, HH-
TCHCHUBHOCTBH CBECTOBOI'O ITIOTOKA.
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