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SCIENTIFIC PROGRAM

The conference aims to provide opportunities to spread the latest scientific,
technical and engineering information and attempt to combine two most
important aspects of human civilization develop- ment, namely the areas of
information and energy spectra in the optical-electronic basis, which currently
can be seen as the most effective means of solving strategic issues for further
scientific and technological progress. The conference is dedicated to the
memory of professor Volodymyr Kozhemiako.

TOPICS

e Optoelectronic/digital methods and systems for image/signal processing

e Systems of technical vision and artificial intelligence with image
processing and recognition

e Optical and quantum electronics in computer and intellectual technology

e Biomedical optoelectronic systems and devices

e Optoelectronic devices and components in the laser and energy
technologies

e Optoelectronic technology of information protection

e Optical and optoelectronic sensors and transducers in management
systems and environmental monitoring

e Fiber-optic technology in information and power networks

e Opto-electronic energy-saving technologies

e Nano-optics technologies and optical spectroscopy
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OPTOELECTRONIC/DIGITAL METHODS
AND SYSTEMS FOR IMAGE/SIGNAL
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SPECTRAL PROCESSING FOR ANALYSIS OF BIONANO
STRUCTURES

Olenchuk M.V.!, Severin I.M.", Komarenko D.%, Dovbeshko G.L."
' Department of Physics of Biological Systems,
Institute of Physics of National Academy of Science of Ukraine,
Nauky avenue 46, 03028, Kyiv, Ukraine
? Kyiv Academic University, Vernadskiy Prospect 36, Kyiv 02000, Ukraine

Graphene-related structures have generated great interest from the
scientific community, in both basic and applied research. Raman spectroscopy
has been the leading technique to study and characterize graphene-related
structures.

A colloidal solution of uniform silica spherical particles (240 nm in
diameter) was prepared using the modified Stober method. Graphene Nano
Particles (GNP) produced by mechanochemical exfoliation method were used
for infiltration. Raman spectra and mapping have been done by
WiTecAlpha300RSA+ instrument. For excitation, we used 532 nm laser.
Silineat 520 cm ' was used as wavenumber marker. Software Witek-Project
2.10.3 was used for spectra registration, analysis and processing.

Principal component analysis (PCA) is a technique for dimensionality
reduction and feature extraction that consists of calculating the directions of
greatest variance in a data set. PCA works here in the following manner: one
starts by constructing an 50x50 matrix, where each point indicates a Raman
spectrum of single measurement.

At first, we found peak positions and full widths of half maximum
(FWHM) for D, G and 2D bands, through Svaitsky-Golay smoothing and peak
detecting by Gaussian fitting. Then, we calculated characteristic ratios:
I(D)/I(G), I2D)/I(G), FWHM(D) and FWHM(G). In principle component
coordinate system all characteristic ratios can be represented in single point. The
location of these points depends on the value of the principal components and a
crossection multicoordinate plane.

We have acquired two dimensional mapping of GNP on Si/SiO, and GNP
infiltrated into synthetic opal structure. As result we obtained lower
dimensionality plots, which represents structural changes for non —
homogeneous GNP infiltrated into synthetic opal.

Acknowledgement
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YK 681.3.05

HHOIEPEAHSA OBPOBKA ITPH ®PAKTAJBHOMY YINIVIBHEHHI
30bPAKEHb

Maiinantok B.I1., Jlinyk O.O.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

Onna 3 MOXJIUBUX €(EKTUBHHUX Ta IIBUAKHUX CXEM KOJIyBaHHS 300pa)KeHb
(dbpakTanbHUM MeToz0M, 3ampomnoHoBaHa ApHo JKakenom (Arnaud Jacquin).
Alle SKIIO MOpaxyBaTH KUIbKICTh apu(METHUYHUX ONepamii sl 3HAXOKECHHS
Koe(]ilieHTIB apiHHUX MEPETBOPEHb OJTHOIO PAHTOBOr0 OJIOKY y 300pakeHHI B
rpajaaimisix ciporo posmipom 512x512 mikceniB Mmpu po3Mipi PAaHTOBOTO OJIOKY
4x4 (n=4), nomenHoro 8x8 1 KpoIl BUOOPY NOMEHHUX OJOKIB 2, TO HABITh AJIs
aIrOpUTMYy 3amporoHoBaHoro JKakeHOM 3arajbHa KUIBKICTh apu(METHUYHHX
omeparii ckiaae:

M =8(4n""' ("' =3)+9n*) =8(4*4°° * (4> -3)+9*4%)=8193152. (1)

OTxe, 3agaya NIABUIIEHHS IIBUAKOCTI  YIIIJIBHEHHS 300pa)KeHb
(dbpakTaIbHUM METOJIOM € JOCUTh akTyanbHOWO. [Ipu mokpaiieHHl MOKa3HUKIB
MIBUJIKOMIII adTOpUTM (PpPaKTaJbHOrO YIIUIBHEHHS MOXE CTaTH OJHUM 3
HalOUTbII €(PEeKTUBHUX aNTOPUTMIB YIIUIBHEHHS 300paXEHb.

Jlns  miagBUIIEHHS IIBUAKOAII MeTomy 3a cxemor ApnHo JKakeHa
3alpONOHOBAHO BUKOHYBAaTH MoONEpeAHid BiAOip TOMEHHUX OJIOKIB Ha OCHOBI
koediuieHTiB anpokcuMaitii. [Ipu anpokcumarii 3HaueHHs MiKCest 300paXeHHs
JUTsl ABOBUMIPHOTO OJIOKY BU3HAUAETHCS TaK:

f(x,y)=ax+by+c. )

[Iponec koyBanHs Oy/ie BKIIOYATH TaKi JOAATKOBI KPOKU:

1. KoxkeH nOMEHHUMN 1 paHTOBUU OJOK MOAAEMO Y BUIJIAAL KOEQIIIEHTIB
anpoxkcumarti. s n=4 Koeq)iuieHTH 06‘-II/ICJIIOIOTBC}I TaK:

—322 z,, +1 22 szyy

— x=1 y=1 x=1 y=1 3
b= 24 )
4 4 4 4
3>z, -> >z, x—-20b
c= x=1 y=1 x:é y=l1 , (4)
4 4 4 4
3227, 227,y —8¢
a= 22 ;Oyzl : (5)

1€ Zijj — 3HAYEHHS ACKPaBOCTI MIKCENd, X;, Yi=1,2,3,4 — KOOpAMHATH IIKCEIs
B MEXax OJIOKY.
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2. Jlns KOXHOTO pPaHroBOro OJIOKY BHKOHYETHCS IONEpPEHINd B1aOIp
JOMEHHHMX OJIOKIB 3a TphOMa KOe(Ii€HTaMU amnpoKCHMAIlll, HaNpUKIaL, 3a
KBaIPaTUYHUM BIJIXWICHHSM:

S, = (a, _ad)z +(b, _bd)2 +(c, _Cd)2> (6)

3 BigiOpaHuMH OJOKaMU BUKOHYIOTHCSI NMEPETBOPEHHS XapaKTEepHI IS
¢dpakTtanbHOrO yuiibHEeHHS MeToAaoM JKakeHa. OcCkKiabku BUOpaHUX OJOKIB
3HAYHO MEHIE 3arajlbHOi KUIBKOCTI JOMEHHUX OJIOKiB, TO CI1J OYIKYBaTH
3HAYHOI'O BUTpAILly B IIBUIAKOAII.

MopentoBaHHsl [OKa3ajo, W0 3alpOlOHOBAaHUM METOJA MiJABUIICHHS
MIBUJIKOCTI  ()pakTaJbHOTO  YIIIJIBHEHHS 300pakeHb JO03BOJSIE  JOCSTTH
npuckoperHs y 20-24 pasu, NOpIBHSHO 3 METOAOM 3a cxeMoro ApHo JKakeHa,
0e3 cepilo3HUX BTPAT BI3yaJIbHOI SKOCTI 300pakeHHs (puc.l).

Pucynok 1 — Pe3ynpTaTu MozenoBaHHS MIBUAKICHOTO (DPAKTAIBHOTO
VIIUIBHEHHS: @ - OPUTIHAJIbHE 300paKeHHs; O - 300paK€HHs B1THOBJIEHE MICIsS
KOJIyBaHHS 3alIpOIIOHOBAHUM METOJIOM

TakuM YMHOM, MOAAHHS PAHTOBUX Ta JOMEHHUX OJIOKIB y BHIJISAIL
KOe(]III€HTIB alpoKCUMaIlli 03BOJII€ BUKOHATHU IIBUAKUNA MONEpeHI B1IOIp
JOMEHHMX OJIOKIB, 1[0 B pe3yJbTaTl 3HAYHO [MIJBHILYE MIBUIKICTb
(pakTasbHOrO YIIIJIbHEHHS.



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

V]IK 535

OCOBJMBOCTI AHAJII3Y AHI3OTPOIIIl CEPEJOBMIIL 3A IX
EKCHEPUMEHTAJIBHUMU MATPUIIAMU MIOJIVIEPA

CasenkoB C.M., O6epemoxk €.A., Komomiens 1.C., Kaimor O.C.
®dakynbTeT pangiodi3uku, eICKTPOHIKH Ta KoMl toTepHux cucteM KHY im.
Tapaca IlleBueHKa.

B poGoti nocnimxkeHo OCOOMMBOCTI BIJHOBJCHHS 3HAY€Hb MapameTpiB
aHI30TPOIIi aHI30TPOMHUX CEPENIOBUIL 3 iX EKCIEPUMEHTAIbHUX MATPUIIb
Mioiepa pu BUKOPHUCTaHHI PI3HUX METOJIB BUJAJICHHS €KCIIEPUMEHTAIbHOT
noxuOku. B JochiKeHHI BUKOPUCTOBYETHCS YKCJIOBE MOJICIIIOBAHHS.
CepenoBuille TPEACTABIAETHCS OJHOPIAHOIO MOASI0 (AudepeHIiaibHO0
Martpulero Mrojepa), B paMKax Kol oOepHEeHa 3ajiladya Ma€e €IMHUN pO3B’S30K.
Jlns BUJAJeHHS IIYMOBOI YacTHHHU (BITHOBIICHHS JACTEPMIHOBAHOI YaCTUHH
MaTpuili) 3 MaTpulp Miojuiepa BHKOPUCTOBYBAJIMCh METOAM MiHIMi3alii
HEB’SI3KM MIXK EKCIepPUMEHTaJbHOI Ta MOJEIBHOI0 Martpuiieto Mioepa
cepemoBuma  [1-3], MiHIMIZallis  HEB’S3KM  MDK  MOJICBHOIO  Ta
EKCIIEpUMEHTAJIbHOIO 3MIHOIO 1HTEHCHUBHOCTI BHIIPOMIHIOBaHHS Ha BHUXOJ1
cepenoBumia [4], modsSpHE PO3KIAJACHHSA EKCIEPUMEHTAbHOI MaTpull 13
3aJIy4EeHHSM MOJeNl aHI30TPOmHOro Jenoispusaropa [5]. Ak wMonenbHe
PO3TISAHYTO  CEPENOBHINE 31  CKIATHOI  aHI3O0TPOIIEI,  3yMOBJICHOIO
OJIHOYACHOI0 TMPHUCYTHICTIO B CEPEIOBHINI JIHIMHOTO Ta UUPKYJISIPHOIO
IUXpOi3My, JIHIMHOTO Ta UUPKYJISIPHOTO JABOIMPOMEHE3AIOMIICHHS. YXO.i
MPOBEJCHHSI CTATUCTUYHMUX JOCTIKEHb MOOYJ0BAaHO TICTOrpPaMu PO3IMOJILIIB
BIAXWJICHHS BIJHOBJICHUX MapaMeTpiB aHI30TPOMii B 3aKIaJACHUX TOYHHUX
3HaueHb. JJI1 MOJENMIOBAaHHS EKCIEPUMEHTAIbHOI TOXUOKH BUKOPHUCTAHO
aJUTUBHE 3allyMJICHHS TOYHOI CHHTE30BaHOi MaTpuill Miojsepa MIyMOBOIO
KOMITOHEHTOIO 3 PIBHOMIPHUM PO3IO1TIOM.

B pesynbrari nocaigkeHb OyJI0 BCTAHOBIICHO, IO PO3MVISIHYTI METOAU
BUJIAJICHHS LIyMY 3 €KCIEPUMEHTalbHOI MaTpulll Miojiepa, B IIJIOMY, MalOTh
pi3HY CTiMKICTh 0 mymMy. Haitbinbin criikumu BusiBiinch metonu Kiayna,
Bbapakara, ta IOmrina [1-3], Tpoxu ripmum BusiBuBcsi metoa OcikoBcki [4].
Meron YinMena [5] BUSIBUB B Tpuul Tipily cTidkicTe. KpiM Toro, B metoni
YinMeHna BHHHKAJIO CHCTEMAaTHYHE BIAXWICHHS BHUILICHOI JE€TEpPMIHOBAHOI
MaTpHIll BiJ BX1JHOTO TOYHOTO 3Ha4YeHHS (Tabi. 1). SIKk HACIIIOK, BITHOBJICHHS
nmapaMeTpiB aHI30TpoMii 3 €KCIepUMEHTaJbHOI MaTpulll Mioiiepa METoaA0M
Kinayna, bapakara ta FOmTina xapakTepru3yBaioch HAIMEHIIUM CIIOTBOPEHHSIM
3HaueHHs aHizoTpomii. Meton OcikoBcKi OyB MOPIBHSAHUM 3 HUMH, a B METOJI
YinMeHa ICTOTHO CIIOTBOPIOBAJIMCH 3HAYEHHS JIHIMHUX BHUJIIB aHI30TPOMIi.
[TapameTpu HUPKYIASIPHUX aAHI30TPOIIM OJIHAKOBO SKICHO BIJHOBJIIOBAIUCH B
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yCIX BUMNAJKaX BUJUJICHHS JNETEPMIHOBAHOI YaCTUHM MaTpuli Mromepa (Tadm.
2).

Tabmums 1. CratucTuka HOPMHU BIJIXWJICHHS, BIJIHOBIJICHOI pPI3HUMU
METOJIaMH, JACTePMIHOBAHOI YAaCTUHHU MaTpuill Mroiepa BiJ TOYHOI IS
MOJIETBHOTO O0’€KTYy 31 CKJIAQJHOI aHI3OTPOMI€I0 TMPU  PIBHOMIPHOMY
3alllyMJICHHI 3 aMILTITYJ1010 2% 3 HYJIbOBUM CEpPEIHIM.

XapakTepuCcTuKU po3noauty | M,—M,, ||
Metonanamisy | [m,-M,, | SD(IM,~M,, )
Cloude 0.027 0.007
Barakat 0.027 0.007
Yushtin 0.027 0.007
Ossikovski 0.030 0.008
Chipman 0.079 0.028

Tabnuis 2. 3BefieH1 XapaKTEePUCTUKU PO3MOJIUIIB BIIXUJIECHHS BITHOBICHUX
napaMeTpiB aHI30TPOMIi BiJl 3aKJIaJCHUX TOYHUX 3HAUYEHb Yy PIZHUX METOJaX
BHUJIAJICHHS IIIYMY 3 MaTpulll Miomiepa.

MeTon XapakTEepUCTUKHU PO3MOLIIB

aHami3y E-¢ | SD(E-&) | 6-6,° |SDO-6,)," | r-r, SD(r—1,)
Cloude 0.0007 0.014 0.0008 0.6 0 0.004
Ossikovski | 0.0008 0.016 0.0007 0.6 0 0.004
Chipman 0.003 0.04 0.004 1.9 0 0.006

5-6,," [SD(6-6,)," | a—a,,’ |SD(a@-a,)," | p~@,, |SD(@—@,),

Cloude 0.011 0.8 0.001 0.4 0 0.4
Ossikovski | 0.010 0.9 0.002 0.4 0 0.4
Chipman 0.032 2.4 0.03 1.3 0 0.7

Cnucok HUTOBAHOI JIiTEPATyPH.
1. Cloud S.R. Group theory and polarization algebra // Optik. — 1986.
2. Anderson D.G.M., Barakat R. Necessary and sufficient conditions for a
Mueller matrix to be derivable from a Jones matrix // J. Opt. Soc. Am. A. —
1994.
3. Savenkov S.N., Yushtin K.E. Some peculiarities of the correspondence
between experimental deterministic Mueller and Jones matrices // Vkp. ¢i3.
xypHaia. — 2000.
4. Ossikovski R. Retrieval of a nondepolarizing estimate from an experimental
Mueller matrix through virtual experiment // Opt Lett. - 2012.
5. Chipman R.A. and Lu Shih-Yau. Decomposition of Mueller matrices //
SPIE - 1997
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VISION SYSTEM FOR SPEED MEASURMENT

Antonenko V.A., Borovytsky V.M.
Igor Sikorsky Kyiv Polytechnic Institute, Optical Engineering Department

Development of unmanned aerial vehicles requires the optical sensors for
measurement of speed vector. These sensors apply the correlation technique for
calculation of a direction and a value of the speed vector. The proposed
mathematical apparatus helps to calculate the time discretization that guarantees
the correct measurements (Fig. 1).

A At the beginning, we calculate the
- spatial resolution d,,;, of an optical
system according to Sparrow criterion
(k = 0.96):

- T — /1 N
- dmin =k * 5 * f

where A — the wavelength of
maximum sensitivity of photodetectors;
y D — the diameter of an entrance pupil;
f~ — the focal length.

— It allows identification of the
VEN maximal number of  spatially
T independent readouts N,,,, assuming
Fig. 1. Vision system for speed that Ny,q, > 16:
measurement Ax

Nmax -

dmin
where Ax — maximal distance between photodetectors in an optical sensor.
Next step is calculation of a speed value in an image plane:

V\u = Vu *%
where V,, V' — the speed values in an object and image space,

respectively; h — the altitude of an optical sensor;
Now it is possible to find the time delay At that corresponds to the speed
V", and the distance Ax:

At = Ax
=
Finally, the time discretization t; will be equal:
A
. At Ax din din kxpy*h N A (h)

R — — — % fd < = - = k — %k | —
N. . Ax . %4 D \V;
max Vu*(%) Vu*(%) u u

We can see that the time discretization does not depend on the distance
between photodetectors and a focal length of an optical system.

11
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ABBE THEORY: FROM 2D TO 3D SPATIAL BANDWIDTH

Borovytsky V.M.
Igor Sikorsky Kyiv Polytechnic Institute, Optical Engineering Department

The Abbe theory specifies the spatial cutoff frequency that limits a spatial
bandwidth of microscope optics in lateral direction [1]. In general, microscope’s
optics is a three-dimensional (3D) spatial filter and it should be characterized by
the 3D optical transfer function [2].

It 1s possible to get the analytical description of the 3D surface that
“covers” 3D space of spatial harmonics that can pass through a microscope
objective [3]. This space is called the 3D spatial bandwidth. To get this
description it has to consider a grating that can be inclined relatively the optical
axis. Then it has to calculate the maximal path difference of beams that form 0-
and +1- maximums as the Abbe theory does. As a result, the proposed analytical
expression links the spatial cutoff frequency with a wavelength, a refractive
index, an angle of a grating inclination and an aperture angle [3]:

1 _ D -max Qsin (lim (o0 £ 0))— sin (lim (o0 F 0)])
dMIN (G= 0() A

where vmax, dumnv — the maximal spatial frequency passed through a
microscope objective (the spatial cutoff frequency) and the corresponded
minimal resolvable period of the grating when the numerical apertures of an
objective and a condenser are equal, relatively; a — the angle of the grating
inclination -n/2 < o < n/2; 6 , A, n — the aperture angle of the microscope
objective 6 < m/2, the wavelength and the refractive index in an object space,
relatively; max — the function that returns the maximal its argument; lim — the
function that sets the limits of its argument in range [-7/2 .. + 7/2].

The known formulas that define the spatial cutoff frequencies in the lateral
and axial directions can be considered as the partial cases of the proposed
formula:

Vaax = Vwax (G,O()=

Vi (0,0 = 0)= n - max Qsin (lim (G}b))— sin (lim (- G))‘) _2-n-sin(c)

A
1. Abbe, E., Beitrdge zur Theorie des Mikroskops und der mikroskopischen
Wahrnehmung. Arch. mikrosk. Anat. Entwichlungsmech., 9, 413-468 (1873).
2. Sheppard C., Three-dimensional transfer functions. Proceeding of SPIE,
3831, 166 — 171 (2000).
3. Borovytsky V. “The general theory of image formation in an optical
microscope”. Polytechnica, Kyiv (2017).
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YK 621.325.5

APPLYING ARTIFICIAL INTELLIGENCE FOR CELLULAR
NETWORKS OPTIMIZATION

Olena O. Semenova, Andriy O. Semenov, Oleg V. Bisikalo,
Volodymyr Yu. Kucheruk and Pavel 1. Kulakov
Vinitsa National Technical University

Applying call admission control in cellular networks allows preventing
congestion, thus ensuring the quality of service for calls admitted into the
network. Also, call admission control provides limiting the interference by
regulating the number of new calls admitted in a network and reducing handoff
failures [1]. In WCDMA networks, call admission control checks whether new
connection can be admitted to a system. Before admitting a new call, call
admission control checks whether admitting the new connection won’t decrease
the quality of service of the existing connections. So, call admission control
accepts or rejects a call request [2]. The paper [3] provides a survey of call
admission control algorithms in 3G networks describing it as an optimization
problem. Artificial intelligence-based techniques, such as artificial neural
networks, fuzzy systems, genetic algorithms [4, 5] replace conventional
techniques in various engineering applications and are widely used in
telecommunication networks [6-8]. Artificial intelligence approach for the call
admission control problem is suggested in [9].

According to [10], the fuzzy logic approach has the potential to reduce the
call rejection and provides higher levels of the quality of service. Also, fuzzy
logic application in control systems have been investigated in [11-13]. The
Neural network based algorithm for decision of call admission was proposed in
[14]. Results indicated that using the neural network solved the call admission
control problem. Better results can be achieved using a hybrid approach, such as
an adaptive-network-based fuzzy inference system, proposed in [15]. In [16]
stochastic optimization algorithms, such as genetic algorithms and others are
proposed to be used for the call admission optimization problem. So, artificial
intelligent techniques exhibit better efficiency leading to better user’s
satisfaction [17]. Thus, using Fuzzy Systems, Artificial Neural networks and
Genetic Algorithms provides solving the problem of call rejection. Combining
the mentioned techniques, a better method can be obtained. This combination
provides overcoming the each technique limitations and obtaining a feasible
result for improving the user’s quality of service [18]. The authors suggest to
apply in cellular WCDMA networks a genetic neuro-fuzzy controller with four
input linguistic variables and one output linguistic variable. This controller is to
regulate call acceptance or rejection and allowing congestion avoidance. The
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authors have already considered the fuzzy controller in [19], and the neuro-fuzzy
controller in [20].

This paper presents results of the further investigations. The objective of
this paper is a genetic neuro-fuzzy controller for the call admission control in the
cellular networks.

1) Fuzzy controller.

Fuzzy logic can simulate human reasoning and is applied in characterizing
the nonlinear system behaviour. It is appropriate to use fuzzy approach when
there is no mathematical model for the process. Fuzzy logic applies experts
knowledge for control decisions.

A common fuzzy controller converts input variables to membership
function values (fuzzification process), then evaluates a fuzzy output according
to a rule base (inference process), and transforms the fuzzy output value into a
crisp one (defuzzification process).

When developing the fuzzy-controller its fuzzy linguistic variables, as well
as terms and membership functions must be specified. Input linguistic variables
describe available states of a process and an output variable describes all
available actions. Next, a rule base consisting of a set of IF-THEN rules
describing the states must be assigned. Simulation is performed to evaluate
operability of the fuzzy-controller. The developed fuzzy-controller is
transformed into a neuro-fuzzy system, that is suitable for operating under
uncertain conditions. The rule base is updated using a genetic algorithm.

2) Neural network.

Neural Networks are computational elements made of interconnected
artificial neurons. They can acquire, store and employ expert knowledge. They
can be trained and taught new associations and patterns. Neural networks are
used for such tasks as classification, function approximation, pattern matching,
optimization, and data clustering.

To improve the operability of the access fuzzy controller it is transformed
into a neuro-fuzzy controller. For that purpose the scheme of an Adaptive
Neuro-Fuzzy Inference System (ANFIS) was chosen. It is a neural network
operating like a Takagi-Sugeno fuzzy inference system combining fuzzy logic
and neural networks techniques and capable to function approximation. The
ANFIS is a universal estimator operating under unprecise conditions. The
advantage of the ANFIS over the fuzzy controller is combining fuzzy reasoning
with learning capabilities to problem solving.

3) Genetic algorithm.

Genetic algorithms suggest a fast and accurate solution for optimization
problems according to processes of selection, mutation, crossover and
reproduction. They can optimize both discrete and continuous variables.
Thereby, for updating the rule base a genetic algorithm is employed.
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STOCHASTIC-DETERMINISTIC METHODS OF SIGNALS AND
IMAGES PROCESSING IN OPTOELECTRONIC SYSTEMS

Strilkova T.O., Lytyuga O.P.
Kharkiv National University of Radioelectronics

Development of theory of signals and images receiving and processing in
optoelectronic systems is directed at creation methods and algorithms with
taking into consideration interaction between optical irradiation and system’s
elements [1], [2]. Investigation of signals stochastic and deterministic properties
such as energy, spatial-time, bunching, amenable to generalized limit theorems
has demonstrated necessity to take into account additional statistical properties
of signals in order to increase system efficiency as whole [3], [4].

Methods and algorithms of signal and images stochastic deterministic
processing with aim of widening of dynamic range of optic electronic systems
are submitted for consideration in the report. The methods are based on
combined using of corpuscular, wave and statistical technics of signals
description with taking into consideration energy and spatial-time properties of
signals and interferences.

Main problems are dealt with observation of low-size and thin-contrast
objects signals from which are characterized by energy subjacent below the
optic electronic system sensitivity threshold. The results of theoretical and
experimental studies of the developed methods of spatial-tine interframe and
intraframe signal processing which are able significantly improve the quality of
images of movable and closely spaced objects are discussed in the report.

1. T. Strelkova, V. Kartashov, A. Lytyuga, and A. Strelkov, Theoretical methods
of images processing in optoelectronic systems, in Biometrics: Concepts,
Methodologies, Tools, and Applications. 2017, pp. 361-381.

2. T. A. Strelkova, «Studies on the Optical Fluxes Attenuation Process in
Optical-electronic Systems», Semiconductor physics, quantum electronics &
optoelectronics (SPOEQ), no. 4. pp. 421 — 424, 2014.

3. T. CrpinkoBa, «P0O3BUTOK CTOXAaCTHKO-AETEPMIHOBAHOI TEOpii MPUHOMY Ta
00pOoOKU CUTHAIB B ONTUKO-EJIEKTPOHHUX CUCTEMax», IUC. TOKTOp., HayK, KIII
iM. Irops Cikopcbkoro, Kuis, 2017

4. T. CrpinkoBa ta O. Jlutiora, «CToXacTH4YHI MOJIeJIl BUXIAHUX CHUTHAJIB
ONTUKO-EIEKTpOHHUX cuctem» Ha XVII MixHap. Hayk.-ipak. KOH(.
Ilpunaoobyoysanuns: cman i nepcnexmusu, Kuis, 2018, c. 34.
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USE OF THE OPPORTUNITIES OF MODERN TECHNOLOGIES OF
MULTIPLEXING OF INFORMATION PACKETS IN MODERN
DISTRIBUTED OPTICAL GRID-NETWORKS WITH A-MPLS

ROUTING

Malinovskyi V.I., Ashraf .M. Alqaisi
Vinnytsia National Technical University

Today, the development of electronic technologies is slowing down due to
technological limitations of the maximum frequency of computational
operations in processors. The solution to the problem of the speed of the
information computer networks (INC) is the organization of parallel execution
of a large number of operations using a distributed computing structure.

Distributed computing involves the use of a group of integrated computers
that form a parallel computing system. Other perspective approach and
technology solution is grid computing (GRID). The architecture of GRID allows
to coordinate large scale resource sharing and problem solving among various
autonomous group. For transmission of programs and the data GRID uses
standard channels and protocols (Ethernet, SDH, ATM, TCP/IP, MPLS, etc.).
Introduction in GRID architecture completely optical network technologies
(AON) implemented on the principles of photon packet switching and channels,
will expand the functional capabilities and throughput of such distributed INC.
Grids provide protocols and services at five different layers as identified in the
Grid protocol (architecture according to Open Systems Interconnection
model OSI) are shown in fig 1.

Grid Protocol Architechture Intemet protocol
Architecture
Application
l Collective
Resource
Connectivity
Fabric

Fig.1. Multilevel architecture Grid protocols

So, the hardware (physical) level of GRID determines the interconnection
of computers, storage devices, network components, and sensors using a
network linking level-communication protocols and authentication protocols.
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The GRID resource level implements protocols of interaction with distributed
information computer networks resources and their management, collective
management of resource catalogs, diagnostics, monitoring. At high information
transmission data rates (> 100 Gb / s), the TCP transport protocol limits the
efficiency of data exchange (problems arise with large bandwidth products BW
and RTT). To address these shortcomings, an extended version of the GRIDFTP
transmission protocol has been developed.

The organization of an exchange with high information transmission rates
cannot be provided to GRID without of Wavelength Division Multiplexing
(WDM) which is actively used for increase the channel capacity of optical
networks today.

Additional possibilities in the field of data transmission and processing for
GRID are opened by optical multiprotocol label switching technologies (Optical
MPLS) - AMPLS (MPAS) and GMPLS. completely using All-Optical Label
Switching (AOLS) and appropriate coding allows the construction of completely
optical networks (AON) with photon switching. The sharing of MPLS and
MPAS allows for significant network redundancy.

In the main work, the analysis of technologies and possible options for
increasing the capacity of modern hierarchical optical networks for the GRID
architecture at the physical and logical level is carried out. A method is
presented for increasing the capacity through the multiplexing of information
traffic in optical network channels using information processing in packages
based on TDM technology. The possibilities of such an approach in the GRID
architecture of optical networks are shown and evaluated. The analysis of the
application of the logical structure of interfaces based on modern fiber optical
systems is carried out. Their main Benefits and disadvantages are determined,
and the main quality standards are received. It is defined that big perspectives in
comparison with traditional architecture of SDH, ATM and SONET the
technology of switching on the basis of coding and transmission of labels —
MPLS, including variety - optical A-MPLS, has great prospects for has great
prospects in terms of the speed of the implementation of switching and its
efficiency. However, it requires additional research and improvement of the
method for high-performance channel switching and data packets.
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THE USE OF NOISY CODES FOR SOUND SCANNING OF OBJECTS

Tsmots I.G.", professor, Riznyk 0.Y.!, associate professor, Rabyk V.G2,
associate professor
' Lviv Polytechnic National University
?Ivan Franko National University of Lviv

In recent years, more and more attention is paid to various methods of
diagnostics in medicine: iridodiagnosis, nuclear magnetic resonance,
echolocation, and others. First of all, you need to develop methods that do not
affect the status of the object under investigation. The value of each method
depends on many parameters: objectivity, speed, accuracy. Secondary but also
important parameters are the cost, mobility, independence of the method from
the raw materials [2, 4].

Let’s consider the object, through which a sound wave is transmitted
(Fig. 1). At point 4 it receives an audio signal that is represented as adding
waves received from the acoustic conductor that is connected with sound
generator. Since some cyclic pulse sequence arrives from the generator, then at
the point 4 will be obtained the sum of these sequences, shifted by one time
step [1, 2].

In this case, if the damping of each wave

path is different, and there is some sign

on which at point 4 it is possible to

distinguish the passage of the wave in

each of the paths, then you can get
gf,fe‘;:i, information on the size of the acoustic
noise that has encountered in each path.
Here, in this place, most of the existing
algorithms assume a big mistake. The reliability of such implementation
strongly depends on the nature of the distribution of the smallest significant bit
in the container and in the message. To solve the problem, it is first necessary to
synthesize such a signal of the generator, which would differ in the shift [3, 4].
If you imagine a wave as {1, 0} -sequence, then there are many such signals. If
you select an arbitrary random signal length N of time steps, which, when
shifting to step dt is not repeated, then the problem is reduced to the solution of
the linear equation:

Fig. 1. Acoustic sounding scheme.

SxX=F, (1)

where S - 1s a matrix of size NxN signal {1, 0}, which is written in its first
column. Each next column j of this matrix is cyclically shifted on j stacks down
relative to the first column. X - matrix of attenuation size N, which
characterizes the size of the acoustic noise in each direction of sound
propagation, F is the matrix of the received signal at point 4 the size of N. If
the reflection and external interference are not taken into account, then the
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signal received by the sensor, fixed in matrix F, should also be repeated
cyclically. Since equation (1) should be done for different points of the
investigated object, the solutions of (1) must be present in the form of:
X=S"xF (2)
where S~' is an inverse matrix. In this case if the problem is in the size of
1000 time steps (very few), the inverse matrix should be 1000x 1000, which
firstly lead to unnecessarily high loss of memory, and the secondly will lose
accuracy of calculations, since numerical methods require at least N(N-1)
multiplication and division operations. Therefore, it is necessary to find such a
kind of probing signal, which will allow to get analytical elements of the matrix
S~'and in addition, this expression for each of its elements should not be too
complicated.

If, for the distance between the impulses of the probe signal, the ideal ring
bundles of order M are chosen, then the value of N=M M -1)+1 [1, 3]. A binary
code constructed in accordance with the ideal ring ratio »(M) with a shift to any
number of steps in the range from [I, N(N —1)] has exactly one matching of units
between the shifted and the initial combination. This property makes it possible
to construct an inverse matrix based on such an algorithm:

e The matrix Sis transposed;

e Symbols {1} are replaced by 1/M;

e Symbols {0} are replaced by (-1)/(M(M -1)).

During implementation works were the collected and studied materials
about technologies of voice scan-out of objects by means of ideal ring bundles.
A practical value the got results will allow optimally to choose the signal of
voice generator which will provide more effective work of devices of voice
scan-out.

