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AUTOMA TED TESTING SYSTEM FOR IMPLANTS
TO REGULATE INTRAO CULAR PRESSURE

Purpose of work.  The implantation of drainage devices in glaucoma is usually performed after previous unsuccessful
treatments and is the patient's last chance fo save his vision. The article describes the device that allows automating the p rocess of
preoperative check-up of implants of different types used for intraocular fluid withdrawal in case of glaucoma. This device will help
to increase the success of the operation and help to preserve the vision of the patients with glaucoma due to th e pre-test of the
implants for serviceability and parameters of intraocular fluid withdrawal.

Methodology.  For the realization of the goal, the authors developed a functional scheme of the automated system for
measuring and controlling the parameters of th e intraocular pressure regulation implants based on the microsystem technology
elements.

The results. Depending on the material and hardness of the implant, there are three possible cases in which the implant
opens earfier and there is a risk of hypotension to the patient's eye, later there is a risk of hypertension and the implant works in
the normal pressure zone. The authors provide testing graphs of three implants of varying levels of hardness, as well as a graph of
the reproducibility of the characteri stics of the non-faulty implant.

Scientific innovation. The method of testing implant parameters by way of hardware overpressure creation with the
possibility of automated control parameters of pregperative testing the implants is propose

Practical signifi cance. The developed automated system for preoperative testing of implants, which provides:

I' simplification of the scheme with the simultaneous possibility of automating the process of preoperative testing of
implants of different types;

I allows getting an increase of sensitivity, measurement accuracy, and objectivity of implant parameters determination,

I' determination of their suitability for use in the medical -surgical practice by the parameters of fluid withdrawal, exactly
opening pressure, closing pressure and reproducibility of the characteristics during the repeated operation, which will contribute to
the efficiency of the performed operations;

I' reducing the time of implant check, which is limited by 2 -3 minutes, and the possibility to save informa tion about the
parameters both in electronic (computer) and paper form.

Key words. glaucoma, intraocular pressure, implant, pressure measurements, testing, process automation, microsystems
engineering.
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Introduction. Glaucoma is one of the most severe diseases in ophthalmology and often leadsofo los
vision and is the second most frequently occurring disease [1]. The main cause of glaucoma is uncontrolled changes
in the passage of intraocular fluid through the trabecular network; in the case of pathology, this leads to an increase
in intraocular pessure (IOP) and eye nerve damage. During this disease, an important means of preserving the
patient's vision is to control IOPs to take timely IOP normalization measures. Such control can be performed on an
outpatient basis (oAeme) or using an implaetl microchip, e.g., 1i2.4 mm in size with regular IOP information
transmission at 914 MHz or 2.2 GHz [2.3]. However, it should be noted that the use of the microchip is currently in
the process of experimental research approbation and is not widespread.

The last, most effective method of IOP normalization is the implantation of drainage devices (valves),
which is usually performed after previous unsuccessful treatments and is the patient's last chance to save his vision.
Installation of the valve is cagil out in the process of a complex surgical operation.

Molteno (Molteno Ophthalmic Ltd, New Zealand), Baerveldt (Advanced Medical Optics, USA), Ahmed
(New World Medical Inc, USA), and Krupin (Hood Laboratories, USA) valves are used as implants [4]. Timely
actuation of the valve and pressure reduction ensures the storage of the optic nerve in working condition.

However, some parameters of the implants may have considerable variation, it is also important to maintain
their stability overtime during the usagé the product [5]. The normal range of intraocular pressure at which no
pathological lesions occur and to which the implant should react is within the rang@lofrén Hg, but it can
fluctuate, even up to 60 mm Hg. [6].

Therefore, testing existing implantefore surgery is an actual task for ophthalmologists and implant
designers. Evaluation of implant parameters before implantation is one of the components of successful surgical
intervention and preservation of the patient's vision [7]. The testing guoeeonsists of measuring the pressure
parameters at which the intraocular fluid is output by the implant before insertion into the human eye. It improves
the selection and helps to identify deviations in the parameters of the intraocular fluid outpaitirmplant and
make predictions about its further performance when.used

Literature review . Modern methods and tools for implant operability testing provide for hardware creation
of overpressure of physiological solution and its passing through the lbeohtvalve with the use of analog or
digital control device, which can significantly differ in structural construction, accuracy and resolution of pressure
parameters determination. Equally, important are not only metrological parameters but also tloitysiamol
availability of such equipment for a preoperative check before implantation.

Currently, there are several w&hown methods of testing implants for workability and measuring
equipment built on their principleCurrently, there are several wé&hown methods of testing implants for
workability and measuring equipment built on their principles.

Thus, for example, in [8] is considered testing of implants without a pressure sensor, instead of it an
operator manually lifts a reservoir with a salidusion to a given programmed height. The disadvantages of this
technical solution include the inaccuracy and subjectivity of the reference when setting the pressure, as well as the
lack of automation.

In work [9] the device of preoperative testing hasitthcomposition a tank with a physiological salt
solution, 3inlet splitter, analog manometer, cannula 30G (external diameter OrBfriZand internal diameter
0.159mm), connecting tubes, and the tank with a physiological salt solution is connectedputlod 8 inputs of
the splitter, the first output of which is connected to the manometer, and the second output is connected through the
cannula with the valve input. By raising or lowering the physiological salt solution tank, the ground gravity
increass the pressure in the system to pass the solution through the AGV valve and fixes the pressure values of its
actuation. The disadvantages of this device are the significant inaccuracy and subjectivity of the pressure reading
and the assessment of the vélwectionality for implantation.

The paper [10] describes two methods of preoperative testing of drainage valves, presented in the form of
two protocols.

One of them realizes the influence of a change of world gravitation, and in the other overprassateds
by the engine connected to the tank with saline which exit through a connecting tubmketd@itter is connected
to a pressure balancing tube, the manometer, and AGV. Insufficient sensitivity and complexity of registration of the
moment of opration of the valve which depends on the professionalism of the operator, and accordingly some
subjectivity in definition of implants parameters, reduces the efficiency of the definition of their suitability for use
should be attributed to lacks of thensidered device.
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A more complicated verification system is described in [11], the excess pressure in it is created by a
reservoir with saline solution in the form of an infusion pump. The created pressure is controlled by an analog
manometer and at the @tlof the AGV valve by a digital sensor. Besides, the system is also equipped with-a high
speed digital camera with a microscope, used to record the flow of solution through the implant.

The disadvantage of the described device and method of verificatibe significant cost and complexity
due to the use of infusion pump, video camera, and microscope, which are necessary to record the time and
parameters of the valve actuation, as well as the focus on the detection of fluid passage only with théy/paplan
AGV, which limits their mass use.

Shortcomings of previous devices have been corrected in the device [12]. The system is based on a
microcontroller, a stepper motor with a worm gear, a tank with saline, a microelectromechanical pressure gauge, a
liquid detector, and an ADC connected accordingly.

The system provides a significant increase in the sensitivity and accuracy of implant parameters
determination. At the same time, the weak point of this technical solution is the use of mechanical edanteats,

a stepper motor with worm gear and a piston in a reservoir with saline. The presence of these elements limits the use
of such a system more in stationary conditions at implant manufacturing enterprises or specialized ophthalmological
treatment cemtrs. However, the development of ophthalmological care and the availability of many centers requires
the creation of highly accurate but affordable devices for preoperative verification and testing of such implants in
clinics and outpatient clinics. Alsdhe testing process should be more natural and closer to the physiological
processes of intraocular pressure changes.

Purpose Based on the abowaentioned device the authors set a task to develop a simple and reliable
measurement schemreserving the sesitivity, accuracy, and objectivity of implant parameters determination as
well as their effectiveness by determining their suitability for use in mesliicgical practice.

Methods. Fig.1 shows the authors' propostohctional scheme of the implant tesgi system for the
regulation of intraocular pressure.

—

k!

7 2 ‘3 L5 6 7 8

3 | % 0 9
P d # -

e [l

Fig. 1. Functional scheme of the implant testing system for the redation of intraocular pressure

A

The system includes a power supply unit (accumulator) 1, electronic key 2, miniature compressor 3 is
connected through the passage valve 4 with a reservoir with saline solutienpbit 3plitter 6, with an electro
mechanical pressure gauge 11 with a gffivalve of saline solution 7, and a canula with the implant 8. To the
output of the implant is emected liquid detector 9 and ADC 10, which is connected to the microcontroller input 12.
The first output is connected to computer input 13, and the second output is connected to electronic key control
input 2.

The implant testing device for intraocularepsure regulation works as follows. First, the implant is
connected to the cannula, which is connected to the stopping tap of the saline solution supply 7. The computer 13
switches on the implant testing mode, microcontroller 12 switches on the com@asgadhe electronic key 2 to
increase the pressure in the reservoir 5, due to the throughput valve 4 the air cannot return to the compressor from
the reservoir. The pressure in the connection system gradually increases and is constantly monitored by a
microelectromechanical pressure sensor 11, the level of pressure is constantly read by microcontroller 12 and
recorded in the computer memory as a pressure graph. The system pressure rises from zero to the trigger value of
the implant being tested.

When theimplant is activated, the liquid appears on the implant outlet, which falls on the liquid detector 9,
the opening pressure level of the implant is fixed. The signal of the detector 9 is converted into digital form via ADC
10 and is sent to the microcontesl 11, which stops the compressor 3 turning off the power supply due to its
electronic key 2. The value of opening pressure from microcontroller 11 is fixed on the computer.

When the valve is opened, the pressure in the system gradually decreasesarfiesdghpressure change
is constantly monitored by the microelectromechanical pressure gauge 11 and input into the computer 13. When the
valve is closed, the pressure is set to a constant level, the value of closing pressure from the electromechanical
pressure gauge 6 is transmitted to microcontroller 11 and input into the computer 13. With the use of the computer
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program is drawn up a graph of the change of pressure of this instance of the valve and determined the working
range of pressure in which thelwa can operate

R=F R @
wherePy, P21 is the value of the opening and closing pressure of the valve.
Also, the system provides the ability to check tleproducibility of the received valve parameters, for
which after the first step information is taken, multiple test cycles are activated, the average value of the dynamic
range is determined, for example, fgg measurements:

SP AP, ®, R)/n )

WherePn, Pro, Pns 1 pressure variation ranges for repeateih®s measurements as well as the scattering
percentage of each measurement.

The obtained values are compared with the stahdaes (921 mm Hg), the results are summed up
according to the implant conformity or roanformity with the established norms and the testing protocol is filled in.

Fig. 2 shows the testing algorithm, which contains the steps for starting and workitige amplant
checking system.

1. Connect the implant

|

2. Open valve

)

3. Implant testing mode
3 steps

End
The implant outputs fuid
af reduced pressure Ting
No

Yes
Didl the liguid N
datacior work?
Yes
implant works
pressure is Finp

Yes

Oied the figuid
dalactor work?

Olied the liguid No
detector work?

Yes

Yes
Clear fluid detector
Dict the Iiquid
I'sa 30 detector work?
| siep of fasfing?
Yes

End
implant outouls fuid
( fmpfant works ﬁna al overpressure Fing

Fig. 2. Algorithm of the implant testing system for the regilation of intraocular pressure

In the first step, the operator will connect the cannula with the implant to the crane. In the second stage, the
operator will opa the tap. The third step starts testing the implant for which the microcontroller controls the
electronic key with a compressor and increases the fluid pressure that comes to the implant inlet, feedback is
provided by a microelectromechanical pressures@ethat continuously records the pressure level at 50 Hz and
transmits data to the microcontroller, the second feedback is provided by the fluid detector, registers the passage of
fluid through the implant.
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The pressure in the above system constantheasas until the implant starts to withdraw the fluid, which
is recorded by the fluid sensor. At the moment the fluid passes through the implant, the system determines the
pressure level at which the implant starts to remove the test fluid, after thdapefahe fluid detector, the system
registers the pressure of the opening of the implant and stops the fluid supply point (1a, 1b, 1c) in Figure 2

Open valves smoothly reduce the pressure level in the system until it is completely closed (points 2a, 2b,
2c). In the process of testing the valves depending on the quality of these products, different levels of hardness and
the like etc.

Results During the testing process, the parameters and conditions that are important for further ensuring
the quality ofthe implants are checked and there are three options for the obtained result. Fig. 3 shows the graphs of
checking the pressure parameters for three implants of different hardness levels, marked by the symbols a, b, and c.

P(mm Hg)

30 o
25 //\\20
20 = / % .
15 /< /\

/ SN2 N \ 6b

12 _K 2a

O 1 2 3 t(min)

Fig. 3. Test pressure diagram ofmplants of different valve hardness:
a, ci defective implants,bi functional implant

Fig. 3 Test pressure diagram of implants of different valve hardness.i adefective implants, b
functional implant. First implant a (Fig. 3) has a reduced lef/élardness and is characterized by pressure changes
from 8 mm Hg. (valve opening point 1a) to 5 mm Hg. (Closing point 2a). The testing cyclehofis implant lasts
within 30/ 40 seconds. Activation of the liquid detector at this stage is a sign of geninfiailure with the risk of
hypotension for the patient's eyes and such a valve is not suitable for use.

The second implant, marked with the symbol b, has a higher hardness and therefore opens at a higher
pressure level, also increases the test timé5tseconds. The change of the pressure parameters of the second
implant (Fig. 3) of the points 1b and 2b is within the normal range idf38m Hg. Activation of the fluid sensor
indicates that the implant works within the normalized intraocular pressoge of 921 mm Hg. After determining
the implant, which meets the normative requirements, the reproducibility of parameters is checked by the method of
multiple repeated pressure increase. For this purpose, the operator removes the fluid from the pratieatbthe
fluid detector and switches on the system of pressure increase again up to the moment of the fluid detector actuation,
fixes the moment of the implant reopening in the point 3b. The signal from the detector stops the compressor, after
whichthe open valve pressure is reduced and stabilized at point 4b. This step is then repeated (points 5b and 6b). In
the case of repeatability, the valve is recognized as a quality valve due to triple testing and used for surgical
treatment of a patient witHayicoma.

The third implant c (Fig. 3) is characterized by high hardness (stiffness) and change of actuation pressure
within the range of 283 mm Hg at the points 1c and 2c, which exceeds the normal range of intraocular pressure.
Activation of the liquid @tector at this pressure indicates a complete malfunction of the implant. The use of such an
i mplant indicates the risk of hypertension in the pat
Isj Miskze Odzedzv dzOW o dzd » ' B ZGdzls@lss'cd yitheg G5 10 st If | © Gealp HBdzdf dg s 9 § |
dzOMmlszf dzdr Jjdzj B dels' @ i3 Ctesmdmlsj dgdets™ Isj mdz' € (.