References
1. J. Fu, G. Wei and Q. Huang, "Barker coded excitation using LFM carrier for
improving axial resolution in ultrasound imaging," 2013 ICME International
Conference on Complex Medical Engineering, Beijing, 2013, pp. 150-153.
2. J. Zhu et al., "Detection of scatters motion induced by mechanical vibrator
using 7-chip barker-coded excitation," 2014 7th International Conference on
Biomedical Engineering and Informatics, Dalian, 2014, pp. 51-55.
3. O. Riznik, I. Yurchak, E. Vdovenko and A. Korchagina, "Model of
stegosystem images on the basis of pseudonoise codes," 2010 Proceedings of
VIth International Conference on Perspective Technologies and Methods in
MEMS Design, Lviv, 2010, pp. 51-52.
4. 1. Tsmots, O. Skorokhoda and V. Rabyk, "Parallel algorithms and matrix
structures for scalar product calculation," 2018 14th International Conference on
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METOA KOOPAUHATHOI'O IIOKPUTTA KAPTOI'PA®IYHUX
PEI'TOHIB

A3zapos O./l., n.1.H., npo@., Yepnsk O.I., k.T.H., go11.,
3amizeupkuii B.B. acmipant
BiHHHUIIbKWN HAIlIOHAIBHUN TEXHIYHUMA YHIBEPCUTET

Ha pa3i Google API He no3Bossie 31HCHIOBATH MONIIYK MO OPSIMOKYTHUM
3oHaMm. Ilpu 1bOMy MeXi HaceleHUX MYHKTIB 4YM iX OKpPEMHX paloHIB
BU3HAYaIOTh JIB1 TOUKH, 110 YTBOPIOIOTh MPSIMOKYTHUK. 3BIJICM BUIUIMBAE 3aja4ya
ONTUMAJBLHOI'O MOKPUTTS MPSIMOKYTHOT JIJISIHKK KpyraMu. B pe3ynbrari anamizy
BIJIOMUX CHOCOOIB BHpINICHHS 1€l 3a7ayl BHU3HAYECHO, IO aJTOPUTMIYHA
peanizaillisi BIIOMUX CHOCOOIB € JOCUTh CKJIaJHOI. TUM Oliblie Aesiki BapiaHTH
0/lpa3y BIIKUJAIOTHCSA, OCKIIBKM MH MAa€eMO YITKI PO3MIpH 30H MONIYKY Ta
NPSIMOKYTHOI JIUIAHKUA. TOMYy aBTOpamMu MPOMOHYETHCS METOJ] KOOPJIWHATHOTO
MOKPUTTSI KapTOrpaiyHUX PErioHIB, 10 MOXE BUKOPUCTOBYBATUCh MpPH
BUPIIIICHH] 3aJ1a4l MOIIYyKY 00’ €KTIB Ha MICIIEBOCTI.

IocranoBka 3amauvi. Bimomo, mo Google API wmae rapHo
3aJIOKyMEHTOBAHUN 1 MOTYXHUW (PYHKIIOHAN AOCTYMHHUH i1 PO3POOHUKIB.
HeoOxigHo 3ampornonyBatu €(EeKTUBHHU METOJ, 10 OyJe BUKOPUCTOBYBATH
MoxxJinBocTI Google API myis momryky 00’ €KTIB Ha MiCLIEBOCTI.

Po3p’sizanns 3agaui. Meton nepeadadae nBa pexuMu poOOTH: 0a30BUI
PEXKUM Ta PEXKHUM 3 MEPEKPUTTAM. B 0a30BOMYy pekuUMi 30HU MOIIYKY HIYTh
nopsif, oAHa Ois 0JIHO1, 0€3 MEPEKPUTTS, TOMY PEKUM BUMArae 3Ha4HO MEHIIIE
MepEMIIlIEHb 30HU TONIYKY, MPAIO€ MIBUJIIE, Ta J03BOJSE OTPUMATH JOCHUTH
TOYH1 pe3ysibTaTh. B 6a30BOMYy pekuMi 3MIIIyEMOCH BIPABO HA JlaMeTp 30HU
MOIIYKY BIJIHOCHO IOTOYHOTO IEHTPY 30HU, O TOKHU HE JOCATHEMO MEX
3amanoi Teputopii. Komu Mexy HOCATHYTO, 3MINIyEMOCh BHHM3 Ha TOW caMuii
JiaMeTp Ta 3MIHIOEMO HAIPSIMOK PyXY.

Pexxum 3 mepekpuTTsAM, Ha BiIMIHY BiJg 0a30BOro, HaJJIUIIKOBUMU, amKe
30HH TMOIIYKY YAaCTKOBO MEPEKPHUBAIOTH OJIHA OJIHY 1 1€ IPU3BOJIUTH O BEJIUKOT
KUIBKOCTI AyOJiKaTiB y pe3ysbTaTax, sIKi TOBOAUTHCS (DUIBTPYBATH. 3MILICHHS
B1I0yBa€ThCS HA 3HAYEHHS Pajiycy, a HE JIIaMeTpy 1 HE TUIbKK BIPaBO ajie u
BHM3. Ha HacTymHOMy Kpolll 3HOBY BIIPaBO, aj€ yXe€ BBEpPX 1 MPU IOMY
aHAJIOT1YHO 3MIHIOEMO HAIPSIMOK KOJIM JIOCATHYTO MEX.

BucHoBku. 3anpornoHOBaHUII METOA Ma€ Psijfi OCOOIMBOCTEN: 3MIIIECHHS
KOOpJIMHAT CHUMETPUYHI, € JeKIJbKa pPEeXKUMIB pPOOOTH, METOJ OJHAKOBO
e(eKTUBHO TMpallo€e MOpH PI3HUX po3Mipax 30H MOLIYKY Ta MPSIMOKYTHHX
JUJSHOK, a TaKOXK METOJ IOCUTh MPOCTUM y peasizallii MOpiBHSAHO 3 BIJOMUMH
pILICHHSAMU.
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MATEMATHUYHI MOJAEJII AHAJII3Y IIVIOCKHUX TA
HNPOCTOPOBHUX OBPA3IB

byna A.l'., nou., x.1.H., Kynepmreitn JI.M., goi., K.T.H.,
Koxem’ssxko A.B., go11., K.T.H.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

AKTyaJdbHicTb. B mnpuctposix mnonepenHboi oOpoOku 300paxkeHb B
peajbHOMY Yaci 0co0JiMBa yBara HaJlaeTbCsl BUOOPY OMUCY 300paKeHHS, sIKE O
3a0e31euyBalio CTBOPEHHs 1IHPOPMATUBHHUX O3HAK.

Meta. 3anpornoHyBaTH MaTE€MaTUYHY MOJEINb, 3pY4YHY IJis OTPUMAaHHS
cTucioi iHdopMallii o0 aHaTi3y IJIOCKOro Ta MPOCTOPOBOTO 00pasy.

Hocaimkenns. IligcTtaBoro s JOCHIKEHHSA aHamizy Ta 0OOpoOJIeHHS
o0pa3y clyrye po3MoOBCIOJ)KEHE B TEXHIYHUX PIIICHHSIX [EHTPYBAHHS IUIOCKUX
300paxeHb, SIKe MOJSAra€e y BUPIBHIOBAHHI MOr0 MOJOBUH BIJTHOCHO IIEHTpa
TSOKIHHSA (X9, V).

B sKOCTI MaTeMaTHYHOIO anapaTy 3alpOINOHOBaHI MOMEHTOB1 QYHKIIT 71,4,
m, Ta Mgy, K1 TO3BOJIAIOTH NEPETBOPIOBATH BX1lHI O1HApHI 300pakeHHs (ILIOCKI
Ta TMPOCTOPOBi) B E€TAJOHHI, MO TMOJAIOTHCS Yy OUIBII CTHUCIOMY BHIJISAI —
CYKYITHOCTI1 TOYOK.

OTxe, IOCTIKCHHS BiAOOpakKeHHS BXIAHOTO OIHApPHOTO 00’€KTa, IO
3a/1a€THhCS 32 JJOMOMOTOI0 BKa3aHUX MOMEHTIB, PO3MISAAETHCA BIJHOCHO TPHOX
KOOPAMHATHUX TUJIOIIMH HTPOEKITIN:

a) (GyHKILIA m,g NOPAAKIB @, f 11 300pakeHHs f(x, y) B momuni XOY;

0) QyHK1Iis M,y TOPANKIB o, ¥ JUIsl 300pakeHHs f(x, z) B mionuHi XOZ;

B) QyHKIIS Mgy TOPAIKIB 5, ¥ IUId 300pakeHHs f(V, z,) B muomuHi YOZ.

CyKynHICTh KOOpJMHAT {xiaﬁ}, {yiaﬂ} €TaJOHY CTHUCJIOr0 300pa)KeHHS B
FOPU3OHTANBHIA IIONMHI mnpoekiidi XOY po3paxoByHOTh BIANOBIIHUM
BHUPIBHIOBAHHSIM CBITJIOBUX €HEPriil JiBOi 1 MpaBOi, BEPXHbOI 1 HUKHBOI
MOJIOBUH 300pakeHHs 1o 30py (1) Ta (2):

(Xap N M N
D D =l = vapl” = D) = vapl = vesl”s @
i=0 i=0 Xgp 1=0
M Yap M N
D = el Iy = vasl” = D = vapl =yl @
\i=0 i=0 i=0 yop

X;, ¥; — KOOPAMHATH i-X TOUOK, 110 HaJeXaTh 300pakeHHIO,
|Cl — monynb uncna C,
M*N — po3MipHICTh 1H(HOPMAIIITHOTO MOJIS.
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[Ipu anami31i 00’exTa, po3MilIEHOr0 Ha (PPOHTANBHIN IIOMIMHI MPOEKIIIH
XOZ Bu3HA4alOTh CYKYMHICTH KOOpAMHAT {X'y}, {z'w} 3 BpaxyBaHHIM
KOOpAMHAT X, z 3a ¢popmynamiu (3) Ta (4):

(Xay ] M ]
zz|x1 - xayla ) |Zi - Zayly = Zzlxz - xayla ) |Zi - Zay|y' (3)
i=0 i=0 Xay =0
) M Zay M ]
Z Z'xl - xay|a ' |Zi - Za)/'y = Z 2'951 - xay|y ' |Zi - Zay|yJ (4)
\i=0 i=0 i=0 Zgy

1e o, ¥ — MOPSIKH MOMEHTIB M, B KOOpAMHATHIH momuHi XOZ,
X;, Z; — KOOPJIMHATH i-X TOYOK, 110 HaJIe)KaTh 300pa’KEHHIO.
Ha mpodinbhiii mmomuui npoekuit YOZ Bu3Ha4alOTh CYKYIHICTb
KOOpJIUHAT {y’}/,»}, {z'sy} 3 BpaXyBaHHSIM KOOPIMHAT X, z 3a opMmyinamu (5) Ta

(6):

(YBy ] N J
Z zb’i - YBylﬁ |z - Zﬁyly = Z zl)’i - yﬁylﬁa |z - Zﬁy|y' (5)
i=0 i=0 Ypy i=0
) N Zpy N J
D=yl lz =z =D Y lyi=vl =2, ©)
\i=0 i=0 i=0 Zp,

ne f, ¥ — NOPSIKH MOMEHTIB M 43y B KOOpAUHATHIN moninHi ZOY;
X;, Z; — KOOPJIMHATH i-X TOYOK, 110 HaJIe)KaTh 300pa’KEHHIO.

Ha migcraBi BU3HAueHb BiJIOOpaKeHb B KOXKHIM KOOPAMHATHINA TUIOILIMHI
abcrme x', opmuHaT ), ammkar z' TOYOK LEHTpa-06pa3a” OTPHMYEMO TakKi
CYKYITHOCTI €TaJIOHIB CTHCJIOTO 300paKeHHSI:

{Alaﬂ, Azaﬂ, A3aﬂ, ... A" .5} — TOUKM “1eHTpa-00paza” B mwionmHi XOY;

{A]W, AZW, Asa, ... A"y} — Toukm “nenTpa-obpasza” B mwromuti XOZ;

(A gy, A5, A, ... A"y} — TOUKH “IeHTpa-06paza” B mnomuHi YOZ.

VY Oyab-skiil TEXHIYHIN MPOMO3UIIIT Il 03HAKU MOBUHHI OyTH EPETBOPEHI B
3pyuHy Qopmy st OOpoOKM BXIJHOTO BIJICOCUTHANy 3 MOJAJBIIAM
(hopMyBaHHSM €TAJIOHIB. 3 I[1€}0 METOIO MOMEPEIHHO 32 MOMEHTHUMH O3HAKAMHU
3M1MCHIOIOTh TMEPBUHHE Ta TOBTOPHI ILIEHTPYBaHHS, $KI peaji3oBaHl 3a
JIOTIOMOT 010 CTIOCO0Y pO3Mi3HaBaHHS CUMETPUUYHUX 300pakeHb 00’ €KTIB.

BucnoBku. Iloka3zaHi maTeMaTW4yHI MOJEN JO3BOJISIIOTE OTPUMYBATH
MHOXWHHU O3HAK, 3pYYHUX JJISI PO3B’s3aHHA 3aJlay aHalli3y: MJIOCKUX 300pa’KeHb
3a JBOMa CYKYMHOCTSIMH €TaJIOHIB TOYOK ~’IEHTpa-o0pasza” Ta MpPOCTOPOBUX
300paxeHb 3a TpPbOMa CYKYIHOCTSIMH €TaJIOHIB TOUOK ~IIeHTpa-o0paza’.
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YK 621.3.049.774
I'EHE3UC IHTETI'PAJIBHUX CXEM 3 OIITUYHUM 3B SI3KOM

IIpockypin H.II., x.T.H., motieHT, HoueHT kad. KCM
3anopi3bKuil HallIOHAJIbHUI TEXHIYHUN YHIBEPCUTET

Beryn. Ilpuctpoi 06poOku ontuuyHOi 1mudpoBoi iHGopmMalli HA OCHOBI
onTpoHiB (iX €JIEeMEHTIB) IIHUPOKO 3aCTOCOBYIOTHCS Y BUIJIAAI BXITHUX /
BUXIJIHMX TEJICKOMYHIKALIMHUX cXeM B Iu(dpoBiil amaparypi (ONTOEIEKTPOHHI
npuiiMadi, KOMyTaTOPH, CEJIEKTOPH, 1H.), a TAKOX Yy BUIJISII OPUTIHAIBHUX
KOHCTPYKTHUBHO-TeXHoJIor1yHuX pineHb (KTP) exciepumeHTaaIbHUX pO3POOOK 1
3pazkiB: IC 3 ontuunumu 3B's3kamu (O3) 1 onrToenekTpoHHUX HudppoBux IC
(OLIC), sxi MOXYTh OyTHM BUKOHAaHI Ha MIKPOIOTYXHUX onTpoHax. Dipmu
Siemens, Hewlet-Packard, Intel, Toshiba, IIpoToH, 1H. PO3MHPIOIOTH
HOMEHKJIATypy BHUPOOHHUIITBA PIZHOTO THUIY ONTOECJIEKTPOHHUX MPUIIAJIIB
(ontponu, ontopene, noriundi kimoui B IC 3 O3- ICO3, ontuuHi iHTEpdEkicH,
1H.).

OcHoBHuii MarepiaJj. [loyaTkoM BHKOpPUCTaHHSA IHCKPETHUX ONTPOHOB
(ix ememeHTiB) ana peanizauii nepeBar O3 B enekTpoHHux Onokax, IC, iH.
MOXJIMBO BBaXXaTW iX 3aCTOCYBaHHS B PI3HUX EKCIEPUMEHTAIbHUX
KOHCTPYKIIISIX, HAMIPUKIIAJ, Y BUTJIAJl YEPryIOUnX OJIOKIB (€JIEKTPOHHI IJIaTH 3
uudposumu IC 1 mixkmuiatai O3). B oaniit 3 Hux Bukopuctani O3 y BUrIsai
BoJIOKOHHOONTHYHUX TutacTuH (BOII) mix ropuzonTanbHumu miaramu 3 [C
osioky 3 miHiiikamu BunpoMintoBauiB (I Cll) 1 doronpuitmaui- ®II (Ha ocHOBI
p-i-n ®J]) Ha Hux (wacrora wmopnyusauli Fey - kinbka necatkise MI'm).
3anpornonoBane KTP mo3possino BxigHi / BuxigHi curHanu IC 3 omHiel miatu
MEePEeTBOPUTH B ONTUYHI 1 mepeHanpaBuTu Ha iHmYy miary 3 IC mo BOII 1
HaBnaku. Ane ne KTP naneko Big oONTUManbHOTO MO psiAy MNOpuUyuH: 1-
3acTocyBaHo TpaauiiitHi nudposi IC 1 Tum 3B'I3KIB MK HUMU Ha 1-U IJIaTI; 2-
BUKOPHUCTAHO JAUCKPETHI onTpoHH, ix enementu (CJ, ®II) 1 BOII, 3B'13ku mix
HUMH (HEMOHOJIITHA TEXHOJIOTis); 3- ckiagHo toctupyBatu Imapu BOIL ans
nigBuineHHss KKJ[ nepemaui curnanis Big CJI no ®II; 4- BiacyTHI miaXoau 10
3HU)KEHHS Ta0apuTiB, MOTYKHOCTI CHOKMBAHHSI JIUCKPETHUX OINTPOHOB, iX
€JIEMEHTIB 1 MIJBUIIECHHSA YaCTOTH IEpeMUKaHHA Fcj; 1H.. 3a3Ha4eHl HEIOJIKU
OyJi0 yacTKOBO mojionaHo B Jekinbkox KTP, 3ampomnoHoBaHuX aBTOpPOM 1 HOro
KOJIeTaMHY, HAINpUKIaa: JeKjiapauiiiHuii mnateHT] Ha KopucHy wMopenb, UA
(Nel0133, 2005) «UudpoBuit npuctpiii 3 ONTOCIEKTPOHHUX ONOKOM» (Y
purisiii - OLIC). Oco6muBoctsamu 3a3HadeHoro KTP e:  3acTtocyBaHHs
onToeniekTpoHHuX JioriyHux enemeHTiB (OJIE) tuny nAbO-HI (6a3uc Ilipca) Ha
OoCHOB1 MikponoTyxHux ontponiB JIBY, VYBY niamazony, siki po3poOiieHi,
pO3paxoBaHi 1 MPOMO/IeNIbOBaH1 aBTOpoM (B pexumi moayisiii Y CJI ontpoHis
TUIY «MaJIM CUTHAI»); PO3AUIbHE BUKOHAHHS HAIMIBIPOBITHUKOBUX CTPYKTYP
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(HIIC) mo muaHapHUM TEXHOJOTISIM y BUIJISAl MiAKIaAOK (TUIacTUH) 3
BepTukaibHuMu MikpoBunpominioBadamu (I4 CJI) 1 ®II na ocnoBi KTP ®II
aBTopa 1 Horo koiuer: «laTerpanbHuit (doronpiiManbHil TPUCTPIN» -
nexnapauitauit natet 2,UA (Ne68540A, 2004). 111 KTP aBtopa orpumanu
PO3BUTOK 1 Jisiru B ocHOBY mareHta 3, UA (Ne 51219 Ha xopucHy Mojenb,
2010) «OnToenexkTpoHHA IHTETpajbHA cXema Uil UU(PPOBUX aBTOMATIBY
(cknmagaeTbesi 3 rOpU30OHTANbHUX pAniB «ckierok» OLIC mo marentyl, ane
JI0JIATKOBO BOHU ONTHUYHO MOB's13aH1 Mik coboto yepe3 BOIL, popmyroun ICO3).
HapomryBanHs «CKkJIeHOK» MOke OyTH 3aCTOCOBAaHO B THUIOBUX HHU(PPOBUX
aBToMarax (I[A) 3 BUKOpHUCTaHHSIM MIiAXOJy: OJHAKOBUM / PI3HUM KEepyrOuMii
aBToMar (KA) 1 oanakoBuil / pi3Huid omnepamniitnuii aBromat (OA) 1/ abo ix
noeaHanHsa. OMHAaK B MMATaHHI peajizallii miaHapHuX onTudHuX 1HTepdeici IC
3azHaueHi KTP aBTopa He BHecaum oOHaminuBOrO pimieHHs, Tomy 1mo: 1- O3
Oyl mepneHAuKYIspHI miakiaaani (He mnepeOyBaiOTh B 1i IUIONIMHI); 2- B
koHcTpykiii OLIC, ICO3 3actocoBaHo TiOpUIIHY TEXHONOTiIO 30ipku; 3-
koeddiernieHT posramykeHHs o Buxony cxem OJIE B Hux € He Ounbiie 2 ... 4.
Bigomo, mo po3poonukamu ¢ipm Intel, Apple, 1H. npum peamizanmii
ontoenekTpoHHux [CO3 3acrocyBaHO, 3 OAHOTO OOKYy, MOMIOHI MIAXOAH 3
aBTOPOM: OpraHi3allisi HOAUTYy BXIIHUX / BUXIAHUX ONTHUYHHUX MOTOKIB IU(PPOBHUX
naHux (Okpemi MIKpOOJIOKM JIHIMOK BHUIOPOMiHIOBaYiB 1 (oTromnpuiiMadin),
BUKOPUCTaHHA TOpuHOI TexHoorii B KoHCTpYKIii [CO3; 3 iH1moro 60Ky HUMH
OyJI0 BUKOpPUCTAHI HaBICHI €JEMEHTU (BUIPOMIHIOBAYl: I1HXKEKI[IHHI Ja3epu;
dboronpuitmaui: p-i-n ®J[; oCHOBHA YacTMHA MPUCTPOI0 BUKOHAHA y BUIJISI
enexktpoHHoi 1udposoi IC), Big sSKUX aBTOpP BIAMOBHUBCS B 3alpONOHOBAHMX
HuM panimie KTP (marentu 1,3) nna OLIC, ICO3.

Jlns BupimieHHss nuTaHHg cTtBopeHHs riaHapHoi OLIC aBtopom Oyno
MpoaHaIi30BaHO  PI3HI  BaplaHTH  MOXJIMBHX  IMIJIXOMAIB, aj€  BPEITi
3alpONOHOBAHO peai3allisi ONTUYHOrO I1HTepdehcy Ha OCHOBI MO€THAHHS
pPe3yIbTaTIB JOCIHIIIKEHb 1 PO3PO0OK, MPOBEACHUX POCIUCHKUMHU 1 YKPATHCHKUMU
BUCHMMHU: TIEPIIl 3ampONOHYBaJIM TEXHOJOTII0 OTPUMAHHS I1HTErPAIbLHOTO
ONTUYHOTO XBUJIEBOJy HAa OCHOBI MOBEPXHEBOTO OKHCIICHHS MOPUCTOro Si, a
apyri peanizyBanu MikpoonTtponu (tunmy CJI- p-i-n ®J]) nmo mnimaHapHUM
TEXHOJOTiAM Ha Si miaknaani (3 BUpolleHUMU Mikpokpuctaiamu GaAs B
13ompoBaHnX Si0, wMe3ax) 1 crBopuiaun HIIC CJ 3 TopreBuM BHXOJOM
BunpoMiHioBanHs (TBB), ToOto mapanensHo noBepxHi Si miaknaaku. CruibHe
iX BUKOpHUCTaHHS npusBesio A0 npuitHitHoro KTP, odopmieHomy aBTOpoM B
natenti 4, UA (Nel123838 na xopucny mojens, 2018) «ludpoBuii npuctpit Ha
MJIAHAPHIA  ONTOENEKTPOHHIM IMi(pOBId IHTErpalibHI CXeM1», B AKOMY
BUKOPHUCTAHO TE€XHOJOTIYHI MPUHAOMHU, MIAXOAU 1 €Tald CTBOPEHHS IUIaHAPHUX
HIIC no Si, GaAs texHonorisim 1 popmyBanHss O3 Ha moBepxHI Si HA OCHOBI
MMOBEPXHEBOT'0 OKUCJIEHHS MOPUCTOTO Si.
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BucHoBok. AmnHaniz npeaMeTHoi 00yacTi, HaBEAEHI MIipKyBaHHS,
3MIBCTABJIEHHS MIAXO/1B, pe3yJIbTaTU MOJEIIOBAHHS, 1H., TPU3BOJAUTH aBTOPA 10
BHCHOBKY, 110 Npu (opMyBaHHI BHYTpilHIX / 30BHIMHIX O3, iHTEepdeEiiciB B
uudpoux IC mepCHEeKTUBHUM HANPSIMKOM MOXK€ OyTH BHKOPUCTAHHS
eneMeHTiB MikpornoTyxHux ontpoHiB JIBY, YBY nianazony (C/l 3 TBB 1 p-i-n
®J1 na Si), cxem OJIE (nABO-HI) na ix ocnoBi i O3, peanizoBaHUX B
npunoBepxHeBomy 1mapi kpuctamiB [IC wa 0a31 3ampomonoBanux KTP,
3a¢iKCOBaHUX HOro mareHTamu 1-4.
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HU3BbKOI'JITYEBE IU®POAHAJIOI'OBE IEPETBOPEHHA 3
BAI'OBOIO HA/IVIMIIKOBICTIO

Omnexkciit AzapoB, Cepriii boromosnos, €Bren I'eHepanbHUIILKUH
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

Cuctemu mnpsmoro mu@pPOBOro CHHTE3y B JIaHMM Yac BOHU € JIyXkKe
MONMYJSIPHUMU TaK SIK CKpi3b BUKOPUCTOBYEThCS HuUpoBa TexHika. IIporte
OlnbIla YacTHHA IUX CHUHTE3aTOPIBBUKOHAHA Ha CTapid eJeMeHTHINd 0a3i 3
(dazoBuM aBromijcTporoBaHHsaM 4yacToTH (PLL) Ta Mae HM3bKY TOYHICTBH uepes
aHajoroBuii cmnoci® ¢opmMyBaHHS CHUTHaNiB. TOMYy Cy4aCHI CHUCTEMH MPSMOTO
HU(PPOBOro CHUHTE3Y peani3yloThcd Ha HUPPOAHATOTOBUX MEPETBOPIOBaYaX
(LIAIT), OumpliicTh 3 SIKMX BUKOPUCTOBYIOTH JIBINKOBY CHUCTEMY YHWCIICHHS.
SIKICTh BHUXIJTHOTO CUTHAJy CHUHTE3aTOPIB CUTHAJIB 3QJICKUTh BiJ] CTATUYHUX 1
muHamiuanx — napametpiB  [IAIl.  IlokpammTtun  iX  MOXKHA  HUISIXOM
caMOKaJIiOpyBaHHS Ta CAMOKOPUTYBAaHHS SIKE€ MOXJIMBE Mpu BUKopuctanHi LA
13 BaroBoto HajumkosicTio (BH).

Otxe 3a paxyHok BukopuctanHsi [IAIl i3 BH y cucremax mnpsimoro
U(PPOBOr0 CHUHTE3y BUKOHYETHCS MpOIEAypa caMOKaliOpyBaHHS y mpoleci
AKOT BU3HAYAIOTHCS BIJHOCHI BIAXWIEHHS Bar CTApPIIMX PO3PAMIB MIISAXOM
MOPIBHSIHHSL Bar MOTOYHOT'O PO3psANy, IO KadiOpyeThes, 13 CYMOIO Bar MeBHOT
IPyNU CYCIJIHIX MOJOJIIMUX PO3PsAIB Ha 0a3l ICHYIOUMX MIX HUMU Marema-
TUYHUX CHiBBiAHOIICHB. [Ipy 1IbOMYy HE MOTPIOHO BUKOPUCTOBYBATH CIELIAIbHI
B3IpIEBl Mipu abo0 eTaloHHI cUrHalu. B mojanpiiomy BiIOyBaeTbest oO4uC-
JICHHSM KOPUTYBaJIbHMX MOMNPAaBOK a00 KOPUTOBAaHUX 3HAYEHb ,,HETOUHUX
po3psiaiB. CaMokaniOpyBaHHSI 3JIMCHIOETBCS 3 METOIO 3MEHIICHHS MOXHOOK
nudepeHIianbHOol Ta IHTeTpaabHOT JIHIMHOCTI XapaKTEePUCTUKH BX1A-BUXiM, a il
pe3yJbTaTh MOXKYTh 0araTOKpaTHO BUKOPHCTOBYBATHUCS Y MPOIECI OCHOBHOTO
neperBopeHHs. Ilim wac camokaniOpyBaHHS OOYHUCIEHHS KOPUTYBAJIbHUX
MOMPaBOK 1 PO3PaXyHOK peaJbHUX Bar pPO3psAiB 3A1MCHIOETHCS A0 MOYATKY
OCHOBHOT'O NIEPETBOPEHHSA 1 TOMY HE 3HMXKY€E mBUkoail npuctporo. [AIL Tlpu
uboMy 10 LIAIT Takox BUCYBalOThCSI BUMOTY BUCOKOI IIBUAKO/IT T4 3MEHIIICHHS
TaK 3BaHUX IJIYiB — 3aBajl, 110 BUHUKAIOTh MPHU TMEPEMHUKAHHI PO3PAJIB Y
nporieci 3MiHu koay. KomyrariitHa 3aBaga ("'tiaitd") BUHUKaE€ B MOMEHT moaadil
KEpyIUoro CHUTHally Ha KIIOYl 3a paxyHOK Napa3UTHUX €MHICHUX 3B'SI3KIB
JAHLIOTa KEepyBaHHS 3 IIMHOIO MiJACYMOBYBaHHsI Bar po3psiaiB. IlepeximHuii
MpoIeC KOMYTAIIMHOI 3aBaji BU3HAYAETHCS EKBIBAJICHTHUM JIAHIIOTOM, IO
nudepeHIlioe, IpU BMUKaHHI KOXKHOTO 3 PO3PSIIiB.

OTe BUKOPUCTAHHS BaroBoi HAUIMIIIKOBOCTI JJO3BOJISE ICTOTHO 3MEHIIUTHU
OUHAMIYHI IIOXMOKM 1 BOJHOYAC 3HAYHO 3MEHINWUTH 3arajJpbHUil  4ac
nepeTBopeHHs. B Tol e 4Yac 3acTOCyBaHHS CHCTEM YHCIIEHHS 3 BaroBOIO
HAJIJTUIIKOBICTIO JI03BOJISi€ 3AIMCHIOBATH AHTUIIIYEBE KOAYBAaHHA Yy XO.i
M poaHaTIOrOBOTO MEPETBOPEHHS.
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YK 004.932.2

HOPMAJII3OBAHA KOPEJISILIHHA OBPOBKA 30BPAKEHD HA
OIITOEJEKTPOHHOMY KOPEJIATOPI

Mapruniok T.b. n.1.H., Tapacosa O.M., @amrinia C.M.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

OG6poOneHHst 300paxkeHb Yy peaJlbHOMY daci MOTpedye MOTYKHHUX
napajeibHUX OOYHUCIIOBAIBHUX 3ac001B, HaWOLIbIIE MOIIUPEHHS Cepell SKUX
OJieprKajiy J1Ba TUIH CUCTEM OOPOOKH ONTUYHUX 300paKEHb, 1110 MICTSITh 3aCO0U
KOpessiliii oOpoOKM: ONTHYHI AaHAJOrOBI MPOLECOPH Ta OMNTOEIEKTPOHI
nudpoBi mporecopu. g MUX MPOLECOPIB XApPaKTEPHUM € BUKOPHCTAHHS
ONTUYHOTO JIBOBUMIPHOTO MPOCTOPOBOrO0 CUTHANY B SIKOCTI HOCIsl iH(popMaiiii,
[0 JO3BOJISIE JIOCATTA BHCOKOTO PIBHS  Mapaleni3My IepeTBOPEHHS
JIBOBUMIPHOTO MAacHBY JaHUX.

Metoro  po0OOTM €  BIOCKOHAJIECHHS  CTPYKTYpHOI  Opraizarii
ONTOEJIEKTPOHHOTO KOPEIATOPA.

OcraHHI JOCSITHEHHSI TEXHOJIOTIi HAJABEIMKHUX IHTETPAJbHUX CXEM
J03BOJISIFOTH PO3POOJISITH €JIEKTPOHHI IIU(POB1 MPOILIECOPH, 1110 OPIEHTOBAHI Ha
aJIrOPUTMU MapaleabHOi 00pPOOKH TBOBUMIPHUX MACHUBIB TaHUX.

B po0oTi 3ampomnoHOBaHO BIOCKOHAJEHY CTPYKTYPY ONTOEIEKTPOHHOIO
Kopensitopa. BiH MICTUTH KOpENALiiHYy MaTpHIo, OJIOK KepyBaHHS, MaM ATh
€TaJOHIB, aHanoro nudposuit nepersoproad (AILIIl) Ta MaTpulito CBITIOAIOAIB.

[Iponec kopensuiiiHoi 00poOku peamnizyerbcsi TakuMm uyumHoM. Ha AIIII
HAJXOJIUTh ONTUYHE MOTOYHE 300pakeHHs, sike micis neperBopeHHs B AlIIl B
OiHapHE 300pake€HHS MOAAETHCS 0 KOPEISIIMHOT MaTPHIIl, 10 SKOi HaJAXOIUTh
MOMIKCEIbHO €TATOHHE 300paKeHHS 3 MaM’SIT1 €TallOHIB.

Ha Buxomax xopensiiiHOoi mMaTpuill GOpMY€EThbCS KOpENALiHUN penbed,
AKAA TOMAETHCS O MAaTPHUIl CBITIOAIONIB, HA BHUXOJAX SKOI (OPMY€ETbCs
pe3yJbTyloua ONTUYHA KopendiiiiHa Matpuisi. B poOOTi 3amponoHOBaHO
BaplaHT  peaizalli MaMmsATI  €TaJoHIB  JJIi  KOHKPETHOTO  MpPHUKIIALY.
HopmanizoBana kopensdiliiiHa oOpoOka 300pa’keHb, II0 BUKOPHUCTOBYETHCS B
JAHHOMY ONTOEJEKTPOHHOMY KOPEISATOPi, JO3BOJSIE Bi3yali3yBaTU pe3yJbTaTH
KOpeJsLiitHOT 00pOOKH.

[InanyeTbcst amapaTHa peaini3aiisi 0a30BUX BY3JIIB ONTOEIEKTPOHHOTO
KOpelsiTopa Ha NepCleKTUBHIM enemeHTHIH 06a3t — IIJIIC, mo m03BOIUTH
3pOOUTH MOTO KOMITAKTHUM 1 IIBUIKOIIFOUHM.
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YK 004.93°1

PEAJIIBAIIMHI MOJEJI BA30BHX BY3JIIB HEMPOMEPEKEBOI'O
KIIACUDIKATOPA

Maptuntok T.b. a.1.H., 3anerpyk A.B.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

[IpakTuyHEe 3acCTOCYBaHHS EKCHEPTHUX CHUCTEM chopusie e(eKTUBHOCTI
poOOTH Ta MiABUIIECHHIO KBamidikaiii axiBiiB y BCIX 00JIacTsIX HAYKOBOI Ta
MPUKIAIHOI AiSIbHOCTI. Tak 3a JIOMOMOroO EKCIEePTHUX CHCTEM MOKHA
IIBUJIKO Ta SIKICHO OTPUMATH MOSICHEHHS Ha Oyb-sIKe 3anuTaHHs 0e3 J1i BIUIUBY
JOJICBKOTO (PakTopy.

B ocranHi poku pgyxe eQEeKTUBHO VY CKIIaJl EKCIEePTHUX CHUCTEM
BUKOPUCTOBYIOTh TEXHOJOTil Ha 0a3l WTy4HUX HeupoHHuUX wmepex. Lle
MOTY>XKHUN 1 OJJHOYACHO THYYKHUH METOJl IMITallli MpPOILECiB 1 SBUII, OCKUIbKH
BIJIMIHHOIO BJIACTUBICTIO HEHPOHHMX MEpEX € iX 3JaTHICTh HAaBYATUCA Ha
OCHOBI €KCIIEPUMEHTAJIbHUX JIAaHUX MPEIMETHOI 001acTi.

Cepenl OCHOBHHX TMepeBar HEHPOMEPEKEBUX EKCIEPTHUX CHUCTEM Mepen
3BUYAHHUMHM HEOOXIJIHO BIIMITUTH Taki: pillIeHHS, TPUNUHATE HEHpOMepeKero,
HE € KaTeTOPUYHUM; MEpeKa BUJIA€ PIIICHHS pa30oM 31 CTYIIEHEM BIEBHEHOCTI B
HbOMY, IO 3aJIMIIA€ KOPUCTYBAUYE€Bl MOMJIMBICTb KPUTHYHO OLIHIOBATH il
BianoBiAs. Kpim Toro, Helpomepexka [J03BOJSE MOJEIIOBATH CHUTYAIlIO
MPUUHSTTS PIICHHS;

Metoro pobOTH € HOCHIKEHHS OCOOJUBOCTEH mpolecy Kiacudikarii y
HeWpoMepekeBoMy KiacuikaTopi, a TaKOoX peani3aiis 0a30BUX BY3JIB
HeMpoMepeKeBOro KiacudikaTopa Ha MEPCIECKTUBHIN eJIeMEHTHIM 0a3i.