Microcompressor WHALERLOO with 1.5 V supply voltage was used to create the required pressure
variation range from 0 to 3d0 mm Hg. To provide automated modes ydstem operation, the STM32F103RET6
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chip was used as a microcontroller. An important element of the system is a pressuré sersane of the
functional units, which provides the possibility of automation of the verification process and the cormgpondi
accuracy of implant testing. The ST Microelectronics LPS33HW microelectromechanical pressure sensor satisfies
these requirements. The sensor has an integrated filter, a pressure reading frequency from 1 to 75 Hz, the
microcontroller reads the data fraime sensor via the SPI interface, and provides communication with a computer.
The accuracy of the pressure measurement is 0.075 mmHg o¥0a2%he maximum pressure in the LPS33HW.
WAVGAT MH RD resistive liquid detector with 4 cri 5 cm sensor part sizevith ADC based on LM393
comparator, 5V supply voltage, and comparator responsal spee f 1.3 e©€s was wused as a
conversion characteristic for the analog output of such a detector is a discrete function of the presence of liquid on
the sensor plate of the detector w and looks: _
W THO UL T 3
& oo 0 T ®)

As follows from (3) on the digital output O or 1 is formed, in the absence or presence of liquid on the
sensor, the required response sensitivity is adjusted by changiregitamce of the potentiometer.

Conclusions The proposed system provides:

1. Simplification of the scheme with the possibility to automate the process of preoperative verification of
implants of different types.

2. Allows getting higher sensitivity, measment accuracy, and objectivity of implant parameters
determination.

3 Determining their suitability for use in mediealrgical practice by the parameters of fluid withdrawal,
namely opening pressure, closing pressure, and reproducibility of the chatiastat repeated operation, which
will contribute to the efficiency of the performed operations

4. Shortened implant testing time, which is limited t@ Zninutes, and the ability to save and store
parameter information, both electronically and in pdpen.

The system developed by the authors is a promising one and can be used not only for checking known
types of valves but also for testing implanted redémuency chips [2,3], which are currently only undergoing
experimental testing.
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INFLUENCE OF THE OF REFLECTION AND SCATTERING LIGHT
ON COLOR CONVERSIONS OF THE SATELLITE IMAGERY

With the development of computer technology there are new opportunities for better image processing. Moreover, this
applies not only to the visible range of electromagnetic radiation but also fo the inf rared, ultraviolet, X-ray and microwave range.
However, the most effective remains the registration in the visible range (430 -790 nm). This is primarily due to the structure of the
human eye, which can distinguish up to 1.6*107 different color shades. It s hould also be noted that the qualitative processing of
optical images is a prerequisite for machine vision.

The paper deals with the problem of processing satellite images, which is one of the most relevant fields of data science
in the field of extracting useful information from a large array. There are a number of powerful computer programs for processing
satellite images. However, don't always take into account all the features of images, and their use is quite laborious, as a rule. The
RGB model is usedin which each color is represented by red, green and blue primary components. In this work was released the
computer program (on programming language of C#) which can be used to effectively modify images to improve their visual
perception. As an example, a satellite image of the Seret River was used for RGB processing. The uniform thematic zones
responsible for the presence of water, vegetation and soil were detection in visible region of the spectrum. The uniformity o f the
selected area is confirmed by color and histogram processing. A similar situation are realized when the radiation is emitted, which
originates from a fragment of a river covered with green space, but the less intensity. In this case, the blue component is a Imost
invisible. Although on the histogram its intensity is comparable to other components. The result is explained by the Rayleigh
scattering on the surface molecules of water. The intensity of blue light is characterized by an intensity almost five times higher
than red.

Keywords: satellite imagery, color models, histograms, reflection and scattering light
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[OSHCHENKO

Odessa state academy technical regulations and quality

METHOD DETERMINATION OF THE DYNAMIC P Ol S S CRMBIGN
OF POLYMER AUXETIC USING THREE TYPES OF ACOUSTIC WAVES

The article considers three cases of determining the complex dynamic Poisson's ratio of a polymeric auxetic with the
propagation of longitudinal, transverse and surface acoustic waves.

Based on the relations between the theory of elasticity and experimental values of the propagation velocities of
longitudinal and transverse waves and their absorption coefficients, calculations of the real and imaginary part of the Poiss on's ratio
for thermaoplastic polyurethane are performed. The experimental values of the propagation velocities of lon gitudinal and transverse
waves and their attenuation coefficients were determined using the pulsed immersion ultrasonic method.

The solution of the Rayleigh equation for the propagation in auxetic transverse and surface acoustic waves into auxetics
/s obtained. The use of Rayleigh equations and model approaches to acoustic wave absorption processes allowed to obtain relations
and characteristic equations for calculating the components of the complex Poisson's ratio of polymeric auxetic with the prop agation
of surface and transverse waves and surface and longitudinal waves, respectively.

The design of an experimental stand for excitation and reception of Rayleigh surface waves in a polymer auxetic with a
Poisson’s ratio close to minus one is proposed. A measuwement technique has been developed to determine the propagation velocity
of the Rayleigh surface wave and its absorption coefficient and to verify the adequacy of the obtained experimental data.

The analysis of the obtained values of the real and imaginary parts of the complex Poisson's ratio for thermoplastic
polyurethane indicates the adequacy of the proposed model representations and good reproducibility of the results in calculat ions
based on pair wise experiments.

Keywords: longitudinal, transverse and surface acoustic waves, wave propagation velocity, Rayleigh equation, wave
absorption coefficient.
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LATENKO V., MYRONOV R., ORNATSKYI.
Ukrainian Hydrometeorological Instituté SSI of Ukraine andNAS of Ukraine
LOGVYNENKO D.
SE "UKRMETRTESTSTANDART"

ALGORITHM AND PROGRAM F OR CALCULATING THE TEMPERATURE
BY RESISTANCE OF THE RESISTIVE TEMPERATURE DETECTOR

It would not be an exaggeration to say that high -tech platinum resistance thermocouples such as Pt100 completely solve
the problem of an electronic sensitive element for measuring temp eratures in the widest range. The high linearity of the
characteristics of Pt100 sensors allows to measure the temperature in small areas of the range with quite satisfactory accuracy
without any means of linearization. Thus, Pt100 sensors are used in medical thermometers or temperature meters for heated
rooms. However, in many applications of Pt100 sensors, the task of taking into account the nonlinearity of the characteristic to
achieve the maximum possible accuracy of temperature measurement in a wide range, which can provide sensors.

An algorithm for iterative solution in numerical form of the Calendar -Van Dusen equation of the fourth degree is
developed, which describes the dependence of the electrical resistance of the resistive temperature sensor Pt100 on the
temperature in the range of minus temperatures. The program on the VBA for Excel platform, which implements the developed
calculation algorithm, is listed. The efficiency of the program is confirmed by the results of calculations. The issues of ac curacy of
calculations provided by the program and the required number of iterations are investigated.

Keywords: algorithm, program, equation solution, iteration, temperature sensor, error, accuracy, resistance, calculation,
numerical, range.
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KOVTUN I., BOIKO J.,BATOVSKY V.

Khmelnytsky National University

STRENGTH DIAGNOSTICS OF COMPOUNDED STRUCTURES
IN ELECTRONICS UNDER THERMAL IMPACTS

The assembly of ceramic compainded capacitor, such as K 155, represents a ceramic disc polymerized by compound. Due to
diifference in linear expansion coefficients between ceramics and compound when subjected to thermal impacts ceramic-compound joint
undergoes a thermal stresses, which under unfavorable combination of these coefficients and mechanical characteristics of both materials may
cause cracking of compound or ceramics and destruction of the joint structure. The following tasks were accomplished in the c urrent research.
Thermal limits have been specified for operation of acoustic emission sensors made as an assembly of different materials, such as ste,
ceramics, plastics, which are also capable of emitting acoustic emission signals during thermal cycling. The waveguide is seécted and used for
transmitting acoustic emission signals from the object in the thermal chamber to the acoustic emission sensor outside the thermal chamber,
what expanded the temperature r ange by [ ncreasing positive temperatures i@p Heg+y 90 de
To eliminate hindrances associated with formation and cracking of ice during transition from positive temperatures to negativ e and reverse, the
vacuum chamber was created. The frequency separation of acoustic emission is accomplished for ceramic and compound parts of capacite.
The frequency band’s are: 650-1000 kHz for ceramic component K-15 using sensor P113 (0.51.0 MHz); 130-300 kHz for compound component
using sensor P113 (0.20.5 MHz). The method has been designed for non-destructive strength diagnostics of non-detachable assemblies of
ceramics and compound, such as capacitors K15-5, subjected to thermal impacts in the temperature range from +60 to 150 deg C.
Manifestation of the Kaiser effect after first two thermal impacts indicates of compliance with acceptable strength condition of tested assembly,
appearance of acoustic emission on Nth thermal cycle detects beginning of destructive process and indicates that such assembly will be
destroyed in 5-10 cycles.

Keywords: ceramic compounded capacitor, acoustic emission thermal impact, non-destructive diagnostics
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KARPOVA L., GOROSHKO AV., PYROZHOK V.V.

Khmelnytskyi National University

STATISTICAL PROCESSING OF MEASUREMENT RESULTS STRENGTH
CHARACTERISTICS OF CERAMIC RESISTORS
WITH POLYMODAL PROBABILITY DISTRIBUTI ON

Much of the electronic equipment (REA) is operated in conditions of changes in atmospheric pressure, temperature,
humidity, vibration and other destabilizing factors. The elements of such REA are subjected to static and dynamic mechanical load.
Accordig to various data, about 40% of such radio elements fail due to mechanical failure. In contrast to the field of mechanical
engineering, in instrument making for some structures of CEA elements there are no strength standards and in general insuffic ient
attention is paid to ensuring the strength of structures. One of the reasons for this state of affairs is the use of new materi als with
Insufficiently studied physical and mechanical characteristics in the production of CEA. Due to objective and subjective reasons, the
parameters measured on a real object, which characterize the quality of the electronic system, strength characteristics of ma terials
of CEA elements, properties of materials, etc., usually have a scatter of values, ie can acquire arbitrary values in some numerical
intervals. . Studies show that the variance of the values of such characteristics can be hundreds of percent, which often doe s not
allow to provide a given strength of the structures of the elements of CEA [2 -6].

One of the urgent tasks on the way to solving the problem of increasing the reliability of REA is the development and
improvement of experimental methods for testing REA, in particular methods of statistical processing of measurement results.
Having data on the implementation of these random variables, you can accurately estimate their true values, such as the method of
confidence intervals.

The article presents the results of studies on increasing the strength of sealed micromodules aimed at identifying the
causes of the spread in the strength characteristics of ceramic resistors manufactured by various manufacturers. For statistical
processing of the results of measuring the strength characteristics of resistors, a method for processing polymodal mixtures of the
probability distribution is proposed. The method consists in representing the mixture in the form of a superposition of Gaussian
laws, followed by the decomposition of the mixture. Proposed effective methods of decomposition. The method was applied to
determine the strength characteristics of resistors manufactured by three different factories. It has been substantiated that the
features of production significantly affect the spread of values in the characteristics. The method has been tested and shown to be
satisfactory. The developed method of statistical processing is more versatile than the existing parametric methods. In the case
when empirical data formed under the influence of several dominant reasons are subject to assessment, and it is impossible to
identify these reasons and divide the sample into corresponding subsamples, the method is more accurate than the existing ones.

Keywords: statistical processing, distribution density, mixture of distributions, Gauss's law
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KORETSKAL., FORKUNI., MEDZATY!I D.

Khmelnytskyi National University

STUDY OF METROLOGICAL CHARACTERISTICS OF AUTOMATED MEANS
OF MEASURING CONTROL OF PAPER HUMIDITY

The moisture content of the paper plays a very important role, as it affects the strength, stability of the size and shape of
the sheets. Control over the preparation of printing machines for printing, which aims to ensure the corr ect position of the print on
the paper, twisting, warping, static electricity, the formation of wrinkles and folds is impossible without control over the — humidity of
the paper and the dynamics of its change. The greatest stability of paper moisture is obse rved at a humidity of 45%. And the most
favorable range of humidity - 40-60%. But when you move sheets of paper from storage areas where the temperature is lower, to
the room where the printing will take place and the temperature is higher, and accordingly , a difference in humidity is created,
which will affect the humidity of the paper. After weaving the polyethylene sheets of paper begin to absorb moisture until th ere is a
balance of humidity in the environment. Changing the moisture content of the paper leads to printing defects, the use of more ink,
incompatibility of inks on the prints, and others. Therefore, measuring the moisture content of the paper before printing is  of great
importance. The optimum moisture content in the paper is 4.5 5.5 %. Hjgh-precision automated measuring instruments should be
used to monitor such small values.

High-precision determination of paper humidity in an automated humidity control system is important because the range
of usability of paper that is suitable for use is qu ite small. Inaccurate measurement can lead to the paper being considered unusable
by the system, and vice versa.

The use of surplus methods of measuring the humidity content of sheet materials provides automatic correction of errors,
which are due to the influence of the following factors. absolute values of the parameters of the conversion function of the
measuring channel and their deviation from the nominal values; nonlinearity and instability of the parameters of the transfor mation
function of the measuring channel as a result of the influence of external destabilizing factors, attenuation of the flow of optical
radiation introduced by the elements of the optical path and contamination of the optical elements. The extraction of the err or
components Is carried out as a result of processing the obtained intermediate data according to a certain equation of surplus
measurements.

The article studies the metrological characteristics of the automated paper humidity control system, which is based on the
use of the method of surplus measurements. The accuracy class of the automated control system is determined.

Keywords: automated humidity control system, metrological characteristics, surplus method, paper humidity.
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Khmelnitsky national university

ARCHITECTURE OF SOLAR PANEL INTELLIGENT MONITORING SYSTEM
BY MEANS OF INDUSTRIAL CONTROLLER

The paper is devoted to increasing the efficiency of real-time monitoring of the basic solar panel parameters. The main
disadvantage of existing solar panel monitoring systems is the inablility to troubleshoot a single solar panel of large p ower plants.
This is due to the fact that modern inverters transmit voltage, current and power data of solar panel string. To determine wh ich
particular panel has bad parameters, it is necessary to disconnect all panels in the string and check their parameters separately.
Another disadvantage of existing solar panel monitoring systems is the inability fo measure the temperature of each panel
individually, which significantly affects the solar panel performance. The solar panel intelligent monitoring system was developed
and based on using the measuring sensors. The solar panel intelligent monitoring system is connected to the Internet via Wi -Fi. The
solar panel intelligent monitoring system improves the measurement accuracy of the basic solar panels parameters. The solar panel
intelligent monitoring system reduces the detection time of solar panels with bad parameters and characteristics.