B nmaniit  po0oTi momaroThCs  pe3ysibTaTH  PO3POOKU  CTPYKTYpH
HelpoMepexeBOoro KiacudikaTopa y CKIaal MEAUYHOI €KCHEPTHOI CHUCTEMHU.
AmnapaTHa peajizallis HepoMepeKeBoro Kiacudikaropa Hapsay 3 MpOrpaMHOIO
MIITPUMKOIO  JO3BOJUTH 3HAYHO MPUCKOPUTH TMPOLEC JIarHOCTYBaHHS
OlOMEIUYHUX JaHUX.

B sxocti 6a30Boi cTpykTypu 00paHO HelpoMmepexy XeMMiHra, 10
3YMOBWJIO BHUKOPUCTAHHS JUIsl KJacudikamii MeToay JUCKPUMIHAHTHOTO
anami3zy. Heipomepexxa XeMmmiHra mnpejacTaBiisie co00I0 OJWH 3 BapiaHTIB
KJacudikaTopa.

Brnockonanenuit HelipomepexeBuil kinacudikatop Mae Tpu mapu. llpu
IIbOMY 3alpOIIOHOBAHO CTPYKTYpy OIHapHOTO HEUPOIOaIOHOTO eJIeMeHTa
TPETHOro (BUXITHOTO) IIApy, KU BUKOHYE 0a30By omeparito «1 3 N», To0TO
peanizye npunmun WTA, 1o A03BOJsi€e, BUKOPUCTOBYIOUU CBITJIOMIOJIHY
JMHIAKY,  Bi3yamidyBaTh  pe3yiabrar  kiacudikamii.  ba3zoBi  By3mu
HelipoMepexeBoro kiacudikatopa IuaHyerbcsi posmictutu 'y [UIC, mo
3a0e3ne4nTh HOro KOMITAKTHICTE Ta MIBUAKOIIO.
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YK 621.391: 51-74

AKTYAJIBHI ITPOBJIEMU BUKJIAJJAHHA CTOXACTHUKO-
JAETEPMIHOBAHUX METOAIB OPOBKHN CUT'HAJIIB TA
30BbPAKEHD B OIITUKO-EJIEKTPOHHUX CUCTEMAX

- 1 2 2
CrpinkoBa T.O. , Jle6enes €.0.7, [llapanos M.M.
1 - . . oo . .
XapKiBChbKHI HAIlIOHATBLHUM YHIBEPCUTET PAAI0CICKTPOHIKH
2 o o . o . . .
KwuiBchknii HallOHAIBHUN YHIBEpCcHUTET IMeH1 Tapaca llleBuenka

B ymoBax mOCTIMHOrO JMHAMIYHOTO OHOBIIGHHA CYy4YacHOI OCBITH,
chopMoBaHicTh TPO(decifHUX KOMIETEHII CydacHHX BHKJIAJayiB B Traiysi
ONTUYHUX Ta JIA3EPHUX TEXHOJOTIH € (yHAAMEHTOM MIArOTOBKHU CTYJIEHTIB —
MaiOyTHIX (axiBI[iB, CIPOMOXHUX 3a0€3MEYUTH BHUCOKY SKICTh ONTHKO-
€JIEKTPOHHUX BUPOOIB HA OCHOBI MPOTPECUBHUX CYYACHUX TEXHOJIOT1H.

[Ipu BukIagaHHI MUCHWILUIIH, B SKI BKIIOYEHO MHUTAaHHS HU(PPOBOI 0OpOOKH
CUTHAIIB Ta 300pa)keHb, PO3TISAIAIOTHCS K TEOPETUYHI OCHOBU TaK 1 MPAaKTUYHI
aCTMeKTH TMPOEKTYBAHHA Ta EKCIUTyaTallli ONTHUKO-EJIEKTPOHHUX CHCTeM. MeToro
BUBYCHHSI TaKUX ITUCIUIUIIH € 3aCBOEHHS OCHOB CTAaTHCTUYHOI Teopii oOpoOKH
CUTHAJIIB B ONTHUKO-CJIEKTPOHHUX CHCTEMax; TeOpii OIIHKA MOTCHLIHHUX
MOXKJIUBOCTE BHUMIPIOBAIBHUX CHUCTEM; MPUHIMUIIB CTaTUCTHUYHOI OOpOOKHU
iHdopMarllii Ha cydacHHMX OOYHMCIIOBaIRHUX 3aco0ax. [lo 3akiHYEeHHIO BUBYEHHS
OTO IUKIYy MailOyTHI (axiBIl MOBMHHI BMITH aHalI3yBaTH XapaKTEPUCTHKU
CUTHAJIB, Yy TOMY YHCIl CTaTUCTHYHI, Ta CKJIQJaTd QJITOPUTMHU ONTHUMAIBHOT
00pOOKHM CUTHATIB Ta 300paXeHb B ONTHKO-EJIEKTPOHHUX CUCTEMAX.

Buxonsuu 3 orisigy CydyacHOTO CTaHy PO3BHUTKY Teopii HmpuUHMaHHS Ta
00pOOJICHHS CUTHAJIIB B ONTHUKO-EJICKTPOHHUX CHCTEMaX BUHUKAE HEOOX1THICTH
PO3LIUPEHHS TEOPETUYHUX 3HAHb CTYJIEHTIB MIOJ0 METOJIB CTaTHUCTUYHOT
00poOKHM Ta METO/IIB BUSIBIICHHS CUTHAIIIB.

Memorw nawoi pobomu € niaBULIEHHS €()EeKTUBHOCTI METOAMK BUKIIATaHHS
METO/IB OOpOOKM CHUTHANIB Ta 300pa)K€Hb B OMNTUKO-EIEKTPOHHUX CHCTEMax
3aBJSIKA PO3IMIMPEHHIO 3HAHb KIACHMYHUX Ta HEKJIACHMYHUX METOJIB MAaTeMaTHUYHOT
CTaTUCTHKHU.

B nmomoBiai 0GroBOPIOIOTHCS METOAUKH 3aCTOCYBAaHHS KJIACMYHUX METOIB
MaTeMaTUYHOI CTAaTHCTHKHU, SKI BKIIOYAIOTh METOIM TIOMIYKY OI[IHOK 1 TOOYI0BU
HAJIWHUX I1HTEpBaJiB, TOJIOBHI KPUTEpli IJIsi MEPEeBIPKUM CTATUCTUYHHUX TIMOTE3,
MEeTOAU MOOYA0BHU JIIHIMHUX PErpeciiHuX MOJENEH 1 MeTOA HalMEHIIINX KBaIpaTiB
TUTS OIIIHKHA HEBIJJOMUX TTapaMeTPiB.

Takox BKIIIOUEHO METOAMKH, 5IK1, SIK MPABUIIO, BUXOATh 32 PAMKU KIACHYHOT
Teopii MaTeMaTHUYHOI CTATUCTUKHU Ta MOKa3aHa €(PeKTUBHICTh IX BUKOPUCTAHHS MPU
aHami31l MpuUMaHHsA Ta OOpOOJICHHS CUTHAJIB B ONTHUKO-€IEKTPOHHUX CHCTEMAX.
Meroarka BKJIIFOYA€ CTATUCTUYHI METOMU JOCIIKEHHS BHUIIAIKOBUX ITOTOKIB 1 1X
MEePETBOPEHb, CTATUCTUKA CTIMKUX PO3MOALTIB (PO3MOALTIB 3 BAXKKUMU XBOCTaMH) 1
METO/IM BUSIBICHHS KOPUCHUX CUTHAJIIB Ha iX OCHOBI.
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COPTYBAJIBHUK 3 IHANKAIIC€IO PAHI'IB EJIEMEHTIB MACUBY
YUCEJI

Mapruniok T.B., n.1.1., KpykiBcbkuii b.1., Ipy3tok A.lL
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

IIpu po3poOIll PO3BHHEHOrO amapaTHOrO 3a0e3MEYeHHS JIsd Cy4YacHHUX
OoOUYHMCITIOBAaIbHUX 3acO0IB 1HTEpPEC NPEACTaBIsi€ BIOCKOHAJICHHS METOIB
acoliaTuBHO1 00poOKHU 1HpOpMaIlli, OCHOBY IKOI CKJIaJal0Th TaKl MPOLIEAYyPH, K
copTyBaHHs 1 BuOip. Ile moB'I3aHO0 3 HEOOXIAHICTIO TMapaaelbHOI
HEOOYHCITIOBAIbHOT 0OpOOKHU BEIMKUX MAcCUBIB 1HpOpMAaIli.

CopTyBaHHs — 1Ie TIPOLIeC YIOPSAKYBaHHSI HaOOpPiB JaHUX OJTHOTO THUITY 32
3pOCTaHHAM a0o0 CIaJaHHAM 3HA4YEHHS $KOi-HeOyab o3Haku. Bimomo, 1110
COPTYBaHHSI BBAXA€ThCSI BAXJIMBOIO NPOLEAYPOI0 B TaKUX MNPUKIATHUX
o0JnacTsX, K pilIEHHS eKOHOMIYHUX 3aAa4, yrnpabiiHHs 60azamu nanux (CKB]),
copryBanHsi [P-ampeciB B KOMI'IOTEpHHX Mepexax, OOpoOkKa CHUTHaIIB 1
300paxeHb (Hanpukiam, Npyu MeaianHii QinbTparrii).

Metoro  pobGOTH € pO3MUpPEeHHS (PYHKIIOHATBHUX  MOKJIMBOCTEH
COPTYBAJIbHUKA 32 paxyHOK (OpPMyBaHHsS pAHTIB €JIEMEHTIB MacHUBIB Ta iX
THIUKAIli.

B paniii poOOTI NPOMOHYETHCA CTPYKTypa COpPTYBajJbHUKA HA MACHBI
BXIJIHUX JBIMKOBHX JIYWIbHUKIB. CaM mponec MapajeabHOTO COPTYBaHHS
0a3yeTbCs Ha MPOIEAYpl OJHOYACHOTO 3MEHIICHHS HAa OJAWHUIIO (Omeparis
JIEKpEMEHTa) BMICTY BCIX BXIAHUX JIIUUJIbHHUKIB 3 MOCTYMOBUM 1X OOHYJIIHHSIM.

Bukopucranss 1mie 0JJHOro MacHUBYy BHUXIJIHUX JIIUWJIBHHUKIB 3 MOCTYIMOBUM
(bopMyBaHHSIM pAHTIB €JIEMEHTIB YHUCIOBOIO MAaCHBY 3HAYHO PO3IIUPIOE
(yHKIIIOHATBHI MOKJIMBOCTI COpTyBaJibHUKA. [Ipy 1IbOMy B MacuBi BUXITHHUX
JTIYUIBHUKIB 3aJ{IIHO OIEpallito 30UTbIIEHHS X BMICTY Ha OJMHUIO (Omepailist
IHKpeMeHTa). A TMiJ’€JHaHHS JI0 MAacHUBY BHXIJIHUX JIYWJIbHUKIB OJIOKa
IHAMKAIll Ha CEMHCETMEHTHHMX IHAWKaToOpax 3abe3ledye Bi3yali3ailiio
pe3yIbTaTIB paHXyBaHHS BiJICOPTOBAHUX €JIEMEHTIB YHCIOBOI'O MACHUBY.

YacoBl XapaKTEpPUCTUKH TMPOIECY COPTYBaHHA NPU TaKoOMy TMIIXOJi
3aJIe’KaTh BUKJIIOYHO B1Jl BEIMYMHU MaKCUMaJIbHOTO YUCJIA CEPE] UUCE]l MACUBY.
Ile mo3BoJie mie A0 MOYATKYy COPTYBaHHS BHU3HAYUTHUCH 3 HOTO YacCOBUMH
napaMeTpamu.

30



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

VJIK 681.321

AHAJIITUYHUM OI'JIAJ] CYYACHUX TEXHOJIOI'TI
BOJIOKOHHO-ONTUYHUX IHTEP®EHUCIB 1151 3B’ SA3KY 13
PEKJIAMHHUMMU TABJIO

Maninoscbkuit B.1., 3aramyna A.C.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

[ndopmariitni kananu — iHTepdeicu Ta Mepeki nepeaadi JaHUX TPaloTh TyKe
BXKJIMBY POJIb B )KUTTI HAIIOTO CYCILUIBCTBA 1 PO3BUTKY CYHYaCHHUX 1H(POPMaLIHHUX
TexHoJorii. [TocTiitHO 3pocTaroumii 0OCAT JaHUX Ta TEXHIYHHUX BUMOT MOTpedye
Oe3nepepBHOr0 30LIBIICHHS TMPOMYCKHOI 3JaTHOCTI KOMYHIKAIiWHUX KaHAaJiB
CydacHUX I1H(pOpMaIliiHUX Mepex. B 1poMy 3aBmaHHI BEIMKI MOXKJIUBOCTI 1
nepeBaruk  Ma€  ONTOBOJIOKOHHMM  kabenb.  BonokoHHO-ONTHYHI — KaHamu
3aCTOCOBYIOThCSI TEPEBAXKHO Yy Mepekax MepedaBaHHs aaHux. llpu 1mpomy, 3a
OoCcTaHHI JAeKinbka pokiB, BOJI3 mouanu 3acTOoCcOBYyBaTH y JIOKAaJbHUX CHUCTEMax
nepenayi Ta iHtepgericax IOCTYIy, 3aBASKH KpalldM MOKa3HMKaM IIBUAKOI Ta
Majoro piBHA CHOTBOPEHHS CHUTHAJIB, IO JOMOMAara€ 3HA4yHO IiJBUIIUTH
MPOIMYCKHY 3JaTHICTh KOMYHIKAlIMHUX KaHaIiB B 1HGOpMALIMHUX Mepexax
3B’SI3KY.

B paniit poGoti Oyso pO3IMNIAHYTO Cy4YacHI XapaKTEpUCTUKH 2-X METOIB
301IBIICHHS MPOMYCKHOT 3JaTHOCTI:

1) OntuyHe cniekTpalibHe yiiiibHeHHs kaHaniB(WDM)

2) Yacose yurinbHenHs kanaiais(TDM ta WDM).

Takoxx Oyno po3rNIgHYTO BapilaHT CUMOI03y IUX TEXHOJOTIH, s
BUKOPHUCTAHHS B Cy4aCHUX 1H(OpMAIIITHUX Mepexax.

Po3kpuro ocoGnuBocTi mepenaBaHHsA iHQOpMaIli y BOJOKOHHO-ONTUYHUX
CepelloBUIIIaX TMapaielbHux 1HTepdeiciB. Po3riasHyTo MeTroa 3acTOCyBaHHS
VIIUIbHEHHS] KaHaliB TMpH T[epeAaBaHHI 1H(popMalii y BHCOKOUIBHUIKICHUX
napajieTbHUX BOJOKOHHO-ONTHYHUX 1HTep(elicax, skuil 0a3yeTbcs Ha MO€THAHHI
TexHoJorii yacoBoro yuiuibHeHHS: TDM 1a WDM 13 KVP-nepersopennsim. KVP-
MEPETBOPEHHS BHUCTYIA€ B IAaHOMY METO/Il B SIKOCTI JIJAHKM YacOBOTO YIIUILHEHHS
TDM 1a WDM, 110 1a€ HaM 4acOBUI BUTpAIIL, 32 PaXyHOK MapanelbHOCTI IpOoLecy
nepeTBopeHHs MacuBy curHainiB B macuB JIYC menmoi posmipuocTi. [loBHuU
YaCOBHM BUTpAIl OLIHIOETHCS TAKOXK ONTHYHUM XBUJIBOBUM YIIUIbHEHHSIM WDM,
AK€ TMPOBOAUTHCS I11€ U MO TOBXKUHI XBUIIL.

PosrisinyTo OpTOTOHAJIbHE YaCTOTHE PO3IITIEHHS KaHaTIB 3
MYJIBTUIUIEKCYBAHHIM. 3aBASKH 1bOMY, OyJIO BHpINIEHO J00aBUTH YETBEPTY
KOOPJIMHATY MOJSpU3aLii JUIsl KPalloTro YIIIIbHEHHS KaHaiB.

[IpoBenenuii anami3 naB 3MOTy OLIHUTU Cy4aCHUU eTam 00JacTi BOJIOKOHHO-
ONTUYHUX TEXHOJNOTi Ta mpomucioBux kommoHeHTiB BOJI3. Ile € ocobmuBo
aKTyaJIbHUM JJIs1 TPAKTUYHUX 33/1a4 PO3PAXYHKY 1 MPOEKTYBAaHHS ONTUYHUX MEPEXK
nepenayl JaHUX.
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ClIOCObM BUMIPIOBAHHSA BUTPAT TEILJIA HA OBIT'PIB
HNPUMIIIIEHDb

[Tpucsaxuiok B.B., Kosans B.C.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

VY  BeCHSIHO-OCIHHIM MepioJi OMaJIOBAIIBHOTO CE30HY 3a TeMIepaTypu
30BHIIHLOTO MOBiTps npubmusHo Big -3,-1°C mo +8°C, TemnomocravansHi
MIJIIIPUEMCTBA HE MAIOTh TEXHIYHOI MOKJIMBOCTI PETyIIOBaTH (3MEHIIIYBaTH)
nogauy tera. J{ns Ounbimocti micT YkpaiHu el nepiog ctaHoBUTH 50—60%
3arajlbHOi ~ TPHUBAJOCTI OMATIOBaIBHOTO ce30Hy. Came ToMy OyAUMHKH
MeperpiBaloThCA 1 MEIIKAHIl MEeperyayyoTh 3a KOMyHalbHI MOCIYrd. Takox
BUHHUKAC NPoOIEMa KOJIM Ha Bynuii Temmeparypa gocsrac -10°C Ta Oinblue,
KBapTUPH CTAlOTh JIOBOJI XOJOAHI 1 TOAl MH BMHKAEMO JOJATKOBI
eJEKTPONPWIAAN 100 BCTAHOBUTH TEMIEPATYPy KOMMOPTHY MJis MPOKUBAHHS,
B PE3yJbTAaTI MM MAaEMO LIAJNIEH] PaXyHKH 32 TEIJIOCHEPTIIO.

OnaneHHsl KUTJIOBUX Ta KOMEpLIMHUX MpuMilleHb gocsirae 72%
EHEepPreTUYHUX 3aTpar, TOMY ONTUMI3yBaTH BUTpPATH Ha CIOXUTE TEIUIO €
JIOCUTH aKTyaJIbHUM PIIICHHSM B HaIll yac.

IcHye Oe3niu crmoco0iB BU3HAUYEHHS BUTPAT CIIOKUTOTO TEIjia Ha oOIrpiB
npuMiiieHb. KopuctyBaui MOXKyTh ONTUMI3yBaTH BUTPATH Ha CIIOKUTE TEIIO 3a
JIOTIOMOT0I0 CYYaCHHMX 1HAMBIIYaJbHUX IMYHKTIB, 110 B CBOIO YEPry J03BOJISIE
3a/1aBaTy OakaHy TeMIlepaTypy B OKpeMiid KiMHaTI. Takoxk MeliKaHil OyIMHKIB
MOXYTh BUKOPUCTOBYBATH PO3MOAUIBHUKHM TEIIA, SKI JO3BOJSIOTH KOXKHOMY
MEILKAHII0 CIUIauyBaTH PaxyHKHU 3a JIMCHO croxute Temio. Crocid BuMipy i
00JIIKy 1HAMBIAYAJBHOIO CIOKHBAHOTO TEIJIa B CHUCTEMAaxX LIEHTPai30BAHOIO
TEIJIONOCTaYaHHs ~ J103BOJIsi€  30UIBIUMTH  HE3AJIEKHICTh  PE3YJIbTATIB
BUMIPIOBaHHS BUTPAT TEIJIa Bl HETATUBHOI'O 30BHIINIHHOTO BTPYYaHHS, a TAKOXK
TOYHICTh BUMIPIOBAHHSI BUTPAT CUCTEMHU OTAJICHHS.

Meroro poboTH € peali3yBaHHS CHUCTEMU MOKBApTUPHOTO OOJIKY
CIIOKUTOTO TeIIa y 0araTonoBEepXOBOMY OYJMHKY 3 BEPTUKAIbLHUM CIIOCOOOM
nojayvi TErIOHOCIIB.

Cnoci6 Bumipy U O0OJIKY 1HAMBIAYadbHOTO CIOKMBAHOTO TEMJIa B
CHUCTEMaX IEHTPATI30BaHOTO TEIUJIOMOCTAYaHHSI TOJIArae y BHUMIPIOBaHHI
TeMIEepaTypu MOBITPS yCEpPEAUHI MPUMIIICHHS CIOXXHBaya. TakoxX J0JIaTKOBO
BUMIPIOETHCS TEMIIEpaTypa ONaIIOBAIIBHOTO MPUJIATy, TOKA3HUKU TeMIepaTypu
MOBITPS 1 ONAJTIOBAJIBHOTO MPUIIATy MEPENalOThCs LEHTPAIbHOMY MpHUiiMauyy
CUCTEMH OOJIIKY 3a JIONOMOIOI0 pajliOCUTHANy Ta Jajii 10 KOMII'IoTepa, Je, 3a
JIOTIOMOTOI0  CIIELIaJIbHOTO  MPOrpaMHOro  3a0€3MEYeHHsl, BU3HAYAETHCS
KUIBKICTh TEIJIOTH, SKa OTpPUMaHa CIIOXKHBAuYe€M 3 BpaxXyBaHHSM IUIOIII
ONaJTIOBAIbHUX MPUIIAJIIB.
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TEOPETHWYHI IIJIXO/IM 10 OPTAHI3AIIII BA3M 3HAHD V
CYYACHUX ONITHYHUX MEPEJKAX 3EEPITAHHS TA OBMIHY
JTAHUMUA

ManinoBcskuii B.1.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

B po6oTi po3riasgaloThCs HOBI TEOPETUYHI MiAXOIU BHKOPUCTAHHS
TEXHOJIOT1 opraHizamii po3MOAiIeHUX 0a3 3HaHb 13 BHUKOPUCTAHHSIM
pO3NOAUIEHUX 00’€qHaHUX 0a3 [MaHMUX, OpPraHi30BaHMX Ha 0a3l CydYyacHUX
1H(popMaIiTHUX TeXHOJIOT1 poOoTH 13 6azamu nanux ( Takux sik PostgreSQL,
Mongo {DB}), opienToBanux Ha po6oty 3 Big Data y cydacHux posraiaykeHux
ONTUYHUX 1HHOPMALIMHUX MEpPEkKaX.

CyuacHi po3moAUIeHI po3raily>KeHl ONTHYHI 1H(POpPMAIIiHI MEpexi — e
YHIBEpCAJIbHI MEPEXKEeBI TEXHIYHI pIIICHHS, SKI 0a3yloThCs Ha MPUHIIUIAX
00poOKH 1 mepeaaydi pi3HUX 3a TUIIOM CTPYKTYPOBAHUX JAHUX IO MapajeabHUM
ONTUYHUM BHCOKOIIBUJKICHUM KaHalaM. J[laHi CTpyKTypyloThcs y 0a3u i
30epiraloThcss 1 OOpOOJIAIOTHCS HA JOKAJbHO — PO3MILMIEHUX MPOCTOPOBO
(reorpadiuHO) poO3HECEHHX pecypcax (BiamaleHuUx cepBepax). Taki Mepexi
BUKOPUCTOBYIOTh Miaxoau posnoauiennx oOuuciaeHb GRID-cuctem [1] 1
KJIIACTEPHUM PO3MIIIEHHSAM CTPYKTYPOBAaHUX JAHUX 1 1X PO3MOJLIICHUM
oOpobOnenHs M. B Takux Mepexax BHUHHMKAIOTh 3a7adl BIOPSAKYBaHHS,
BUJIJICHHS Ta BIAMNOBIAHO (OpMyBaHHS 3amuTIB Ha BHUOIPKY JaHHUX, sKa
notpedye BHPIIMIEHHS 3a JOMOMOTOI TEXHOJOTINH pO3MIIEHHsS 0a3 JaHuX
(manmpukian, takux gk PostgreSQL, Mongo {DB}, Ta iH.), opieHTOBaHUX Ha
poboty 3 Big Data i TexHOJOTr XMapHOro 1 KjacTepHoro posmimeHHss SAN
(Storage Area Network). [lepeBaxna OUTbIIICTh KaHATIB nepenayl iHGopmalii y
Takux cuctemax oO0‘e€HaHa 3 KaHalaMM Tiepefadl eHeprii >KUBJIEHHS BCIX
CTPYKTYpPHHUX €JIEMEHTIB IIuX Mepex [1, 2] Ha amapatHoMy piBHI. Po3mileHHs
cucTteM 30epiraHHs Ha Cy4yaCHUX HocCIsX, Takux sk SSD [3] BimOyBaeThcs B
crienianizoBaHux reorpadiyHo po3HeceHux Data menTpax, siki 00’eaHaHI B
kiacrepu. Takum yuHoM y BKOIM nocsiraetbest MOXKIMBICTH aBTOHOMHOTO
€HEPreTUYHOr0 JKUBJCHHS 1i CKJIAQJOBUX 13 TMapajeibHUM PO3MIIICHHAM
BEJIUKOTO (PYHKIIOHANy, PI3HOrO THUIYy KOHBEPTOBAHOrO jaaTa-Tpadiky i
CTPYKTYpOBaHUX JaHUX MPU BUKOPUCTAHHI TEXHOJIOT1A 00poOaeHHs iHpopMalii
Big Data Bkazanumu Buie iHcTpymeHTamu. [IpoaykrusHicte BKOIM Habarato
MEepeBUINy€e TpaAUIiiHI 1HPOpMAIIiHI MeEpexi 1 3HAXOAUThCS Ha PIBHI
npoayKTuBHOCTI cydyacHux GRID-cucteM 1 ki1actep HUX KOMI IOTEPIB (IECATKU
1 cotai TFLOPS).

[cHytoul cTaHAapTHI apXiTEKTypu TaKUX PO3MOAUICHUX MEpPEX MOXKHA
po3riIsgaTu K O0°‘€KTH 13 BIPOBAKEHHSIM BHCOKOIHTEJIEKTYalIbHUX CHUCTEM 1
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METOJI0JIOTIi Ta MiAXOJIB CUCTEM IITYYHOrO 1HTENEKTY (Al), OCKIIbKM 3aBASKU
CBOIl CKJIQJIHOCTI 1 6araTopyHKIIIOHAIBHOCTI MEpPEX MOTPEOYIOTh aBTOHOMHOI'O
1 ONMEPAaTUBHOTO YHPABJSHHS 1 MPUUHATTS pillleHb. 3aBISKU 1HTENEKTyali3arii
TaKuX PO3MOJIIEHUX MEPEX CTBOPIOIOTHCS YMOBH Il CHCTEMHOTO YIIPABIIIHHS
1 o0poOneHHs 1H(POPMAIIMHUX PECYpPCIB 1 €HEepPro30epeKeHHS KOMIIOHEHT
MEpexX, TaK SK peali3yeTbCsd (YHKIIi IHTEIEKTyaJlbHOrO  YNpPaBIIIHHS
iH(popMaliiiHuMu pecypcaMud 1 BUCOKOIIBHAKICHOIO BHUOIPKOIO/BCTABICHHSIM
JAHUX, a TaKOoX AaBTOHOMHHMM €HEPreTHYHHM 3a0€3MEUYEHHSIM (HAImpUKIa,
IHTEpAKTUBHE YNPABIIHHS 1HTEIEKTYaJbHUM €HEPro30epeKeHHSAM 1 KEpyBaHHS
OKPEMUMHU CKJIAJJOBUMM).

Posrnsnyto BapiaHTH TOOYIOBU apXITEKTyp ONTUYHUX 1HGOPMAIIMHUX
PO3MOIIICHUX MEPE)K, OOUUCTIOBAIbHI CTPYKTYpPU B SIKUX BUKOHAHI Ha OCHOBI
Ha MapayiesIbHUX ONTOEJEKTPOHHUX 1 ONTUYHUX APXITEKTYp (apXITEKTypax OKO-
npoiiecopHoro tumy) [1,2] 13 BUKOpHCTaHHSAM TeXHOJOrH poboTu 3 Big Data:
POSTGRESQL, MONGO {DB} came B mux Mepexax. [Ipuduomy 3aBasku
rapa’sesni3My BUKOHAHHS OIepalliii KOHTPOJO 1 00YHCIICHb TOCITaETHCS BUCOKA
MIBUJIKOMIST 0OpoOJieHHST 1HQOpMAaIlli, a 3aBASIKM BHUKOPUCTAHHIO CYyYaCHHUX
BrcokonpoayKTUBHUX (100-200Gbit/s) BOJIOKOHHO-ONTUYHOTO 1HTEPPEHCIB 1
KaHaiB 3B‘SI3Ky — BHCOKa CHUMBOJIbHA IIBHUJKICTh nepedaui nanux. lle B
KOMILUJIEKC] [JAacTh MOMKJIMBICTG 3HAYHO MIABUINATA MIBUAKOMIIO BIJOMHUX
posnoauteHux GRID cucrem 1 mepex. 3arajibHy CTPYKTYpPHY CXEMY KJacTepy
Mepexi 30epiraHHs 0a3u 3HaHb Ha JIOKAJIbHUX 0a3ax MaHUX I ONTHYHUX
PO3MOIIIEHUX MEPEX MpeACcTaBiIeHO Ha puc 1.

@ Controller STORAGE CLUSTER Bridged to VLAN
> @ fiber-optical

‘ knoledge base (

interfaces

Software

PostgreSQL
Mongo{DB}

== B  san
A

== | == | (== | (== |

= || [E==d]) =] =3
local data basis {DB}

Pucynok 1 — 3aranbHa cTpyKTypa Kiactepy 30epirantsi 6a3u 3HaHb Ha
JokanbHUX 0a3zax nanux st BKOIM

== ‘ Local servers

BukopucranHs THY4YKOi apXITEKTypH 1 TapaieibHUX aITOPUTMIB ONITHYHUX
1H(popMaIiiTHO-eHEPTeTHUHHX MEpEeK 3 eJIEMEHTaMHU yIpaBIiHHS
iH(popMaILiiHUM 1 €HEepreTUYHUM OOMIHOM JO03BOJISIE €(PEKTUBHO 3MIHIOBATH
BIPTyaJIbHY TOMOJIOTII0 Takoi MepexXi Ta KepyBaTH ii ()YHKIIOHAJIOM ILLISAXOM
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MIJKJIIOYEHHS HOBHX BY3JIB, TUM CaMUM MiJABUIIYIOYM B 3aJIEKHOCTI Bij
HEOOX1THOCT1 OOYMCIIIOBAIbHI 1 IPOITYCKHI MOTYKHOCTI MEPEXI.

3anponoHOBaHI MIAXOAM MOXYThb OyTH €(QEKTUBHO BHUKOPHUCTAH1 IS
CTBOPEHHS ONTUYHUX  PO3MOJUICHMX MEpPeX HOBOTO  TMOKOJIHHA 13
BUKOpUCTaHHAM HagmBuakicHux kanamB (Fiber Optical 5SNGi Internet) 1
napajejlbHUMHU ajdropuTMamu mtygHoro iHtenekry (Al) wa ©6a3t GRID
apXiTEeKTypH JUIsl HAJUIBUJKICHOTO 1 THYYKOrO OOpOOJICHHSI BEJIMKHUX MACHUBIB
nanux Big Data.

3anpornoHOBaHl MIAXOAU 1 apXITEKTypa MOXKYTb OyTH BUKOPUCTaHI st
CTBOPEHHS ONTUYHUX  PO3MOJUICHMX MEpPeX HOBOTO TMOKOJIHHA 13
BUKOpUCTaHHAM HagmBuakicHux kaHamB (Fiber Optical 5SNGi Internet) 1
napajejlbHUMH ajdropuTMamu 1mty4yHoro iHtenekry (Al) wa 6a3t GRID
apXiTeKTypH.
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YK 681.325.5

HIBUIAKOAIIOYI ®IBOHAYYIEBI JITYUJIBHUKU 1151 CUCTEM
OBPOBKHU CUI'HAJIIB

A3zapos O./1., YUepnsik O.1.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

[Ipu nmoOynoBi cucteM OOpPOOKM CHUTHAIIB y peallbHOMY 4aci HEOOXiJAHO
CHHXPOHI3yBaTH OKPEMI1 MPHUCTPOI 3a JOMOMOI0I0 IIBUAKOIIFOYNX JIYHIHHUKIB.
[Ipononyerbcst OyayBatu ix B moaudikoBaHiid (iObonauuieBiit (M®) cucremi
yucieHHs [ 1], B sikiil MK Baramu po3psifiiB iICHy€ F-CIiBB1IHOIIICHHS:

F:V (9 =0i +9i,).
i>1

Ile no3Bossie BukoHyBaTh F-mepeTBopeHHst koaiB JBox TumiB: FL-
MEPETBOPEHHSI 3 TIEPEHECEHHsIM Yy crapiil po3psau 1 FR-mepetBopenHs 3
MEPEHECEHHSIM Y MOJIOJIII PO3PSIIN.

FL-neperBopeHHsT € yMOBHOIO apu(PMETHYHOIO  omepalli€ro, ImIo
BUKOHYETHCS HaJ BCiMa HMOro po3psgamMu, KpiM HyJIbOBOro 1 mepioro. Jlane
MEPETBOPEHHS MOJATAE Y TOMY, 110 JJis OyJb-aKoro 1>1 y BUnmaaky, akuio x;=0,
Xi1=1, X;»=1, BUKOHYE€TbCS AOJAaBaHHS OJWHUIIl B PO3PSA X; 1 BiTHIMAHHS
OJIMHUIIb Y PO3psIAaX X Ta X!