Keywords: solar panel, intelligent monitoring system, solar panel string, detection time, p arameters.
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dqqFacbojo 32Fdoe. [dboFbY¥Yp bqgqddoateon +tdbovrs¥Ye dYdsqou vobtsod¥Ybjfo dob.
oqdbtt ¢ dobyszrxbot esFbqgqat JFqaY¥YeYe qaqesqodsFbs3ty. gFq 93 ' yr Fbo ¢ 9Yo,
comRbodast dobyzbot gFsFdqt. sog FYrbEF3zYsY, yeF evobedqobFfF sFbgqac ovF!
dqudeoe 9F 6qdqitqdysyY {te¢ 6FqJqFopqesdY oedqoo. sq odbyo bqgqQoateoo tdbc
bgqooRaYItdoe JFYDPUIEIhr Rbpds qaFbqat oedqoo, J 9o devsst Fo JFsa¥VIFEL b F
32b695qaqesoFachbF dYdosqoF pvobtosogdY¥Ybhbjo dobysrbY¥Ye sFbqgqaqy £oaF dordogaq
qFss>Yet J. 323bsqaqresoFacbF dYdosqoF wov3dtphbll Yp o 3 0o Wb § b s @F a6 b B
adaYdoasqoF pvobtosoqdvyYbjoe dobysbv¥e c6Fbqgqaqy coeqFy ol s5032btdsc FYDt v I EL
3bsqaqeooFachbF dYdosqvF pvobtsosodyYbfo dobys>bY¥Ye scFbqaqy scB4dqBEBesdBEEFEYT J Yy
9F cFqFeoqdYyYdsYeFoY.

Oarzodt daosFE: doby3>bF sFbqgaq, tbsqaqeosoFacblfF dYdsqoF pDobt sodg)
6FqFpnqsaqdY.

Introduction. The troublefree operation of solar panels and all elements of a solar power plant is a
prerequisite for efficient electricity production and a profitable investment in a solar power plant. To ensure long
troublefree operation, periodic audits (diagnostics, defect recommendations) of all elements of a solar power plant
are required.

Detecting @fective and finding inefficient solar panels with reduced efficiencfeat the level of
electricity generation during the operation of a solar station. If the solar panels are connected in series, the failure of
one of the elements can lead to pamiatotal loss of power of the entire solar power plant. In addition, due to the
fact that solar panels are made up of a large number of semiconductor cells, -#ratgenof heat in a faulty
element can lead to the destruction of neighboring elemermspritblem will grow over time. Therefore, it is
necessary to identify defective solar panels on time, which will allow them to be quickly replaced. This will
maximize system life and maximize efficiency.

For timely detection of defective solar panelssinecessary to continuously méaar the performance of
the equipment, which allows timely detection of disturbances in the operation of solar panels, as well as control
access to individual modules.

The solar monitoring system consists of modules thatrdethe signals of current, voltage and temperature
sensors of individual solar panels, as well as sensors of wind speed, position of the Sun, door sensors or sensors of
unauthorized access to network inverters. The system modules are connected teantoaidr, which in turn is
connected to a higher level controller via a Modbus RS485 or CAN bus. Modular construction provides high
configuration flexibility and system expansion. Thanks to this module they are suitable for use both in big power
solar pants and in small power solar plants.
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Monitoring is also important because during the day there may be a sharp drop in power, which may be due
to various factors, such as shading the solar panel with certain objects or contamination of the solar aemel surf
(leaves, snow and dust).

By analyzing the solar panel monitoring systems, we can point out someédch®; such as the inability
to measure the parameters of each solar panel separately, since most existing systems connect to the inverter and
measureéhe main characterics of the entire string, the high cost of such a system, and the inability to measure the
temperature.

The renewable energy monitoring system (REMS) is proposed in [1]. The main advantages of REMS are
the concept of an open souraaddow-cost data acquisition and transmission system using-maéti cloud remote
monitoring. The REMS architecture is based on the Internet of Things (IoT) and €dmyliting principles. The
REMS consists of three main parts S38B microcontroller, Rasberry Pi (R Embedded Linux System (ELS)
and Online Web Monitor foreattime cloud monitoring.

Another solar monitoring system is designed with the help of Lab VIEW and DAQ card and presented in
[2]. The solar panel is connected to the battery and #ith sensors. The proposed system is connected by four
sensors with Lab VIEW via DAQ hardware to acquire data. Lab VIEW has shown a high performance in eommuni
cating with several devices simultaneously and high capability of displaying several var&tidesr at a time.

The solar monitoring system proposed in [3] is developed to get information on the defected solar panels
for timely repair and maintenance. This system can be used up to 146 V and 15.5 A solar cell systems with an
automatic selectionfdoest resolttions.

Lab-VIEW based reatime interface system in paper [4] presents the detailed characterization of the
performance and dynamic behavior of photovoltaic systems. They developed a software tool that integrates several
types of instrumentsto a single system which can offer online measurements of all data sources and compare
simulation results with monitored data in réiahe. The proposed method provides a fast, secure and reliable system
by making the system databasady for performare analysis of the PV systems. The integration methodology of
robust simulation and monitoring data in rate can be used to study the fault diagnosis of a PV system.

To solve the current problem of monitoring photovoltaic (PV) systems especially fonség developing
countries or remote areas; an Arduino based -gpence electronic platform data logger was developed [5]. This
data logger meets the Intertianal Electro technical Commission (IEC) standards requirements with a resolution of
18-bits, including 8 analog inputs for measuring-tgp8 PV modules. They meioned that these data logger can
be custorized for the specific needs of eguioject.

The remote intelligent monitoring system [6] is based on Tiny OS for monitoring and mamadernfeV
power generation. This system had implemented remote monitoring and reverse control by the host computer, ARM
gateways, wireless sensor networks, and other components.

A simple sensebased microcontroller data acquisition system for rodng the temperature data in
solar installations is presented in [7]. The system can easily change the date; time of experiment start and end,
sampling rate and deals correctly with corruption such as power failure. The proposed data acquisitiocagystem
handle up to 16 sensors, has user interface system (4 buttons LCD screen), ege sigstems such as flash
memory or SD card; t h er etdrmalrcemputer to stateotkessan8ars date fhisisystem a n
automatically creates a newefilon the SD card every day and records data on it and data can be handled and
analyzed easily by any mathematical software such as Excel or MATLAB. The system monitors the sensors
remotely by using the internet.

The Smart Remote monitoring system is présein [8] which is using IOT that can monitor the Solar PV
PCU and stores data in the cloud database through an easily manageable web interface. The proposed system has
flexibility by using GPRS technology to interconnect the Solar PV Power Conditiomindgd.the Remote server.

Paper [9]presents the solar cell data acquisition system. The solar cell is chamedttby impedance which
depends on environmental conditions. The solar cell data acquisition system is designed to measure the impedance of the
solar cell. These irpedanceneasurements are also used in the electrochemical capacitor quality control [10]. The
experimental Nyquist plot was fitted by using the improved expression for impedance of the solar cell.

Solar panel intelligent monitoring system block diagram The proposed solar panel intelligent
monitoring system is based on the WiFi ESP8266 Development Board WEMOS D1. The WEMOS D1 board can be
configured to work on Arduino environment using BOARDS MANAGER. The PAC1710 sensor is used to
measure the voltage, current and power of the solar panel. Thissemeasures the voltage developed across an
external sense resistor to represent the-tigjhe current of the solar panel. The PAC1710 also measures the voltage
and calculates the averagewer over the integration period. The long integration time allows for solar panel
intelligent monitoring system polling cycles without losing any power information.

The PAC1710 sensor is used because it's maximum measured voltage is 40 V. Usuallgr {heneb
maximum voltage is less than 40 V. The main advantage of the PAC1710 sensor is capability to measure voltage,
current and power of the solar panel without using additional current and power sensors. 12C bus is used to transmit
the voltage, currdrand power data to the WEMOS D1 board.
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The DS18B20 digital thermometer is used for the temperature measurements. The DS18B20 communicates

over a tWire bus that by definition requires only one data line (and ground) for communication with WEMOS D1
board.The measured tempature range for the DS18B20 digital thermometer is fi&HA C

t oAG.12BhRi s

t em

perature range corresponds to the solar panel operation temperature range. The solar panel intelligent monitoring

system block diagram is shown

in figut

Solar
Panel

PACI1710

DS18B20

WEMOS
D1

T

Fig. 1. Solar panel intelligent monitoring system block diagram

The solar panel intelligent monitoring system was designed as the prototypedodintuit board (PCB)
with the PAC1710 sensor and the resistor shunt. The solar panel currestthemsgh the resistor shunt and creates
the voltage drop on it. The PCB is connected to the WEMOS D1 board and shown in figure 2.

Fig. 2. Solar panel intelligent monitoring system PCB

The voltage, current, power and temperature data of the solargrengent via WiFi to the open Home
Automation Bus (openHAB). OpenHAB is an open source, technology agnostic home automation platform which
runs as the center of the smart home. The openHAB's strength is its ability to integrate a multitude of otreer devic
and systems. Also openHAB includes other home automation systems, (smarg@arit other technologies in a
single solution. OpenHAB provides a uniform user interface and a common approach to automation rules across the

entire system, regardless betnumber of manufacturers and sylstems involved.

Solar panel intelligent monitoring system software algorithm The solar panel intelligent monitoring
system software algorithm consists of the following steps. The flowchart of the solar panel intelligéoring
system sofware is shown in figure 3.

The first step is the declaration of variables and data input:

Tempr is temperature; Volt is the solar panel voltage; Curr is the solar pamehtUWWLAN_SSID is the
WiFi network name; WLAN_PASS is th&/iFi network password; MQTT_SERVER is the IP address of MQTT

server; MQTT_SERVERPORT is the MQTT server port; MQTT_USERNAME is the name for authorization on

MQTT server; MQTT_PASSWORD is the password for autzation on MQTT server; MQTT_TOPIC is the

Adpi co t o whi c HerredabutnPin is thé Arduieo pin that reads temperature. The Tempr, Volt, and

Curr variables are used to exchange data between the WEMOS D1 board astte®pen
The second step is the initialization of WEMOS D1 boardspfor connection with the DS18B20 digital

thermometer.

The third step is the initialization of the WEMOS D1 board on the WiFi network and its operation with

OpenHAB.

The fourth step is the transfer procedure for the temperature, current, voltage amddatavizom the
sensors to the WEMOS D1 board and to OpenHAB.
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Variable declaration and data
mput
‘WEMOS D1 initialization on
‘WiF1i network for operation
with OpenHAB

Measurement temperature, current,
voltage and power data and transfer
them to OpenHAB

Fig. 3. Flowchart of the solar panel intelligent monitoring system algorithm

The main aim of the OpenHab website is to display the parameters of the solar panel such as temperature,
voltage,current and power. These data are updated every 10 seconds. According to these data, graphs of parameters
are plotted versus time. The OpenHAB website is shown in figure 4.

< C | @ localhost

() openHAB Control
88 Control
@ oo
& co =] Electricity c]
i 200°C [ 868
o 450 o - 80 A
[ = 1.44

Fig. 4. OpenHab website

Experimental setup of solar panel intelligent monitorng system The experimental setup of solar panel
intelligent monitoring system is shown in figure 5.

P

Fig. 5. Experimental setup of solar panel intelligent monitoring system

The experimental setup of solar panel intelligent monitoring system corifsibes solar panel ALMLOM,
the prototype printed PCB with the PAC1710 sensor and the resistor shunt, WEMOS D1 board, DS18B20 digital
thermometer which are mounted on the reverse side of the solar panel. To confirm the operation of the solar panel
intelligent monitoring system the rheostat was connected to the solar panel as load. By changing the rheostat
resistance the operation of the solar panel intelligent monitoring system was confirmed. Figure 6 shows dependences
of voltage, current and power versuséi at the rheostat resistance change.
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Fig. 6. Dependences of voltage, current and power versus time at the rheostat resistance change

Conclusions The solar panel intelligent monitoring system was developed using OpenHab home
automation technology platfm. The solar panel intelligent monitoring system-oeets via WiFi to track real
time energy generation from anywhere on the globe via a computer or smartphone connected to the Internet. By
using the solar panel intelljent monitoring system the measment accuracy of the solar panel parameters was
increased. The solar panel intelligent monitoring system reduces the detection time of panels with bad parameters
and characteristics.

To prepare data on the solar panel measurement parameters obtaingdefrdd@MOS D1 board for
sending from the operatorés computer to the Web serve
connection between these two nodes. In most cases, such tasks use a serial interface that is physically implemented
usnga USBMi cr oUSB <cabl e. The seri al interface | ets us set
WEMOS D1 board and retrieve process information backwards. In this way, the computer communicates with the
WEMOS D1 board, which accordingly managesl receives the measurement parameters using the USB port. The
developed software allows obtaining values of voltage, current and temperature produced by the solar panel.
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Khmelnytsky National University

SCALING IMAGE QUALITY ASSESSMENT VIA NORMAL IZED
MOMENT INVARIANTS

Digital image processing often leads to a loss of image quality, which is expressed in the appearance of unwanted
artifacts on the converted image i changes in sharpness, contrast, dynamic range, tone reproduction, pixelation, curvature of
straight lines, aliasing, and so on. The process of determining the level of conformity of the original and converted image i s called
image quality assessment. Image quality can be assessed in two ways. subjectively and objectively. Subjective methods are based
on the visual assessment of image attributes performed by the observer. Despite their efficiency and reliability, subjective methods
are quite expensive, require a large number of people and cannot be automated in real time. Objective method s for assessing the
quality of the processed image attempt to quantify the apparent errors between the converted image and the original image usi ng
different metrics. Objective and subjective methods do not necessarily agree with each other and do not give the same accuracy,
because a person can often capture significant differences in images that are not yet recognized by the implemented algorithm s.

The paper proposes a new method for assessing the quality of scaling grayscale images based on the geometricmoments
of the image. The normalized moments of arbitrary order is introduced and it is proved that they do not change under image
scaling and, therefore, may serve as a measure fo assess the quality of images. Numerical experiments have shown that the
normalized moments effectively detect image distortion for different types of interpolation and behave similarly to the known image
quality indices.

Keywords: image quality, scaling, image interpolation, quality indices, normalized invariants.