FL, (X2 )= X0 Qi — @ — @i mpux; =0AX =1AX;, =];
X0 mpux; #0vx,  #lvx, , #];

FR-nepeTBOpeHHS TakoX € YMOBHOIO apU(METHYHOIO OIepalli€lo, Mo
BUKOHYETHCS HaJ BCiMa KMOro po3psgamMu, KpiM HyJIbOBOro 1 mepioro. Jlane
MEPETBOPEHHS MOJATAE Y TOMY, 110 JJis OyJib-aK0ro 1>1 y BUMAAKy, K10 Xi=1,
Xi.1=0, X;,=0, BUKOHY€TbCS BIJHIMAHHS OJUHHUII B PO3PSAl X; 1 JOJABaHHS
OJIMHUIb Y PO3PSIAM Xi | TA X'

FR, (X2 = X0 =i + @i + 0, mpux; =1AX; =0AX;, =0;
X0 mpux; #lvx,  #0vx, , #0;

FL- 1 FR-nepeTrBopeHHS BHUKOHYIOTHCS HaJ YacTUHAMHU KOHdy, Ta €
y3arajJbHEeHHSIM MEPEHECEHHS 1 3alM03WYEHHs y mpolieci mpsiMoi abo o6epHeHOT
niyou. Jlani mepeTBOpEHHST MOXKYTh BHUKOHYBAaTHUCh paHillle, HD)K BHHUKHE
MEPENIOBHEHHSI 4K 3aryOJjeHHs 3HA4YeHHs Yy po3psaax. ToMy BOHM MaloTh
HEBEJIMKY Ta OOMEXEHY JOBXKHHY PO3MOBCIOJKEHHS, 10 3a0€3Meuye BHCOKY
IIBUJIKICTh JIYUIBHUKIB OOYA0BaHUX B M®D-crucTeMi YMCIeHHS.
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YK 681.3.069

OIITOEJEKTPOHHA CUCTEMA 3HAXO/’KEHHS JE®EKTIB HA
JAEPEBHUHI IIJIAXOM CEI'MEHTAIII

Konecnuk I'.C., Koxem'ssko A.B.
BiHHHUIIbKWN HAIlIOHAIBHUN TEXHIYHUNA YHIBEPCUTET

Beryn. ChoroiHi 3HaX0Th IIMPOKE BUKOPUCTAHHSI METOAU CerMaeTHaIlll
300pakKeHHs y aBTOMaTu3allli BUpOOHUIITBA. 3ajaya 3HAXO/KEHHS Ta 00pOOKH
00'eKTIB Ha 300pakeHHI € OJHIEID 13 HaWBAXIMBINIUX MpoOJeM Y
koMmm'torepuoMy 3o0pi  [1]. ¥V ganiii  poGOTI mpoaHani3oBaHI METOAU
1meHTrdiKaIii 00 ‘€KTiB 3a JOMOMOTOI0 aJITOPUTMY KOHTYPHOTO aHAII3y.

Metoro poboTH € pO3pOOJICHHS aNTOPUTMY TIOIIYKY OO0 €KTIB Ha
300pakeHHI.

Pe3yabTaTu gociimkeHHsi. Y monepenHiii poOOTi Oyliu pO3TsSHYTI Ta
MpoaHali3oBaHl JIeKUIbKa METOJIB OiHapu3amii 300paxkeHHs. OauH 3
MpoaHaTi30BaHUX AJITOPUTMIB MOKa3aB Ha0araTo Kpaml pe3yiabTaTd, 110 BUIHO
Ha MaJIFOHKAX:

R et

rpagl€HTHUN METO.)

CermeHrartis, AUTMTH 300paKE€HHS Ha CKJIAI0BI YaCTMHU Ta OO'€KTH.
Cryninp petamizaiili Takoro iIEHHS 3alieXUTh BiJ TOCTaBJICHOI 3aaadi.
[HmMMU cioBaMU CerMeHTallll0 BapTO 3YNMUHUTH, KOJM IIyKaHi 00'€KTHU YKe
BUjalIeH] a0o 13onmboBaHl [2]. Iliciss oTrpumanHss OI1HAPHOTO 300pa)KEHHS
HEO0OX1HO MpOBECTH Mpolec 1ieHTudikaiii o0 ekTiB. {15 bOro BUKOPUCTAEMO
Bimomuii anmroputM KNN y mnoennanni i3 anroputmom ABC Macku. Taka
KOMO1HaIlis 1acTh Habarato e(eKTUBHINIY 1IeHTUDIKAIIIO.
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> o—{p0

Puc. 2 — IIpoGaeMHa Touka npu iieHTU(IKAIl 00EKTY

Tomy micnsg MOAANBIIOT AJITOPUTMIYHOT OOPOOKM OTPUMAEMO BUXITHUMN

pe3yJIbTarT:

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

B A e A L L R

R AR A AR A A A

pe3yabTar 3a ieHTudikaiii 300paxeHHs

s

Puc. 3 — Buxigau

Opak€HHs 10 BIIHOUIEHHIO J0 MOCTaBJIEHOI 3a1ayl. Pe3ynbTaTu

BucnoBku. Y naniit po6oti 0ysio po3rissHyTO €(eTUBHICTh BUKOPUCTAHHS
CerMeHTalliil 30

MOKa3ajJu TMOPIBHSHO BHUCOKY IIBUAKICTh Ta MOXJIUBICTh 3aCTOCYBaHHS

QITOPUTMY y PEATBHOMY 4Yaci.

Takoxx Oynu mpoaHali30BaHl 1HIII METOJU

OiHapi3alli Ta Ha OTPUMAaHUX pe3yJibTaTaXx MOOYJOBAaHO AJITOPUTM MOLIYKY

nedeKTiB Ha 300pakeHHI.

CIIMCOK BUKOPUCTAHOI JITEPATYPU
Szeliski R. Computer Vision: Algorithms and Applications / Richard

Szeliski., 2010. — 993 c.

1.

2. T'oncanec P. Iludposas ob6pabotka nzodbpaxenuit / P. T'oncanec, P. Byzc.,
2012. - 1104 c. — (Texunocdepa). — (Mup mudpoBoit 06padboTKN).
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YK 004.932+004.627

KOMIIPECISI 306PAKEHB AITPOKCUMAIIEIO KYMYJISATUBHOI
I'"CTOI'PAMU AJITOPUTMOM PAMEPA-IYT'JIACA-IIEKEPA

Menbuuk P.A., n.1.1., npod., TymHuuekuii P.b., k.T.H., go1w.
Hamionanbauit yHiBepcureT “JIbBIBChKa MOJITEXHIKA”

[TonynsipHi anrOpuTMU KOJIyBaHHS 300pak€Hb 1 CTUCHEHHS BKIIIOYAIOTh
JPEG, sikuii BUKOPUCTOBY€E NUCKPETHE KOCUHYCHE MEPETBOPEHHS Ta aITOPUTM
Xapdmana; LZW, sdaxuil 3amiHiOe BUXIAHUM HaOip OaitiB y daitmi 3
MOCUJIAaHHSAM JI0 MONEPEIHbOro BXO/KEHHS Toro camoro Habopy (GIF, TIFF
dbopmatu). CTHCHEHHS JOCATAEThCA MIIAXOM 3aMiHM MHOXHHU 3HA4YeHb
MIKCETIB BUKOPUCTOBYIOUM CHELialibHI  (QyHKIii: BelBieTH, (QpakTanu,
MOJiHOMU Ta 1H. BnpoBamkeHHs 1uX (yHKIIM BUMarae 3HAYHUX
oOuuncIoBaIbHUX BUTpaAT. B poOOTI 3anpornoHOBAHO CHPOIIECHUMN MiAXIJ, SIKUM
0a3yeTbCsl Ha KYCKOBO-JIIHIMHIA ampoKCHUMAIlll KyMYJSITUBHOI TiCTOTpaMu
300paxeHHs anroputmom Pamepa-/[yrnaca-Ilekepa.

Onuc Merony komrmpecii 300paxeHb B JaHid poOOTI 0Oa3yeTbesl Ha
JOCIHIIPKEHH], HajgaHOMy 3a MmATpuMKu ['panty DoHay GyHIaMeHTaIbHUX
nociikeHb (mpoekT Ne 33651).

Jl1s1 ricTorpaMu 300paKeHHs

V=2V, (1)
i=1
JIETKO OOYMCIIUTU KYMYJISITUBHY T1CTOrpamy
Ve(s)=2 V@), )
i1

ne V — 3aranbHa KUIBKICThH MiKceNiB 300paxkeHHs, V(i) — IHTEHCHUBHICTb
4acToT, Vi(s) — yacToTa HAKOMUYEHHS IS 3a7aH01 IHTEHCUBHOCTI, # — KIJIBKICTh
KYMYJSITUBHUX 1HTEpPBAIIB TICTOTpaMH, S, [ — IHTEpPBaJIbHI 4HCia (3HAYEHHS
IHTEHCHUBHOCTI).

Ha puc. 1 nomano BximHe 3o00paxenHss Lena (512x512), chopmoBany
KYMYJSITUBHY TicTOrpamy Ta ii anpokcumaiito 10 Touxkamu.

Jlo oTpuMaHOi KyMYJSITUBHOI TICTOIPAaMHU 3aCTOCOBYEMO aJTrOpPUTM
KYCKOBO-JIIHIMHOI ampokcuMmailii Pamepa-/lyrnaca-Ilexkepa, BHacnmigok $Koi
OTPUMY€EMO TOYKHU anpoKcuMalii a, a , ... , a,.

Jlns  mepexoAgyBaHHA 300pa)K€HHST HAa OCHOBI OTPUMAaHUX TOYOK
anmpokcHUMallli KyMyJSTUBHOI TiCTOrpaMu  PO3POOJIEHO  aIrOPUTMH, SKi
MEePEKOJIOBYIOTh 3HAYEHHS IIIKCEJIIB HA OCHOBI JIIBOi $ICKPaBOCTI, MPaBoi,
CEepeaHBOI Ta CEPEeAHBOI 3BAXKEHOI SICKPABOCTI. AJTOPUTM MEPEKOJyBaHHS HaA
OCHOBI JIIBOi SICKPaBOCTI [iJIi OTPUMAaHMX TOUYOK AampoKCcUMalli ai, a,
MEPEKOJIOBY€E 3HAYCHHSI MIKCENIB 300pa)KeHHS, SIKI € B MPOMIXKKY [a;, @) Ha
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3HAQYEHHSI SIKKPaBOCTI a;. AJTOPUTM TMEpPEKOJAYBaHHS Ha OCHOBI1 CEpEeIHBO-
3BaXKEHOI SICKPAaBOCTI BPAaXOBY€ KUIBKICTh IIKCEIIB TMEBHOI SCKPABOCTI MIXK
TOYKAMH alpoOKCHUMAIIii.

Pucynok 1 — Bxinne 300paxkennst Lena, chopMoBaHa KyMyJIITUBHA TiCTOrpaMa

—— Cumulative Fistogram

Cumulative Histogram

Cumulative Histogram

pramaed Function ——— Cumulatve Fistoaram ]

Number

Brightness

Ta ii anpokcumMaiiis 10 Touxamu.

VY Tabn. 1 mogaHo pe3yNnbTaTH JOCHIIKEHHS KOMIIpecii 300pa)K€HHsI Ha
OCHOBI KUTBKOCTI TOYOK alpoOKCHUMAIlii, aAJITOPUTMY MEePEeKOayBaHHs Ta opmary

300paKeHHS.

Ta6muis 1. CTyninb KOMIIpecii B 3aJI€KHOCTI BiJl KITBKOCT1 TOUOK
anpoKCcUMaIlli, aITOPUTMY MEPEKOIyBaHHs Ta (hopMaTy 300pakeHHs

AJTOPUTM MEPEKOTYBAHHS
KinbkicTh TOUOK dopmar SICKPABOCTEH MIKCEJIIB

arpokcuMariii 300paKeHHS nisa Cnpasa | Cepens Cepenns
3BaXKEHA

10 JPG 0.79 0.77 0.77 0.79

PNG 3.18 3.24 3.19 3.19

20 JPG 0.89 0.87 0.88 0.91

PNG 1.99 1.95 1.99 1.99

40 JPG 0.94 0.93 0.94 0.96

PNG 1.52 1.48 1.51 1.51

JI71st OLIIHKM CHOTBOPEHHSI 300pa)K€HHS BUKOPUCTAHO 3HAYEHHS IMIKOBOIO
CHIBBIIHOIIEHHS curHainy a0 myMy — PSNR. V tabn. 2 momaHo pesyibratu
JOCIIKEHHS 3alIyMIIEHOCTI PE3YJIbTYIOUOT0 300paKEHHS.

Tabmuns 2. 3aadennss PSNR, dB B 3a11e:kHOCTI Bij KITBKOCTI TOYOK
anpoKCcUMallli, aITOPUTMY MEPEKOIyBaHHs Ta (hopMaTy 300pakeHHs

AJTOPUTM MEPEKOTYBAHHS
KinbkicTh TOUOK SICKPABOCTEH MIKCEJIIB

ampokcHmai 35iBa CnpaBa Cepenns Cepenns
3Ba)KE€HA

10 27.22 27.38 32.55 32.80

20 33.92 33.36 37.94 39.00

40 37.34 36.40 40.46 42.19

Po3pobnenuit miaxin ga€e  3MOry MIBUJAKO 3IIACHUTH  KOMIIPECIIO

300paKeHHs, BKa3aBIllU MOTPIOHUI CTYIIHb CTUCKY 1 PIBEHb JeTati3allii.
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OITUYHUIN KOMYTATOP 3 DWDM BXOJIAMU TA BUXOJAMHU
BE3 BTPAT

['op6atiok O.0., JIucenko I'.JI.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

CucremMu yuIIbHEHHS KaHAJIB IO JOBXKHHI XBWJIl - cuctemu WDM - 3a
OCTaHHI POKH CTPIMKO PO3BUBAJIUCS 1 MPOJIOBKYIOTh €BOJIIOIIOHYBATH B
ONTUYHI CUCTEMH 3 MOMJIMBICTIO MapIIPYTHU3aLlii 1 KOMYTAIlli 1O JOBXWHI XBHIII.
Bonu cTtanu BUKOpUCTOBYBATUCS HE TUIbKK B 3B'si3li i3 cuctemamu SDH (sik
JDKEpeJlaMu CUHXPOHHOTO MOTOKY JaHUX), ajle 1 peaidi3yloThCsid CaMOCTIHHO (SIK
TPAHCIIOPTHI CHUCTEMM [IJIi MaricTpajibHOl TepeAadyl MacUBHOro Tpadiky
emMHICTIO 10 6,4 TOiT/c), a00 * BUKOPUCTOBYIOTH CBOi MOXJIMBOCTI 3a
MPO30PICTIO Mepeaadl MOTOKIB JAHUX, [0 TeHEPYIOTHCS 1HIIMMHU TEXHOJOT1IMHA
(manpukian, ATM, Ethernet, FDDI, IP, Token Ring). Ha croroaHimiHiii 1eHb
CTaJu IIUPOKO BUKOpUCTOBYBaTuCA Ha Mmepexax SDH/WDM uyucro ontuusi
(YHKI[IOHATBHI €JIEMEHTH: ONTHYHI MiJCHIIOBAUl, ONTHUYHI MYJIbTUILICKCOPH
BBEJCHHSA-BUBE/ICHHS, ONTUYHI MOJAYJSATOPH, ONTHUYHI KOMYTaTtopu 1
MapuIpyTu3aTopu. BHUKOpHCTaHHS LHMX €JIEMEHTIB BUMara€ He TUIbKH Bij
pPO3pOOHMKIB, aje 1 PSAOBUX I1HXKEHEPIB, BUKOPUCTOBYIOUM amaparypy SDH,
3HaHb B 00J1aCT1 BOJIOKOHHOT ONTUKH 1 ONTUYHUX TEXHOJIOT1i.

301/IbIIICHHS YKCIIa KOPUCTYBAUiB 1HHOKOMYHIKALIHUX CUCTEM BHACIIOK
PO3ILIMPEHHS MOXKJIIMUBOCTEH A0CTymy 10 IHTepHEeTy 3 MOOUIBHUX MTPUCTPOIB,
MIJIBUIIICHHSI TOMYJISPHOCTI HAJaHHS OHJIAMHOBUX 1H(OpPMALITHUX MOCIHYT,
3pOCTaHHs MYJbTUMEIIMHOTO Tpadika BHUMarae 30UIbLICHHS MEPEKHOT
MIBUJIKOMII Ta MPOMYCKHOi 3AaTHOCTI. [IpomyckHa 34aTHICTH Ta IIBUIKOIIS
cydacHMX  1H(OKOMYHIKAIlIMHUX  CHUCTEM  BH3HAYAIOTHCS  IIBUJKOMIIEIO
€JIEeMEHTHOI 0a3u  MIKPOENEKTPOHIKM Ta ONTOCJIIEKTPOHIKM, a TaKOX
MOXJIMBOCTSMH KOMYTaTOPiB, MYJIbTUILIEKCOPIB, AEMYJIbTUILIEKCOPiB. Bigomo,
o0 Gi3UYHI MEXI1 MIBUIKOJII €JEMEHTHOI 0a3u MIKPOEJIEKTPOHIKM 00YMOBIIEHI
4acoM MPOJIbOTY €JEKTPOHIB, a 3MEHIICHHSI PO3MIPIB €JIEMEHTIB OOMEKYETHCS
TEXHOJIOTTYHUMH MOJIMBOCTSIMU iX BUTOTOBJEHHA. ICHYIOTH Takox (i3udHi
MEX1 3MEHIICHHS PO3MIpIB MIKPOEJIEMEHTIB, CYTTE€BI OOMEXKEHHS Ha sKi
HaKJIQal0Th iX EHEProclnoKUBaHHA Ta TeroBUIUICHHS. [IpoBeneHuit anamis
PO3BUTKY 1H(MOKOMYHIKAIIMHUX CHUCTEM TMOKa3aB, IO JJIs MIJBHUIINCHHS iX
IIBUJIKOJIII Ta MPOIYCKHOI 3[JaTHOCTI HEOOXIAHO YJOCKOHAIIOBATU €JIEMEHTHY
0a3zy NOpUCTPOiB, 3aCTOCOBYIOUM HAHOPO3MIPHI CTPYKTYpU, MEPEXOJUTH Ha
BUKOPHUCTaHHA MOBHICTIO onTuuHUX Mepex (All-Optical Networks), y sxux
CBITJIOBMM CHUTHAJI TIEPENAETHCA BiJ OJHOTO MPUCTPOIO MEPEXi M0 1HIIOTO 0e3
MIPOMIKHHUX TIEPETBOPEHB B CICKTPUUHY (POpPMY.

OnHuMU 13 HaOUTBIIT BAXKJIMBUX €JIEMEHTIB MTOBHICTIO ONTUYHOI MEPEXI €
ONTUYHUN KOMYTATOp, SKUM 3a0e3meuye KOMYTAallll0 MAaKEeTIB 4YM KaHalB,
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ONTUYHI XBUJICBOJHU 1 3’€IHYBaYl 3 MaJIUMH BTpAaTaMH Ta BEJIUKUM PECYpPCOM Ha
T AKTI0OYCHHS-BIIKITIOUCHHS, a TAKOXK ONTHUYHI pO3Traly’KyBadl 1 aTCHIOATOPH.

Bci komyTaTopu BIAPI3HSIOTHCS JIBOMAa HaWBAXJIMBIIIUMHM MOKA3HUKAMU:
IIBUJIKICTIO MEPEKITIOYaHHS 1 €MHICTIO - KUIBKICTIO KOMYTOBaHUX KaHajiB a0o
KOMYTOBAaHUX CTaHAapTHUX MoayiiB (Hanpukian, STM-1). B  iepapxii
IIBUJIKOCTEN TMEpPEeMUKAHHS B ONTUYHUX MeEpekax pO3pI3HAIOTh 3a3BHYAi
4OTHpU PiBHI MBUJKOCTEH mepemukaHHs [30-32]: HU3BKI - Yac MEpPEMUKAHHS
6mssko 107 ¢, T06TO MUTICEKYH/IU; CEPE/IHI - Yac MepeMUKaHHs OJIU3bKO 10° c,
TOOTO MIKPOCEKYHIH; BHCOKI - 4ac mepeMukanHs mopsaky 107 ¢, To6To
HAHOCEKYHIH; OyXe BHCOKIi - dYac mepeMuKaHHs Ommsbko 1077 ¢, To6TO
MIKOCEKYH/IH.

BaxnuBuM 3aBHaHHSAM JJIsI JOCSATHEHHS BHCOKOI IMIBHIKOCTI 0OPOOJICHHS
iHpopMallii € BuUpilIeHHS MpoOJeMU 3B’A3KY EJIEKTPOHHUX MPUCTPOIB 3
ONTUYHUMHU KOMIIOHEHTAaMH (SIKa BUHHMKA€E Y€pe3 HEY3TrO/IKEHICTh iX PO3MipiB),
30UIBIICHHS] BXOJIB Ta BHUXOJIB KOMYTAI[IMHUX CHUCTEM 3 MIHIMAJIbHUMHU
BTpaTaMu Ta BJOCKOHAJIEHHS PO3MOIUIBHOI CUCTEMHU.
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SESSION 2
SYSTEMS OF TECHNICAL VISION AND
ARTIFICIAL INTELLIGENCE WITH
IMAGE PROCESSING AND RECOGNITION
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UDC 658.012:681.32

IMAGE PROCESSING AND PATTERN RECOGNISING METHODS
BASED ON OPTIMIZATION OF THE CHARACTERISTIC FEATURES
SPACE

Bilan S.N.', Bilan S.S.”
'State University of Infrastructure and Technologies, Institute of Special
Communications and Information Security National Technical University of

Ukraine «Kyiv polytechnic institute», Kiev, Ukraine
> ONSEO Company, Vinnytsia, Ukraine

Today much attention is paid to the development and creation of intelligent
systems and computer vision systems. It is known that 90% of the information a
person receives through the visual channel. At the same time, a person
recognizes complex optical pictures almost instantaneously. However, modern
vision systems are not universal, and they can not understand and recognize
complex images. Modern systems of technical vision (STV) are created for the
solution of narrowly specialized application tasks (for example, text recognition,
biometric identification). Each such system implements a separate method and
has an architecture and structure that differs from the architectures of other STV.
For example, any existing text recognition system can not perform biometric
fingerprint identification. Thus, the main task is the creation of a universal STV.

STV operates in two modes: learning and recognition. In the learning
mode, the input image is described in terms of the system. The description is
carried out using characteristic features that fully describe the properties of the
image. Unfortunately, the system designer sets every feature. Often there are
cases when by means of characteristic features the image is not recognized.
Since the images are different and belong to different classes, the sets of
characteristic features are different. Many methods and systems use a large
number of characteristic features. This complicates the system. In addition, often
the features are not homogeneous and for their formation different methods and
means are used. The obtained set of characteristic features is compared with the
sets that were generated in the training mode and stored in the template memory.
In the template memory, the nearest template is searched for the input set. The
result of the search determines the class to which the input image relates.
Methods for identifying characteristic features and methods for finding
templates are different.

If the nearest template is not found in the memory of system templates,
then the input image is assigned an identifier and the code of a set of its
characteristic features is written into the system memory. A new class can also
be formed. The generalized structure of the image recognition system is
described in detail in the works [1, 2]. The main problem in these investigations
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is that there is no such system that would automatically generate the
characteristic features.

It is proposed to form characteristic features using homogeneous methods
and forms of processing. This approach involves the presentation of quantitative
values of characteristic features using the same methods of signal processing.
That is, the input image is transformed into a sequence of homogeneous physical
quantities with different quantitative values. In fact, the characteristic features
are extracted by the same method, but they have different quantitative values.

Due to the conducted researches, it is proposed to describe the image by
one physical characteristic in the form of a set of its quantitative characteristics.
Any image can be represented by a sequence of pulses that describe its
geometric, luminance or color characteristics. It is shown 1in fig. 1,a.

.HH_H_F_L

L ) NG

——

Figure 1 - An example of representing an image in the form of pulse sequences
and the function of area of intersection.

Another example is the representation of the image in the form of the
intersection area of the image and its copy, which is shifted in one of the
selected directions. It is shown in fig. 1,b [1].

Both examples use one method of features extraction and allow one to
describe an image of any complexity. Methods require little pre-preparation of
images. However, they are simply realized and characterized by high speed.

Conclusion. In this paper, we present an approach for describing images
using a single characteristic feature in the form of a set of quantitative charac-
teristics. This representation of the images does not require the use of different
processing methods to extract each quantitative characteristic. This greatly
simplifies the system that implements this method and reduces the number of
characteristic features. The implementation of such methods greatly expands the
classes of images that are processed by one system. Experimental investigations
have shown a high efficiency of image recognition (more than 93%).

1. S. Bilan, S. Yuzhakov, Image Processing and Pattern Recognition Based
on Parallel Shift Technology, CRC Press, 2018.

2. S. Bilan. Models and hardware implementation of methods of Pre-
processing Images based on the Cellular Automata, Advances in Image and
Video Processing, Vol 2, No 5. 2014, pp. 76-90.
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IHOOPMALIMHA TEXHOJIOI'IS PO3MI3HABAHHSA OBPA3IB HA
OCHOBI HEMPOHHOI MEPEXI 3BOPOTHOI'O IIOIIIMPEHHSI

Koponenko O.0., Konecannpkuii O.K.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

B nomoBial mpeactaBieHa iHopMaliiiHa TEXHOJIOTIS PO3Mi3HABAHHS
o0pa3iB Ha OCHOBI HEMPOHHOI MepeXk1 3BOPOTHOTO MOIIUPEHHS Ta ii IporpaMHa
peari3airisi.

[ITyyHi HEHPOHHI MEpPEXi OCTAHHIM YAaCOM BHUKOPUCTOBYIOTH Y pO3poOIli
MpOTrpaMHUX 3ac00iB 3a 3pa3KoM Ol10JOTIYHUX HEeWpoHHUX Mepex. I[loTyxHa
CTOPOHA IILOTO HOBOT'O 1HCTPYMEHTY € HOTO 3JaTHICTh BUPIIIYBaTH MPOOJIeMH,
K1 Iy’€ BaXXKO BUPIIMIUTH 32 JOMOMOTOI TPAAMIIMHUX METOJIB OOYHCICHBb
(HampuKJIaI, 32 IOMOMOTOI0 aJITOPUTMIB).

Po3miznaBanHs 00pa3iB — BU3HAUYCHHS 00pa3iB 3 iX rpadiyHUX 300pa’keHb.
ToOTo Ha BXiJ1 cUCTEMU JIsl PO3Mi3HABAHHS 00pa3iB mojiaeTbes rpadiunuii aiin
13 300paxkeHHAM 00pa3y (ororpadis, ckan yu Oyjb-sKe 1HILE PACTPOBE KOrO
B1I0OpakeHHs), a HA BUXOJIl OTPUMYETHCSI MAIIMHHUM KOJI CUMBOJIY B 3aJlaHiii
cucreMi koayBaHHs (Hanpukian, ASCID).

[cHye nocTaTHRO BeNMKA KUTBKICTh METOMIB Ta aJITOPUTMIB, TPU3HAUCHUX
JUTsL po3mi3HaBaHHS oOpa3iB. MoXkHa BUAUIUTH TaKl FPYNH METOMIB: IIA0JIOHHI;
CTPYKTYpHi; O3HAKOBi; HeWpomepexeni. Sk caMmuil mNepcrneKTUBHUM, OyI0
00paHO HEHPOMEPEIKEBUM METOI.

[Ipu po3mizHaBaHHI KOKEH MIKCEJIb BXIJHOTO 300pa’KEHHS MOJAETHCS HA
OKpEMUI BXiJi HEMPOHHOI MEpexkKi, TOOTO KUIBKICTh BXO/IB JOPIBHIOE KIIBKOCTI
MIKCEeIiB 300paxkeHHs. BUXoqoM Mepexi B HAWMPOCTIIIOMY BUMAJKY CIIY>KUTb
JIBIMKOBUM YHITAapHUM KOJ, KUIBKICTb PO3PSAIB SIKOIO JOPIBHIOE KIJIBKOCTI
KJ1aciB (ToOTO 00pa3iB), a oAMHUYKA B N-My pO3psiii CBITYUThH PO HAJEKHICTD
BXIJIHOTO IpuKiIanxy A0 N-ro kiacy. ToOTO KUIbKICTh BUXOIB MEPEX] JOPIBHIOE
KIJTBKOCT1 00pa3iB, sSIK1 MOKE pPO3MI3HATH MEpEXKa.

Po3pobrniena mporpamHa peanizaiis po3Mi3HABaHHS, SKa JI03BOJISIE
po3mi3HaBaTu 00pa3u Ha MPUKIIAJll PYKOMUCHUX CUMBOJIB 1 BUKOPUCTOBYE IIPU
boMy 1HGOpPMAIIHY TEXHOJOTIIO IITYYHUX HEUpOHHUX Mepex. [Iporpama mae
BiKOHHUM 1HTepderic. CUMBOIIU [l HABYAHHS MOJAIOTHCS Y BUTJIAIL 300pa’KEeHb
dbopmaty BMP. KopuctyBau Moxe 3ajaBaTd MapaMeTpu HEUPOHHOI Mepexi
(KUTbKICTh 1IApiB, KUIbKICTh BHUXIJIHMX OJIOKIB, MaKCUMalbHYy TOMUIKY),
3a/1aBaTl HaOlp CUMBOJIB JUIsl pO3Mi3HABaHHS, HAMIOBHIOBATU iX HaBYAJIbHUMHU
nanuMu. Takox mporpama A03BOJISIE OIIHIOBATH CTYMiHb MOJIOHOCTI y %
PO3IMi3HAaHOI0 CUMBOJIY 10 HaWOLIbII cxoxkoro ertanoHy. Kmac mepcentpona
30epirae BaroBi KOe(illIEHTH HEUPOHIB, KOEQIIIEHT MIBUAKOCTI HABYAHHS Ta
JOIATKOB1 KOE(III€EHTH, HAMPUKIAA KOE(DIIIEHT CUIMOIAaIbHOI aKTUBAILIHHOT
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¢yHKIi. 30BHI KJac MEpPCEeNTpoOHAa Ma€ METOJ JJid MPOAYKYBaHHS BUXOIY 3
3aIaHOT0 BXOAY (METOJ MpuiMae BXiJ B apryMEHTaX, Ta MOBEPTAE€ 3HAYCHHS
BUXOJly) Ta METOJl IJii HaBYaHHsS (METOJ MpUKMae BX1J, BUXiJ HAaBUYAJIbHOTO
MIPUKJIaJly Ta BUKOHYE OJIHY 1TEpallil0 HAaBYaHHS).

TecTyBaHHS MPOTrpaMHOr0 3a0€3MEUECHHS MOKa3ajio, 10 BOHO MAa€ BHIIY
JOCTOBIpHICTh po3mizHaBaHHs (93%), HDK aHanmoriuHa mnporpama MyScript
Stylus (84%), a 3HaYUTH JOCTOBIPHICTH pO3MI3HABAHHS MTOKpaiieHa Ha 8%.

VY nojaneiomMy MiaaHyeThCS BUKOPUCTOBYBATH JJIsl pO3MI3HABAaHHS 00pa3iB
CcraiKiHroBl HedpoHH1 mepexi [1]. Bonu Ounbln mpucTocoBaHi ajis 0OpoOKU
JUHAMIYHUX 300pakeHb, HDK KJIacU4HI HeWpoHHi wmepexi. Kpim Toro,
CHAWKIHIOBI HEWPOHHI MEpPEeXi MaloTh TapHl MEpPCHEeKTUBH [Jis anapaTHoi
peamizaiii [2] Ta Haiikpamie OIAXOIATH Jig MOOYAOBH OMEpaIliiiHOTO spa
HEUpOKOMIT F0TepiB [3].

Cnucox BUKOPUCTAHOI JITEpaTypu
I. B.®.bapmauenko, O.K.Konecnuupkuii, C.A.Bacunenpkuid. IlepcnexktuBu
3aCTOCYBaHHS IMIYJIbCHUX HEHPOHHUX MEPEXK 3 TaWMEpPHUM MPEICTABICHHSIM
iH(opMarii s po3nizHaBaHHs quHaMmidHUX 00pasiB// YCiM.-2003-Ne6.- C. 73-
82.
2. Konecuuupkuit O. K. AHaniTHYHUN OTJisAl anapaTHUX peanizailiil cnalkoBuX
HeiponHux mepex / O. K. Konecuunpkuii / MaTemaTH4yH1I MaIllliHA 1 CUCTEMH.
— 2015. — Nel, C.3-19. ISSN 1028-9763 [EnextponHuii pecypc]|. Pexum
JOCTYIy -
http://www.immsp.kiev.ua/publications/articles/2015/2015 1/01 2015 Kolesny
tskyy.pdf
3. Konecuunpkuiit O. K.  IlpuHuunu moOyAOBU apXITEKTypH CHAlKOBHX
Heipokomm’rotepie /  O. K. Konecuunpkuii  /  BicHuk  BIHHHUIIBKOTO
noiiTexHiyHoro iHcTtutyTy. — Binnuusg: YHIBEPCYM-Binnuns. — 2014, — Ne4
(115), C.70-78. [EnextponHuii  pecypc]. Pexum  goctymy -
http://visnyk.vntu.edu.ua/article/view/3697/5416
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THOOPMAIIIMHA TEXHOJIOI'IA PO3III3BHABAHHSA )KECTIB PYK 3
BUKOPUCTAHHAM HEMPOHHOI MEPEXKI

Jleroiiga B.B., Konecaunpkuii O.K.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

B nomoBial mpeactaBieHa iHopMaliiiHa TEXHOJIOTIS PO3Mi3HABAHHS
XKECTIB PYK 3a JIOMOMOIOK) HEUPOHHOI MEpeki 3BOPOTHOTO MOUIMPEHHS
MOXMOKU Ta ii mporpamMHa peanizaiis.

Ha choroguimHiii JeHb iCHy€ JOCUTh 0araTo MOTY>KHHUX MPOrpaMm IO
pO3Mi3HABaHHIO JKECTIB pyK. BOHUM BHKOPUCTOBYIOTHCS, B OCHOBHOMY, SIK
YaCTMHA CHUCTEM YyOpPaBIiHHS PI3HOMAHITHUMHM MPUCTPOSIMH, 30Kpema
MYyJIbTUMEIIMHUMHU, 32 JIOMOMOTOI0 ECTIB PYyK KOpHUCTyBaya 1, MO CYTi,
3aMIHAIOTh COOOI0 MYJbT JUCTAHIIMHOTO KEPYyBaHHS UMMM MPUCTPOSIMHU.
VYrpaBiiHHS 3a JOMOMOIOK0 KECTIB TAKOXK JIOCUTh IHTEHCUBHO PO3BUBAETHCS B
00J1acTi KOMIT FOTEPHUX 1rop, Po3riasiHeMo poOOTy TaKMX CUCTEM YMNpPABIIHHSA 32
JIOTIOMOTOI0 JKECTIB, SIKI MOXXYTb OyTH BOYIOBaHI y PI3HOMAaHITHI MPUCTPOI 1
3aMIHATH COOOIO MYJIbT JUCTAHIIIHOTO KEPYBaHHS.

PoGoTa cucteMu ckinaga€eThCsi 3 OCHOBHUX €TalliB:

1) orpumanns 300paxkeHHs (30ip naHux) — 00’ ekT (JroanHA) (DIKCYyEThCS 32
JIOTIOMOT010 KaMep, siki miakmroueHi ao [1K;

2) nokamizaulis PyK Ha 300pa)xeHHi, BUAUICHHS HAa OTPUMAHOMY
300paxKeHH1 IUISHOK, /1€ 3HAXOASIThCA PYKH;

3) BUIAUICHHS XapaKTEepPHUX O3HAK TIOJIOXKEHHS PyK (KOHTYp pPYKH,
r€OMETPUYHI O3HAKH, IMHAMIKA Ta 1H.);

4) xnacugikailisi )KECTIB 3a XapaKTEPHUMU O3HAKaMH MOJIOKEHHS PYK Ta
MIPUCBOEHHSI PO3MI3HAHOMY JKECTY MEBHOT KOMaH/IH.

Konu o3naku BunuieHi, mang ix kinacudikarii (po3mi3HaBaHHS) MOKHA
3aCTOCYBAaTH HACTYITHI METOJIH:

1) mopiBHSIHHSA 3 €TaTOHOM (MOIIYK y 0a31 JaHUX €TaJOHIB);

2) 3aCTOCYBaHHS JIEPEB PIIlICHb;

3) 3acTOCYBaHHS HEUITKOI JIOTI1KH;

4) HeilpoMepeKeBUN METOI.