1. ] iflsiAtifso © BttsBC O LBBOYJ ddzv yoOfmlsts ftedLotsHdls!
OO0 'MW Ek fwe' d2O® fjtejlbotste] dzssis’ dz'tsB Oy § tegls ' ,dzj 6
Od3' Yydesets H' Of OL sdgz, btdetsoatsEts 9 ' HlIso Has falzdzy , Offias Odn'd dafs L
ifM odL dzOyJ dedz? tc' oz o' Hf tso ' HdesMls' sted ¢ 's5dgO diAC dsts ¢ 5
Is' LGBEOYYfUddz LsBtoOy j dzdz By 20 sy’ dzdlsd HosdBO Myt
Clsdoe dz d34|stsHLqudelzjzile?lthslsq fifpy ‘dz@Isstc B ZIs' 9 L sB Oy j dada”
xOBud ZO0 ety jWiCldeds Mmis+ * dzgOH' 2dz Mls!, MEBO6*' ¢
5 C'dz Csfls’ dzsHj2 ' R dzj i3Sy dzd o t5 @ entds ts g sqfsLhia{o Aslsyc
‘ sBtosB dzj dgsGts L 5B ic Oy j dadaw &ZOBZOGc O Is! Mmw C' dzt €' fydzts
jdzdzv 5 5O e’ &zOd dzedd3 L tsBOY jdzdzv a5, odSttedmstse
dzfj SBSOoOVWLCSots ZHOBBY B UMMY sz IsgyEzsmis! |, dEMms " «
Olsq’ Mzl o 9' HB dedesls’ o LBsBtOYjdedgvn, WwWC° hoj
9' LEZOd desets LtsBOy j dzdzy B3O fteddzydftsei L dzOyJ dzdz
CanfdAgtsls dg  to' L dfi 630 de devdzdeRd og3jtdstteod@dzdzt W S tsfls' L 5B 8Oy
q’r"fng, tej H daw C o OHtcOIMPE)dO i tLdgfodiC OMY(" @ 8 * Hdetsh j BERR, fd ¢ dz
dz' JtemMOdz dzgd?2 ' dzv j W) v C shigb | € ipts B @ sSRdYsdz( ¢z1 j € H ] MC ted
ntsy BB , (GtcOH" " ‘' dgls dzOGSN) O Rl @' wN@MMEE ' " £ 3k (

JHdddB 'L dO2fshdtjd "dr ®&KBjlstsH' &« BtesBSCd L BIOY | dz
BOMh sOB Izo Odedz” , stsBlsts L B 'teds'Lhdg dedzwo, tcGDHENEs tc s a3 dds j dzdes e O § ¢
ftesf stey ' 2. AOSCIsdydsts, BOMh sOB o Odadzy fitejHdmCtejlsdL O
dzOL d 9 OF &kl Iyt s,dzv Q@ ‘tets d U dgjidehdjdgigdz] * I' * H Odz' 2 MmisOls s’ aB3d tcts
Cdzlsj toff sSdzv yts & d Hz0 5w s &z dz' . I MsOdzdz' &3 YyOMmMtsdz L 6wWeddatsmw BO
Hdo .-[ 5[]4] hts tosBdls! OCIszOdz! dzdd3 o do yj dedlzv 3 stsH " 9 tsy' daf «
"dalsj e sdzv y' o, fsoddej dz L BJtc' ¢ OlsdseuciOyfdizdzy » O tsT IS joas o figfls o S

T T [ N N oo
IFOPTOFZT PFIFZS
Rt A A 7 B I R N O>5"_d

SN o =ss=g S0~ ¢ s+~ 1T O
m&

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHEHWNDCBS| CAL PRGSIEISSESeé 20

51



[ " Y dzOtetsH dzd 2s jBAE Quslad® ) 2ZtcdzOdz

GlRIwt ST of?2v ¢ vo [avrRu[JOWHpPH?Vdvpmmi[ [LwyiRm 1t [Arudme
ISSN 2219-9365

LBOY jdedzw wC fteOQoddzs MY Slso sk kgl Isfipw , O tislisj W@ ©s@<EEH &E 19 Q & dj
Heh& e’ @3 Ists@ s, LOMssMmMtso o Odz' B ssHd § o ddzdz B@BOIsd odMmts
s dzdots ¢ tddstseo@ddzd ds@ HsSHOISCd HA&zv LtBKBOYjdd E to] Odz detsd
ydqWtcse COod3j ted . wfndziz * ojddcO ¢ d ¢ Mis! @B IsSH' 9 "odals §
RZO2B &gy ysets MM HO, o dz 2d0 ' dalsj toff ts5dfwsylzwy ' ws ' [CCrdey BLABES O
Hdo. ©&zvH [ 9

i BLiesSBSCO d&BilssH 9 " dalsjtef sdzvy' LsBtcOy § dz stcOHdYy" 2 dats
ZzZOB OGOt dijdzg"j BRdts ftedH' dzjdes EoOcd dzO ttsLtesSBSE dj IstsH
BjlssHd BogEOdftsHO Ho' CObjette' " . 1 jthO CObjette' W oCdzs:
sy’ dzdlsd Huciyfdsgas Bdesle stz delsjefsdvy' . v Yy sz odf OHE
ftesHECIsdo desls® ' dalsj tetf sdz! 5o Odztse 5 L 15 BEe Oty slzald y jldzdiy | ta delsjddeh iz
fsls' & LB ' d hk'Is! v HB fsYyOlStsodn tetsL B ' o, ' oxj o' Hid
fsyOlStsotsets, HdJo. dOftedSdOH [11]. [ttkecO CObjEBL' W Y |
nOOC s tod ils qStald gk cdEs jAafes dzv y' 0, 266t yYOmtsekz kO ftshlstt

I MOkl & ftsficdkz Gt dssd?2 &jlssH Sy ds¢d wisfl'
SBtcOy jdedzw . | it btedyds Bsdgjdidsd O CadZ dzo Ot Odzalsd o

L
pdChddsso s s v o SCtBfoslsjtdsdz L' kO L' L dOo Odds 5
HiMSCtedyflststed LBWOY jdzdgw, wWE¢' FOGOSKkjtdLEels! Witdz B8O
fjtojlsoityftjtad@ddzj dz' dzscts f j toj dzj f)j destas , B3P s ls@estsd @ dadz .to ' o teAstds] dg @izt
Citsdjstedyds Bsdjdlsd *° * dzo Otc' Odgsdzd s HE BOMN OB ko Odzdg” L
L3 dzs s s v Hdv Stdc' &Od dtsets SO ' HjOd das ' dzlsj teff sdz t
RSB0k L 5o O fdusfitgtipsdfs o' oz wCthls' ' dsjfsdvy’ . st &
sy' &S d wCtsmk' dsjtfsdvy’ S ‘ Ikj, hts Hshd H> ZiosGiddjd L 5B ©C
6OL ftod L dBjdgh jdzde LGBEGOYJ dece", * HickEEHRS GOMY fwafstes’ da B g
hts dstsyj dzj GObdodes of dzdazzlsd dz®@ w¢* fyls! t5y° dzf 9 Odgdgy  Bj IstsH
fslstejBl’ §ofjttjHdy Sets Ldgjdgh jodedgt ' HBLoBAEY' ' ode o0Olsq
HlsOllsY e Odz L 59 OdzOtc tsaOHY Isdz' dzf A3 o B ez big! MW G tsdzw slsw @ §
GsttBOd L 5o OdzdR 6 jtdjstedyudds HBsdjdls' © ' HBesHdk! v, s
LYW elk LBBEOYjddz". uvOSCEY osotHdl! MW §dwislsw dstsdj dals dats’
d§ ssH' o " dzsjtef sdzv y' iV Cdzls j Holf Hslzy iy ' @ dz@ @ LAEOR @lsirf{fyvy d i3 Mz ' H &
KO o  (tdaczO ' dzlsjteftsdzvy ' w [ Odeytsh ©. | tSLH d 4 dzOoSHWIS! f
st BOd L 5o Odzd B B dsj dzls ' © d Istdte @ dZOdis | tzf & &zy " . 50 j H' dz
21 Btled3Odz' L so Odz? Bd3j delsdz® ' dzd @t 'HQdisly s @Rtsdiyg dizds dids| 20 digp 1©
sHdddB 'L w"hMCtkOoda fteds dOHddR LOMstshmkze Od? ¢ &OMdydss’ Isjts
I 903dzde' 2 ttsptlsi Of @] tsdetza®dzte frdew jodte' h j dzdg ftetsB dzf A5 tofs
p' Hsd' ©® O] BOLdYy' MOldMmisdyds dBs®jdlsd. [ OBt dzj 5BR' Hdz
fx,y) Q R’
L zd Isd WkdSy' ¢ oA, HOBE 1L O Cakd K dzOf s dz@ 68y ( ted 2 KO
9 Yy 2 BBd&OMl' M¢" deoyd dedz’ L dzOyJ dzdzw .
1 J ) st d yded 3§ dstecs digstide dzCA(X,'V) dz0L d o ©° 51 W 8 d1BOL
my,, (F(x,3)) = my, = [[, X"y f(x,y)dxdy,Q R
rzv HdMmCtjlsdsett B' RZOLASEE L 5B 60Ny €7 tEsty @) wdjnls
f CMy@ sy, o ISjtod ZOR Bsdijds' 8 sdOy 0 ks Mw CotsteH ddzOld
= Myg — _ Mpa
X = ¥y =—
My,0 Mp.0
| BteBOd L 50 Oded iy, 315 5y Bl tdzOL o O° s MW o dtOL
_ _Mpg
n*p,q_TﬂL,l'
mys
| OCOH O IO bdsd d5 &' o datsdl’ dg@A] tsls @ stz asGdzde{ X ). s Liccoy G ciistzn i v
detso § L 5B (Gl amif(SX,SY). | j 5B sted ydets, to' o detsd3 tedzj CBOMN ISOBIZo (
LBjt' g0 d&z' dz' Cklsd o3 ¥ dzd d3d , i to sty " § todo * 18 cd dz€ (39 to
BZ3OMh sOB Iz ot®jdaels dztEigj tff jL SBtoOY jdzde dzj o' HBERZO9O' IS! MW Ny BHddA MYt
[SojHjdBE, N5 dasts 30 dz dzo 9ucO dPaZls iytigef dits d 6 o degs B' tedets 6 5 BC

LB OY jdzdzy . [BUdMddds NYsuoktE o) sdisEORd? [ @sdgsds ko

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHWDCBSI| CAL PRGSEISSESe 2020

52



[ ' Y dzOte s H dzd 2s jBAE Cusad® ) zZtc dz0dz

GIRIwt S o221 ¢ vo [rvrRufOoWpP?Vovpmmif L wyiRm 1t [Arudme
ISSN 2219-9365

Myq (F(5%,8)) = iy, = [[5 P9 f(sx, sy)dxdy =
I, (:) ( ) faNEE =,

skls Sl fHsL &zOuj dz0 8 &ofl: , rQYeH HmEPE) BO&es Gadonls ) O
6 {CEROMO L Ok &0 L& dddt: o fsHe 2dsdkk ' dsjcwod {1 ¥ OS
o{).

[x), ©paa ol dsOnh sOs 5o Odscs L5810y j dd o' Hi' L d

. - 1
G ds s Std 6 O dilggeat j1L sEthsisp ddl ddelygets Siio,0. u t5Gts § 5O

1
. ! mmpq m
flpg = —bsa; = = B, = B = e (0@ # (0,0).
(Migo) 2 ':_zmn:m] mng
[y, dets te O dz' L Wk, O dad 2 dzodistalhy il thety 3O MM s OB Iz o Odzdz” - i 1

L 20U dedzr v ¢ JHEE, W) 08 0Y j de fi(xa0y § dedz
1ted §itjotn’ His ndmSt; Mg ¢ igp @Oy | diizzls ot Bz L O3
pqOL HEY ¢jod) sthdQ@f? GHaiEs o §td2 GO
Myq = Z;i;f:_ﬂl Z;:_E:il- x;ﬂ},qu-‘(x’ J’]:
O oqdE@,, s @Edh 0" 5! My kdd MOBId. 0 @OEES' uds, ¢sY &GO { &

‘dzo Otc' Odglstsds 5OMh s OB ko Odzdz .
Fdv sy &Sd mMiskestjdd ' Mdzsl! ' L dskOd sd' &jssH(J

9 ' didzj dzdzw
7 M— 1 N-1 F 2
MSE(f,f) = Z y=0 (FCY)—f(xy))".

lteslsy w Q |_G)Lde)uG)t‘lsJ te' L dz' Qo lststed, Hdo . &0 ted € d&zO
HjGteOHOY" * ¥ weisfls® L 5B Oy j dadav sO MjtjHde 5 CoOHWGOId
LsBteOY jdzdz" o HEBSBEKOYOs sCsiglez o PRMOdz dzddzH j 'S dgH jiflsiie € s Iz to dzts
wC'MdzO0 BjbtedC O fsodddzO L O 65 tsdzf dzyfls d0tMts dtOE iz deld delztzs @ 2 H B
L 5B Oy j dadav , sts yddz B' dz' h° y' M slseo st j dedz? Isdd3 B ' dzt h
"des j o] Hdy EE@EOY j dedav d3.

] EsLH' A& 4 & JjSMyjteddsj delsOd dets 4§ Hlso jteHddss h
OHtso Sdz! dg¥ ¥ Isd3ts dafs Iss dadatg tfds Y O yd G sojH' deSE dested3Odz’ L ts9 Oded -
sBtcOY J d& .

sk &d ] sdk d313 po My KOG "ABhsEk] BOHI O & o Gzt

pl(_ff] __ZM 3 N ) (n*pq n:*p,q)gj
pﬂ(_f f] - _ZM 1 :\I ] |n'pq T}' ma |,{:X,_}’] +* [:U,':]]

.

[d By' dd B w'; fr]lsi BilssHE 'dsjfsdvy' S kO st odw*

B pdzestedIsdzd 'zt Erdzyy’ W L sSBtOY § dz Bsyj BEISd 6§
o' HE®RGm meEms Sy d¢d LdaOyjd bk djs Hsdkdas & fyvas. 16 M
LsBWOY j dzdzgy 6 L desd30dz’ Isdzed dsd * dzlsj teff sczw y' 2 dzd d3d Odze tsted Is d30 0
"desjtefsdzvyt T . ltedilEmsddis, s dzOako fis®icd B dz8B 5 B dzistd Is ¢ O
LB ' dzt hjdgdzg', Ctyjdz ' CMidzr MsOwesets LsBKEOY jdgdg" BEH] s
Hde t(df. 1 ' 9 jde wmMCttOQoatMmls' we¢drm dzgj o' HsdB]2:

/\

tdfmyBldz hjdzdgd LtsBtcOY jdedz" © HoO®BDBELHEZ ()Xz @ se@sdz ' 9¢ figjedt 6 OL

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHEHWNDCBS| CAL PRGSIEISSESeé 20

53



[ " Y dzOtetsH dzd 2s jBAE Quslad® ) 2ZtcdzOdz

GlRIwt ST of?2v ¢ vo [avrRu[JOWHpPH?Vdvpmmi[ [LwyiRm 1t [Arudme
ISSN 2219-9365

CShts LdOyjdede ' MCjodz' 9 §ts5CdzOMmlsd ' adedddd O, slstcd &3O
tedfm 1, HwOo ol y:

tdMm e’ dzOdz' dzgj L tsBtOy jdedew (2 otstelzy) IO yOMmlsddz® LB' dz' " j dets@ ts

I o' H®R @dEdcEmMdEd] Lodafls: My Hts &BjbtsH' o ftdme 5 da
" dzlsj teff Sdz' 58 Odgjlz dalsts Bt @ MzjOddRtZvdzts Mty dd3 dz0 sStede ' dzOdz, dzjy d
widze® o jdzdS O ¢ €' Mls! Odzetstedlsd3 o ' dzlsj tq s dewezy' dzj, Bts’ Flscavd
flls OdzH Otels dz' Odzetstedlsdzsd BOMh IsOBLY Oczdz? L sBteOY j dzdzv, W& &g
iWjiClsdodetsmls' ' dalsjteff sdzwy' .

lted ' dalsjtef sdzw y' -’ B ssHsdE dzO@2 B dZd Y Yytsets MmkMm' HO, dzts o d ¢
stedz®'dz: dzs e s Liew[Elic Oy j dada™

/\50 50 | 100|100

50 [100 50 | 50 | 100|100
150 | 175

150|150 | 175|175

150 | 150 | 175 (175

tdMi SBYtsH" &z " CMjdz' @ ftod HeBO deOLjdflzdz’ L sBWOY J dedzy o

Aifesmisd?2, &icCd?2 k tjOod L0y ', Odkestdlsd, Odj o d
dzj BOY Odzd =T Olsj¥ OCk ' o, LGSt BO L ROUdsSes MY s ldoOseicdds” ¢ to
BOMh IsOB Iz Odzdz" .