Haii0inbil mepcneKTUBHUM € HEUpPOMEpPEkKEBUIM METOJl, OCKUIBKH BIH €
HaWOUTBII MBUAKOIIIOYMM (BUTPATUBIIM HA MOYATKY Yac HAa HABYaHHS, MOTIM
Mepeka posmizHae o0pa3ud AyKe IIBHUAKO), a TaKOX MJO3BOJISIE OCATATH
MOTPIOHOT JTOCTOBIPHOCTI PO3MI3HABAHHS MUIAXOM BapilOBaHHS SIKICTIO Ta
TPUBAIICTIO MPOIECY HABUYAHHS HEHPOHHOI MEPEXKI.

Tomy B 1ili poOOTI s MPaKTUYHOI peaizallii mpoiecy po3Ii3HABaHHS
KECTIB pyK Oysio oOpaHO came HeipomepexkeBuit metoa. Cepen po3MaiTTs
HEUpPOHHUX Mepex Oyyno obpaHo OararomapoBui nepuentpon (Multi-Level
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Perceptron — MLP), 1m0 HaB4aeThCcsi 3a JOMOMOIOI0 3BOPOTHOTO MOIIUPEHHS
MOMUJIKM, OCKUIBKU 1€ OJIHA 3 HaWOUIbII MOMYJSPHUX 1 YHIBEpPCATbHUX (POpM
HEUPOHHUX Mepex-Kiacu(piKaTOpiB.

Bxingni curHanu ajis HEMpPOHHOI MeEpeki Ha OCHOBI 0araToliapoBOro
MEePCENTPOHY MOXKHA MPEICTAaBUTU Y BUIJIANI MAcCHUBY JOBXHHOIO 71, KOXKEH
€JIEeMEHT SKOro Oyje MPEeACTaBIATH SKECh YHCIOBE 3HayeHHA. KuIbKICTh
BHUX1JIHMX HEHPOHIB HA BUXOJ1 MEpEXl BUOMPAETHCS PIBHUM KIJTBKOCT1 KECTIB,
110 MIJJIATal0Th PO3Mi3HABAHHIO. /(711 BUITIEHHSI 03HAK BUOUPAETHCS PI3HUIICBE
300paxkeHHs MK 00’ekToM Ta (oHOM, sike OIHApU3yeEThCA Ta OyIyHOThCS
rOpU30HTAIbHA Ta BEPTUKAIbHA TICTOTPAMH, SIK1 TOTIM OOPOOJIAIOTHCS TOPOTOM.

AHai3 pe3yabTariB poO0TH po3po0JIEHOT TPOrpaMu pO3Mi3HABAHHS KECTIB
PYK IOKa3alu, 110 JIOCTOBIPHICTh pO3Mi3HaBaHHS JopiBHIOE 84%, B TOM yac K
JIOCTOBIPHICTh PO3Ii3HABAHHS ICHYIOUOro mporpamHoro anainory «ControlAiry»
nopiBHIOE 72% Tipyu HaBYaHHI Ha OJHIM 1 TiM camiii HaB4anbHIM BUOIpii. ToOTO
JIOCTOBIPHICTh PO3IMi3HABaHHS ECTIB pyK MmiABuieHa Ha 12% 3a paxyHOK
3aCTOCYBaHHS IITYYHOI HEHPOHHOI MEPEXI.

VY nopanbmioMy IMjiaHy€eTbCsl BAKOPUCTOBYBATHU JUIsl PO3MI3HABAHHS KECTIB
PYK CIailKiHroBi HelpoHH1 Mepexi [1]. Bonu Oiablin mpucTocoBaHi i1t 00poOKHu
JUHAMIYHUX 300pakeHb, HIK KIACHMYHI HEeWpoHHI Mepexi. lle mokpamursb
TOYHICTh pO3Mi3HABaHHS KeCTiB pyK. KpiM TOro, cailkiHroBi HEUPOHHI MEPEXi
MalTh TapHi MEpPCIEeKTUBH MJi amapartHoi peamizamii [2] Ta Halkpaiie
MIAXOJATH JJIsI TOOYIOBH OIEpaIiitHOro siapa HepokomIl 1oTepiB [3].

Cnucox BUKOPUCTAHOI JITEpaTypu
1. Kolesnytskyj O. K. Optoelectronic Implementation of Pulsed Neurons and
Neural Networks Using Bispin-Devices / O. K. Kolesnytskyj, I. V. Bokotsey, S.
S. Yaremchuk // Optical Memory & Neural Networks (Information Optics),
2010, Vol.19, Ne2, pp.154-165.
2. Konecnuupkuit O. K. AHaniTHYHUN OTJisAl anapaTHUX peanizaiiil cnalkoBux
Heiponaux mepex / O. K. Konecuunpkuii / MaTemaTHyH1 MallliHA 1 CUCTEMH.
— 2015. — Nel, C.3-19. ISSN 1028-9763 [EnextponHuii pecypc]|. Pexum
JOCTYIy -
http://www.immsp.kiev.ua/publications/articles/2015/2015 1/01 2015 Kolesny
tskyy.pdf
3. Konecuunpkuiit O. K.  IlpuHuunu moOyAOBU apXITEKTypH CHAlKOBHX
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IHOOPMALIMHA TEXHOJIOI'IS PO3II3HABAHHSA 3HAKIB
MAHINYJISATOPA «MUIIIA» HA OCHOBI HEMPOHHOI MEPEXKI

JIntBunenko H.B., Konecaunpkuit O.K.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

Bce Oinpmn monmynsipHUM CTa€ KepyBaHHS MOOUIBHUMHU TMPUCTPOSIMHU
(cMapTdoHaMu, TIAHIIETaMH 1 T.11.) HE 3a JIOTIOMOTOI0 JOTHKY /10 300pa’KeHHS
MOTPIOHOT KHOMKHU Ha eKpaHi (SKy 1HOJI JIOBro Tpeba IIyKaTu 4epe3 iX BEIUKY
KUTBKICTB), a 3a JIOMIOMOTOI0 3HAKiB, IO MATIOIOTHCS TMalbIeM Ha EKpaHi.
Takumu 3HaKaMu MOKYTb OyTH, HAIIPUKJIAJl, TOPU3OHTANIbHA JIiHIsA, BEpTUKAJIbHA
JIHIS, CTPUIKA BIIPAaBO, BIIBO, BHU3 1 T.M.. Ha 3BHYallHMX KOMIT'IOTEpax Ta
HOYTOYKaxX Taki 3HaKU MOXHA MAJIFOBATH 32 JJOMIOMOTOI0 MaHIMYJIATOPa «MHUIIIa»
Ta 3a IX JIOMOMOTOIO 3aIllyCKaTH Pi3HI 3aCTOCYBaHHS Ta KEPYBaTH ONEPaIIiHOIO
CUCTEMOIO.

Otxe, BeIbMH aKTYaJIbHOIO 3aJa4€l0 Ha JaHUW MOMEHT € pO3poOKa
MporpaMHUX  3aco0iB ISl pO3Mi3HABaHHA 3HAKIB, 10 HaMalbOBaHI1
MaHINYyJSTOPOM «MHUIIA» JJis MOJANbIIOr0 BUKOPUCTAHHS 1€l 1HpopMalii 3
METOI0 MPUCKOPEHHS POOOTH KOPUCTYBaya 3 KOMII IOTEPOM.

VY naHiif nonoBial mpeacTaBiaeHo 1H(QOpMaLIiHY TEXHOJIOTIIO0, SIKa JI03BOJISIE
pO3Mi3HaBaTU 3HAKU, HAMaJIbOBaHI MAHIMYJSTOPOM «MHILA» 1 BUKOPUCTOBYE
Ipyu [bOMY INTY4YHI HEHpPOHHI Mepexi. TakoX MNpencTaBiIeHO MPOTrpaMHE
3a0€3MeUeHHs], 10 JO03BOJISIE MPOBOAUTU EKCIEPUMEHTH IO PO3Mi3HABAHHIO
3HaKIB «MUII» OPH PI3HUX MapaMeTpax MITYYHOI HEUPOHHOT MEPEexI.

Bynu po3riasiHyTi OCHOBHI METOAM PO3Ii3HABAHHS, BU3HAUECHI 1X MIEpEeBary i
HEJIOJIIKU, Ta Ha OCHOBI LILOTO OYB 3p0o0jeHui BUOIp HA KOPUCTh HEHPOHHOI
MEpeXi MPSIMOro MOIUpPEeHHs. Bbyllo MOCHIKEHO CTPYKTYpy, MareMaTH4HY
MOJIEIb Ta aArOPUTM POOOTHM OOpaHOi Mepexki, SIKUM CIayryBaB 0Oa3ucoM s
PO3pOOKK aropuTMy pPoOOTH Mporpamu. byno BH3HAYEHO ONTHUMANIBHE IS
MOTEHLIMHOrO KOPHUCTyBaya MpPOrpaMHE CEPEAOBUIIE, AJITOPUTM POOOTH
MporpaMu Ta B KIHIIEBOMY MIJICYMKY Ha OCHOBI MPOBEJICHUX JTOCIIHKEHb Oyia
noOy/ioBaHa TMporpaMa pO3MI3HABAHHS 3HAKIB MAaHIMyJIsATOpa «MHUIIA» 3a
JIOTIOMOT00 HEMPOHHOI MEPEK1 MPSIMOTO MOITUPEHHS.

CxopoueHo iHpopmaliiiiHa TEXHOJOT1S CKIAJa€ThCs 3 TAKUX €TalliB:

1. 3amucaty MUISIX MUIIII.

2. IlpencraButu nuisix 6a30BUMHU TOUKAMU.

3. IlepeTBOpUTH KOOPJIMHATH TOUOK Y BEKTOP KYTIB.

4. OOUUCIUTH CUHYCH 1 KOCUHYCH IIUX KYTIB.

5. Ilepenatu 3HaueHHs (KOCUHYCIB 1 CHHYCIB) Ha BXOJU MEPEXKI.

6. 3actocoByBat SOFTmax QyHKit0 AJisi BUXIAHUX CUTHANIIB HEHPOHIB
Mepexl.
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7. 3HaTH 1 IepeBIPUTH HEUPOH MEPEMOXKEllb, SIKUM 1 BU3HAYAE BBEIACHUU
3HAK.

ApXITEKTypa BHUKOPUCTAHOI y MOMAYJ MEpPEXi NPsIMOTO MOUIUPEHHS
CKJIaJIa€ThCsl 13 3a/1aHOi KOPUCTYyBaueM KUIbKOCTI miapiB. KilbkicTh mmapiB i
HEWPOHIB y MIapl MOXKHA 3MIHUTHU B 3aJIEKHOCTI BiJl KUIBKOCTI 3HAKIB MUIIKH,
AK1 OTPiOHO po3mizHaTH. [lepeadaueno, 1o KOPUCTYyBay MOXKE 3a]]aBaTH:

1. KinpKicTh mapiB HEMPOHHOI MEpPEKi MPSIMOTO MOIIUPEHHS,

2. KinbKicTh HEMPOHIB y KOKHOMY IIapI,

3. Bua ¢ynkuii aktuBanii Jjs HEHPOHIB OKPEMO KOXHOTO mapy (JIiHiiHa,
cirMoifanbHa, O1MOISIPHUN CUTMO1] a00 rinepOoIIYHHI TaHTeHC),

4. TTapametp «anbda» oOpaHoi (HyHKIIIT aKTUBAIII1,

5. BennunHy 3CyBy ISl KOKHOTO HEHPOHA

TecTyBaHHs mnporpaMHOro 3a0e3leyeHHs M[O0Ka3ajo, IO BOHO Mae
JOCTOBIPHICTh PO3Mi3HABAHHS 3HaKiB MUILKU 96%, a mporpama-aHaior gMote
1.41 mae pmoctoBipHICTH po3mnizHaBaHHS 91%, a 3HaUUTH po3poOiIEHI 3acobu
JI03BOJISIFOTH MIJIBUIIUTH JOCTOBIPHICTH PO3ITI3HABAHHS.

VY nojaneioMy IMiIaHyeThCS BUKOPUCTOBYBATH VISl PO3IMi3HABAHHS 3HAKIB
MaHINyJATOpa «MUIIA» CHAlKiHroBl HeWpoHHi Mepexi [1]. Bonu Ounbin
MPUCTOCOBAHI [l OOPOOKHM NTUHAMIYHUX 300pakeHb, HIXK KJIACUYHI HEHpPOHHI
Mepexi. lle mokpammTes IBHAKICTE Ta TOYHICTh pO3Mi3HABAaHHS 3HAKIB
MaHInyJsaTopa «Muiia». Kpim Toro, craikiHroBi HEHPOHHI MEpPEeX1 MalOTh TapHi
MEpPCIeKTUBM Il amapaTHoi peanizamii [2] Ta Haiikpaimie NiIXoasTh s
no0y10BH OMEpaliitHOro siipa MaOyTHIX HEHPOKOMIT IOTEPIB [3].

Cnucox BUKOPUCTAHOI JITEpaTypu

1. Bapnauenko B. @. TaiimepHi HEHPOHH1 €IEMEHTH Ta CTPYKTypu. MoHorpadis
/ B. ®. bapgauenko, O. K. Konecaunpkuii, C. A. Bacunenpkuii. — BiHHULS :
YHIBEPCYM-Binnuns, 2005, 126 ¢. — ISBN 966-641-109-1.

2. Konecnuupkuit O. K. AHaniTH4HUN OTJisl anapaTHUX peanizaiiil cnalkoBuX
Heipornaux mepex / O. K. Konecuunpkuii / MaTemaTHyHiI MallliHA 1 CUCTEMH.
—2015. — Nel, C.3-19. ISSN 1028-9763

3. Konecuunpkuiit O. K.  IlpuHuunu moOyAOBU apXITEKTypH CIAKOBHX
Heipokomm 'rotepie /  O. K. Konecuunpkuii  //  BicHuk  BIHHHUIIBKOTO
noiiTexHiyHoro iHctutyTy. — Binnuusg: YHIBEPCYM-Binnuns. — 2014. — Ne4
(115), C.70-78. [Enextponnuii  pecypc]. Pexum  goctymy -
http://visnyk.vntu.edu.ua/article/view/3697/5416

52



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

MTF MEASUREMENTS OF DIGITAL CAMERAS

Avdeionok I., Borovytsky V., Kondratenko D.
Igor Sikorsky Kyiv Polytechnic Institute, Optical Engineering Department

International Standard ISO 12233 establishes the techniques for evaluation
of the spatial resolution of cameras and determines the measurement procedure
and the type of the test-pattern and the test-objects.

One of perspective method for measurement of the modulation transfer
function (MTF) is the slanted edge technique. It is based on the numerical
analysis of the digital image of an inclined half-plane. This half-plane has a
small inclination angle relatively periodical structure of a focal plane array
(FPA). The vertically oriented edge (along the FPA columns) allows you
calculation of the MTF in the horizontal direction and the horizontally oriented
edge is used for identification of the vertical MTF. The principal advantage of
the slated edge technique is that only one image is necessary for MTF
measurements. For example, using the multi-bar or sinusoidal test-pattern
requires the capturing and processing formation of at least one image for each
spatial frequency or separation of image parts in a field of view. In case of Fuko
technique, the number of input images depends on the desired spatial
discretization. In addition, after each test-pattern shift, it is necessary to repeat
focusing procedure. It is important that the optical setups for MTF
measurements using the slanted edge, multi-bar or stochastic test-pattern are the
same: an illumination system that produces uniform irradiation, a unit with a set
of test-objects (generally on a motorized rotating stage), a long focal length
collimator and the digital camera under test or measurements.

One disadvantage of the slated edge technique is absence of precise
requirement how to select the optimal edge and its acceptable variations
depending on characteristics of an optical system and a FPA of a digital camera.
The only recommendation is that the number of pixels on a slanted edge image
should be sufficient for the correct MFT measurement. Thus, the smaller angle
of the edge requires the bigger area for measurement. The paper discusses the
requirement that guarantees the accurate MFT measurement with minimal
number of used pixels.
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A REVIEW ON IMAGE STITCHING

Bortnik V., Borovytsky V.
Igor Sikorsky Kyiv Polytechnic Institute, Optical Engineering Department

The algorithm of image stitching can use in UAV for getting information
from hemispheres. It's allow track object ahead drone without rotate of camera.
Main goal of this paper is review and choose best algorithm of image stitching.

Image stitching is the process of combining few images into one coherent
frame. This process includes next stages: image acquisition, feature detection,
feature matching, image blending

For feature detection can used two groups methods: Direct and Feature
based. In direct methods compared individual pixels on each image. In feature
based methods used lines, edges, corners or any other shapes. Feature based
method 1s more powerful because it has invariance to image noise, scale
invariance, and rotation transformations. Among feature based methods can be
distinguished next algorithms: ORB, SIFT, SURF, HOG and FAST

After feature detection we need to match the feature of all the images. For
this step used Random Sample Consensus algorithm. It is an iterative method to
estimate the parameters of a mathematical model from a set of observed data
which contains outliers. [1].

For image blending used two popular algorithms [2]: alpha blending and
Gaussian pyramid. In alpha blending, the weighting function is usually a ramp.
At the stitching line, the weight is half and half, while away from the stitching
line one image is given more weights than the other. Gaussian pyramid
approach, essentially merges the images at different frequency bands and filters
them accordingly. The lower the frequency band, the more it blurs the boundary.

In this abstract was considered algorithm of image binding, necessary steps
and most popular methods. In future work it is possible to make a comparative
description of various algorithms for obtaining feature descriptions and to make
their own implementation of image stitching from multiple cameras.

References:
1. Ashwini P., Jayalaxmi H., Image mosaicing using SIFT and Corner Detection
Algorithm.// International Journal of Advanced Technology an Engineering
Research, Vol 4. Issue 2, March 2014.
2. Hetal M. Patel, A. P. (Comprehensive Study and Review of Image Mosaicing
Methods.// International Journal of Engineering Research & Technology, Vol. 1
Issue 9, November 2012.
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METHOD FOR RECOGNITION HIGHLY CORRUPTED BARCODES

Pivoshenko V.V., student, Ivanov Yu.Yu., Ph.D., senior lecturer
Vinnytsia National Technical University

An artificial neural network is a computational model, that is inspired by
the way of biological neural networks in the human brain process information.
Neural networks have generated a lot of excitement in machine learning
researches and industry, thanks to many breakthrough results in speech
recognition, computer vision and text processing.

We work with Hamming-Lippmann neural (HLN) network, which allows
to solve recognition problem of highly corrupted barcodes (for example QR or
quick response codes with the connection to the internet or database) with
previous image processing. Usually image processing is a hard task, that
requires a large computational power and amount of memory, especially for
high resolution or big sized images. To reduce it, we used “sliding window”
mode, that allows to process a few rows of image simultaneously, instead of
standard “row by row” image processing. Work objective is an experimental
research of the created method (HLN network + image processing) and finding
some optimal parameters: K — the number of rows, that will be process; O — a
threshold value (if number of black pixels in K rows is bigger than Q, then the i-
th element of the input image vector is assigned as “+1”, otherwise “-17). To
determine these values, we performed some experiments, in which have been
used 3 stacks of QR-codes with different size of image (200%200, 512x512,
1024x1024) with high level of noise, lack of parts or color fusion. We noticed
the fact, that, when the threshold Q smaller, than the value of sliding window
size K or equal to it, the HLN network can’t correctly perform the recognition.
Also we used linear dependence Q = a-K+f, where a and S are constants [a, f]
=[(50; 0), (200; 0), (400; 100)]. As a result of our experiments, we received the
following information: the most optimal values of coefficients K and Q for test
images with sizes HxB are [H*xB; K; Q] = [(200%200; 8; 400), (512x512; 16;
3200), (1024x1024; 26; 10500)]. Using these values, the HLN network correctly
recognizes all test barcodes images. But in order to achieve lower computational
complexity and greater accuracy, it can be performed some tuning procedure for
parameter K, when (n-1) test samples was recognized, for example [HxB; {K}]
= [(200%200; {9; 10}), (512x512; {17-20; 22-24; 26}), (1024x1024; {27, 28})].

So, the results of these experiments are shown the high efficiency of using
our simple method in distributed computer systems as an additional error-
correcting procedure for highly corrupted bar-codes.
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MAPAJIEJIbHE HABUAHHSI HEHPOHHOI MEPEXI
KOMBIHOBAHUM I'EHETUYHHUM AJIT'OPUTMOM

Cynpurasn O.1., Baxoscbeka JI.M.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

B cydacHux iHQopMaIiiHUX cHCTEMax BCE YacTIIIE MOCTA€ MUTAHHS PO
BUKOHAHHS BEJIMKOI KIJBKOCTI OIepaliii 3 MaKCHUMaJbHOI IMIBHUIKICTIO Ta
TOYHICTIO. AJle TIpU I[bOMY BHUHHUKa€e mpobiemMa oOpOOKHM 3HAYHUX MACHUBIB
JaHUX, SKI HAAXOASATh B peaJbHOMY Yacli Ta MIBUAKO 3MIHIOIOThCSI. ToO0TO
HEOOX1HO BUPIIIUTU NUTaHHA (GOPMYBaAHHS pillleHHS 1Mo oOpoOui iHdopMmaiii,
SIKa MIBUJIKO 3MIHIOETHCS SIK SIKICHO TaK M KUIbKICHO.

Takum 4YMHOM TOCTae 3aaada npo (OpMyBaHHS CUCTEMH, sika Oyle
JUHAMIYHO pearyBaTd Ha BCl XapaKTePUCTHKU, 10 HAAXoAATh. OgHUM 3
METO/IIB PIIIEHHS [[OTO € BUKOPUCTAHHS HEUPOHHUX MEpex N 3a0e3MeUeHHs
e(hekTUBHOI 0OpOOKM BEIMKUX JaHUX, ajJ€ BOHM HE 3JaTHI IIBUJKO pearyBaTH
Ha 3MIHU Yepe3 HEeOOXiNHICTh HABUAaHHS. 3a3BUYail JJIsi HaBUYAHHS HEHPOHHUX
Mepex, TOOTO MPUCTOCYBAHHS iX O TUIMIB JAHUX JJIS BUPIMICHHS MpoOJieMH,
BUKOPHUCTOBYIOTBCA CKJIQJHI YHUCEIbHI aJITOPUTMI, IO Jal0Th MOXKIIHMBICTh
3HAXOJUTH ONTHUMAaJbHI 3HA4YCHHA. AJI€ CIiJ BIJI3HAYUTH, IO TaKi aJITOPUTMH
MalTh HHU3bKY IIBHAKOAII0 Ta MOXYTh 3yNUHATH TMOIIYK Ha JIOKAJIHHOMY
pIILIEHHI.

Tomy mpy HasBHOCTI 1H(oOpMaIii, [0 AMHAMIYHO 3MIHIOETHCS, JOIIIBLHO
BUKOPUCTOBYBATU MPUHIIMIN HAaBYAHHS, sIKI OyAyTh 3aJJOBOJIBHSATH €BOJIIOIINHI
notpebu iH@opmarii. MoBa ¥ae Mpo TEHETUYHI aJTOPUTMH, SKI HE TUIBKH
MPOBOJASATh, HABUAHHS HEHPOHHOI MEpEexi, ajie ¥ HaJaloTh 3MOTY BPaxOBYBaTH
MO>KJIMBI 3MIHH JAHUX B 4acl. AJjie CJIiJ BII3HAYUTH, IO TaKE HaBYaHHSA € JOBOJI1
TPUBAJIIUM Yepe3 Te, 10 PoOO0Ta TEHETUYHOrO aIropuTMy Oa3yeTrhcsi Ha
MOCTYNIOBOMY OIIIHIOBaHHI MPOMDKHHUX pillleHb, $Ki (OPMYIOTbCS TiJ 4ac
CTBOPEHHS HOBUX MOKOJIIHB JJIsI KOKHOTO HAa0OPY BX1IHUX JIAHUX.

[TocTtae muTaHHS: SIKUM YMHOM MOHA 30UIBIIMTH MIBUIKICTH TPUHHATTS
pILIEHHS TiJl Yac aHaji3y JaHUX B HEUPOHHIM Mepexi HE MOTIPIIYIOYH SKOCTI
CHPUUHATTS NOTOYHOI 1HPOpMAaIIii?

[{ro mpobyieMy MOKHA BUPIIIUTU 32 JIONMIOMOIOI0 MapajeabHOrO0 HaBYaAHHS
HEUPOHHOT MEpPEXi BUKOPUCTOBYIOUM OJHOYACHO BCI MOXIIMBI MHapameTpH.
Takuil migxig A0 OOpOOKM JOCSTAEThCA 3aBISKA BUKOPUCTAHHIO MPHUHIIUIIB
napajieibHOTO T€HETUYHOT0 AITOPUTMY, SIKUH BUKOPUCTOBYE TOM (hakT, 110 HA
e(EeKTUBHICTh POOOTHM TEHETUYHOIO QJITOPUTMY BIUIMBAIOTH  TOMOJOTIS
HEWPOHHOT MEpEeXKi Ta cTpaTerisi BiAOOPY HaWkpamux ocoOuH B momyssiii. [le
JIa€ MOKJIUBICTh CTPYKTYPYBaTH MOJEJIb HEUPOHHOI MEpEeXkKi y BIAMOBIIHOCTI 13
CKJIQJIHICTIO 3a/1au4i.
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OCKUIbKM TEHETUYHUMN alrOPUTM HABUYA€ HEUPOHHY MEPEXKY B IIJIOMY, TO
MpoIleCH, sIKI BiIOyBalOThCA B HEHpPOHaX HE OTPUMYIOTh JIOCTATHHOTO
HaBYAJIbHOTO HABAHTAXKECHHS IS BUBHAYEHHS IIIJIbOBOI (QYHKIIIT. A K HACI1I0K
BUHHMKA€E NOTpeda y MOBTOPHOMY ILIMKJIl HAaBYAHHA, IO 3HAYHO 30UIBIIYE Yac
OoTpUMaHHs pimeHHs. ToMy AOLUIBHO PO3MISIHYTH 3aCTOCYBAHHSI T€HETUYHOIO
aIrOpUTMYy HAa  KOXHHMM  HEWpoH s (GOpMYyBaHHS  OJHOYACHOTO
OaraToBapiaHTHOT'O PIMICHHS IJId MOAAJBIIOr0 HAaBYAHHSA TJIO0ATbHOI MEpexi.
Ane 3a mpuHUUNOM PoOOTHM BIH BUMarae Habopa JaHUX, TOOTO 10 HEUpOHY
MOBUHHO HAJXOJIWTH TOBHA BXigHa 1HGopMarisa. TakuM YHHOM JIOT1YHO
3alpONOHYBATH BUKOPUCTATH SIK HEUPOH €JIEMEHTApHY HEUPOHHY MEPEXKY —
MEPCENTPOH, KOXEH 3 sKUX OyJe HaBYaTUCh OKPEMUM T'€HETUYHUM
aJITOPUTMOM, B PE3YyJIbTaTi 4Oro POpMyIOThCS HAOOPU MIPOMIKHUX JTaHUX.

B Takomy Bumnajaky HaBYaHHS HEHPOHHOI Mepexi Oyje MPOXOJUTH Ha ABOX
piBHsix (puc. 1). B HeilpoHax (mepcenTpoHax) — Ha HIKHbOMY pIBHI —
B1I0YBAIOTHCSI MPOIIECU 3BUYAMHMX TEHETHUYHUX QJITOPUTMIB, B SKHUX KOXKHA
OocOOMHA HaJa€ PIIEHHS KOHKPETHOI MpoOJieMH Ta PO3BUBAETHCS 3BUYANHUM
yuHOM. [Ipu YoMy, koxHUHM mepcenTpoH GOpMy€e OKpEMY MOMYJIAIII0 OCOOUH,
110 3a0e3neuye BpaxyBaHHS JUHAMIKY BX1ITHUX JaHUX. A Ha BEpXHbOMY PiBHI —
rio0ajgbHa HEWpOHHA Mepexa — BIAOYBA€ThCS HaBYAHHS 3a MapajeIbHUM
F€HETUYHUM QITOPUTMOM, SIKMH $SIK OCOOMHHM BUKOPUCTOBYE IMapaMeTpu
HUKHBOTO PiBHSL.

Bepxniii piBeHb

TeHeTHYHI
CIpYKTYpYBaHHA omepaTopH TToKOTiHHA

Tlapametpn
TeHeTHIHOTO

Bxizsi gani ‘ ‘
aITOPHTMY

HuxHill piBeHB

Hosga
DiTHec-QYHKIUIA TOTIy 1AMiA Pimenns

Pucynok 1 — CTpykTypoBaHe HaBYaHHSI HEHPOHHOI MEPEXKI.

Taka koMOiHaIId TEHETUYHUX AJNTOPUTMIB J03BOJISIE 3HAYHO CKOPOTHU Hac
(dbopMyBaHHS ONTUMAIbHOI KUIBKOCTI MOMYJALIN AJi1 NPUUHSITTS KIHIIEBOTO
pimenHs. [Ipyu yomy ONTUMAaNbHICTh JOCSTAETHCA 3a PAXyHOK MapajeiabHOl
00poOKH pe3ysibTaTiB 0araTOKpaTHOrO BUKOPHUCTAHHS 3BUYAMHUX T€HETUYHUX
aJTOPUTMIB.
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OPTICAL-ELECTRONIC DETECTOR OF ROAD MARKING

Stadnichuk V.S., Kondratenko D.Y.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

INTRODUCTION

At present, computerization in the automotive industry is developing at a
rapid pace and plays a huge role in road safety. With the help of computer
technology, a wide range of processes are automatized, which in the recent past
have been entrusted to a person.

A topical, popular and interesting topic of this research is the analysis and
development of its own universal device for "advising" the driver (ADAS) in the
matter of active safety.

RESULTS OF THE RESEARCH

As a result of this study, an algorithm was developed and debugged detect
road markings and determine the position of the car regarding this markup. Two
algorithms for searching the road markup: statistical analysis of the image and
the transformation of Hafa. Consider stages of markup detection by each
algorithm:

1) Preprocessing

These algorithms require the conversion of a full-color image to binary. A
binary image (two-level, binary) is a variation digital raster images, when each
pixel can represent only one of the two colors. It is also necessary to preprocess
images (lightening / darkening, removing noise, removing non-informative
sites).

Figure 1 - Reference image Figure 2 - Binary reference after
processing

2) The transformation of Hafa

Hough Transform - algorithm, numerical method, used to extract elements
from the image (patent 1962 Fields Hafa). Used in image analysis, digital image
processing and computer vision. It is intended for search of the objects
belonging a certain class of figures.
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3) Statistical analys of the image

By the same principle, we implement a statistical algorithm that
determines the lanes for eccentricity of the ellipse. Preprocessing is not differing
from the above. The algorithm finds the binary image The elements remaining
after preprocessing and allocates them. Next, we analyze the eccentricity (the
ratio of the axes) of the objects. The optimal eccentricity & = 5 was established
experimentally. Then select objects that satisfy this condition.

However, this model, "greenhouse conditions." Let's pass to real road
situations. After static images, you must go to the streaming processing of
frames - video. The transformation of Hough is difficult to apply to the video,
because it overlays the selected stripes on a static image. For We use statistical
analysis, in addition to analysis eccentricity we will look for narrow elongated
objects.

The displacement of the car relative to the lane will be estimated at help
the auxiliary horizontal line, which is divided into sectors. By edges green area -
auto within its own band. Yellow Zone - Impact Wheel to the markup. Red zone
- exit from its lane. Estimation of displacement occurs using the coordinates of
the strip marking in relation to the position "Indication" line.

Figure 3 - Determining the position of the car in relation to the lane by
streaming information

CONCLUSION

In the framework of this study, an instrument was developed and debugged,
which should reduce the number of accidents associated with the driver's
inattention. The device has proven itself in field trials. This system can be used
as a component of an autonomous vehicle. The system for assisting traffic along
the lanes i1s a qualitative step towards approaching autonomous driving and
improving safety on public roads. Further development of such systems is
mandatory, as they already control the situation on the road and ensure safe
movement. Such systems work extremely imperceptibly for the driver, but
introduce additional clarity in driving.
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TH®OPMAIIMHA TEXHOJIOI'ISI HEHPOMEPEXKEBOI
KJIACTEPU3AIII 305PAKEHb

[Tamamapuyxk O.I1., Konecaunpkuit O.K.
BinHULIbKU HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

CyuacHi cucTeMH pO3MI3HABAHHS BCE 4YaCTilllE BUKOPHUCTOBYIOTH
aBTOMATHYHI IHTEJIEKTyaldbHl CUCTeMH BigeoHarnmsany. ILli cucremu, kpim
MOHITOPHUHTY, 3/1aTHI aBTOMAaTUYHO BUSIBISTU Ta 11€HTU(IKYBATU 00’ €KTH, L0
MarTh MEBHI OCOOJIMBOCTI, BUMAaraloTh akKIICHTYBaHHS yBaru Ha HUX, a00 3
OyIb-SKOIO I1HIIOK METOK MAarTh BIACHIAKOBYBaTHCA. [l IIbOro dacTo
BUKOPUCTOBYETHCS KIACTEPHUIN aHAI13.

VY naniii qomoBial mpeAcTaBieHa iHQopMaIlliiiHa TEXHOJIOTI Ta MPOrpaMHe
3a0e3MeueHHs Il HepoMepekeBol KiacTepu3sailii OiHapHUX 300paxkeHb. [Ipu
pO3po0Ill IIUX CHUCTEM BHUHHUKAe Oarato mnpoOieM. J[o HUX MOKHA BIJIHECTH
npoOsieMu po3pOOKK METOIB BUSIBJIEHHS 1 17IeHTU(]IKALIT 00’ €KTIB; BIJICYTHICTb
OJIHO3HAYHUX BUMOT JI0 MPOMOPIH MK CTOPOHAMU MacIITaOOBaHUX PACTPOBUX
300paxkeHb OO0’€KTIB pi3HUX po3MipiB. HasiBHICTH BUMOr 110 300pa’Ke€Hb
J03BOJISIE  3MEHIIUTH  CHOTBOPEHHS  300pakeHUX  O0’€KTIB MNpU  iX
MaciTaOyBaHH1 1 30UIbIIUTH 1H(GOPMATUBHICTE 300paxkeHb. Lle, B cBOIO uepry,
301IbIIIY€ TOYHICTh 1 HAJIMHICTh 1IHTEIEKTYAIbHUX CUCTEM B1JICOHATJISITY.

By310BUM MOMEHTOM y KJIACTEPHOMY aHaji31 BBAXKAEThCA BUOIP METPUKU
(a00 Mipu OJU3BKOCTI 00'€KTIB), BiJ] SIKOrO 3aJ€XKUTh OCTATOYHUIN BaplaHT
pPO30MBKU O0'€KTIB HAa TPYNU MPHU 33JaHOMY AITOPUTMI pO3OUBKH. Y KOKHOMY
KOHKPETHOMY 3aBJaHHI IIei BUOIp BUPOOJISIETHCSA MO-CBOEMY, 3 ypaxXyBaHHSAM
FOJIOBHMX UUJIEH  JOCHIKeHHS, (PI3UYHOI W  CTATUCTHUYHOI  MPUPOAH
BUKOPUCTOBYBAHOI 1H(pOpMAIIIi i T.II.