1 dz dg 220 dzlsj tef sdzw yt oW L OcOdz dzj dzdz" 5 L o d yO2 dzs’

L3 dzdzd 2. Jted B' dz dz 2z 2 dals g teff BN, W) Y, S fogj @V H 5 d3iC tSisd@ Y Ja
(x, ) oL ZOYO' k51 fyw o ik e | fls ¥ utslsdte! 7 2032 B dzd ¥
(1, V1), (x,7:), (X, 71), (X2, V20w e L a3 h jdz tscDl§ WS oCOL Odzs dzO

(X1,Y>2) (X2,Y2)

(x.y)

(X1,Y1) (Xo,Y1)

t it 54 5Oh ko Odida W fgj'delz’ dz' 2 g 2 ' dzlsj tef sczv y"

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHWDCBSI| CAL PRGSEISSESe 2020

54



[ " ) dzOtetsH dzd s jBAK Custad 3 k to dz0 dz
GIRIwit 16?219 vo Javyru[fOlwphPidvpmm [ JLwyirrm 1 [Arudme
ISSN 2219-9365

10 &ZOflskf dats® ¥ t5ts Bl dzts
f(x,y)=a,+a;x+a,y+azxy
H daj @p,lg,AzodL dZOYOs s v L MdMmlsj &3d t©° o dz¥ dz’
1 x y xn][% f((xy,y1))
1 % ) 4»||t _ f(x4,32))
1 % »m %) |2 F(CGe, )|
1 x ¥y xy11as f((x2,52))
LOfdMOd 2 b &Oktduds 2 Ystd .

wdzls j ef sdzv y* v [ Odzysh 0 o dL dz(ggfby‘)llsl My s3cisdzE G sw H oisdgtc O
MJ.IL'R I:X, .}I) = WL‘]‘?. (X)WLRI:.}I)J

1, ansfx| =0,

HJ

W, (X) = H:“xz sin (T[:C—l) sin(mx), nna0 < |x| < n,

0, nnsajx| = n.
\Boj L dzOyj dedey ' S dzv fUX,006 ddcd | HatkE Ok 5B EOY 5 dad ¢ 5t
= V+1
fExJ .}Jj = ZL:};_JH+1 [ izg—‘n+l f{:ub T?]H‘TLHKX —u,y— T‘?]]

Hdzv A Med R

4. vdmjd d2 §eNEgedghldksdied Okdéstdlsdkd &OMhksOBL O
penCV (Open Source Computer Vision Library). r dzw L
kOdH Otelsdzge  WhkdeS y ¥ S@VPEF esf @QeOdj steOdsd ' dalsj tof sdzw y'
V2.cv2. I NTER_LINEAR i cv2.INTER_LANCZOS4. %8uw twisdals j tot
i ydmazts e ° JSMfjteddzj delsd Htetso tsHddzd yw L LsBteOy j dzdz¥ d3
gW¥tesets’™ tBtetsBCd LBBtLOY  d2' .

[d L edv dedd Lt toyi8addyf L £ maydsie gl Les Ld Mdkze Odzd Y g
® 2,3,..10 ©OL's, L SCtsCtdk 100 § SMjd o ft hdedd , o
KOS, h B oo dHipEdsdj dadas h ded dzd B dzts € tsdzfls O dzls 6 o dg diy O dedfig A
ke Okzdmw ¢ jtskjlsteduds mMitslse stej ddzy s 08 o ty0 3 detizes, & iR ‘BO
o' H 10. HSSMd Hdds, WC ' dzlsj tcfusdpvOudz v odfed@tm' OO dzlsifO  degs te g Q"
hse bdedCdezlsd i jtoko Odedzg® HEyj &EOdddd uydhndodkd &d EEL v

Mpg = —In(1,4) = —In _PEQ_ .

e sYyoOlsClk HBMdZ HdBs ' deEsjtef sdzv y' 5 L O dzO2BdEZdYyyYyddz Mk
B08 d ¢ ¥ i5)

tdmf ¢’ 2Oz k& ptctzy) jdzj © 10 ttOL L sBteOy jdedeg? RBjIssHESAZ dzO2 E

1 YU ' sSts o' LEZOd des W' Ctso Odzd B MY slseotstcj dzdz? iz sO O
dzsteBOdZ' L 59 Oz RBsRj dalsd, WC ot sdztso @R dz! dafgls ol dgjicdzlO ¢ &z ¢
M slso tstej deda? . ] dgOYJ dedzg? detstedzOdz' L ts9 Odis[@B didflap ' Otc' Odzals ' @ BO dzts

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHEHWNDCBS| CAL PRGSIEISSESeé 20

55



[ Y &z0te s H dzd s jBOK Qumsiad® ¥ Iz 6 dzO dz
CARIfwtO I Of?21¢ vo Jayre[OWphpPUdvpmm [ JLwyrrm 1 [Aradpme
ISSN 2219-9365

v OB dzdyw 1
1\ Stod3Odz' Lso Odz disd3j dzlsd LtsBtcOy jdzdz?y LB' dz2 h jdegse s L O O
1 2 3 4 5 6 7 8

;"LND 2.6969 2.6924 2.691 2.6902 2.6898 2.6895 2.6893 2.6891 2.69389 2.(:']3-389
f’ii'n_l 3.2694 3.2615 3.2588 3.2575 3.2567 3.2562 3.2558 3.2554 3.2554 3.2552
f’ii'z_n 5.1522 5.1451 5.1428 5.1416 5.1409 5.1404 5.1401 5.1399 5.1397 5.1395
iy 5.941 5.9289 5.9249 5.9229 5.9217 5.9209 5.9204 5.9199 5.9196 5.9193
finz 6.1997 6.1884 6.1846 6.1827 6.1816 6.1808 6.1803 6.1799 6.1796 6.1793
f’ii'g_n 7.518 7.5084 7.5051 7.5035 7.5026 7.5019 7.5015 7.5011 7.5009 7.5007
f’ii'z_l 8.3761 8.3616 8.3568 8.3544 8.3529 8.352 8.3513 8.3508 8.3504 8.3501
f’ii'u 8.8647 8.8491 8.8439 8.8413 8.833B 8.8387 8.838 8.8375 8.837 8.8367
fina 9.0027 8.9877 8.9827 8.9802 8.9787 8.9777 8.977 8.9765 8.9761 8.9757

1jtehd?2 wwHtS kOBddyY' oCOL ' 2O St ¥ enadzlss sytgfuEz’ H s
ZOMlskf dzd 2 W HBSSC twHEC IsOBddyYy ' ‘Ctp Gaeg g tedz'dals tc 50 Hzlf 15 55 @ dzts ¢
SHdBE 'L 10 ' dsjtftsd so0dds LBBOyjd . ¢ odHds L IsOsB
BsHAW ' CoOdseEts dSdBOd Lo OdzseEts SjW' y' ‘ dzZsO to' o dzs 3 todats

vifite HBMdzZ Hd s ytzk dz' P @R M dg® fiztc s dzw j v Isd ¢ tgfsBylzy L B ' dz' "

tdm.J B¢ dzOdz k@& plBiczY) jdzf © 10 ©OL LtsBEOYjddzy dz' dz' 2ded 3 3
1" LE0Od dzd?2 ©OdzOdz' L fscoL 2z’ , hts wg' fyls! dz' dz' 2 dzts’ " dzls
dz02 B dzd ¥ ys@.ts iMmjztifZ dz s OIsd B ydmdzj dz BsHdW ' Ctso Ba@d B2d dps te 3O dz" L

v OB dzd yvw 2
1\ Bted30dz’ L 59 Odz B d3j dzglsd L sBOY jdedgv L B' dzt M jdesEe s d
2 4 5 6 7 8

LIN 1 3 9 10
-f‘«li'LD 2.6969 2.692 2.6905 2.6896 2.6892 2.6888 2.6886 2.6881 2.6883 2.6881
-f‘«li'n_l 3.2694 3.2611 3.2585 3.2571 3.2563 3.2557 3.2554 3.255 3.2549 3.2546
-f‘«li'z_n 5.1522 5.1443 5.1418 5.1403 5.1398 5.139 5.1388 5.1385 5.1384 5.1381
e 5.941 5.9282 5.9241 5.9218 5.9207 5.9197 5.9192 5.9187 5.9184 5.918
Foa 6.1997 6.1877 6.1838 6.1817 6.1807 6.1798 6.1793 6.1788 6.1785 6.1782
'ﬁa_n 7.518 7.5072 7.5038 7.5017 7.5009 7.4999 7.4996 7.4991 7.499 7.4986
-f‘«li'z_l 8.3761 8.3605 8.3554 8.3526 8.3513 8.3501 8.3495 8.3488 8.3485 8.3481
-f’ii'u 8.8647 8.848 8.8426 8.8397 8.8382 8.8369 8.8363 8.8356 8.8353 8.8348
Hs 9.0027 8.9867 8.9815 8.9787 8.9773 8.9761 8.9755 8.9748 8.9745 8.974

106jNIs' HeMd Hdds ' disjtefsdyy' “ [ Odpysevo.{ sfeGRIpdzs0 dz0dz)

{dMf{ehc dzOdz k& pBlizy) j daj 58 €D j " Odcsedlshsd | Odzysh O

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHWDCBSI| CAL PRGSEISSESe 2020

56



ClrRIwgSIof?1 ¢

' dzOte s H ded As jBAK Cusad
s JuvYRe[SwWwphpPIdvpmmy[ [LwylrRMm

) Iz te dzO dz
lifAredme
ISSN 2219-9365

1" LEOdz dzed?2 OdzOdz' L fsCOL iz, s wg' fpls dz' dz' 2 dets’ '
GilssHO®B] W< iotLjcLdde Gumdf Heddiiddntn Gatzd Wisdes o BEOd' L 5o Odgd &
sOB d3d Y

v Cdad W
| BEdBOd Lo Odz  d3fs 3 Elzlsdf! M jsdztsdty | @@y st dlsdsds | Odzytsh
LIN 1 2 3 4 5 6 7 8 9 10
e 3.2577 3.2569 3.2564 3.256 3.2538 3.2538 3.2538 3.2538 3.2526 3.2526
ﬁLD 2.6961 2.6937 2.6935 2.6928 2.6938 2.6928 2.6928 2.6923 2.6931 2.6924
?«IT,. o 5.1524 5.1483 5.148 5.1466 5.1488 5.147 5.1469 5.1461 5.1477 5.1465
TI"PZLI- 5.9288 5.9243 5.9244 5.9235 5.9228 5.921 5.9214 5.921 5.9208 5.9197
o2 6.1809 6.1791 6.1792 6.1792 6.1753 6.1749 6.1754 6.1758 6.1735 6.1733
oy 8.3651 8.3581 8.3584 8.3569 8.3579 8.3548 8.3554 8.3546 8.3555 8.3536
ﬁL: 8.8453 8.8395 8.8403 8.8394 8.8375 8.8352 8.8361 8.8359 8.835 8.8335
ia0 8.9765 8.974 8.9746 8.9747 8.9691 8.9685 8.9694 8.9699 8.9667 8.9664
g 8.9765 8.974 8.9746 8.9747 8.9691 8.9685 8.9694 8.9699 8.9667 8.9664
1 @dB1l0 oW ydzs ftej HMIsOoadzj dzO o jH" dz2¢ O dBIsHdW ' Ctso C
IHBapiaHT Ni1.0} IHBapiaHT Ni1.1) IHBapiaHT NiD.1)
: BIM
2505 \ A \‘l 3268 "_‘
- ! 3.26R \
e \ amn |\
2682 5830 “} 3262 “-{
e ‘\ 3260 \\
2630 — jearest e — eares[\\“:‘ Azl P— eares(\\\\;\‘:l'
=55 Emear = 5520 b Enear \‘:%:L_::.,__ ™ i 32564 —- Emear ::-T:E‘;:T:_—;—r‘ ______ L
ki Lanczos S —— Lanczos e —— lanczos| C====eaod ———
5 : : ; : : 3 ; ; i W : : ; ;
Lena Lena Lena
tqn. 8 editon
IHBapiaHT N(2,0} IHBapiaHT N(3,0) IHBapiaHT N(D,2)
5152 '\ 15175 ‘.\ a2 Y\
[T RN 15150 |\ \
\ L 6195 \
5148 4 75125 \ \
s ey as|
- \\\ 75075 '.\ “\‘\
5142 x\ Lm0 \“\\ a1ss \
s1ag | T Nearest N“x:_:\x_.k_‘__‘ 8 FB025 1 pearest \‘\:‘:‘_‘11———____ R o —— Nearsst \-‘:.:-:\\H
= \:anear s by e 75000 ] "7 Ilrlnear “»kk_‘_i__“ e g18a4 == tlnear -qkh“‘-i,_ s
5130 nczos, 0000 TETESseaad anczos 000 TETmESsseaal anczos, 0 TS Smeeaaa.
) 2 4 & & o 2 I & 8 0 2 4 & 8
Lena Lena Lena
t dfy m@_w??zgu: oz, M3.0
IHBapiaHT N(2,1) IHaapiaHT N(0,3} IHapiaHT N(1,2)
8375 "\ A1 865 ».\
A bl IR E17
&170 LS \ 3
\ 8895 \ \
2365 A 3 A 3
% 2880 1 ()
3 4 awsa i
a360 \\ S ~\ s \\
S — Nearest \\\\- ansnq eares! \\“‘ — Nearest \-N“\:-
FE Pl Emeart —-““‘-\j:_:_!‘* — ==, rmeart :?:T‘r:_'__ o — e == E!neart _b:‘\-::j_ —
lanczos TTEmeeeelll 2575 Lanczos Sm——— —~—— 2835 lanczos ~TTmm——an wsias
o 2 4 & 8 [ 2 3 & & o 2 4 & 8
Lena Lena Lena
tdf. 10 ??2,41{5@152;3?&3

41 5" pda dedzd L d @B EHERIGEOBR] "¢ s kdvted &)l

My " 9 MlsOo dzj dzdz' L JlOizsdetsds (reference Gmejldkd iddE,j Hd" st

CoOHWOIsd ydzaj
CdH j S MistekS skteds’

o ' THf~ chddfocgizf) 1 @SN Rdzdz”
ey sihls’ tediRden j ¢ i

90t Oy’

friafdeiiMESIM i Hifgss HhJRY BEE ts(e O dzd -

" dgt st dZO

International Scientific-technical journal

¢ MEASURI NG AND COMPUTNNGEDHBHWDCDBS| CAL

PRGSIEISSESe

20

57



[ 'y dzOtets H dzd As jBA Sustaqt

cIRIwt Ol o[ ?21¢ vod [aYRY[ OSWph

3 Iz te dzO dz

Plovpmmif fLwylrm
ISSN 2219-9365

dzj

peak_signal_noise_ratio

Mean squared error

1t JAredme

s 9
150 T e, o PO
125 Fis = 215 /'1 - S i -~
100 ::;; e - ;
5 I.lI
. ;’ %5 N
50 1 TSN — N
4 i —— Nearest %0 /_ —— Nearest
E 'I' === |inear === Linear
0 f I I LB!‘IETD.ﬁ _— I I Lanczos
0 2 4 i & 10 2 4 6 8 u
Lena Lena
tdfm. 11. 4, ©O%¥ CJPSMRjCM' & MSE
1 GteOW" ' ¢ 9 do JMSEHIHOSNRz' W ¢ dzj toj Ocks s d&zO0 M slse tstej dzde”
By kls! LOMstmtobke Oldm™ HdY By dSd wCsms' * disjtef sdvy
MES5im e ]]
100 D0

0.5 -
089 -

0.6 -
0. 058 4
092 A

0874

0.5

_____

OBB | —— Nearest 1 = Mearest
=== Linear === Linear  REsaa..
0B§ Lanczos 045 Lanczos
T T T T T T T T T T T T
1] 2 4 & -1 1B
Lena
"deHj €M ® msssim i UQI

vifp

dzH j §Md MS SHEdM Is & BUE@ j Hidsa tc |

= Nearest = Nearest

1000
=== Linear p32-{ ~~- Linear
ol ! Lanczos Lanczos
0 2 a & 2 m 0 2 a & g 1B
Lena Lena
t dm. 13. JtO¥"' ¢ " dHjSCM"o® ergas i vifp
s=m
1D
010
0B
008
0.6 -
0.06
o - 04
00z — Nearest 0.2 1 — Nearest
=== Linear o /_._'_._--' Linear
apad ! Lanczos oo - :‘\"""—=-~— ________ Lanczaos
0 2 a H ' n 0 2 a & g n
Lena Lena
tdf. 13. ,©O%¥" ¢ "d&HjCM's SAM i CSS

¢ MEASURI NG AND COMPUTNNGEDHBHWDCBSI| CAL

International Scientific-technical journal

PRGSIEISSESe

58

6 C

2020



[ ' Y dzOte s H dzd 2s jBAE Cusad® ) zZtc dz0dz
clRfwWt ST Of?21 0 vo JuyrufdSwphp?Vdvpmmyi[ JLwyirm 1t [Aradme
ISSN 2219-9365

1 CtoOW' ' ¢his o dERESBIBAMdzj toj Oclkzsls! &0 MY tslse tstej dadav L
VIPFIs @SSyklsdzdo® HB M slse tstej dz' .

l dimdzsd Ydz' o o Odzdz L QMBS G 50 L 5B OY j dzgdz? RO’ ftoddeydy
LsBteOY plzH J 5O [ jlsss HEMEB wQy daizy VW CsHistsB (O OdzetstedIlsdy’ o
sy’ dzs 90Id wC' fMmls! LtsBOYjd yd o' HJ t5LsO B do L velhisiimisdizi Is d o C
‘delsjteftoj lskzr st wCWRish ' otz figBy jideDeiAceddid iy | BdEL e dg O | dzdzv 3
fiodesctBz f jteyjtflsdodesdz ftosfmisste’ . 1| HOdE 2 MlsOlsls' o 9tsHW]
hts otsdzd ' dzo Otc’' Odels dz 9 s ©dzik g @idzdats © O detyf dp'stf detsldzts Isek@fy H dzv sy
LsBteOY j d& . 1 s5Ctej RO, steBOdZ' L s9 Odz BBy delsd By Els! B Iz
"delsjtef sdzv Yyt LsBttOyjd, Pt ‘ OCkEZOd dddz, tMCT d ¢d dats
sy d&¢d wisfmls' " Lfdz s ttsBBlsd. {(JjLbkd sOd j<¢Mijteddii dzlsOd
hF s dested3Odz’ s9 Odz d3ts d3 dzls dz' " dzo Otc' Odzls d B des s s dzdzts 6 O6
LOMstsMtsazo Olsdmw fSteWH L 9" HEB] BISSMEMSSIMMQOIZd W CtsMmls'® L B

References

1. Pedersen M., Hardeberg J., FRkference Image Quality Vetrics:Classification and Evaluation, Computer Graphics and Vision,
Vol. 7, No. 1, 2011, 180

2.Samajdar, T., Quraishi, M. I. (Analysis and Evaluation oade Quality Metrics. Information Systems Design and Intelligent
Applications, 2015, 36878.

3.K. Kipli et al, "Full reference image quality metrics and their performarg®1 IEEE 7th International Colloquium on Signal
Processing and its Applicatigrdenang, 2011, pp. 38

4.Khan, S., Lee D., Khan, M., Gilal A., Efficient Ed8ased Image Interpolation Method Using Neighboring Slope Information, in
IEEE Access, vol. 7, 2019, pp. 1335833548

5.Harb, S.M.E., Isa, N.A.M., Salamah, S. New adapinterpolation scheme for image upscaling. Multimed Tools Appl 75, 2016,
7293 7325.

6. Singh A., Singh J., Content adaptive single image interpolation based Super Resolution of compressed images.Intenmational Jou
of Electrical and Computer Engineeri(20888708) . 2020, (Part Il), Vol. 10 Issue 3, p3€AGR1. 8p

7.0Oliveira, W. A. A. de, Guliato, D., Oliveira, D. C. B. de, Silva, R. L. de S. da, Giraldi, G. A. New Technique for Binary
Morphological Shap®ased Interpolation. International Journalmfge and Graphics, 19(02), 2019,1950007

8.Richter, T. A global image fidelity metric: Visual distance and its propef®s3 IEEE International Conference on Image
ProcessingMelbourne, VIC, 2013, pp. 36373,

9. Amanatiadis A., loannis I., A surven evaluation methods for image interpolation, Meas. Sci. Technol. 20, 2009,104015

10.Lehmann T., Gonner C. , Spitzer K., "Survey: interpolation methods in medical image processing,” in IEEE Transactions on
Medical Imaging, vol. 18, no. 11, 1999, 102075

11.Hwang J. W., Lee H. S., 2004 Adaptive image interpolation based on local gradient features IEEE Signal Process. Léft. 11, 200
359362

12.Hu M. K.: Visual pattern recognition by moment invariants. IRE Trans. Inform. Theory. 8(2), 19628%79

1 OH " 2/"Pdpér received3.05.2020 1 OH tekz € fPap@rdz2finted 04.06.2020

International Scientific-technical journal
¢ MEASURI NG AND COMPUTNNGEDHEHWNDCBS| CAL PRGSIEISSESeé 20

59



[ " Y dzOtetsH dzd 2s jBAE Quslad® ) 2ZtcdzOdz
CARfwtd I ¢f?21 ¢ vo Jrvyrue[fdSwphp?Vdvpmmy[ L wyirm 1t [Aruaome
ISSN 2219-9365

uvrs 004.056.55
DOI: 10.31891/2219365202065-1-10

ltrae?

Yyitds 9jy' €d2 d&Oy' tdOdz dzd?2 bkdz o jtedlsy L

tdrdtw L4 1.
10y 5dzOdz dzgd 2 s 7 o mEZGH] bep” £ @ dlsidts sj 7 dz ydzd 2 * ézlsdlkzls

Twf ?2str 1Ry O5.
sd’ oM Cd2 dOY' tdzOdz dzd? kdz o jtefdlsjls B

sfaucsd.S,, 1ot muvA? .

10y 5d0d dzd2 [ kdz' o HsRPlRf Sdzb Isj - dz'

Vi1t of19 trodf wy ¢oAwg
gRev [ fR T HULI L zrRAtULVIOL L C wi At oAwy
1¢ farfJw rrRest vl RM Jwr fatodrpy?

@wdogoot FrFEsqdosoboFFbo 6qdof dqFvbo-QdeBabdFbby & HdFoqnDE3¢d o HDOIEs v
eYadolFbbyo 6dqFqQoiYeFQeod¥YoY¥Y gsodat Jqoidbodoayo ¥, it fJogdqdmbmaEseadqg bF
e YaqdoJFbLbDLY abquoRaYFarvt qoreYaqdodFbby t b oAOQGLwFE3 t # b F3yqebiboy s6qbqzsftsyr o d ¥
aoftdoavabofo JFtQogqERqbby, J o EbDVao qevhatbaoti@a Fabcoddlys G G e geovioam|baj b H) . o Y d 5 q 0
FoaF JqqBotr® FEPorf qFobovae JtIbt ¢ IFIYeodYdoFbbgqqoBoprEdNYe doiqFqEIENE Yy
togo9F dYdsqoY (Jodat qRoFJFaFde bF e6qdYveafFqt vodotEbby s9qedsotot t b
FEeqocoboIFOHEF dYdo9qoF vDFUOY¥WétadédbwFvHeoft bV EY dYdosquFoY¥Y ds¥Ydbqbby
tboodoFs3tit bLEF odbodt gyrdedqdqsbye JFt qogqdqFERqgbe

Oarzodt daolF. 6dqlQolYescFEQeodF sodat qodbtdsosc, aojtda¥Yzbq I+ Jqog(

HRES O.

Yuriy Fedkovych Chernivtsi National University

ROZORINOV H.

National Technical University of Ukraine "Igor Siksky Kyiv Politechnic Institute”

PILKEVICH Ju.

Kyiv National University of Construction and Architecture

KOSTIAK M., PARKHUTSL.

Lviv Polytechnic National University

SOFTWARE IMPLEMENTATION OF INFORMATION STREAM
ENCRYPTION SYSTEM BASED ON DISCRETE MAPS

The paper proposes a system of encoding/decoding information with its additional stream encryption by elements of a
chaotic sequence generated on the basis of discrete maps. The system conssts of the following blocks. encoding / decoding unit,
encryption/decryption unit, pseudorandom sequence generator, initial conditions task unit. The proposed system uses the metho d
of adaptive arithmetic compression with additional streaming encryption of compressed information by pseudorandom sequences
generated on the basis of discrete maps. A binary adaptive arithmetic encoder is used as the coding unit.

A modified diffusion transformation is used as the encryption method. At the output of the system, a compressed binary
code message is generated, which is further encrypted by pseudorandom sequences. Additional encryption makes it impossible to
decrypt the information unless the key to start the pseudorandom generator is known. The use of a modified dif fusion
transformation as an encryption method, which contains an additional parameter used as an additional key for encryption, can
increase the impact of this parameter on the complexity of decrypting encoded data, as well as increase cryptographic and noise
immunity of the system as a whole.

The proposed system was implemented at the software level using modern software, in particular the programming
language C ++.

The operation of the system was studied on the example of encoding text information.

The test results showed that the proposed system of encoding-decoding information with additional streaming encryption
by pseudorandom sequences generated on the basis of discrete maps has 10% higher speed than similar systems of compression
and encryption of information on the basis of discrete maps and has increased cryptographic stability.

Keywords: pseudo-random sequence, logistic mapping, encryption, coding.
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PYATIN I., BOIKO J.

Khmelnytskyi National University

POLAR CODING TECHNIQUE IN 5G MOBILE TELECOMMUNICATIONS
WITH MULTI -POSITION MODULATION

This article discusses the polar code coding model for 5G technology, from code concatenation through interleaving
functions to rate allocation and matching schemes for a particular polar code. The aim of this work is to compare polar codes that
are used with different types of modulation and to investigate the dependence of the bit error rate (BER) on the effective code rate.
On the basis of the obtained dependencies, the concept of choosing the type of modulation for a cellular digital communicatio n
system has been developed. Construction of the polar code includes identifying the channel reliability values associaed with each
bit to be encoded. This identification can be efficiently performed taking info account the length of the code and the specif ic signal-
to-noise ratio. However, 5G provides for different code lengths, rates and channel conditions, and it is no t possible to use different
reliability vectors for each parameter combination. Polar codes are easy to implement, have a low complexity of description, while
retaining good error correction performance in many code and channel parameters. Polar codes are used for the downlink and
uplink control information (DC/UCI) for the enhanced mobile broadband (eMBB) case and for the broadcast channel (BCH). An
alternative channel coding scheme for eMBB channel data that can be used as a flexible LDPC coding conceptdr all block sizes.
One of the main problems with SC decoding is the problem of latency, mainly due to the fact that the information bits need to  be
decoded one at a time. To reduce the delay in SC decoding, you can group the processing of multiple bits to speed up the decoding
process. Unlike LDPC codes, which are usually decoded as a graphical representation of a parity check matrix, decoding of padr
codes is performed in a graphical representation of a generator matrix. Modern wireless communication systems often require
knowledge of the signal to noise ratio (SNR) at the receiver. For example, SNR estimates are commonly used in mobile transmission
power control schemes, service and adaptive modulation, and soft decoding procedures. Compared with the traditional satellite
communication system, the mode of the adaptive communication system is no longer fixed, unchanged. For example, a high
efficiency modulation mode and a high data rate are used in ideal channel conditions, while a low efficiency modulatio n mode is
introduced at a low SNR. It s this concept that is explored in the manuscript.

Keywords: polar code, channel coding, generator polynomial, modulation, 5G technology
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E d9FEdad#qdqqbo Fb EFkascial Adior Ceding System (FAC$ noaafF GepFbObF 9F dsdojqbo:
apnoRaYIari QoBEwHrBEHIEOLY qpo 3ty b Y Jevqiefrbl bEtrpogadrs 6 doFqqqbo b E
2 9 4 ¥ o Asresdam Interdisciplinary Centre for Emotion (AICE).