VY nomoBinl mpoBEAEHO OIJIsiA METOAIB Kiactepusaiii. [lokazano, 1o
HaWMepCIEeKTUBHIIIMMH € METOJIM Ha OCHOBI HeMpoHHMX Mepexk. Cepen pi3HUX
BHJIIB HEUPOHHUX MEPEX Il MpOrpaMHOi peanizanii Oyna oOpaHa HeWpoHHa
Mepexxka Koxonena. byma po3poOieHa cTpykTypa HEUpPOHHOI MeEpexi Ta
BIIMOBIAHO 1M CTPYKTypa IHTENEKTYaJlbHOI'O MPOrpaMHOTO 3a0e3ledeHHs Ha
OCHOBI PO3pOOJICHOT0 AJITOPUTMY KJacTepusallli 3a JOMOMOTrol HEUpPOHHOI
Mepexi KoxoneHna, Oyno po3poOieHO mporpaMHe 3a0e3leueHHs Ha MOBI
nporpamyBaHHsi C++ B cepegoBuili nporpamyBants Microsoft Visual Studio.

Takoxx OyJO MPOBEIEHO TECTYBaHHS MPOrPAMHOTO MOJYJIS, SIKE MOKa3aio
MPaBWIbHICT, BHUKOHAHHS 3ajaul kiactepusauii. [lOpiBHSHHS IIBUIKOCTI
poOOTH PO3pO0JICHOT TPOTpaMu 3 aHAJIOTOM, PO3POOJEHHM B CEPEIOBHIIII
Martnal, mokazano BuUIlly K MiHIMyM y 1,5 pa3u MBUAKOAIO po3po0IeHOT
MPOTPaMH.
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JOCJIIKEHHS MOXKJIUBOCTI BUKOPUCTAHHSI HEHPOHHUX
MEPEXK JJISI CTET'OAHAJII3Y 30BPAKEHD

Kynepurreiin JI.M., nou., k.T.H., byna A.l'., nou., K.T.H.,
JIykiyoB B.B. k.1.H., Kpumentok b.C.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

[cHytoul miIXoAW A0 cTeroaHamizy 300pa)KeHb HE J03BOJSIOTH BUSIBISTU
MOBIIOMJICHHS, PUXOBaHI HOBUMHU aJITOPUTMaMU Ta NOTPEeOYyIOTh 3HAYHUX
BKJIaJIEHb Y PO3pOOKY HOBUX METOJIB BUSIBJICHHS. 3OUIbIICHHS THYYKOCTI Ta
AKOCTI ~ BUSIBJICHHS ~ 3ac00IB  CTEroaHaiizy  MOXJIMBO  3a0e3Me4YUTH
BUKOPHUCTAHHSM aJanTUBHUX MiaxoaiB. OaHuMm 31 cmocoOiB  peanizarii
aJanTUBHOCTI Y CHUCTEMax BHUSBJICHHS € 3aCTOCYBaHHS WITyYHUX HEHUPOHHHUX
Mepex (HM).

JlocnimkyBaucsi y SKOCTI CTETOKOHTEHHEpa CTaTU4YHI 300pa)KEHHS Y
dbopmarti jpeg Ta MOaU(PIKOBAHUI METOJ TPUXOBYBAHHS TEKCTOBOI 1H(pOpMaIii y
HalMEHIINHN 3HA4yIIUi OIT, SIKWUM peasli3oBaHO B MpOrpaMHOMY 3a0e3IeyeHHI
Outguess Rebirth.

HocnimxkyBaHa HeEWpOHHA Mepexka sBisie Cco00w0  OaraToliapoBUid
MEepCenTpoH mnpsiMoro mnomupeHHs. Apxitektypa HM ckianaerbess 3 Tphox
mapiB no 64, 64, 1 HelipoHiB y KOKHOMY 11api BiANOBIAHO. KibKicTh HEMPOHIB
BXIJIHOTO IIapy BU3HAYAETHCSA PO3MIpOM 8X8 OJIOKY KBAHTOBAHUX KOE(DIIIE€HTIB
JUCKPETHOTO KOCHHYCHOI'O TMEpPETBOPEHHs. Y BHUXIIHOMY IIapi Helpomepexi
MICTUTBCS 1 HEHPOH, KUK MpuiiMae 3HadyeHHs 1 Ta 0, 110 BIAMOBia€ HasIBHOCTI
MpUXOBaHO1 1H(OpMaIIii Ta ii BIZICYTHOCTI BiJIOBITHO.

HocnimkenHs npoBoaunocs y cepeaosuini MatLAB. [Ins monentoBaHHS
HM Bukopuctano QyHkKiis akTuBaili — tansig (TaHreHuialibHa rinepOosiyHa
curmoizna) ta — logsig (morapudmiyna curmoina) Ta METO HaBYaHHS HEHUPOHIB —
JleBenOepra-MapkBapara. JlochikeHHS HOpoBOAMIOCh, Ha 50 4YOpHO-O1IMX
300paxenHsax gopmaty JPEG po3mipy 512x512 mikceniB. 30 300paxeHpb Ta ix
nyOJIiKaTIB 3 MPUXOBAHUMH JAHUMH BHUKOPUCTOBYBAIUCH y SKOCTI HaBYaIbHOI
BuOipku Ta 20 y sAkocTi TecToBoi BHOipku. Ha TecToBidi BUOIpI TOYHICTH
kiacudikamii ckiana 70%, 1m0 MOXe MOSICHIOBATUCA HEIOCTaTHIM 00CSToM
HaBYaJIbHOI BUOIpKU. B mislomy AgociipkeHHs MoKas3ano 34aTHICTh npoctux HM
710 pO3B’sI3aHHS 3a/1a4 TAKOTO KJIacy.
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YIAK 621.791.753:681.513.6

HUP®POBA CUCTEMA KEPYBAHHS JTAHKOIO POBOTA-
3BAPHUKA I3 ITPUCTPOEM TEXHIYHOI'O 30PY

[Tpuitmak b.1., mou., K.T.H.
HTVYY «KuiBchkuil nonitexHiuHuil 1HCTUTYT M. [rops CikopcbKOTO»

Beryn. Ilpu oTpuManHi 3BapHUX 3'€lHaHb CIiJ 3a0€3MEUYUTH HEOOXIAHY
TPAEKTOPIIO PyXy 3BapIOBAILHOIO MajlbHUKA BIIHOCHO 3BaplOBaHUX jaeTaieil. B
YCTaHOBII1, TPU3HAYEHIN NIl 3BAPIOBAHHS HETUIABKUM €JIEKTPOJIOM MMOBOPOTHUX
CTUKIB UWIIHIPUYHUX KOHCTPYKIIA, PyX NaldbHUKA 31HCHIOE JIBOJIAHKOBUI
poOOT-3BapHUK 3 MPSIMOKYTHOIO KiHEMaTUYHOIO cxeMor. OnHa JaHka poOoTa
nepeMillly€e TajdbHUK O TOPU30HTANl BIIHOCHO LIEHTPA CTHUKY 3BaprOBAHUX
JieTajeH, a 1HIIa — Mo BEPTUKaJl BIIHOCHO MOBEPXOHB JIeTajeH.

Tpaauiiiina mnoOynoBa CHUCTEM KepyBaHHS JIaHKaMH 3BaplOBaJbHUX
pPOOOTIB 3/IIMCHIOETHCSI HA OCHOBI 3aCTOCYBAaHHSI CEPBOIPHUBO/IIB, 3aMKHEHHX 3a
CUTHaJaMHU JaBayiB TMOJIOKEHHS BadiB ABUTYHIB. [IpoTe vacTto HEOOXiTHO
BUKOPHUCTOBYBAaTH II€ 1 CIeIiajbHI JaBadl IOJOXXEHHS IaJbHUKA BIIHOCHO
CTUKY 3BaprOBaHUX JeTajed, 3a CHUTHAJIAMHU SKUX KOPETYEThCS MPOTrpaMHe
KepyBaHHs JIaHKaMHU. []e MoB’s13aHO 3 MOMJIMBUM BIJXWJICHHSIM PEAIbHOTO Bij
3a/IaHOTO TOJIONKEHHS CTUKY BHACHIIOK TepMmozaedopmallii aeraneid miJ 4vac
3BapIOBaHHS.

VY pocnikyBaHii cCUCTEMI KOKHA JIaHKa po00Ta OCHAIlleHa PeryJibOBaHUM
3a MIBUIKICTIO €IEKTPOINPUBOJIOM 0€3 JaBaya MOJIOKEHHS Bajia JBUTYHA, a JUIs
BU3HAUCHHS  MOJIOXKEHHS  NaJdbHUKA  BIJHOCHO  3BaplOBaHUX  JIeTayiel
3aCTOCOBY€ETHCSI MPUCTPIN TEXHIYHOTO 30py HA OCHOBI JIA3€PHOTO JATbHOMIPY
(JI1). Takuit naBau ¢popmMye Ha CBOEMY BUXO/JIl MOTOYHI 3HAYEHHS BIIXUJICHHS
najJbHUKA BiJl IEHTPA CTUKY 1 BiJ MOBEpxHI AeTtaned. OgHAK MpU CKaHyBaHHI
MEeBHUX MOBepXOoHb JaHi JIJI MoxyTh OyTH CHOTBOpPEHI HIYyMOM IMITYJbCHOTO
TUIY, 110 HAKJIaJa€ BUMOTH LIOJO0 3HMKEHHS UYyTIMBOCTI CUCTEMH O 3aBa]l
BUMIpIOBaHHs mnoJiokeHHA. OTXe, BHUHHMKA€E 3ajaya CHUHTE3y CHUCTEMHU
aBToMatnuHoro kepyBaHHs (CAK) nonoxeHHsM J1aHKd poOoTa-3BapHuKa 3 JIJI
y 3BOPOTHOMY 3B’s13Ky. BapiaHT po3B’s3aHHs JaHOI 3a/layul IPOMOHYETHCS Y il
poooTI.

MeTtow podotu € cuntes 1nudpoBoi CAK mankor poOoTa-3BapHHKA,
3aMKHYTOi 3a OTPUMYBAaHUM BiJl TPUCTPOI0 TEXHIYHOTO 30py Ha OCHOBI
JIA3€pHOr0 NAJIbHOMIPY CUTHAJIOM TMOJIOKEHHS 3BaprOBAIBHOTO MalbHUKA.

Marepianu pgociaimkenHs. {15 KOHKpeTH3alli poO3IIISIIAETHCS JIAHKA
TOPU3OHTANIBHOTO PyXy najnbHuka. Ha puc. 1 momana ctpykTypHa cxema o0’ €KkTa
kepyBanHs (OK) cuctemn, ne: IHAII — undpo-anamorosuii nepersoproBay; EHII
— eKCTpamnojaTop HyJaboBoro mopsaky; JIJI — mazepuuit mampHOMIp; ALl —
ananoro-uudposuii nepersoproBay; YD — ycepennioBanbauil Ginbtp; Ty — TakT
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KBaHTyBaHHS 3a yacoM (miBnepioa ckanyBanHs JIJI); k=0,1,2... — Homep TakTy
kBaHTyBaHHS; U(K) — cUTHaN KepyBaHHS; V4, Yq — BIATOBIHO JIiHIHA MIBUAKICTh
1 IOJIOKEHHS JIAHKH; Yy — BIJICTaHb M1k MaJIbHUKOM 1 IEHTpOoM CTUKY; Y(k), yi(k)

E___ —e _.! ¢ML ~ lw
u(k) i |1 vd [ 1 |Yd Yv
——ip{ EHI | W - -
: E a(s) ; —>( >
L a3 L
== |
AILIIT k i
¥ Y109 0 ¢
<« VO |a I,,f" Wiz) |e— :
B17I S

Pucynok 1 — CrpykrypHa cxema OK

— BigmoBigHO curHaiad Ha Buxodl Y® Tta JIJ; M; — MOMEHT HaBaHTaKCHHS
MpUBOJIa; W — MOJNOXKEHHA UeHTpy cTuky; &(k) — 3aBaga BuUMIpIOBaHHS
nojokeHHs. PosrmsaeMo ckiagosi yactuau OK. ¥V cxemi Ha puc. 1 mepenarHa
¢yukiis (I1D), o onucye peryiboBaHUM 3a MBUAKICTIO €IEKTPONPUBO/L JTaHKH
poboTa pa3oM 13 MEXaHIYHOIO TIepeIaueio, Ma€ BUTJIS

W, (s) =(0.54985+61.36 )/ (s*+22.835 +245.5), (1)

1ie s — napametp nepetBopenHs Jlamnaca.

JIJI moOynoBaHuii 13 BUKOPUCTAHHSIM TBEPAOTLIOTO HAMIBIPOBIIHUKOBOIO
IMIyJIbCHOTO  Jla3epa Ta eJeKTpoMexaHiyHoro neduiexkropa. Bin Bupgae
iH(opMalIlito JUCKPETHO JBa pa3H 3a MEPioj CBOr0 CKaHyBaHHA 3 TakToM Ty 1 3
3aMi3HEHHSIM Ha OJWH TaKT. BUXITHUN CUTHAN aBaya KBAaHTYEThCA TAKOXK 1 3a
piBHeM, 10 BimoOpaxkeHo Ha puc. 1. HexTyrouum BIJIMBOM OCTaHHBOTO,
onepKuMo nuckpeTHy 11D niHeapn30BaHOTO JaBaya MOJIOKEHHS pa3oM 13 YO,
10 BU3HAYAE CEPEJIHE 3HAUCHHS 3a JIBA OCTAHHIX TaKTH, Y BUTJISAII

Wy (z)=(z+1)/(22%). )

Bumoru no CAK nankorwo pobora (GOpMyNIOIOTHCA y BUIIISLAI HACTYIHHUX
NOKA3HMKIB SKOCTI KepyBaHHA: 1) dvac perymoBanHa ¢, < 0.8 c¢; 2)
nepeperynioBanusi ¢ < 5%; 3) Z06POTHICT 3a MmBHAKICTIO k, > 2 ¢'. Takt
kBaHTyBaHHsl Ty = 0.1 c. Jlnd cuHTE3y BHUKOPUCTAHO METOH JorapupmidyHux
MICEeBJOYACTOTHUX XapaKTEPUCTUK. bByno BpaxoBaHO HeMiHIMalIbHO-(a30Bi
BinactuBocTi OK.

BucnoBku. Bukonano cuntes nugpposoi CAK nankorw poOoTa-3BapHUKA,
3aMKHEHOI 3a TOJIOKEHHSM TajbHUKA, SKE BHU3HAYAETHCS IPUCTPOEM
TEXHIYHOTO 30py Ha OCHOBI Jia3epHOro jJanbHoMmipy. Pesynbratn
MaTeMaTUYHOTO MOJICJIFOBAHHS 3aCBIIUMIIM, 110 CUCTEMa 3a0e3euye t, = 0.5¢,

c=4.5%, k,=2.4c"". OTpuMaHi NOKa3HUKHU AKOCTI KEPYBAHHS CHHTE30BaHOT

v

urudpoBoi CAK noBHICTIO 3a10BOJIbHSIIOTh BUX1JHI BUMOTH 0 CUCTEMH.
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UDC 681.327.11

IMPROVING EFFICIENCY OF ACCESS TO INFORMATION WITH
THE USE OF IDENTIFICATION LOGIC-TIME FUNCTION

Sachaniuk-Kavets’ka N.V., Prozor O.P., Kovalchuk M.B.
Vinnytsia National Technical University

With the advent and development of information technologies, the problem
of information security, related to the preservation of the information
confidentiality that is processed and stored in computer systems, became urgent
[1]. Managing and delimiting of access to information resources is one of the
important aspects of information security. Methods and systems of information
security based on access control perform such functions as: user authentication;
identification and authentication of the user according to the account data;
admission to certain conditions of work in accordance with the regulations.
There are three most common types of subject identification [2].

1) Password identification. The main advantage of the password
identification is the simplicity of implementation with the use of a password-
login twain. The main disadvantage of such identification is the dependence
of its reliability on users, i.e. on their chosen passwords (so-called human
factor).

2) Hardware identification, using keys, tokens or cards, which are in the
exclusive use of identification subjects. The main advantage of such
identification 1is its rather high reliability. However, the high cost of such
devices, the likelihood of their theft in registered users, as well as the
possibility of duplication reduces the curiosity to hardware identification.

3) Biometric identification, using the unique properties and features of a
person, which are of two classes:

- static, which are based on the physiological unique characteristics of
objects (fingerprint, face thermogram, palm, retinal, DNA, location of veins
on the front side of the palm, etc.) that are practically unchanged with the
lapse of time;

- dynamic, which are based on the behavioural characteristics of
subjects, that is built on features characteristic of subconscious movements in
the process of reproduction of any action (by handwriting, by keyboard, by
voice, etc.). The main advantage of biometric technologies is the highest
reliability, and the main disadvantage is the cost of the equipment.

All of these approaches to protecting access to information are fairly
easy to implement in the logical-time environment, turning all the necessary
parameters into logic-time functions (LTF), which are of three functionally
complete classes, closed with respect to Boolean operations, a special
operation of unequal subtraction and differentiation.
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The main advantage of the password protection system is its simplicity
and habitualness. Passwords have long been embedded in systems and
services. With the correct use passwords can provide acceptable level of
security of access to information resources for many enterprises. However,
the reliability of such passwords can be greatly enhanced if you use not a
customary set of letters and characters, but some of the image that is
converted into an ID into logic-time function [3]. Was developed (LTF
Model), which allows to select edges of arbitrary images using the traditional
mathematical operation of differentiation in the form of a special logic-
temporal function. If necessary, you can enhance the selected image edge by re-
differentiating the identification function. As a user password, you can use any
image known to him only. Moreover, this image can be black-and-white (binary
LTF of the first and second classes), and colour (LTF of k-valued logic of the
first-third class). Such a password in the form of a logic-time function can be
used for a long time, since it is almost impossible to reproduce the image by the
function-contour. What is more, there is a possibility of mathematical study of
the speed of changing such a password. User account is a set of identifier and its
password. As an identifier, you can use a special identification logic-time
function, which is unequal to the difference in the LTF of the biometric
characteristics of the subject, ranked in importance. This feature is unique to this
user and can include both static and dynamic features and properties, and
virtually prevents its use by malicious users. The subject is identified by
comparing the obtained identification with the reference samples of the
knowledge base. In the case of incomplete identification, the expansion of the
knowledge base is carried out by recording the result of comparison in memory
as a new sample and determining the closest to the reference sample obtained.

Sources

1. Smyt S. Tsyfrovaya obrabotka sygnalov. Praktycheskoe rukovodstvo dlya
inzhenerov 1 nauchnykh rabotnikov; per. s angl. A.YU. Lynovych, S.V.
Vytyazev, Y.S. Husynskoho. Moskva: Dodéka XXI, 2012. 720 s.

2. Akhramovych V. M. Identyfikatsiya y autentyfikatsiya, keruvannya dostupom
/I Suchas. zakhyst informatsiyi. 2016. Ne4. S. 47-51

3. Sachaniuk-Kavets’ka N.V. Vyznachennya chutlyvosti identyfikatsiynoyi
funktsiyi do zminy vkhidnykh kharakterystyk obrobky zobrazhen’ dlya
rozpiznavannya sub”yektiv u systemakh zakhystu informatsiyi. Reyestratsiya,
zberihannya 1 obrobka danykh. 2017. T. 19. Ne 1.S. 55-64.
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YK 004.93°1

AHAJII3 CYHACHHUX AITAPATHUX 3ACOBIB JJIA 3AITUCY
30BPAKEHB TA BIJIEO I HOJAJBIIOI OBPOBKH HA ILIIC

Koxewm’siko A.B., be3kpesnuii O.C.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

OpgauMm 3 06a30BUX (DYHKILIOHAJbHUX KOMIIOHEHTIB 0aratboXx CHCTEM
pO3Mi3HAaBaHHS € TMPUCTPIA ISl peecTpalii 300paxeHHs, e MOXe OyTu
¢dboroanapat, kamepa, abo neska GoToOMaTPHIl, SIKI 3aCTOCOBYIOTHCS B MEPIILY
yepry B CHUCTEMaX TEXHIYHOTO Ta MEIUYHOIO J1arHOCTYBaHHS, CHCTEMax
KepyBaHHSI MOOUTLHUMH pOOOTaMU, CUCTEMAaX 3aXUCTy 1HGOpMAIIli TOIIO.

SkicTh peecTparlii Ta TOYHICTh Kiacudikallii 300pa’keHHS 3aJIeKUTh HE
TUIBKU B1J] 0OpaHOr0 ajJrOpuTMYy pO3IMI3HABAHHS, a W BiJ amapaTHOi CKJIaJ0BO1
MpuUCTporo. BapTo mpuaAIUTH yBary cy4acHuM 3aco0aMm peecTpallii 300pakeHb,
Kl MOKHa BHKOPHUCTOBYBaTU HIAKIOUMBIIM Oe3nocepennbo no ruatu [IJIIC.
Ha Bxin mnatu IIJIIC nonaetbest 300pakeHHs, 1€ 0OpOOIIOEThCS 1 HA BUXO/I
Mae OyTH MPEACTABICHO y BUIJIAMI 3MIHEHOTO 300pakeHHST ab0 KOPOTKOi
1H(opMallii mpo BMICT 300paxKEHHS.

ITepm 3a Bce HeoOximHo mopiBHATH IIJIIC BimoMux BUpPOOHMKIB, 100
oOpaBIM OJHY 3 Mojener miaiopatu aiasa Hei QortomaTpuio, mo Oyne
3a/I0BOJIbHSITH BUMOTH MTOCTABJICHI J10 HEN.

[TpuBenemo tabnuito mopiBHAHHS Aeskux Bigomux ITJIIC-tnat:

Tabmuis 1.1 — OcuoBni xapaktepuctuku [IJIIC dpipmu Altera

Pik Texuomoris |BmamroBaunoi |[KinbkicTb KIH.LKICTL Kinekicts
BUIIYCKYy Tpolecy, HM mnam sti, KO perictpiB JTOTTAHIX BUBO/IIB
’ ’ eJIEMCHTIB
Amiall o0 40 11115 179200 224 878
GZ
Amiall 09 40 8550 205200 244 692
GX
. 236
Statrix V. 12010 28 13312 356000 664
Statrix IV 2008 40 14283 182400 228 584
f\f"k’ne 2009 60 6480 92400 150 508
Cyclone 1, 65 3888 85600 119 347

III
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Ta6nuis 1.2 — OcuoBHi xapaktepuctuku [IJIIC dipmu Xilinx.

Kinpkicte

Pix Texnonoris  |Bunamrosanoi | KinpkicTs . Kinpkicte
BUIIYCKYy |mporecy, HM mam siTi, KO perictpiB JTOTTHHIX BUBO/IIB
’ ’ €JIEMEHTIB
Spartan 7 2009 28 1100 102400 240 400
Artix 7 2010 28 2888 215360 210 500
Kintex 7 2010 28 6788 356160 325 500
Virtex 7 (2011 28 13275 305400 350 600

PosrnsnyBmm Ta mopiBHsABIIM XapakTepucTtuku ganux [IJIIC mpoimHux
KOMMaHid - BUPOOHMKIB Oyyio BupimieHO oOpatu juisi mpoektyBanHs [IJIIC
EP2AGX260FF3515 cimeiictBa Arria II GX komnanii Altera.

Bucoky edexTuBHICTH pOOOTH 3MOXKE MMOKA3aTH KaMmepa, 0 MPaIoe yepes
inTepdeiic Camera Link. Ockinbku a0 ganoi IIJIIC € MOXIMBICTh Hampsmy
nigkaoyaTuchk iHTepdeiicom Camera Link, To Halikpamum BuOopom Oyne
peamizoBana Ha KMOH-texnomorisix — xkamepa Q-12A65 3 cepii QUARTZ,
¢dipmu Adimec.

80 mm 41.6 mm
)

oo S {
E 3

o = .

)

Pucynok 2 — Kamepa Q-12A65.

B nopanpimioMy TmIaHyeThCS CTBOPEHHST MAaKETy Ha OCHOBI JIaHUX
KOMIIOHEHTIB Ta 3aCTOCYBaHHS MpUIALy [Js PO3MI3HABAHHS OlOMEIUYHUX
300pakeHb Ta B 00J1aCTi aBTOMaTH3allii 00pOOKH BEIMKHX MACHUBIB JaHUX
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MNOBYJ0OBA IUCKPUMIHAHTHUX ®YHKIIIA METOJOM
IHOBEPXHEBOI'O HATAIL'Y

bukos M.M., noueHr, k.1.H., 'puntyk T.B., noneHr, x.T.H.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

Opnniero 3 mpoOieM pos3mizHaBaHHA 00pa3iB € moOyaoBa e(peKTHBHUX
cTpaTeriii po3mizHaBaHHs. ABTOPH B CBOiX momepenHix podorax [1,2] Haganu
dbopmanbHy  TMOCTAaHOBKY  3ajayl  moOyJOBHM  ONTUMAalbHOI  CTpaTerii
pO3IMi3HAaBaHHS Ta HABEIM JIEAKI XU 1i pO3B’sI3aHHS 32 YMOBU BUKOPUCTAHHS
BIJIOMHX B MPaKTHUIll pO3Mi3HaBaHHA KiacudikatopiB. OJHAK HEBUPIIICHOIO 0
KIHIS 1 aKTyaJdbHOIO HAa CHOTOJHI € 33a/iauya MoOyJAO0BU TaKUX TUCKPUMIHAHTHUX
(GyHKIIIH B mpocTOpl O3HAK, sIKI O JaBajd MAaKCUMaJbHO MOXIIMBY TOYHICTbH
kiacudikamii 3a 3aJaHUX YMOB pO3MI3HaBaHHsS, 30KpeMa, B yMOBax
HEKOMITAKTHOTO PO3MIIIEHHS TOYOK (300pakeHb 00’ €KTIB) B IPOCTOP1 O3HAK.

Ha chorogni ogHuM 13 Halkpamux kiaacudikatopis, 3AaTHUX peali3yBaTh
K JHIMHY, Tak 1 HeNIHIMHY Kilacu(ikaiiio, BHU3HAHO MAIIMHY OMOPHUX
BekTOPiB (SVM). MeToa onmopHUX BEKTOPIB 3BOAUTH HaBUAHHS Kiacu(ikaTopa
70 ONTHUMI3AIINHOI 3a/1adi, IKa PO3B’A3YEThCS E€BPUCTUUYHUMHU aJITOPUTMAMHU.
HenonikoM Takoro MeToly € CKJIAJHICTh OOYUCIEHHS OMOPHUX TOYOK (KIHIIIB
BEKTOPIB), Yepe3 sIKi MPOBOASITHCA TPAHMUHI JJisl KJIACIB TINEPIUIONIMHU, MIX
SAKUMH OYJIy€ThCS pO3MOALIbHA (AUCKPUMIHAHTHA) rinepruionuHa. /s nomryky
OMOPHUX TOUYOK HEOOXIAHO PO3B’SI3yBAaTH ONTUMI3AliHY 3ajadyy y BUIJISIL
Jlarpamxkiana [3]:

1 T
Ly :Zai _EzaiajyiijiijT (1)
i i)
3a ymMoB Y ;y; =0,

ae o,- MHOXKHUKU Jlarpanka, X, - BEKTOPH HaBYalIbHOI BUOIpKH, y,=+1 —

1HJIEKCH HAJIEKHOCTI TOYOK HABYAJIbHOI BUOIPKH [0 MEPUIOTO YU JPYroro
KJIaciB.

HeoOxigHicTh 0araToKpaTHOro0 OOYUCIIEHHS CKAIAPHOTO JOOYTKY BEKTOPIB
1 TMOUIyKy ONTUMalbHOTO 3HaueHHs (QyHkuii Jlarpanxka mopokye
o0UHuCIIOBaJIBbHY CKIaJHICTh SVM meTony.

JInsi yCyHEHHsI JaHOTO HEJOJIIKY aBTOPH 3alpONOHYyBAIM MOAU(DIKYyBATH
Meton mnoOyaoBu SVM kiacudikaTopa HUISXOM BUKOPUCTAHHS (PI3UYHOTO
3aKOHY YTBOPEHHS MOBEPXHEBOro HATATy piiuH. CyTh JAHOTO MIAXOY MOJSTae
B HACTYITHOMY — 3HAXOJSThCA MOBEPXHEBI TOUKU KOXXKHOTO KjacTepa, B SIKOCTI
AKUX BUOUPAIOTHCA HEBPIBHOBAXKEHI CWJIAMU  B3a€EMHOIO  MPUTATAHHS
OTOUYYIOUMMH TOYKaMu (MOA10HO TMOBEPXHEBUM MOJICKYJIaM PIAMHM), 3 ILHUX
MMOBEPXHEBUX TOUOK BUOMPAIOTh TOYKH KJIACIB 3 HAUMEHIIIUMH B1ACTAHIMH, SIK1 1
OyIlyTh OOpHUMU. B 11bOMY MiAX0/11 TPUUMAIOTHCSI HACTYIHI MIPUITYIIICHHS
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a) MOJyJl CHUJl B3a€EMOJII MIDXK TOYKAMH MPOCTOPY O3HAK OOEPHEHO
MPOMOPITIOHANIBHI BIICTaH1 MK HUMU:

S\ LD
f(xjaxj)_ga

1€ p - BaroBUil KOe(iIi€eHT; d - BIICTaHb MK TOUKAMH,

)

B ¢opmyni (2) x, - k-a koopauHaTa i-0i TOYKH (BEKTOpa) BUOIPKHU.

0) Ha JedKy BUOpaHy TOYKY J1IOTh CUJIM MPUTSATAHHS TUTbKU HAWOIMKUINX
JI0 HET TOYOK.

EBpucTvuHMiI  anropuT™M MOLIYKYy TMOBEPXHEBUX TOYOK  KIlacTepa
CKJIQJIA€ThCSI 3 HACTYIMHUX KPOKIB:

1 — 3HaxonsThCs BificTaHi Mik BCiMa napamu To4ok d(X; ,X;);

2 — 3a UMMM BIICTAaHSAMU MJI1 KOXKHOI TOYKH BUOUPAEMO ONTHUMAIIbHY
KUTBKICTD ¢ TOYOK, HAUOIMKYMUX A0 BUOPAHO1; €KCIIEPUMEHTAIBHO BCTAHOBJICHO
t=4.6;

3 — LleHTp KOOpAMHAT PO3MIILYEThCS B 3afaHId TOYLl X, IUIAXOM

napajeibHOTO MEPEHECeHHST KOOPANHAT BUOPAHO1 MIIMHOXKXHUHUA TOYOK;
4 — IligpaxoByeThCs 3aJIUIIKOBA CUJIA f, TOBEPXHEBOIO HATATY BHOpaHOI

TOYKH X, IIJISIXOM 3HAXOJKEHHS PIBHOAIMHOI CHJI NPUTSraHHA BiJl yCIX TOYOK

BUOpaHoi MiAMHOXKUHMU. [Ipu 1BOMY BHKOPUCTOBYIOTHCS TUIBKHM OIlepalii
anreOpaiyHoro  BigHiMaHHA. SIkmo  f; > f,,, TO TOYKAa BBAKAETHCH

MMOBEPXHEBOIO.

5 — TloBepxHEBI TOYKH ABOX KJIACTEPIB 3 HAWMEHIIMMH BIJICTaHIMH
BBAXKAIOTHCSl OTIOPHUMH, 1 Uepe3 HUX MPOBOASATHCS OMOPHI THIEPIUIOMIUHHA, MIXK
AKAMH PO3MINIY€EThCSI ONTHUMalbHA 3 TOYKM 30py MiHIMI3alli MOMMIKU
KJacudikaiii rinepruioniuHa.

[ToOynoBaHuii TakuM YMHOM Kjacudikatop Ha etasioHHOMY (aiini iris.dat
MOKa3aB TOYHICTh Kiacudikalli, npuraManHy SVM, npu MeHIId Ha TOPSIIOK
IIBUJIKOCT1 1OTO HABYAHHS.
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KOMII’IOTEPHE MOJIEJIIOBAHHSI CHAUKIHIOBOI'O QIF-
HEWMPOHA

®apadon A.1O., Konecauupkuii O.K.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

OcTaHHIM YacoM BC€ YacTille Il PO3B’SA3KY CKJIAJHUX KOTHITUBHUX
3aBJaHb BUKOPUCTOBYIOTHCSI TaK 3BaHI CHAWKIHTOBl (IMITyJbCHi) HEWpPOHHI
Mepexi [1] Ha BIIMIHY BIJl KJIAaCHMYHUX HEUPOHHUX MEpPEXK HA OCHOBI
dbopMaibHUX a00 aHamoroBux HeWpoHax. CmalWKiHrOB1 HEMPOHH, MOJIOHO 0
010JIOTTYHUX HEUPOHIB, BUKOPUCTOBYIOTh IMITYJIbCHY (POPMY MOJIaHHS BX1JTHHUX
Ta BUXIJIHUX CUTHAIIB, a HE cTaTuuHy 1udpoBy dhopmy (0 ta 1) sk GpopmanbHi
Heliponu. [lepeBaramu cnallKiHTOBUX HEHPOHHUX MEPEX Mepe/l KIIACUUYHUMU €:

1) MOXJMBICT  pO3Mi3HABAaHHA  JUHaMIYHUX  00pa3iB  0e3
MONEePEHHOT0 MEPETBOPEHHS;

2) Oararo3agavyHicTh (B OAHIA HEHPOHHIH MEpEki MOXKE OJHOYACHO
BUKOHYBATHUCh JICKIJIbKA 3aJ1a4 MO pOo3Mi3HaBaHHIO a00 kiacuikaiii);

3) pO3IMi3HaBaHHs 3 NepeadadeHHsAM (pe3yabTaT PO3MI3HABAHHS MOXE
OyTH OTpUMAaHHI 0 3aKIHUCHHS JUHAMIYHOTO MPOLIECY, IKUW PO3II3HAETHCS);

4) MPOCTOTAa TMPOIEAYypU HABUaHHS (HABYAIOTHCS HE BCl HEUPOHHU

MEpEexKi, a TUIbKU BUXIJIHI).

Came wuyepe3 Il MNPUYMHHU JOCHIJDKEHHS CHAWKIHTOBUX HEUPOHIB Ta
HEUPOHHUX MEPEXK € aKTyaTbHUM.

VY nmanomy pociniikeHH1 Oyno 3po0JIeHO aHaii3 BIIOMHX MaTEMaTHYHHX
MoOJieiell CMallKiHrOBUX HEWPOHIB 3 TOYKUA 30py BHKOHAHHS HMMH OCHOBHHX
¢dbyHKIIM GlonoriyHoro Heipona. [[ns komm’roTepHOiI peaiizailii 0yyno oOpaHo
mozenb  QIF-HelipoHa, OCKUIBKM BOHAa BHUKOHYE MaKCUMyM  (yHKIIIT
010JIOT1YHOTO HEMpoHa MpU MiHIMYMI omnepalii 13 miaBarouoio koMo (FLOPs),
nOoTpiIOHUX s 1i KOMIT'IOTEPHOI peanizallii B OJAMHUII0 4Yacy. Takox Oyio
PO3pO0JIEHO aIrOpUTM POOOTH KOMIT'IOTepHOI Mozenl cmaikinroBoro QIF-
HEWpoHa, 3MIMCHEHO MpOorpaMHy peali3alild KOMII'IOTEpHOI MOJeNl Ta
MPOBEJICHO aHaJi3 pe3yJbTaTiB poOOTH KOMII IOTEPHOI MOJEMI.