@r F6docobodFhdty dJdqFatrolBEFF violfadgddd ®FpB¥y ototzxb¥Ye sqdoyttd odb
ldboFbory 6qdqiFjEBIfrofFcddEabald bqlqaYeF ofgs¥YdarFFacbF deaFqbita
qorectrbFIFOLY roDtbh QqoO3tybofjo doFbo avqYbY rF pDtpnt3bYoY 64doytEoyY
FJtqgBoqd r bYrcecrvov qorBFtoa OB ¥F qrEiEI )yt dotardio v r Fd9odo FJFOB g qQéradosé B
3Fd vpqdotEFbby s95qdFbdsoqdosovn, o0s6qdFsoqdov deaFdbofjo FYqogb¥YzoaFdF 997 0.

nqdotqdgbby qodat qRqbby 9F ogqdogeF ritgqFbYe qEbLYe ({JorFoaYa¥Y J
bF 3+t QogdFERqbOB FOb I3t ¥lgYalt aybeyY ogavYssyOoygdysiBE¥qbbgFEpyqdoFjdasad
ye JFHERpudHPy dorvosbodst orbFe £Foago +rBFeddNHBED Y6 to@otqQFEY V&3 r G0 Ie0aEusad
bqogetlGho bFozxbof o JFt qogqBRbOb yf QeoloqofiePolglub YGBIE®e > F Fbt (JqEbLYt + JFYrbEs3
quo3tyb¥e EFRuyIHNDH. Fdsqreosov dosFaF voREONGIA s¢o (@B YL qbBHdtsF vy b Ye a
toroFeolFbbYy fqFbY36 pDOoRq pvoqdqeoodFodty QEERTERD oo QJotR] HBi@BHdvR3 t9F
FrEd90do8qg8BaWojty dorsctrbFEIEDLDLY £dtamtes bfYEo 3o yaitf I F QicosBatFEs Y + 1. Vi
otot bt eqoylty JF dY¥Yae eotrtoaojtszb¥ye 0dFHEOHFBAES qq otr Qblrgd F &b qPHH6 ¥ o
voqdqevootFoaY day 9903bof 9 qodq q@ertifobabyy ef atBedgt ie aqoojo 8oty v a Fd Yot e F3t y.

lLdboFboyry s6qdqiFfory rFedosobodFbofjo s6t+tJQeode goaF bqglqa¥YeF o
qqFatrodFEosY dorstrbFEIEDLDLY Frot b F qwdoHpbdbiioyr aEqbbyd Fmy qOEYObLEa V331
deqst FatroFFbojo ogaFqbEbLDLYy

Oar3o0dt quonoBEHEIELLY vtot3pVeqdedbBfodEdqroteFsty, dsdojqbFfF po(Q

BARMAK O., KALYTA O., MANZIUK E.

Khmelnitsky National University

SIMPLIFIE D MODEL FOR RECOGNITION FACIAL EMOTIONS

In the article, we analyze Paul Ekman's Fascial Action Coding System (FACS) and a simplified model that enables the
recognition of facial emotional manifestations in the faster way. The analysis was based on data olained from the Amsterdam
Interdisciplinary Center for Emotion (AICE).

The model realizes the hyperplane classification of mimic expressions of the main facial emotional states. The main
advantage of this approach is small computational complexity, whichwi | | al | ow real i zing the recogniti
emotional state without any special equjpment (for low -resolution or long-distance video cameras). The sphere of application is
control over the drivers in the process of driving the vehicle, ¢ omplex production operators, etc.

As a result of the research and processing of the collected data, the main areas of the face were identified, in which
changes in facial expressions directly affect the reflection of emotional states. These are areas with eyebrows, eyes, and lips.

To determine the forms of grouping states as a reflection of a set of features, we apply the approach proposed in the
paper. The approach allows the use of data visualization techniques to visually display characteristic forms of data grouping. These
grouped data determine the classes of emotional displays. An important aspect is the ability to set the boundaries of class division,
in our case, emotional states. The location of borders can be adjusted depending on the quality and quantity of data. This form of
adaptation allows a more flexible application of the technology of recognition of mimic expressions of emotions and adaptatio n to
the data body. Although mimic displays due to physiological particularities are typical displays of emotions, the boundaries of data
separation need to be adjusted for accurate distinguishment of classes of emotions. This allows the use of hyperplane classification.

The validity of the proposed model is suggested to test on the synthesized data. This is possible because the real input
will belong to the same intervals as artificially created. The main advantage of the proposed approach is the small computational
complexity that will allow the recognition of changes in the human emotional state by fa cial expressions without the use of
specialized equijpment (for low-resolution or long-distance video cameras).

Keywords: facial emotion recognition, hyperlane classification, simplified model.
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PREIZNERE., YASHYNA O.

Khmelnytskyi National University

METHODS OF ARTIFICI AL INTELLIGENCE IN THE FIELD OF HEALTHCARE

The vital activity and adequate functioning of society directly depends on the preservation of the health of the population
of any state. The most important area in this direction is health care, because health in general is a key aspect of the exis tence of
any living organism, including humans. This means that the importance of health is difficult to overestimate. For this reason,
countries around the world are making significant efforts to improve the quality of health care, using the latest advances in science
and technology.

Such achievements undoubtedly include developments in the field of information technology (IT), as this industry in the
modern world is one of the most promising in terms of the number of achieved results of human activity. Thus, today strong
investment investments are made in the development of software for health care, because the development of high quality and
effective health care is impossible without the use of modern means of medical information processing, implementation of
intellectual management methodology and advanced communication technology.

This article describes and explores the current state of artificial intelligence (Al) in health care. During the review of th e
scope and methods of application of Al in medicine in the modern world, also considered the current state of development of Al in
general, its relevance, prospects and opportunities at this stage of development.

Today all the artificial intelligence systems that exikst are ca
the way peaople do. It can do only one thing, such as searching the Internet for queries, recognizing objects in images, diagnosing a
specific disease. Besides at the moment the efficiency of all existing solutions in the field of healthcare is not high enoug h. However
the Al field is still growing, for example over the past four years, annual investment in artificial intelligence increases b y more than
$4.25 billion (total investment in 2014) and at the same time the field of Healthcare led Al investment with $4  billion investment in
2019.

Key words: artificial intelligence (Al). healthcare, artificial intelligence market.
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APPLICATION OF NEW SOFTWARE PRODUCTS IN PROJECT MANAGEMENT

To ensure effective work, project managers and project team members must be well versed in various disciplines of
management, economics, socio-psychological disciplines, including such as management theory, operations management, personnel
management, economic theory, business economics, psychology, conflict , decision making and support systems, information
systems and technologies, etc. It is difficult for a specialist to become a good project manager, so project management in Ukraine is
seen as a superstructure of invariant knowledge within a specific professional activity, knowledge, skills and practical skills in project
managemernt. The use of modern information technologies will ensure the completeness, timeliness of information display of
processes, the possibility of their modeling, analysis, forecasting.

Profect management software is designed to make the work of a project mana ger easier and more efficient, to apply for
planning assistance, project cost management, activity tracking, and scheduling.

As more and more public works departments face the realities of increasing workload and reducing resources, the search
for technological applications that can increase productivity is becoming increasingly important. The use of project management
software as a tool for managing and organizing work has grown rapidly and continues to increase in all areas.

The article considers the theoretical and methodological aspects of investment decisiorn-making using modern computer
technology, defines the basic concepts, compares the most common modern programs used by Ukrainian enterprises. The
advantages and disadvantages of more common programs for automation of investment project development from the point of
view of their adaptation to use in the conditions of the Ukrainian legisiation are analyzed.

Key words: investing, project management, automation, consulting.
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50 jstss sh OHdzdosdts ' ' HAaHEZ k2 odtss dd e stc'] daEds o B8 © jodiz
YydtedL ftwoddydfd ftsmis' 2 dscts aHBMEsdzOdzj dzdz? IsO fssodesects

] " HfBs9 Hds HEBs IO &8 dBGibHEdsSEe' ' TenStep, MmMdmlsj B3O

lwdz y' Oidzd L O sy HO' fjtehsdgk IsO Htclzcptsdizl dotatEEuds j o3 jtddsy
fsBlkHE2Is] ctO¥W ' CMCEKDODH®OE sy M) L Istc! DL OMEH ddf@ G ) M jctg" s
oJtm' & Br pteisegfO’ ,

2.y d&CO Hfs9 " HO' stcjls! sdi3z Oz (uviftceOodz dedz" GCtOW
fdt' sHdudef BKGOHE §OO oadL dzZOyoOlsd f§slstsyded?2 MlsOdz ftetsy CIskz.

3 i3 s dzs ' JIsOfd kEZftOo dz dzdev ftetsBdzf BOB SO EZftcOo |
Yyd 2 BSHLEW& ' mMdzw BwsHEZEZY Yy dzf d, s HBLO9 v fsBOYdls
CdW st 3Oyt ¥( Bttty jWMsOL 2 dsse d) , O fwls' @ LBjteijclsd Yy L& dzd ¢

4.5 s 3z dz' € O v dzs Jsofd CjtwkzoOdzdzy CtdBBzdz COyY"' ‘it IO |
9Cdzs yo' Lo ' Isd SBOdHd ftesjllk Cjt odedCk ftesj Sk O d3J

560 dLd%d Hfs9 ' HO' MisOH' " T Bf t®E dzZOdedry 2 tcdsisg & @z W< d2
tdLdS¢d O dsydde' t' hjddy Hdzv SCBYdts' MmMdlszoy' . 1 ' fdzw
9C0OLE" flsddOdz dzgj te' h j dadzw .

6.c ¢ Mis: SOV tf BE Pdzedf O d bk tcOo dz' dedzy w ¢ Misyj As Od3tizHf HedD'o
ftedL dzOyj ded?2 Hdz¥v L H' 2Mdgj dedz? MO ydsts’ sy ¢ d of! tscEt

fsCOLddS @9 IO (st adgWwdzdg "7 L tfilsddB3Od dddd L dzOyd dzdzv
f @dzz o Odgdz? jIsOf ' &8 ftosjSlsk Hts YOSz CsB3OdH ds’ ttsBtsisd.

sjte' oded¢ fJtesjSCllz ftsoddzjdz LOBjL judlsd MYy dz* daj L b
ftesjCls LOBJLYJykz’ , Ctsdzd o' d2 BEH] L Oojteh jdad?2, wg! BlzH
teseslsPlsyj, Cjt' oaded¢ ftotsjClskz ftsoaddej dz adL dzOydlsd twsdz' vy
WoL kO Mfjydw" SOy 2 Hdw Cyds’ L dedr. [ SHEd " d Yy O
ftots 3 sk, BEHYJIS, Isjtedd dzdOnrls A tdftsijtEfistdzdzO d, to A0 dydelzd 2L ClrQ L s
9 ' HfB9o Hdz Wistedsd Hdzw 99 jH]jdedzy ydm Jjdzjd3djdes' @ (tedfmy. 1).

& CONTRACTS ==

PROJECT INFORMATION

Contract Project title ®Profect manager Start date End date
T‘ 2430 INTEGRATED INFORMATIC SYSTEM ‘ Aldea Dan Liviu ‘ 01.07.2008 | 30.06.2009

PROJECT PHASES
Phase code Phase description

Feasibility study

01.07.2008 RS 30.05.2008

TEAM SCHEDULE/PHASE

= Member Coce No_of Rours J

0
5 | SIMICN ALEXANDF Member of team —ﬂ

e|6  BADEAANDREI _ Membercizam ] of 3

Record: _I4 T P M[p#[ofs 4 ol
Record: _I4 [ 1 v [ ]r]or1

tdfy. [ sHEd ' d PudgdzTern®y' " @ Phase
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Aj2 d&tsHEzW® LORdN jded?2 o' H LOfdMmMEkz 4§ Otesdzj &5,C O dzjy d 8E ts
CsBOdgH fjdzv 1 sts@ 5, we GctwOoOW' ¢ fttsjSlskz BEH] LOC" deyj ded?2 Gt
LBjtejGlsd Oolssd3OIsduydes WS¢ f jtehlz o jtefm’ 9 IsOBdzdy" " lstste”

j 9

vOCtsyY ftosetOddzd LOBJ LY dé¢tstedmlstso 2° Lo ' Is
H' OGOV O |H i Tedmwarked 31 me ( 6 d ig OMB 5. fesj Sl &sykls! odddS
"% BkH] LBLEEYHOIG ' d" d2 dsHEd : & dd. uv' d& $d Cjt' ode
sBfMwe, CwLOW'S OBt o0l Mis!, ' Mdv bkLEsHYjdd" L Cd ' dst
1= ACTIVITY PLAN
THE ACTIVITY PLAN FOR THE TEAM MEMBERS
Conrract no. 2430 INTEGRATED INFORMATION SYSTEM
‘ PHASE PROJECT TEAM
| (title, final term, budget) ALDEA BADEA  ENESCU MANEA POPESCU  SIMION
DAH LU ANDRE! EMILIA SORIN MARIA  ALEXANDRU
2430.1 Feasibility stucy
30.05.2008 15000
120 100 60
2430.2 Equipment acquisition plan
30.09.2008 20000
250 100
2430.3 The system concept development
31.12.2008 8000
200 120
2430.4 Implemertation phase
31.03.2008 5000 =
130 175
2430.5 Finalizing the project
30.06.2009 4000
160 30 0 120 30 40
Total ore 720 250 315
27 oc pmbris 2008 Fage faf i
Poge: I+ K| | ;rl

tdB. [tHEd ' d& yfeeyLogis: csdfd
EEX

B Gantt_Diagram
»

PROJECT TEAM SCHEDULE

. Project manager

I Member 1

I tember 2
Member 3

B Member 4
Member 5

Record: |4 1 [r1[r]of 2

tdB. [GHEd ' i Qjjd-bms Osutcs StdjSlsdok

Jy' detsydaed 2 sdptieH bbddzd.¢ fHtetsj Sk O Sy jdz ydzj dz C tsdzOdzH d
GOW ' C O odL dzOYOlsd {dsis tshylsza(t tc jndzaitz Q@Y SUs® . 5@ " ds Hy j sk
fsoddzidz S jtezoOlsd dzeddzd, NhtsB LOBJLTJydlsd L Oejtehjddzgw ¢ tets
' HEB®OY O' Mkdkk ctesh j2, Wik &sydO odlsteOsdlsd o tOBSOR
stceOdzR s HY jIs MlstckCIlskztckz' Is' Mv L O odHOMR] (odezlste’” h dgv totsB t5YC
kshts), O Lo'lsd OdzOd L bwdwdfpsLd)ssC ydi COkjette' 2 (
ltesydifm odL dzOyj dzdz? W' dzOdzmso sé s 5B tokzdzlskzo Odzdzy ftetsj € Isk

"o das[LC Istfzte fsoddzj dz LtesBdlsd ftOodd dzad?2 tetsLfBH' dz
5 Ctdstetsdzs 9 Olsd o dlsteOIsd. 1 d&zv yY! st fescteOdd] L
O o BB (tc@MPrLE) CbOR (tedh

Y dz
L
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B PHASE/COST

PHASE COST
Project phase Final term Budget
4 24301 ||Feasibility study [ 30.05.2008] | 15000
COST/PHASE
Cost Categories Estimated Values Actual Values =1
L4 T-] | 5000] | 4800]
1 Personnel costs
2 | Materials, semices cost | 500| | 550| oy
3 Wility costs 9500 9500
—H 4 Investments | | | | j
Record: [ 1] 1 b | ML|pk]of 3

Record: 14 [ 1.k |r|r%|ofs
td#. [ sHEzddisbdez ChsizisP) iz

B2 COST DIAGRAM

THE COST DIAGRAM OF THE PHASE: 2430.2

14000 14000
12000 12000
10000 10000
W go00 8000
)
£ gooo 6000

4000 - 4000

2000 - 2000 [ Estimated values

i
:

0 B Actual Values

£ w

8 B &
o (=] [
— (=} €
g Z E
3 5 g
4 = 2
8 S

COST CATEGORY
Record: 14 4 | T b M ] of 1 < i

{ d.8. f SHEdo dusyc CdBEqd:j &' sH Odd

[BdHO O otdzd HtejHMIsOo dzw & Is fstc’ adaw dz! dgd?2 BGEdzvH
Okd, Hit' sHd yYyomkz t'Ld: W¥WOLO OBt 9o9' H BB H
dud dzdzvr &3 Misdls: hj BHd HBHOILBE, wej ty' dg e (S
d (ftedsdzdL dzgd?2 O WOSIsdyded?2) .
[ BHEdz Ldg' dzB ' dz' M sfls” ftetsj Cls' o CteOW " ¢ fslstc’ B dats
Ndzdo ' M dd3 Ofgiydg ¢ Ifeds jEfstO@pddz * ofy' fsyjMmd EY§ttOs d d
dzd ¢ ftetsj Sk fsoddejdz LH' 2Mdedlsd Cttcdeclzo Odz' dz' H'
et Y 5t fosEttORdEMsets BsHEzdY. whdskE & dafrfipw  fos oot s j
tojLizd SOId ftetsj Sk L d3" dg¢ ¥ Is! MW feslsvwesd sy Sz |
9 Odadz" ) , sy dz¢d o0Olssmils' , Lzfmd dz SO Istedo Odztsfyls
disd dsokz tetsptlklz Lzt fsesHdls! My,
Ld3 dzgjdz (WS ftwOQoadkts, LB ' dhjdg ), hPtsB o' HsBteOL d
stsdzd o9 dBOGCO' Is! MW IsO LOe jtoHyE'  Is! Mw L &3 2O wtBMWGEl,
¢, h B dajtc Omelse Adsds fdz‘ls* W L 3" dg, Ists dzj Mlssmizs s mw
94 HJ Hits tsdso dzj dzadzgv ctcOW¥W ' €O OBB BEHYJIsk. cShts H' W
jdz OBt i3 Mwy!, Cit'odedS ftosj Slslz @jlsdipp j dzH sOB 5 dzd L
ZOHBA. | Oltd fls: 9 ' dz ftsoddzj dz sy dzdIlsd dzOw o dg toj Mk

o

7 oo

TTEmgY gqQon
o Deg
§°0

I <

TSN QG906

mo@goTvLg
NS D@0
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1" mMdzy L O EMSE dBsHEZdY ty' dé¢d Cjt' add¢ ftetsj Sk §tsedd
tetsL € dzOH Iz | SHEzdz dzd 23" digfsH I & ' au@azjydzlOdz' L Oy* v, o' dz Htosy 5
Sdetso dzt 9 Olsd " dW stedsOYy' ¥ s WOLd, 9 Cdzt yOr yd HBSHO9 Odzdgy dz
"Mt T, BOryd ‘T dhd2 dsdikRitt o jtwh’ T O sMisOdzdz sdztse dzj dzdzw

ssdBzdz COY' 2dzd?2 BSHEW®E ftedL dzOyj dzd?2 Hd&zw Ists@ts, hsB ¢

Cjte' odzdSC s ftotsjSlsk O tjhlsss CoBOdHG. sto' @3 ISBE, HJW!
Cdz' “ deskz (M sdmstclz) . Kj2 (BsHEE oSt O CBBOREBOdEE LY
Lo ' skzoOdzdzv Cjte' oacdzdC O ftesjClslz fjtejn Cdz * dalstsds.

[ smiszd L ORdh jdad 2, stsdizlz * dW stedgOYy* w ¢ CtodeV " Hj dzy' 2 dets®

CsdB3OdzHd MSE ZOH O twsBtsyYyd?2 §dzOdz L 6" Hdes L H' Wwdz' daefndsf. L O Gte
[SHEZEZdLdOROd L &2° By dzde® ttdLdSd O fttsi sdiz* ftotstf ts
MdlskzoOoy" " . 1 jittiH ftyobStsd odCtsdzOdzdz" ftetsjClsk CBORZHO

edL ¢ 0. JdCBmdmbsatBuq ' Ld2 (B3jsiEBttcd a&d: Py 'BsL EGo
Cydeséts tdLdCk CBOAHO 9C0yj hdwad odt' hjddg?w sy dzdoe ts
Fdizse OBt tSBfr]IsOSq’dz we' "z st fsL O (mdlstesdzj d@3 € sd3OdzH d
fesjCls ifOobzfaddS ftsed O ' fsksydss §tssdikss , L

Ui Glsjdy 2dz0 HO2BLlsdy fwsBdj O, WeO hj dzgfj o' HBLEW&ZOMY
odte’ hdisqd ftetsedzj &g, Stsdzd otsded o d dzd S O 5 0Of 58S ke dsafdzdf s s jdag] +2
fesBdj BOE HEs ' oddedCdaj decew [ 7] .

lmscm0®@4 LOBj LU Jujdd' RPM dzOHO' d3j dijjHoyjeEd ¢ 'wasj  Is|
COLEBdE L CBOdHsY fsjClkz O Cd' ‘' dlstsd, odL dOy0s yd odMmst
v IISI'J Jd§0“ls’ fioded?2 Mmisky' dz@ dajodL dzOyd desfls’ ydtejr fGedy
WOk efdd edCGdizslsi MWw. 1 jLoO3y0sUd @O kj, it d efm'

BRBsy dz0 II e HBOYdIsd IsO CjtwckzoOlsd dzddi3sd LOLHOdzjGE"  H'.

ikt @B&m&% gdYodzj dzdz? tdLgSBoadR §SH' 2 HA fsjllh
tdLdC' ' ® kO 1jtjd Sk wdLdSCBodR ' hjd, htse & d & LkoOkd
ftetsj Clskz. v ©OL' odddSdaj degdz® ¢YH' ' tedL d¢ kdwS 5 B3O ] ot 5o |
fstc’ adgv dz dzgd?2 OOz’ L. Oz HE" & (wWE' flsi Stedz’ decp ldc@ B & +
ftej HMsOBwBAEOH &Y o] HMisOo dzj dzedzv ted L d.¥ 82O & PH P dzs g o’ ged@m , s
tedLdSBsodn t'hjd HECkshd Hddy: Ssets ftots

B COST COMPARISON ANALYSIS

COST COMPARISON ANALYSIS

o4 LT i o _ali 3 Fii: AP
243041 2430.2 2430.3 2430 4 2430 L]

O Estimated costs 15000 20000 8000 5000 4000
B Actual costs 14850 19700 7940 0 0

Record: |4| ”—1 |>I| |of1
td® tqdLdecd O ' " j dedg”

[BHEd wosfmls' KO ®jktedS ftojHmMsOodv' d&jlssH ty' dtd L
fetsjCl O C' dyjo' tjLizd kO o' HfBo' HOs ! odBsSEOR SO

[MS  d € wC'Mls! odL dzOYO' s fftpss j € iz ! dzlotisdizO Oafis Y § | 8" zasdic
e’ * Cldodsss . [HBOS bk wotmls' BOCOLs LWGE S HAEY daP BLEtSS B
tsLBdlsd LOGCOd dzd?2 Ibjteds dz ¢W& fls! & &0 StdStejlsd OMfjClsc
Csyjdz L OO ded Rt jelzlsd §jtojlsottejdd? O sHdz OB '
oadd3 tos 9 Odedz? W ECsMIs'

[Hd ‘¢ L GhsBdkdotsMmlsj2 w¢' Mdsct t'h jddy &syj sBkld I
j fOOdi) bt By dz® odd' Wlisd ' H taiEhdk) k) cidgz" § ekl dziCazizls O | iz
fSCOLddCO ckfO sy do0OyY o dsyj MCkOMsd fdd sCd, hss
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B RISKS AND SOLUTIONS

RISK MANAGEMENT PLAN ‘

'| | 1| The low experience of the project team with PM

m Solution code Risk level Validate Prime responsability <‘

T| 24301 | ‘ ]!! |l|ed|um \enel_J [Project manager
[24303]] 12 -] [Medium level -] O [Member -]
[24301] ] 42 -|[ Lowiever -] U [uemberofteam
] 1T 0l -1 [ = [
Record: M| 4 | 1 b |1 |pk|of 3 | | »
Solution Defining solutions quality term validate A
code mﬂnence influence || influence || solution
’ 1] [Periodical evaluation of the current status 41
| 12| [Replace one of the team members | O ] a
| 21| |Review of the contract clauses ‘ O o
| 22| |Phased delivery of the equipement ‘ O O O m] J

Record: 14| 4 | Tk M es|of 10
Record: 4] 4 | T k| e r]of 4

{dM ljtjd ¢ © hjd hsHts edLdS' o

[y j, Hdi" bEftwOod dedgv WwC' flss ftslste' Bdes odds tewilsd H
oHGNdsdsd fsyjfmd. [MS & ¢d &jliedSd 203Cts odL dOudlsd Is
AW s dkOy ' ¢ ¢ q’tGIS d34|strscf§q’ hsHs o Ok’ , LEzMdd kO ISt
fsCOLddS o, M oo ' HdsMmdl: 'ECk GOB dY®L ' &#C®, o'MkOEsE
By HIWECdR] LdzouiddeWdSCf-

[BHEd wCthmls' kO §6 0L ddC ¢ digs gt dBjzdsls 'L,0 1z dzidsy &t ¢
o' dz By j odL dzOUdlsd CstdckoOd df H' OBt L OXwHE ISty
Hdzv ke, htsB HOd HjWCEk ' dlistedsOy' & s wWC' fMls! k § sy
Ldgjdz" 2 s fw. ouvftcOo dz dedz? Bj stedC Odsd sy dz® jWjSkdodes o
sMC' d& $d ' HMisOkd Ge®@hkzz HidhL I d'tled®ls 'He ds@ , o dzj ) dzdzv o °

sEBOdH] fsjSkk ftoddd L dOld L dOyj dd" L ttOr & ds ¢
RPM HO' ' dsjtftjlsOoy' ¥ ojliedS, hsB Hefsdksclsd dj daj HY j 6t
kOCBY BOEP S CjwokzoOlsd fusSlsd, o&syj Bklsd §ieduddd H
Hdzv o' HYte Hdas' ' dzsjtftejloy’ ' . 168C0OLddSd fsjCllk * o
slsteqddkzs s, wChis otsdd o(dCtstedls o kwtse G’ LH@RY' 'o.H 5MC 5 dzO dzj d

ldidetsd GFctcOdgdzy L OB j LY Jyj dedew HdzwC e 650 dzff Hzdz ¢ izO y Cztf
BEZ#IC s’ Hsfdz' Hdzed y! € B Gtelztf d . 1 Od3" Mls: stsG ts, hsB olttOY!
C sy dets”’ YoLd, LO HBYBdscEts a Omi]sd | dedzezs € 5O @dztsd3s
H Wz desfls' o ©WORSOR woLteseCd ftsjSlk. [ SMijtddj dsod
BjlsHsdse'® TenStep. JdasHwyd L ke, s Bbds fEjHmls
5OC dRtzgeuidzz® o d&zdSd2 ' dEsjtejf HdY kftOod dedz? ftetsj Gl
My olstse Oted fls o O ks @dzte], te ¥ OB dizq F Is daffnO etz Is Hats iy dz' Heyfijdz' B * dzr h
fesctcORdEsets LOBJLYJyddedg" HdzvW E§ tcOo dz' odzdav tdftda tojglldCCzzd BLJA
GjLEd 50" & ftefygHZd' CRARNDody fodsavls ! ' dz¥ SOy’ ¢ fiots bk to
ftets dzj B O todhnWdSdailz diy e QO C £ o dOedisns®  cftddasj @@ SRP M  d3tsy §
ftescteOided L OB J L o Qudpdidz dzdf ' vy ' Istg 'musded » s o ftetsjClIls' o,
"delsj W j2Mm" 9

[ 5jtOkEO

11! s lstsdz, ., U tOP s UdaO fotss Cs®EdY jtojo ' 6 dd2, §wOCldudd? §sh' |
JEnO®jflls, METEOR PRESS, fj. 183, 2007.
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3.MOCHAL, T., MOCHAL, J., Lessons in kftcOod dedz?" ftetsj ClsOBd, 1 Lkn

4strBlrt, ., 2% 0OdER aah § 3 Hzjte'zZmj detf e dREardsdr ... O 21 L dO2¢'
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STETSYUKM., GOROSHKOA., SAVENKO B.

Khmelnytsky NationaUniversity

MODEL FOR ENSURING THE SUSTAINABILITY AND FAILURE RES ISTANCE
OF SPECIALIZED INFORMATION TECHNOLOGIES IN THE CONDITIONS
OF THE DESTRUCTIVE INFLUENCE OF MALICIOUS

Corporate computer networks of enterprises (organizations) use specialized IT to solve production problems or automate
basic or auxiliary tasks, in particular, such as accounting and document management. Computer networks, when connected to the
Internet, become objects of malicious activity.

The paper analyzes that the known methods and ways to ensure fault tolerance and survivability of specialized IT are
insufficiently systematized and can not always be implemented due to the specifics of use and structure of specialized IT.
Therefore, further research and development of new methods that would improve the resilience and survivability of specialize d IT,
including cyber-attacks and malware, is needed.

As a result of using the developed measures, IT of specialized use was obtained for various applications, where the
accompanying processes belong to unreal or unreal time with high parameters of fault t olerance, survivability and overall resilience
and, at the same time, an acceptable level of financial costs.

Thus, an approach to determining the effectiveness of IT based on quantitative values that characterize fault tolerance
and survivability has been developed, and can be extended to take info account other characteristics. To ensure fault tolerance and
survivability of IT, a system of measures has been developed which resulted in highly specialized IT applications for various
applications, where the accompanying processes are unrealistic or unrealistic with high parameters of fault tolerance, survivability
and overall resistance and, at the same time, acceptable financial costs for its operation.

Keywords: honeynet, malicious actions, detection of computer attacks, forecasting, corporate computer networks.
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