Byno crtBOopeHO mporpamMHe 3a0e3leUeHHsS I KOMIT IOTEPHOTO
mopentoBaHHsl QIF-HelpoHa sik npu iMmyabCcHUX (puc.l) Tak 1 Ipu aHATIOTOBUX
BXIJIHUX curHanax. J[yiga mporpamHoi peanizailii KOMIT IOTEpHOI Mozemi Oyio
oOpaHo MoBy mporpamyBaHHsi Pyton (mporpamue cepenoBuiie IDLE) Ta
cnenianizoBany 0i0mioteky PCSIM. TectyBanHsi po3po0JIEHOTO MPOTrPaMHOIO
3a0e3MeueHHsI MOKa3alio Moro HaAiliHy poOoTy. Y pe3yJsbTaTi eKCIePUMEHTIB 13
pPO3pOOJICHUM MPOrpaMHUM 3a0e3MeUYeHHAM OyJIO0 BHU3HAYEHO TakKl mapameTpu
QIF-neiipona, sk peobasza Ta XpoHaAKCis, a TaKoXK Oyia moOyaoBaHa mepeaaTHa
XapaKTEepUCTHUKA.
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Pucynoxk 1 — Pe3ynapTar KOMIT’ FOTEpHOTO MOJETIOBAHHS
QIF-neiipona mpu Tsim=1 c

Otpumany komn rotepHoi moaenb QIF-HelipoHa MOKHA BUKOPUCTOBYBAaTH
B MOJAJBIINX JOCTIHKCHHSIX ISl MPOBEACHHS PI3HOMAHITHUX €KCIIEPUMEHTIB 3
Hero. Y po3pobOreHiit monem QIF-nelipoHa mg0AaTKOBO BpaxOBaHO TaKHi
napameTp sK Iepioja abcooTHOI pedpakTepHOCTI, TOOTO MOJACHH CcTajia OLIBIIT
TOYHO BIATBOPIOBATH IMOBEMIHKY OI0JOTIYHOTO HEWpOHA, a 1€ O3HAYae, M0
MiABUINMIACE ajekBaTHICT, Monem QIF-nelipoHa m0 cBoro mnporoTvma —
OiosoriyHoro Heiipona. Kpim 1uporo, po3pobiena komm’rotepHa moaens QIF-
HeWpoHa J0JAaTKOBO M0 (PYHKIII BU3HAUYECHHS BUXIJHUX CUTHAIIIB HEHPOHA BiA
BXIJIHUX IlI¢ Ma€ (YHKIII0 BHU3HAYEHHSI NEpEJaTHUX XapaKTePUCTHUK, a IIe
O3Hayae, 10 KUIbKICTh BUKOHYBAaHUX (PYHKIIM 30UIbIIMIACE (PO3LIUPUIUCH
(yHKITIOHATBHI MOXJIUBOCTI).

Takum uyuHOM, y pe3yibTaTi MiABUIIWIACH afekBaTHICTh Mojeni QIF-
HEWpOHa /10 CBOr0 MPOTOTHUIMA Ta PO3MIMUPWINCH (PYHKIIIOHAIBHI MOKIMBOCTI
mogeni QIF-HeipoHna.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
I. B.®.bapmauenko, O.K.Konechuupkuii, C.A.Bacunenpkuid. IlepcnexktuBu
3aCTOCYBaHHS IMIYJIbCHUX HEHPOHHUX MEPEX 3 TaWMEpPHUM MPEICTABICHHSAM

iH(opMaii s po3nizHaBaHHs quHaMmidHUX 00pa3iB// YCiM.-2003-Ne6.- C. 73-
82.
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OCOBJIUBOCTI BI3YAJIBHOI'O PO3ITII3BHABAHHSA IIKAJIN
I'OHIOMETPA IS

SAvnonscekuii A.JL., acn., Kapnenko b.B., acn., Makapenko O.B., x.¢.-m.H.,
JO11.
KuiBcbkuii HarlioHansHUM yHiBepcuTeT iMeHi Tapaca [lleBuenka, (izuunumii
dakynbreT, Kadenpa ONTUKU

l'oniomerp I'S € KOHTPOJIBHO-BUMIPIOBAIbHUM  ONTHKO-MEXaHIYHUM
npuiagoMm yadbopaTopHoro Tuiy. OCHOBHE MOro MpHU3HAYEHHSI — BUMIPIOBATH
KYTH MK TJIOCKUMH TOJIIPOBAHUMU TpaHsSMH ONTHYHUX naetanelt. et mpunan
J03BOJISIE TIPY BUMIPIOBAHHI OJHUM MNPUIOMOM BHU3HAYATH KYTOBI PO3MIpH 3
MOXHOKOI0, IO HEe MepeBUIye 5”.

3 orjsily Ha BUCOKY TOYHICTH 1 3HAUHY MOIIMPEHICTh JAHOT'O0 TOHIOMETpa
BUTJISIIa€ TEPCIEKTUBHUM HOro 3acTOCYBaHHS B  EKCIEPUMEHTAIbHUX
yCTaHOBKax JJisl (PI3UYHUX, a 30KpEMa, ONTUYHUX JOCHIIKEHb, 1110 MOB’sSI3aHl 3
KYTOBUMU BUMIpIOBaHHAMU. OJIHaK, aBTOMATHU3AII1I0 KyTOBO1 PO3TOPTKHU B TaKiii
YCTaHOBIII CYTTEBO YCKJIQIHIOE Bi3yalbHa CUCTEMa BIJJIIKY KyTiB TOHIOMETpA.

Bignik kyrta 3miiicHioeTbest 3a mkanowo (Puc. 1), sky moxxkHa Oauutu B
OKYJISIP1 IpUIIAy.

|

gk 08f

Puc. 1 Burnsa BiaiikoBoi mkaau roaiomerpa I'5

[Iss mkana ckimagaeTbes 3 JABOX vacTuH. JliBe BIKHO — 1€ CYMIIEHI
300paKeHHs MPOTHICKHUX KpaiB KyTOMIpHOrO JiMOy, MpaBe BIKHO — IIKajia
ontu4yHOro Mikpomerpa. Il1{o0 3untatu 3HaUeHHS KyTa, OIIEPaTOp Ma€ CIOYaTKY
CYMICTUTH IITPUXU BEPXHHOTO 1 HIXKHBOTO TOJIB JIBOrO BiKHA, OOepTarouu
MaxOBHUUYOK MikpoMeTpa. Toji 4ucioM rpaayciB Oyae 4Uciao Haj MepuIoro 37iBa
MOAUIKOI0 BiJi BEPTUKAIBLHOIO perepa, YUCIOM JIECSITKIB KYyTOBUX XBHIIUH
KUTBKICTh IHTEPBAJIB MIXK II€I0 TMOJAUIKOIO Ta MPOTHICKHOI i 3HU3Y (1110
3aKIHUYETHCS TaKOIO camoro 1udporo). ONUHUI XBUIUH JUBUMOCH y MPABOMY
BIKHI — I1I€ MEpIlIe HaJl TOPU30HTAIBHUM PEIEepOM YHUCIO Yy JIBOMY psIy, a
JECATKM W OJMHUIIl CEKYyHJ, BU3HAYA€EMO 3a NpPaBUM PSIAOM, KOPUCTYIOUUCH
TOPU30HTATIBHUM PEINEPOM SIK CTPLIKOIO.

Jlns aBTOmMaTu3amii IOro MPOLIECY aBTOPU PO3MICTUIM Ha OKYJSIpi
rOHIOMETpa BeO-KaMepy, siKa PeeCTpye 300paxKeHHs BIJUTIKOBOI KM 1 IEpeaae
Horo Ha komm’roTep. BiamoBimHo, mocTana 3agadya mpo ioro oOpoOKy Ta
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po3mizHaBaHHsA. [{0 3amady BupinryBanu 3aco0amMu cepenoBuila TpadiyHOro
nporpamyBaHHsi LabView, a ang i copoiieHHst OyJi0 BHUPIIIEHO BiAMOBUTHUCS
Bl 00EpTaHHS MaxOBHUYKA ONTUYHOIO MIKPOMETpPA 1 BHUKOPUCTAHHS IMPABOTO
BikHa mKaiu. OCTaHHE BaXXJIMBE, B OCHOBHOMY, JUISl Bi3yallbHOTO 3YUTYBaHHS
MOKa31B, OJTHAK BCA HEOOX1HA 1HPOpMAIlisi MICTUTHCS 1 B JIIBOMY BIKHI.
Anroput™M 0OpoOKH 300pa)KEHHS IIKAJIM TOHIOMETpa Mae€ psi €TalliB.
CrnouyaTky BOHO KOHBEPTYEThCA Yy 4OpPHO-OUIMII (opMar 1 00pi3yeTbes OO
obOnacti, mo Bianosimae niBomy BikHy (Puc. 2). Merogom rake (rpabesnb)
BU3HAYAEThCS TOJOXKEHHS Kpar BIKHA 2 Ta UEHTpajdbHOI JiHII 1 moaimy
BEPXHBOT'O I HUXKHBOTO TMOJIB Yy HbOMY. [l0oTiM BIAHOCHO 1€l JiHII 3a/1aI0THCS
BiApi3ku 3, 4, 5, 6 3aBIIMPIIKK B OJUH IIKCEIb, B3JOBXK SKHX BHU3HAYAETHCS
PO3MOJIT  SICKPABOCTI. 3a EKCTpEMyMaMH IbOTO PO3MOJAULY 3HAXOJAThCS
MOJIOKEHHS! MOJBIMHUX WITPUXIB. 3HAIOYM IX 3CYB MIXK BEpPXHIM 1 HHUKHIM
MoJIEM, a TAKOX BIJIHOCHO pernepa 8, po3paxoByeThCsl JpOOOBA YACTUHA KYTa.

Puc. 2 XapaktepHi rpadiyHi eI€MEHTH aJITOPUTMY PO3Mi3HABAHHS.
1 — ueHTpanbHa JiHis, 2 — BEpXHS Mexka pobouoi odnacti, 3 u 4 — BIAPI3KYU AJIs
MOIIYKY TMOJIOKEHHS BCIX MOABIMHUX IITPUXIB, 5 U 6 — JIHIIIE€ TOBTUX MOABIMHUX
TPUXIB, 7 — 00JIACTh pO3Mi3HABAHHS YKCIIA, § — perep.

[{ia yacTMHA KyTa BU3HAYAETHCS IUIAXOM PO3Mi3HABAHHS CHUMBOJIIB Y
BepxHid obOmacti 7 crangaptHuMm anroputMoM OCR 13 HaByaHHSAM, IO
BUKOPUCTOBYE 0a3y TaHUX 300paKeHb YUCEI JIJIsl TOPIBHSIHHS.

JIst miABUIIEHHI CTIMKOCTI alrOpUTMY 110 300iB BUKOHYIOTHCSI MEPEBIPKU
Ha 3aiiB1/IPOIYyIIEHI IITPUXH, & TAKOK HA KOPEKTHICTh OJEPKAHOTO PE3yIbTaTy.

JIoCSTHYTO TOYHOCTI pO3Mi3HABAaHHS MOKa3iB IIKamd 10 2,5", a oTxe,
METPOJIOTIYHUNA pecypc TOHIOMETpa BUKOPHUCTOBYEThCS MOBHICTIO. Ha anamis
OJIHOTO 300pa’KeHHSI BUTpada€eThcs OJIM3bKO 1 ¢ yacy.
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EKCHHEPUMEHTAJIBHE JOCJIIXKEHHSA KOMITAKTHHUX
HEUYITKHUX BA3 3HAHb MAMJIAHI Y OIITUYHUX ITPUCTPOAX
OBPOBJIEHHS IHOOPMAIIIL

3nitoBeupkuit FO.C., ctyaent, IBanos 10.1O., k.T.H., CT. BUKJL.
BinHuLbKUI HAIIIOHATBHUN TEXHIMHUI YHIBEPCUTET

HeuiTkoro 0a3010 3HaHb HA3UBAETHCS CYKYITHICTh HEUITKUX MPABHII «SIKILO-
TO», SIKa 3a/1a€ B3a€MO3B'SI30K MDK BXOJIaMM Ta BHUXOJIaMH JOCIIIJI)KYBaHOTO
00’€KTa, ONMUCYIOUM MEBHY MpeaMeTHy oomnacTs. 1106 30epertu B HeuiTKid 06a3i
MEBHUM psii MPaBWI HEOOXIAHO 1IEHTU(IKYBATH 3aJICKHICTh, SIKOIO 11 3HAHHS
3amaroTbest. Chifl 3a3HAYUTH, 110 TPOCKTYBATbHUKNA HEUITKUX CUCTEM MParHyTh
CTBOPUTHU aJICKBAaTHY HEUITKY 0a3y 3HaHb HAWMEHINOi CKJIAJHOCTI — 3 MaJiOIo
KUIBKICTIO TpaBwi. Taky KOMIIAKTHY MOJENb JieTiie BepuQiKyBaTH; BOHA
3a0e3reuye HaOUIBIIY IIBUJKICTh JIOTIYHOTO BHUBEJECHHS Ta MOTpedye
HaliMEHIIIe peCcypCIB JIs amapaTHOl peasizalli.

PosrnsHemMo TmpuKIan €KCIepPUMEHTAIbHOIO BHU3HAYEHHS ONTUMAIbHOI
KUIBKOCTI HEUITKMX MpaBwi y 0a3l 3HaHb MampjaHi. PobGota BUKOHYyBanacs
IUISIXOM HamucaHHA JEKUIbKOX M-daiiniB B cepenoBuilll MatLab. BukoHaHo
nepebip 0a3 3HaHb 3a HEYITKMUMHU PO3OUTTSIMU ISl 3aJ]aHOT KUIBKOCTI MpaBuUII.
JIns KOXXKHOI MHOXXHMHHU HEYITKMX 0a3 3HaHb OJHOTO PO3MIPY 3HAWICHO
MiHIMaJbHY, MAKCUMaJbHY Ta cepeaHIo HeB si3ku RMSE.

ExcnepumeHnTu mokaszanu, 110 Micis HaBYaHHA HeEB’si3ka RMSE cnanae 3i
30UIBIICHHSM KIJTBKOCTI HEUITKUX MpaBUl, ajie i1 MiHIMyM B OaraThOX BHUIIaJIKax
JIOCATAETHCS 3a HEIIOBHOI 0a3u 3HaHb. ba3u 3HaHb, K1 MicTATE Ou1a 75-80% Big
MAaKCHUMAJIbHOI KUIBKOCTI MpaBWJl, MAalOTh HAaWBHUILY TOYHICTh, TOOTO MAalOTh
HaliMeHITy ToxXuOKy igeHTU(dikaiii. Jlusg 3HIKEHHS  O0YHMCIIOBAIBHOI
CKJIaJIHOCTI TOBHY HEUITKY 0a3y 3HaHb MaM/laHi MOXHa CKOPOTUTH MPUOTIU3ZHO
B 2 pa3u 0e3 BEIHUKUX BTpAT TOYHOCTI. EKCIIEpMMEHTaNbHO BCTAHOBJIEHO, IIO
0a3y 3HaHb MamjaHi 3 JOCTaTHHO MaJIOK MOXHOKOIO 1IeHTHdIKAIlll MOXKHA
OTpUMATH TPU HAMOBHEHOCTI 0a3u 3HaHb Ha 35-45%, micas 4oro 30UIbIICHHS
KUIBKOCTI ITpaBWJ ICTOTHO HE 3MEHIIY€ HEB’s3Ky. Takl KOMIAKTHI 0a3u 3HaHb €
MpO30PIIIMMU  Ta JIETII€ HaBYAIOThCS YEpPe3 MEHIIY CKIQJHICTh 3ajaadi
onTUMI3aIli.

BukoHani KOMI'IOT€pHI €KCHEPUMEHTHU MOKa3ylTh, 110 TMOBHA HEYITKa
0a3za 3HaHb MamjaHi He Jae HaiimeHmy NoxuOky iaeHTudikamii. OTpumani
pe3yJabTaTh MOXYTh OYTH BUKOPUCTaHI B ONTUYHUX MPUCTPOSAX OOPOOJICHHS
iHopMmaiii, sKi po3poOJEHI HAa OCHOBI HEYITKOi JIOTIKM, IO JO3BOJIUTH
PO3MMUPUTH iXHI (YHKIIOHAIBHI MOKJIMBOCTI Ta 3MEHIIUTH OOYHUCIIIOBAIbHY
CKJIQJIHICTh HAaBYaHHSI.
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HNPUKJIAJHA PEAJIIBAIIA MOJAEJII IHTEJAEKTYAJIBHOI'O YAT-
BOTA Y COEPI IHOOPMAIINHUX BIJHOCUH

SAposnit A.A., Kyapssues J.C., Kpunuk JI.B.
BinHULIbKUN HAITIOHATBHUNA TEXHIYHUM YHIBEPCUTET

Yar-00r — 1€ mporpamHa CUCTE€Ma, TOJIOBHOIO METOK SKOI €
aBTOMaTH3allisi  Mpolecy  HaJaHHS  MOCAYyr  KOPUCTYBAaueBl  3aBASKU
BUKOPUCTAHHIO TEXHOJOTIM IITYYHOrO IHTENEKTy. 3a3Buyaid, 4aT-OOTiB
NOAUISIIOTh 3a NPU3HAYCHHSIM HAa NPEeAMETHI 007acTi, B SKUX ITOBHUHEH
po3yMiTucs 4aT-00T. OCKIIBKU JIaHUH MPOrpaMHUN MPOIYKT MEPEBAKHO IMITYE
PO3MOBY 3 KOPHCTYBaueM B IHTEPHET-MEpekax, camMe TOMY JaHHH CepBic
Halikpalie 3apeKoMeHIyBaB cebe came B comianbHux Mepexax (Facebook
Messenger, Telegram Ttouio). /lana TexHOOTis BMIilllye yBeCh HEOOXITHUI
MOTEHLIAJT JJi peali3alii ITY4YHOro I1HTENEKTy Ta Horo ckiamoBux. Cepen
BUOOpY miIatrGpopM s 3aCTOCYBaHHS JaHUN THUI MOXE MICTUTH KpOcC-
miaTGopMHI  pilieHHsT Ha 0a31 MEepCOHANbHUX Ta MOOUIBHUX TMIaTdopM.
['onmoBHMMU mepeBaraMy JaHOTO THUIY B3a€MOJIIi BiJ3HAYEHO IIBUIKOIIO
BUKOPHUCTAHHA, BIACYTHICTh OCOOHMCTHX MepeBar 4 HAsBHICTh €MOLIM mpu
KOHTaKTyBaHHI. Takoxk, cTBOpeH1 aianoru (iKCyIThCs Ta OOpOOJISIOTHCS Ha
MpeaMET BUSIBIICHHS YaCTOT BUKOPUCTAHHS OKPEMUX 3aMUTIB Ta BJOCKOHAJICHHS
BKa3aHUX CHUCTEM IITYYHOI B3a€MOJIi HIIAXOM 30LIBIICHHS CJIOBHUKOBOTO
3anacy CUCTEMHU YU BJIOCKOHAJICHHIO aJiTOPUTMY PO300py CIiB.

Mertoro naHoi poOOTH € MIJBUILEHHS PIBHS CTIMKOCTI IHTEJIEKTYaJlbHOIO
yaT-00Ta 710 PI3HOPIIHUX BXITHHUX JTaHUX.

AHai3 BX1JIHMX JJaHUX KOPUCTyBaya NoTpeOye po30UTTS MOBIAOMIICHHS Ha
OKpeMi 4YacTUHM (CJIOBa, KOMaHIM TOIIO) Ta aHaji3y iX TOCIiI0BHOCTI,
IHTENIEKTYaJIbHOTO 3MICTY Ta HaJaHHS HEOOXIJHOi BIJMOBiAl YW BHUKOHAHHSA
neBHOI omeparlii. BignoBigHO 10 1IbOro HacamIepe] BUAUISIIOTh TPU OCHOBHUX
eTany aHami3dy JaHuX I MOJAJIbIIOrO TMOIIYKY: IEPETBOPEHHS B HaOIp
aTOMapHUX 3HA4Y€Hb ISl CHUCTEMHU, KOMOIHYBaHHS aTOMapHUX €JIEMEHTIB Ha
3pa30K CXOXKOCTI 3 BXKE€ 3aKJIaJeHUMH JaHUMU CUCTEMU Ta (GOpPMYBaHHS
pe3yibTaty B HEOOXiAHIN ayisi kopucTyBadya ¢opmi. basyrouuch Ha 1bOMYy,
OUIBIIICT, QITOPUTMIB IIOAO aHANI3y JaHUX MPEACTABISIOTH  COOO0IO0
ITOPUTMIUHY IHTEPIIPETAL0 JAaHUX €TalliB Y BUIIEBKa3aH1! MOCIiAOBHOCTI.

Busnauaroun 4yar-00Ta SK CHUCTEMY IHTEJIEKTyaJbHOI B3aeMOAli il
MOTY>XKHICTh BHU3HAYAETHCS PO3MIPOM JDKEpesa 3HaHb Ta CTYNEHEM aHali3y
iHpopMalii Ha npeAMET BHU3HAYEHHS 11 3MmicTy. BignmoBigHO [0 UBOTO,
30UIBIIMBIIN CJIOBHUKOBUH 3amac 0a3u JaHUX 4aT-00Ta, Oyje 30UIbIIEHO MOro
MOTY>KHICTh Y 00paHiil mpeAMETHIM 001acTi. AJle IHKOJIM TaHUX MaHIMyJISALIA He
BHUCTAYa€, aJKe KOPUCTYyBau IHTEJIEKTyalbHOI 1H(QOpMAIIiHOT CcucTeMH
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BUKOPHUCTOBYE MPUPOJHY MOBY Ta HE 3aBXK/IU € JAKOHIYHHMM Yy CBOIX 3alMTax i
TO1 OCTae mpobJieMa aHali3y HEKOPEKTHO BBEJICHUX JaHUX. BukopuctoByroun
MOIIYKOBI cuctemu, Ha 3pa3ok Google Search, Bing, nana mnpobiema
HIBEJIIOETHCS KUTBKICTIO 1H(OpMaIllii Ta po3luproe 6a3y JaHUX 4aT-00Ta, SKIIO B
HbOMY 3aKJIaJIcHa MOJJIMBICTh aHaNI3y IMPOBEIECHUX CEaHCIB POOOTH
KopucTyBaua 1 yaT-60ota. OKpeMo, Ciijl 3BEpHYTH yBary Ha CTYIIHb JOBIpH J0O
MOIIYKOBUX CHCTEM, aJ)K€ MPEICTABJICHI MOIIYKOBI CHUCTEMHU MalOTh BIIACHI
HaJalITyBaHHS Ta TEOPETUYHO MOXKYTh HaJaBaTU XUOHY iH(popmaliito. Po3rmis-
HYBIIU JETAJIbHO JAHUM acTeKT, MOKIIUBO 3pOOUTH BUCHOBOK, 1110 B OUIBIIOCTI
BUMAJKIB JJaHA CHUTYalllsl Ha MPaKTUIl HE BUHUKAE, aJKE IMOUIYKOBI CUCTEMHU
TaKO0X MEePEBIPSAIOTH Ta aHAI3YIOTh 1HPOPMAILit0, 110 A0 HUX MOTPAIUIsE.

Ananiz ganmnx

IuTepnpeTauin
AaHNX

SNENEN/EREEEEENNS 1
| i
| 1
H

Konekuis xigHux gaHmux Pezynstar

OTpumaHHa roToeoi gns Bnactueocri Onepauii
BUKOPUCTaHHA iHbopMaLii

- Hagiimicts - BuzHaueHHs cxoxocTi 3 BxKe
- Peparyeanns

3 6 - KopekThicTs 3aKNafeHUMU AaHUMU
7 JaHECEHHA A0 Da3sh AaHMX - CTaTMCTUY4HI MaHiny/IloBaHHA MigroToexa
- Knacudikauis 3 AaHUMK
- CTeopeHHs daitna 3 gaHumMmn pesynerary

- MporpamyeanHs

Pucynok 1 — ba3oBuii anroputm aHaiizy BXIIHUX JAHUX

Google Search Basa ganmx
MowwyKoBi cHCTeMM

CepaepH nowyKosoi ccTemn

D Cepeepra sacrusa sar-6ota

3anuT KopucTyBaya
e
Be6-cepsep  AWania3anuTy  Visual Studio
3anuT KopucTyBada ;
Q
—

i Javascript Net Basa pannx

3anuT KopucTysasa
Pucynok 2 — Mogaenb yat-00Ta 13 BAKOPUCTAaHHIM MOMIYKOBO1 cuctemu Google
Search

BukopuctoBytoun naHy Monenb, I[IOKa3aHy Ha pUCYHKY 2, Oymo
PO3p00JIEHO MPOTOTUI YaT-00Ta 13 BUKOPUCTAHHSIM CTOPOHHBOTO 1HTEpdeEncy
Google Custom Search API Bin xommnanii Google Inc. PeanizoBano manwmii
nporotun Ha mmiatgopmi .Net i3 BukopucrtandsMm Entity Framework 6 Tta
Microsoft Bot Framework.
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YK 538.9, 544.015.4

JOCJIIIZKEHHSA IHAYKOBAHOI'O OIITUYHOI'O 1
TEMIIEPATYPHOI'O I'ICTEP3UCIB Y CIHIIH-KPOCOBEP
MATEPIAJII HI AI€TIO HTYMY

I'ynuma 10.B., KpuBoxuxa I'.C.
UepHniBenbkuil HallioHAIbHUN yHIBEpcUTET iMeHl FOpisa denbkoBuua

[TepcnekTuBHUMH O6aratoyHKII1OHATbHUMU MOJIEKYJISIPHUMH
MarepiajlaMH, SKi BIJINOBIAIOTh CHOTOJECHHUM BUMOTraM 1HGOpPMAaIIMHUX
TEXHOJIOT1, € CKJaJHI CIHIH-KPOCOBEP KOOpJWHAaIiiiHI KoMmruiekcu. Crin-
KPOCOBEp CIIONYKH — KJIac HEOPTaHIYHUX MOJICKYJISIPHUX MaTepiajiB, sKi
CKJIaJIal0ThCA 3 10HA MEPEXIAHOTO METaNy 3 ¢* -4’ €JIEKTPOHHOIO0 KOH(DIrypaIi€ero
30BHIIIHBOI OpOiTaNi, PO3MIMIEHOTO Yy TMOJl JiraHgy 3 OKTaeApajbHOIO
cuMetpiero. Taka npocTopoBa KOHQITypallisi CIOIYKH 3a0e31edye po3LIeIICHHS
d pIBHS Ha MiAPiBHI 3 JBOMa CTaOUIBHUMM CIHIHOBHUMHU KOHQITypalisiMu
(BUCOKOCMIHOBOIO Ta HHU3BKOCIIHOBOIO), MK SIKUMH MOXIUBUN Tepexis,
BUKJIMKAaHUN 30BHIIIHIMU 30ypeHHAMH. BHacmiok KoornepaTuBHUX €(EKTIiB
nepexiy MK CTaOUIbHUMHU CHIHOBUMH KOHQITYpaIlisIMH CYIPOBOMKYETHCS
3MiHOIO (pa30BOrO0 CTaHy MaTepially 1 Moxe OyTH SK IJJaBHUM, TaK 1
rICTEPE3UCHUM, Y 3aJI€KHOCTI BiJl MapaMeTPiB CUCTEMH.

Y poboTi [oCHiKEHO 1HAYKOBAHUN ONTUYHUM Ta TeMIepaTypHU
riCTepe3rcu B CIIIH-KPOCOBEp MaTepiaai B paMkax (HEHOMEHOJIOTIYHOT
MaKpOCKOMIYHOT MOJeNIl y MPUCYTHOCTI 30BHIIMIHbOro Iymy. Ilapamerpom
MOPSIAKY BUOpPAaHO YACTKy BHCOKOCIIHOBHX MOJEKYJ, IO XapaKTepHU3YIOTh
HaMarHi4eHICTh cucTeMu. JInHaMika 4acTKU MOJIEKYJ Y BUCOKOCIIIHOBOMY CTaHi

n,s ONMUCYETHCA 33 JOIIOMOIOX0 MAaKPOCKOIIYHOIO KIHETUYHOTO PIBHSHHS:
dn g
r = ﬂ(l_nHS)_nHS exp(— anHS)+ f(t)z Jowe = Jra + f(t), (D
ae Gynkuii f, , f,, — ONUCYIOTh POTO30YIKEHHS Ta PEITAKCALIIO CUCTEMH,
a — KOeQIIIEHT CaMONPUCKOPEHHs penakcaiii (y CHpOILIEHOMY BHIJISIL

He3anexxHud Bl Temmeparypu). Ilpouec  ¢GoTo30ymKeHHS — 3a7a€ThCS
HMOBIPHICTIO NEPEXOAY CUCTEMHU Y BUCOKOCHIHOBUM CTAaH 3a OJMHHIIO 4acy
pB=1,0/k,, ne I,— 1€ IHTEHCUBHICTb ONITUYHOI'0 BUIPOMIHIOBAHHS, @ — IUIOIIA
NONEPEYHOr0 Mepepi3y MOIVIMHAHHSA, k, — BHUCOKOTEMIEpAaTypHa aCHMIITOTHKA
MIBUKOCTI penakcauli (IBHAKICT pellakcalli oliHeHa Ipu BHOIpmi n,, —1).
CroxacTH4HHII polec &(¢) XapakTepHu3ye Ailo IIyMy 30BHINIHBOIO CEPEeIOBUIIA
1 Mae HYIbOBE CEpeIHE 3HAYEHHS Ta KOPEISAUIMHY (YHKIIIO BUIIISAY
(£()E(e")) = 265(¢ '), e & — IHTEHCHBHICTD 30BHINIHLOTO IIyMYy.

Ha ocnoBi maremarnunoi mozeni (1) oTpumaHO 1HAYKOBaHI ONTHYHI Ta
TeMIEPaTypHI TICTEPE3UCH AJIsS IETEPMIHOBAHOTO BUMAAKY Ta JJI CUCTEMU I
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J1€10 IIyMY, BU3HAYEHO MOBEIIHKY IIUPUHU TICTEPE3UCY BHACTIAOK 301IbIIEHHS
IHTEHCUBHOCTI 30BHIIIHBOIO IIyMy. Pe3ynbTaTh 4YHCIOBHX pPO3pPaxyHKIB
MmokasaHi Ha puc.l.

(a)«
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Puc. 1. [ngyxoBani ontuudi (a), (b) Ta TemnepatypHi (¢), (d) ricrepesucu. (a) Ta
(c) y BiacyTHOCTI mIymy, (b) Ta (d) nns iHTeHCMBHOCTEN IIyMYy, 1110 BKa3aHl Ha
PUCYHKY

VY nerepMmiHOBaHiN cucTeMi 30UIBIICHHS TEMIIEpATypud 3YMOBIIIOE 3CYB
1HyKOBAHOTO ONTHUYHOI'O TICTEPE3UCY B CTOPOHY OUIBIIMX IHTEHCUBHOCTEU
CBITJIOBOI'O TOTOKY, TOAl K JJIsl 1HAYKOBAHOI'O TEMIIEPATypHOrO TiCTEPE3UCy
30UIPIIEHHS! 1HTEHCUBHOCTI CBITJIOBOTO IMOTOKY 3YMOBJIIOE 3CYB TICTEPE3UCHOI
METIl Y CTOPOHY OUIBIIMX TEMIEeparyp. 3 OTPUMAHUX PE3YyJbTATIB BUIHO, IO
HE3aJIE)KHO BIJI KOHTPOJIIOIOUOTO TMOJIA IIMPUHA TICTEPE3UCY 3BYXKYETHCS 3
pPOCTOM IIyMY Ta IMOBHICTIO 3HUKAE JJI1 3HAYEHb IHTEHCUBHOCTI IIyMY & > 0.03.

Jl1st cucteMu, 1110 3HaXOUTHCS MiJ] BILIMBOM 30BHIIIHBOTO HIyMY I 000X
THUIIIB TICTEPE3UCY CIOCTEPITAEThCA 3BY)KYBAHHS METJI TICTEPE3UCY 3 POCTOM
IHTEHCUBHOCTI IIyMy. 30KpeMa 3HUKHEHHSI 1HAYKOBAHOTO TeMIEpaTypHOro Ta
ONTUYHOTO TICTEPE3UCY BiIOYBAETHCS MPHU OJHAKOBIN IHTEHCUBHOCTI IIyMY, IO
BKa3y€ Ha OJIHAKOBY IO IIYMY HE3aJEXKHO BiJI KEPYIOUOro IMapaMeTpa CIIiH-
KPOCOBEpP CHUCTEMH.
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YK 004.032.26
ONTOEJEKTPOHHUI HEMPOKOMIT’IOTEP

Konecuunpkuit O.K., Mauynsak C.B.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

Heiijpokomm’toTep — 11€¢ KOMIUIEKC TEXHIYHMX 3aco0iB i 0OpOOKH
iH(opMallii, OCHOBHUM MPOLECOPHUM OJOKOM SIKOTO € amapaTHO peai30BaHa
BEJIMKOMAcCIITaOHa HEUPOHHA Mepexa; KU Mae 3BUYHI JUIsl IPUPOIU JTIOJIUHU
BepOaIbHO-BI3yaJdbHHUI 1HTEP(HENC 1 CEHCOpPHI MOJSA; Ta BUKOHYE KOTHITHBHI
¢dyHKIi, BiacTUBI MO3Ky JmroauHHU[l]. VY3araabHeHa CTPYKTypHa cXeMma
HEUPOKOMIT 10Tepa nojaana Ha Puc. 1.

( 30BHIIIHA IaM’ATh )

!

. e N N —
Cencopn: HelpoHHA Mepexa
306DAKEHHS PR i,
P { posrmoniyena ; 300paKeHb
H : ) —
3BYKY L. JawaTe
.................................. _ TCHEPATOP
3amnaxy { MexaHi3M i’ 3BYKiB (MOBH)
H :
 HABUAHHA
! posnominene > BUKOHYIOU1
JIOTUKY z . :
L i YNpaBIiHHA | ) opranu

IaTepoeiic i3 nudpoBum
KOMII FOTEpOM

( UQPOBUH KOMIIT'IOTEP )

Pucynok 1 - Y3aranpHeHa CTpyKTypHA cXeMa HEMPOKOMIT FOTepa

Bci Bigomi HEWpPOKOMIT' IOTEPHU MOXHA PO3JIUIUTH HA 3 BEJIUKUX KIACH
(mporpamHi, mporpaMHo-anapaTtHi Ta anapaTtHi). OCKUIbKM MakCUMYyM IiepeBar
HEUPOKOMIT IOTEPIB Mepell TPAAUIIMHUMU KOMII IOT€paMU MOKHA OTPUMATH
TUIBKM TpHU 1X amapatHiil peanizaiii, TO B JONOBIJI PO3TJIANAETHCS
ONTOCJICKTPOHHA peani3aris arapaTHOro HEMPOKOMIT I0Tepa Ha
ONITOCECKTPOHHIN eleMeHTHil 0a3i [2,3].

VY nomnoBiAi HaBEJAEHO AHAITUYHUHN OIS CyYaCHUX MPOEKTIB 3 anapaTHoOi
peanizaiii HEMPOKOMIT FOTE€pIB, 3BIJIKM BHJHO, IO HAa CHOTOJAHI BOHHU BCI
BUKOPHUCTOBYIOTh TEXHOJIOT1I0 E€JIEKTPOHHUX HAJBEIUKUX IHTErPAIbHUX CXEM
(HBIC), sixa € moOGpe po3BHHEHOIO 1 anmpoOOBaHOI, a TOMY 3pyuHoOIo0. Jleski
IPOEKTH BHKOPUCTOBYIOTH SIK €JIEMEHTHY 0a3y MIKpONpPOLUECOpH, IHIN —
uudposi HBIC, nesiki — ananorosi HBIC.

Byno BumineHo ABa TOJIOBHUX HEAOJIKM BCIX MPOEKTIB: 1) BIJICYTHICTH
Oe3nocepeHIX 3B’SI3KIB MK HEHPOHAMU, OCKIJIBKH TEXHOJOTTYHO HEMOKIIMBE
CTBOPEHHS BEIUKOI KUIBKOCTI €JIEKTPUYHUX JIHIA 3B’43Ky Yy IUIOLIUHI
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HaIMIBIPOBIJHUKOBOTO  KpucTainy (Oe3mocepeliHi 3B’SI3KM  3aMIHIOIOTHCS
OpraHi3ali€lo MTYYHUX TPOrPaMOBAHUX UM CIELIATIbHO KOJOBAHUX MPOTOKOIIB
OOMIHY MIXX TpynaMd HEWpOHIB, fAKI JO3BOJSIOTH 3MEHIIUTH KUIbKICTh
€JIEKTPUYHUX JIHINA 3B’S3Ky Yy IUIOMIMHI HANIBIPOBIJHUKOBOIO KPHUCTAIy, aje
BTPAYa€ThCSl BIAMOBIIHICTh MPUHIIMIAM POOOTH OI10JIOTIYHOTO MO3KY); 2)
HAaBYAHHS CHAWKOBUX HEHPOHHUX MEPEX BiAOYBAEThCA 3a JIOMOMOTOIO
U(PPOBUX KOMIT IOTEPIB Ta CIELIAIIBHOTO MPOTPaMHOI0 3a0e3MeueHHs, a He 3a
JIOTIOMOTOI0 BJIACHUX HEMPOTrpaMHHMX MEXaHI3MIB 1 3ac00iB, HE MOB’S3aHUX 3
00YHCIICHHSIMU

3anpornoHoBaHUN y  JOMOBIAlI  BapiaHT  amapaTHOi  peanizaii
ONTOEJIEKTPOHHOTO HEWPOKOMIT I0TE€pa BUIBHUM Bia HUX HeaodikiB. Ilepminmii
HEJIOJIIK YCYHYTO 3aBJSIKM BUKOPUCTAHHIO ONTHUYHHUX CUTHAIB JUIsl OpraHi3alii
3B’SI3KIB MK HEHpOHAMU, OCKUIbKM CBITJIOBI MPOMEHI HE BUMArarOTh 130JIAIIi1
MDK CUTHJIBHUMHU IUIAXaMH, MOXYTh HPOXOAUTU OJUH uepe3 1Hmui 0e3
B3a€MHOT0 BIUIMBY, MOXYTh PO3TAalllOBYBaTUCh Y TPhOX BUMIpax Ta MpalOBATH
OJIHOYACHO, 3a0€3Ieuyoun BeIUYE3HUI TeMIl nepeaadi fanux. Jpyruit Henomik
BUIMPABJICHO 3aBJSKU OpraHizallli HaBYaHHS BUKOPHUCTOBYBAHOI CHAMKIHTOBOT
HEUPOHHOT MEpEeXki 3a JOMOMOTrOI0 amapaTHUX 3aco0iB (ONTUYHO KEpPOBaHUX
TpaHCMapaHTiB) 0€3 BUKOPUCTAHHS OOYHUCIIOBAIBHUX MPOUEAYp, NPUUOMY
TaKO0X 1CHY€ 3JaTHICTh MEPEXK1 JIOHABYATHUCH 1 IEPEHABYATUCH (Al TUBHICTB).
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THE APPLICATION OF OPTICAL-MANAGET TRANSPARENCY IN
COMPUTER TECHNOLOGIES WITH A BLOCKCHAIN
TECHNOLOGY ASSISTANCE

Hennadii Lysenko, Liliia Kuzmenko
Vinnytsia National Technical University
Khmelnytske shose, 95, Vinnytsia, 21021, Ukraine
e-mail: kuzmenko600@gmail.com

Specialized computing systems (CS) are systems that are capable of
performing complex operations with large-scale data, which are fed into arrays.
In order to ensure the proper speed of operations in the specialized CS, it is
necessary to create for them the possibility of parallel input, processing and
output data. This can be done by using parallel methods of input, processing and
output for specialized operating systems. The main ones are methods based on
multi-tire buses, based on the parallel use of the frequency set and on the basis
of controlled banners.

Optically controlled transponents (OCTs) represent a thin plate of electro-
optical material and a conductive layer of semiconductor applied thereon. On
both sides, this plate has two transparent electrodes.

Managed banners are used to input, output and process information in
specialized operating systems. They are capable of working with large amounts
of data, which is the main condition for their use in such operating systems.

Now blockading technologies are actively developing in the world. They
can find their application in other areas of human activity, for example:
medicine, cybersecurity, education, research, law enforcement-related areas,
sales and leasing of machines, and even services for listening to online music,
etc.

This technology can be considered as a specialized computing system with
the method of parallel input processing and output data.

A blockchain is essentially a distributed database of records or public
ledger of all transactions or digital events that have been executed and shared
among participating parties. Each transaction in the public ledger is verified by
consensus of a majority of the participants in the system. And, once entered,
information can never be erased. The blockchain contains a certain and
verifiable record of every single transaction ever made.

Hashing is the process of converting an array of input data of arbitrary
length into a (initial) bit string of fixed length. For example, a hash function can
take a string with any number of characters (one letter or whole literary work),
and at the output receive a string with a strictly defined number of characters.
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In this paper, the main characteristics of the blockchain technology and the
hashing of the function are analyzed. It was characterized that one of the main
functions of the blockchain is its parallel processing and data analysis. In order
to improve the productivity and speed analysis and data processing, it was
suggested to use optically controlled banners, and to use hashing when working
with large amounts of data. Further work will be aimed at improving the
previously described functions, using a specialized blockchain based computing
system using optically controlled banners.

To date, we have received the following data: for 512-bit units, the data
processing time is 0.325ns, and the construction of hash functions according to
512-bit blocks 1s 181,174ns.
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INFLUENCE OF STIMULATED RAMAN SCATTERING ON RANDOM
LASING

Babych O.S.!, Yashchuk V.P.?

' Taras Shevchenko National University of Kyiv, Faculty of Physics, Chair of
Optics, 64/13 Volodymyrska str., 01601 Kyiv, Ukraine; E-mail:
olbychos(@gmail.com
? Taras Shevchenko National University of Kyiv, Faculty of Physics, Chair of
Optics, 64/13 Volodymyrska str., 01601 Kyiv, Ukraine; E-mail: yavasil@ukr.net

Stimulated Raman Scattering (SRS) in strongly scattering media is
manifested at many molecular frequencies, which i1s of great interest for
application in the Raman spectroscopy. [1]

The effect of SRS on random lasing (RL) was investigated.

The radiation of the spectrum of single dyes and their mixtures, depending
on the pumping intensity, was studied. SRS was initiated by YAG-Nd’* laser
with Q-factor modulation of the resonator.

It has been shown that in vesicular films with a mixture of laser dyes of
pyrimethine 597 and rhodamine 6J, in which the first of them (5 mmol / 1)
predominates, there is a radiation with a spectrum that, with increasing pumping,
evolves as a spectrum of a minority dye (R6(G), but with a large concentration

P597&R6G ¢

¢
01 090" ¢
IH.uBrimn2 In.rBritm2

Fig.1 The comparison of spectra with high and low concentration for one/two-
component dyes.

Also, it was found that the effect of SRS on the spectra of random lasing
leads to a nonlinear dependence of the intensity of radiation in the maximum of
RL spectrum from the pumping intensity.

References
1. Yashchuck V., Komyshan O., Tikhonov E., Olkhovyk L. Quantum
Electonics, 44 (10), 2014.
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DIGITAL HOLOGRAPHIC SYSTEM FOR BLOOD PLASMA
BIREFRINGENCE MEASUREMENT

Dovhaliuk R.Yu.!, Shevchuk O.K.?
' Vinnytsia National Technical University
?Vinnytsia National Medical University

Introduction. Blood plasma is a liquid component of blood obtained using
centrifugation. Up to 95% of plasma volume is occupied by water, while the rest
of the volume is taken by proteins (albumins, globulins, fibrinogen) and other
organic and mineral elements. Blood plasma proteins with a chiral structure as
well as glucose exhibit optical anisotropy similarly to the uniaxial optical
crystals. In this study, the results of blood plasma linear birefringence
measurement are presented.

Methodology. Digital holographic methods allow to simultaneously
measure both the amplitude and phase of an optical wave. By capturing two
digital holograms with orthogonal polarizations of the reference waves the phase
retardation can be calculated across the whole field of view as:

Ap = arctan[wJ = arg(ﬂ] =A@, +Ap,, (1)
Re(y, /v,)

where y, and y, — complex amplitudes with a horizontal and vertical
polarization of a reference wave, respectively, Apo and Aggr — phase difference
of object and reference waves, respectively.

The /vy, quotient will be further called a differential hologram.
Birefringent materials have different refraction index for light with orthogonal
polarization, which causes the phase retardation between ordinary and
extraordinary rays. The amount of phase retardation ¢ and object’s birefringence
An are related as:

v

(0:2—7[An'd, (2)
A

where A — light wavelength, d — thickness of an object.

In the end, by measuring the phase retardation and knowing the thickness
of an object, the birefringence An can be calculated. Ability to measure the
complex amplitude of an optical wave makes it possible to numerically
compensate the phase retardation caused by optics inherent birefringence by
capturing a differential hologram with no object present. Digital holographic
systems are usually based on Mach-Zehnder or Michelson optical
interferometers. The main drawback of such interferometers is their high
sensitivity to vibrations and air fluctuations. It is why systems that record two
holograms sequentially must use additional methods of phase offset
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measurement. In one of such methods, some area of a hologram is left
unoccupied by the object. Knowing that the true phase retardation in that area
must be zero, an average phase compensation factor Agg can be calculated.
Setup description. The measurement setup is based on Mach-Zehnder
interferometer (fig. 1). The partially polarized Nd:YAG diode pumped solid
state laser (LS) with 532 nm wavelength and approximately 5 mW output power
LCR emits a beam with a 10 mm
[ %K s diameter. To rapidly switch

input beam polarization between

ODD J D:D two orthogonal states a liquid
crystal  polarization  rotator

(LCR) 1is used. The rotator is

ﬁ @ . m ﬁ based on twisted nematic liquid

CAM oBJ crystal cell and film linear
Figure 1 — Schematic of measurement setup. polaqzer. (LP)'. The beam’s
polarization 1S alternated

between horizontal and vertical depending on the peak-to-peak voltage of the
AC signal used to drive the liquid crystal cell. The object and reference beams
path through two 4x 0.1 NA 160/0.17 microscope objectives (L). Two 50/50
nonpolarizing beamsplitting cubes (BS) are used to split and recombine both
beams to finally create an interference pattern on camera module (CAM). The
ON Semiconductor MT9J001 monochrome image sensor (3664 x 2748 pixels,
8-bit ADC, 65.2 dB dynamic range, 1.67-um pitch) was used to digitize the
interference pattern.

Results and discussion. To estimate the accuracy of measurements
performed by mentioned setup a retardation of the A/4 retarder film has been
measured. The nominal retardation of such film 1s equal to 1.57 rad, but due to
up to 10% thickness variation and retardation dependence on wavelength the
actual retardation at 532 nm wavelength may be slightly larger or smaller than
the nominal one. The film was placed in such way that approximately half of the
field of view was covered by the film while the rest of field was used as a
reference area. The retardation of the A/4 film based on 30 measurements was
equal to 1.600 + 0.00031 rad (mean =+ standard deviation), which is within the
expected range.

To measure the birefringence of blood plasma, a 5-mm light path length
cuvette was filled with a 180 £ 1.8 pl of plasma collected from 30 years old
male with diagnosed ankylosing spondylitis. A series of 50 measurements have
been made at 23 °C air temperature and after outliers removal using the Tukey's
fences, the mean and standard deviation were calculated. The resulting linear
birefringence was equal to (7.153 + 0.420) <107 which corresponds to (4.224 +
0.248) 107 rad retardation.
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OCOBJUBOCTI PYXY EPUTPOLMTIB IIIJ1 AICHO
BEPTUKAJIBHOI'O CIIIHY EBAHECHEHTHOI'O I1OJIA

IBanceknii /I.1., Tkauyk B.M.
YepHiBEIbKUI HAaLlIOHAJTbHUN YHIBEPCUTET

[IponoHyeThcst MOJEAb B3a€EMOJII €BAHECIEHTHOIO MOJs 3 IOBEPXHEIO
eputporuta. Ha oOcCHOBI po3poOfieHOi MoOjeal MpoaHadi30BaHO BILJIMB
BEPTUKAJIBHOIO CIIIHY Ta IMOMNEPEYHOIro CIIIHOBOTO MOMEHTY €BaHECLEHTHOTO
MOJISl Ha pyX €pUTPOLMTIB B Ma3Mi KpoBi. [lokazaHa MOXIIMBICTb EPEMIIEHHS
EPUTPOLIUTY B TMOMEPEUYHOMY HANpsIMKy, B €BaHECIEHTHOMY IOJdi, WIO
bopMy€eThCS TBOMA OMO3UTHUMU MAJAI0UMMU XBUJISIMU, 32 YMOBHU KOMIIEHCAITI]
MOB3J0BKHIX KOMIIOHEHT ONTUYHUX CHUJI.

Jliis onucy B3aeMojiii €BAaHECIIEHTHOIO TOJISl 3 €PUTPOLUTOM, MPOBOAUIOCH
MOJIETIIOBAHHSI TIOBEPXHI €PUTPOLIMTA Yy BUIJISAL ABOBBITHyTOro auckoina [1], 3
BIJIMOBIIHUMH T€OMETPUYHUMU Tlapamerpamul D = 7.2 mxm, h = 2.1 mxm, b = 0.9
MkM, ¢ = 4.74 Mkm (puc. 1(a)). Popma TOBEpXHI EPUTPOIMTA OMKUCYBAIACh
Ha0OpOM TUIOMIAAOK TPUKYTHOI (opmu, Tuiomiero Omm3bko (.01 mm”. Ilo

BIJTHOILICHHIO IO TIONEPEYHOT0 PO3MIPY €pUTPOLIUTY A, %h npuiiMae y4acTh B
mpoIlecl B3aeMOIi 3 €BaHECIEHTHOI0 xBwiero. KoxkHa okpema Iuiomagka
XapaKkTepu3y€eThCcsi HAOOPOM KOOPAUHAT BEPIIUH A; (X.4i, Vair Zai)s Bi (Xpis VBis Z5i)
ta C; (Xci, Ycis Zci), O A03BOJISIE BUBHAYUTH KYTH Opi€HTAIl] TUIOIIUHY Ta{IHHS
@;, 0, Ta KyT NIaAiHHS €BaHECIIEHTHOI XBWIII Ha i-Ty IIomaaky y; (puc. 1 (6)).
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Puc. 1. a) 'eoMmeTpuuHi mapamMeTpu epUTPOLIUTA, 1[0 BUKOPUCTOBYBAIUCH B
poIeci MOACTIOBAaHHS; 0) OpieHTAIlis TIONIMHM HaIHHS, 110 BU3HAYAETHCS
KyTaMH @; Ta O, Ha i-ii IIoma i, Ha sIKi pO30MBAETHCS OBEPXHS €PUTPOLUTA

Po3paxyHOK oONTHYHOI CWIM, M0 BHHHKae B IwomuHl YOZ, 3
KOMIIOHEHTaMU B TOB3JIOBXXHbOMY Ta TMONEPEYHOMY HAMpsMKax, M0
XapakTepHO IS  €BAHECLUEHTHOI  XBWJI, sKa 30yKYyeTbCs  JIHINAHO
MOJISIPU30BAHO0 MMAJAI0UOK0 XBHWICK 3 asuMyTtoM =+45° [1-2], 3ymoBioe
HEOOXIHICTh PO3PAXYHKY TYCTHHHU CIIHOBOTO Ta OpOITaIbHOTO MOMEHTY B
HampssMKax OY Tta OZ. llpu 1bOMy, OLIHIOIOTHCS 3HAYCHHS KOMIIOHEHT
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ONTUYHUX CUJI Fx,Fy,FZ Ta BEJIMYMHA 00€PTaIbHOIO MOMEHTY 7, BPaXOBYIOUH

MPOMYCKaHHS Ta BIIOMBAHHS HA KOXKHIHN IIOIAILI].

Pe3ynbTaTu po3paxyHKy MOKa3ylOTh, [0 BEIMYMHA MOB3/IOBKHBOL
KOMIOHEHTH ONTHUYHOI CHJIM, IO JII€ Ha €PUTPOLUT, € Ha MOPSIOK OUIBIIOLO,
HDK T[ONEpPEeYHOoi, TOMY JUIsl JEMOHCTpalli MOMEePEeYHOro MepeMIlICHHS
EPUTPOLIUTY, TiJ AI€I0 MONEPEYHOTO CHIHOBOIO MOMEHTY €BAaHECHEHTHOIO
MOJIsI, MPOMOHYETHCA BUKOPUCTAHHS JBOX OIMO3UTHUX JIHINHO MOJISPU30BAHUX

NaJalounuXx MydYKiB 3 a3suMyTamu Tojisipu3anii +45° ta —45°, BiamosigHo. B
JAaHOMY BUIAJKy, €BAaHECIICHTHI XBWII € TMPOTUJICKHO HAMPSIMICHUMHU, a
oOepTalbHi MOMEHTH, CHOPUYMHEHI BEPTUKAJIBLHUM CIIIHOM, Ta TOB3/I0BXKHI
KOMIOHEHTH ONTUYHUX CHUJI, 110 AIIOTh HA €PUTPOLIUT, € CKOMIICHCOBAHHM.
3aJIeKHICTh BEJIMYUHY MONEPEUYHOI KOMIIOHEHTH ONTHYHOI CHJIM, BiJ] KyTa
MaJiIHHS HABOJUTHCS Ha puc. 2(a). MakcumanbHe 3HAYEHHS ONTHYHOI CHIIH
JocAraeTbCa s KyTa maaiHHsa Ommu3bko 63°. Ilpu mpoMy, MOXXHa OILIIHUTH
IIBUJIKICTh PYyXY €pUTPOIMTA B IJIa3Mi1 KpPOBi, B IMOMEPEYHOMY HAMPSAMKY, SIK
¢yukiito yacy (puc. 2 (0)), 1mO BHUHHMKAE T JI€I0 3arajbHOI CHIH

F=F +F

opt st
MOPIBHSIHHSL TEOPETUYHUX PE3YJIbTATIB Ta PE3YyJIbTATIB EKCIIEPUMEHTY [2].

pe F,,=F, — onrnuna cuma, F;, — cuma Crokca, s

F, pN V, um/s
0.7
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a) 0)

Puc. 2. a) 3anexHicTh 3MIHN BETUYUHU MOTIEPEUYHOT KOMIIOHEHTH ONTUYHOL
CWJIM B €BaHECLEHTHOMY I10JI1 B1J KyTa MajaiHHs; 0) 3MiHA MIBUAKOCTI
EpPUTPOLIMTA B Yacl B MOMEPEUHOMY HAMPSIMKY JJIs PI3HUX KYTIB ONPOMIHEHHSI:
I —-y=60°2—-y=62°3—7y=066°
Jlitreparypa
1. C. Yu. Zenkova, D. I. Ivanskyi, V. M. Tkachuk, "Analysis of the mechanism of the vertical
spin formation for the evanescent wave in the near-surface layer of biological tissue fluid,"

Proc. SPIE 10723 (34), 9p. (2018).
2. O. V. Angelsky, P. P. Maksymyak, A. P. Maksymyak, D. L. Ivanskyi, P. O. Angelsky, Bin

Guo, Chen Zhebo, “Experimental demonstration of nanoparticles motion by the vertical spin
of the evanescent wave action in biological media," Proc. SPIE 10723 (35), 8p. (2018).

91



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

COMPUTERIZED MULTIVARIATE IMAGING POLARIMETRY
SYSTEM FOR IN-VITRO DIAGNOSTICS OF BIOLOGICAL TISSUES

Natalia I. Zabolotna, Vladislava V. Sholota
Vinnitsia National Technical University

Today methods of laser imaging polarimetry of biological tissues claim to
be new highly informative methods of early in vitro diagnostics of inflammatory
and oncological processes of human tissues.

A classical microscopic 1image provides information about the
morphological structure of the cut of biological tissues (BT). However, there are
parameters in the optical measurement that formed image, which are not
available for immediative visual observation. The proposed system of laser
polarimetry BT can identify a number of additional parameters with a set of
new methods and establish the actual interconnections between changes in the
morphological structure of the sample BT and a set of certain objective
characteristics of such an image on the basis of computer analysis.

The source of polarization radiation in the proposed system is a
semiconductor laser at a wavelength of 635 nm. The measuring automated
channel of the system, based on traditional polarization filters, micro-objectiver
and CCD cameras, allows to measure two-dimensional distributions of
orientation and phase parameters of structural anisotropy of optical thin
specimens of BT on the basis of direct and indirect methods. Further
computerized analysis of the received distributions in the system is carried out
on the basis of statistical, correlation and fractal analysis methods implemented
in MATLAB. Obtained statistical, correlation and spectral moments of the two-
dimensional parameters of the anisotropy of the sections of the BT serve as
informative parameters of the diagnosis of the physiological state implemented
by the expert system.

A comparative analysis of the results of the diagnosis of "healthy" and
"hepatitis" states in 86 samples of rat liver transplants with verified diagnoses by
6 proposed methods of measurement and computerized analysis allowed to
obtain, using this system, the value of the diagnostic validity value from 82.6%
to 95%. At the same time, the lowest levels of errors of the first and second
kind, accounting for 4.6%, were obtained.

Their further reduction is associated with the implementation of the
measuring channel on optical and electrically controlled light modulators, with
intelligent technology of management systems and the search for effective
information technology decision support.
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YK 681.7.069.24

3ACTOCYBAHHSA ONITUYHOI CHEKTPOCKOIIII ITPU
MNPOBEJEHHI ®OTOJAUHAMIYHOI JIATHOCTUKH

Kamincekuii O.C., I1asiaos C.B.
BinHuMIIbKHI HAIlIOHATBHUN TEXHIYHUN YHIBEPCHUTET.

KinpkicHa oOIllHKAa ONTUYHUX [apaMeTpiB IIKIPU Ja€ MOMJIHUBICTD
OTpUMYBaTU OO0'€KTHBHY 1H(OpMAIlI0 TPO HASABHICTh YW BIJACYTHICTH Ta
MPOCTOPOBHM PO3MOMALT B HiM PI3HUX OIONOTIYHMX KOMIIOHEHTIB 1 YCIIIIIIHO
BUKOPHUCTOBYBATH 11 JIJIs1 1IaTrHOCTUKU PI3HUX IIKIPHUX 3aXBOPIOBAHb.

Cepen ONTHYHHUX METOMIB JOCHIPKEHb IIKIpH In VIVO B JaHUN dYac
HaWOUTBIIUKA PO3BUTOK OTpPUMalld METOAM BIAOMBHOI 1 (IyopecieHTHOl
cnekTpockorii. BinOure mkipowo BUMPOMIHIOBAHHS Ta ii (pIyOopecleHIIis] HECYTh
iH(opMaIlito PO CTPYKTYPY €HiAEPMICY 1 IEPMH, KUIBKICTh 1 KDOBOHATIOBHEHICTh
KPOBOHOCHUX CYJIMH, MPOCTOPOBUI po3noain XpomodopiB 1 ¢iayopodopis
BCEpE/IMHI IIKIPY 1 X KOHIIEHTpAI[ll0, IHTEHCUBHICTh META0OIIYHUX ITPOILIECIB,
110 B1A0YBAIOTHCS B MIKIPI.

@diyopeciieHTHA CHEKTPOCKOIIS OTPUMYE IIMPOKE BUKOPUCTAHHS 3aBIISIKU
pO3po0Ill HOBUX JDKEpEd CBITJIA, HAAYYTIUBUX OaraTOKaHAJbHUX ONTHYHUX
aHamizatopiB, npuitmMadiB Ha ocHOB1 [I3C-CTpykTyp, fKI XapaKTepU3yHOThCS
BEJIMKOI0 TUMYACOBOIO Ta MPOCTOPOBOIO PO3JAUIBHOIO 3JaTHICTIO.

Ixipa 7OAUHU MICTUTh BEJIHMKE YHUCIO PI3HOMAHITHUX MPUPOJHUX
dbayopodopiB, sAKI MalTh pi3HI CIEKTpaJbHI 00JacTi TMOTJWHAHHS 1
(bayopeciieHIii, pi3HUM KBAaHTOBUM BUX1J (DIIyOopecleHIlil, pI3HUN MPOCTOPOBUI
po3mojAiA B TOBHIMHI IIKIpHOT TKaHuHU. [Jns neskux Quyopodopis
XapaKTEepPHUM € TIEPEKPUTTS 00JIacTi MOTJIMHAHHSA 1 (PIyopeciieHIlii, BHACIII0K
YOTO BUIPOMIHIOBaHHS (hIyOpecleHIii, 0 BUXOAUTh 3 MIKIPH Ma€ CKIAJHUMI
creKkTpanbHuil ckiaa. KpiM Toro, B MIKIpi MICTATHCS TaKOXK HE (PIIyOpeCIeHTHI
xpomModopu, Taki, HANPUKIAM, sIK reMorno0id. [le mpuBoIUTh 10 BUHUKHEHHS B
crekTpi (uyopecueHuii crnenupiuHUX MIHIMYMIB 1 MakCHUMyMiB. Y Mipy
30UIBIICHHS. JAOBXUHU XBUJ1 30y/KYHOUOTO CBITIIa O (POPMYBAHHS CHEKTPY
(bayopecueHIii 3ary4aroTbes HOB1 uryopodopu, po3TaiiioBaHi B IIUOIIMX Iapax
HIKIPH.

Metoto (PIryopeclieHTHOI CIEKTPOCKOMii € oTpuMaHHs 1H(opmalii mpo
Jiama3oH JOBXUH XBWJb, B SIKOMY HaWBHUpa3HIlIE BUSBISIOTHCS CIEKTPaJIbHI
BIJIMIHHOCTI MIXK HOPMAJIbHOIO OI1OJIOTIYHOIO TKAaHUMHOK 1 TKAHUHOIO 3
narojiori€ro, Ta igeHTUdIKaliss XpoMo(dopiB, BIANOBIAAIBHUX 3a Taki
BIZIMIHHOCTI.

dayopecHeHIliss BUHHUKA€E TICAS TOTJIMHAHHSA CBITJAa 1 MOB'A3aHa 3
eJeKTPOHHUM IIEPEXOAOM i3 30YMKEHOro CTaHy MOJEKYJIM B OCHOBHHM. Ii
IHTEHCUBHICTh BU3HAYAETHCSA (POPMYIIOIO:

93



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

1(2) = [,(1— 1050ty 2
47

ne I(A)— inrencusHicTs (uryopecuenwii, a /, — iHTEHCUBHICTb MaJAIOYOTrO
cBitma, &(A) — MoasApHME KOCOIMIEHT eKCTHHKIII, C — KOHIICHTpaLis
HOIJIMHAKOYMX MOJEKYJ, 7] — KBaHTOBHMHU BHXin (yopecuenuii, {2 — TinecHuit
KyT peecTpaliii 130TpOIHOT0 BUIIPOMIHIOBaHHS (hITyOpeCIeHIIl].

IBuakuii mporpec opraHidyHoi Ximii 3a0e3ledye OCHOBY Il CHUHTE3Y
pI3HOMaHITHUX (PiIyopeclieHTHUX 30H1B. B nanuit yac 0e3niy GayopeciieHTHUX
(apOHUKIB, 1110 MOKPUBAIOTh BECh BUJIMMHUN J1ama3oH CHEKTPY, AOCTYIHI JUIs
3aCTOCYBaHHs B aHATOMI1 1 (Pi310JI0T11 KIIITHH 1 HABITh B MEAUYHIN J1arHOCTHIII.

Tunosuii MmikpocnekTpodryopumerp 300paxkenuii Ha puc. 1.
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Puc.1. YcranoBka s 30y pkeHHS PuiyopecieHIiii Ta MiKpOoCKomii
BUIPOMIHIOBaHHS.

MoHoxpomaTtnuHe 30yKyloue CBITIO KOJIMY€ETbCA y BXIAHIN IUIOLIMHI
MIKpPOCKOTA, BIAXMISAETHCS A3epkKaaoM M2 1 pokycyeThcsl Ha 3pa3oK JIIH3010
00'eKTUBY, MOTIM BUIIPOMIHIOBAaHHS (iyopecieHIlii (OKyCy€eTbCs B TUIOIIMHI
300pakeHHs Mikpockona. OnNTHYHA YCTAaHOBKA MOE MOJIU(DIKYBAaTUCS PI3HUM
YUHOM, HANpHUKIaJ NUISIXOM 3aMiHU MOHOXpoMaropa iHTepdepeHIiiHuMU
¢butbTpamu ab60 3aMiHU 30YIKYIOUOi JJaMITA Ha JIa3ep.
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YK 681.3

AHAJII3 PO3BUTKY AITAPATYPU IS JIATHOCTYBAHHA
CEPLHEBO-CYJIMHHHUX 3AXBOPIOBAHbD

Koxewm’sko A.B. k.1.H., goueHnt, [Tamenko M.O.
BinHULIbKUN HAITIOHATBHUNA TEXHIYHUNA YHIBEPCUTET

CeplieBO-Cy/IMHHI 3aXBOPIOBaHHS IO CTAaTUCTHUII 3alMarOTh MEpIIE Micle
cepell MPUYUH CMEPTHOCTI. B 3B’3Ky 3 IIUM BHHHKA€E TOCTpa HEOOXITHICTH
TOYHOI Ta CY4YaCHOI JIIarHOCTUKHU 3aXBOPIOBaHb CEPILIEBO-CYJIMHHOI CUCTEMH Ha
paHHIX CTalisIX pO3BUTKY marojorii. Cepen TakuxX 3axBOPIOBaHb OCOOJIMBE
MicIle 3aiiMaloTh Pi3HI MOPYIICHHS PUTMY — apPUTMII.

JllarHOCTUYHI TpWwiIaaud Ta 3aco0M BIAITPAIOTh BAXJIUBY pOdb IS
BU3HAUYCHHSI CTaHy 3/0poB’s JroAuHU. Ha chorogni 1e HaiiOunblia rpymna
npuiagiB 1 3aco0iB, 3a JOMNOMOIOK SIKMX 3AIMCHIOIOTBCS CHPUIHSATTA
iH(opMallii (BUSBICHHS, BUMIp, PEECTpaAllisi, 3amam’siTOByBaHHs) W 00poOka
010€7eKTPUYHUX, OIOMArHITHUX, TEIJIOBUX, ONTHUYHHUX, 1 JIIOMIHECIEHTHUX,
OloxXiMIYHUX, pajianiiinux cur”aniB). Knacudikailis MeToaiB QyHKIIIOHAIBHOI
JIarHOCTUKH 3aJI€KUTh BiJ Tally31 TOCITKEHHS.

JloBruii yac OCHOBOIO JIarHOCTHKU CEPIIEBO-CYJIMHHOI CUCTEMH € METOJ
eleKTpokapaiorpadii, BUEHHI pPO3pOOMIM TOUYHHMM Ta CY4YaCHUM OINTHUKO-
€JEKTPOHHUN METOJ JiarHOCTyBaHHsS — (azarpad, 1o 3adesnedye 3pydHH
MpoIeC AIarHOCTUKU Ta OOCTEXEHb CTaHy CEpLEBO-CYJIMHHOI CHCTEMHU 3a
JIOTIOMOT'0I0 TIPOTPAaMHOI0 3a0e3MeueHHs 1 BKJIIOYAE JAaHUM METOJ Ha PIBEHb
Cy4acCHOI MEAUYHOI JIarHOCTUKH — TEICMEIUIINHU.

Metoro poOOTH € aHaii3 CydyacHOrO0 CTaHy METOJIIB Ta MPUCTPOIB JIs
J1arHOCTYBAHHSI CEPILEBO-CYJAUHHUX 3aXBOPIOBaHb. PO3INISIHYTH MpUCTPOI, L0
Oyno mnoOyaoBaHO Ha OCHOBI Mmeroay azarpadii, oOpatu [eKiIbKa CXeM
MPUCTPOIB, L0 € OHUMHU 3 KPaAIlUX CUCTEM J1arHOCTYBAHHS CEPIIEBO-CYAMHHUX
3aXBOpIOBaHb. Po3miupeHHs (YHKI[IOHATBHUX MOXJIMBOCTEH MPUCTPOIB
JIarHOCTUKH CEPIIEBO-CY/IMHHUX 3aXBOPIOBAHb 3a PaXyHOK YJIOCKOHAJICHHS
ICHYIOUMX METOJIIB Ta 3a JONOMOTOI0 YJIOCKOHAJIEHHS CXEM ICHYIOUHMX
MPUCTPOIB Ta BHECEHHS TMPOrPAMHOTO MOAYJS, IO TOJIETIIUTh POOOTY
KOpPHUCTYBaua 3 JaHUM MIPUCTPOEM.

VYcio 1abopaTopHy TEXHIKY YMOBHO MOJIISIOTH HA JBI TPYIIH:

L. npuiagu W amapatd  (BUKOPUCTOBYIOTh  JUIsl  KUIBKICHOTO
BU3HAYCHHS KOMIIOHEHTIB OIOJOTIYHMX TMpo0) — HAJIEKUTh aHATITHYHA
anapaTypa 3arajbHOTO MPU3HAYCHHS:

II. JOTIOMIXKHE  YCTaTKyBaHHS, HEOOXigHE g  JabopaTopHUX
MEJIMYHUX JOCIII)KEHb — anaparypa CreuiaibHOro Npu3HaAuYeHHS:

JlonomikHE  yCTaTKyBaHHS  BUKOPUCTOBYETHCSI  NpPU  IPOBEJCHHI
Ja0opaTOpHUX POOIT TpPamUIIHHUMU METOJaMU 1 3aco0amu, sKI IMOB’s3aHI 3
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BUKOHAHHSAM I[1JI01 HU3KU TEXHOJOTIYHUX oTmepalii: 30epiranHs 010J0T14HOTO
Marepiay, J03yBaHHS MpoO 1 peakTHUBiB, NEPEMILIyBaHHs, IHKyOallis uu
repMOCTaTyBaHHS.

[Tepuri uudpoBi enexkTpokapaiorpadpu Maiayd JulIe OJAHY, aje IyxKe
BaxJMBY (yHKIIIO peectpanii 1 30epiranus EKI' B mudposiii dopmi. [pyre
MOKOJIHHS 3a0e3MevyyBajio BXKE MOMJIMBICTD aBTOMAaTUYHOI'O PO3Mi3HABAHHS
iHpopmatuBHux (parmentiB EKI' (3yO1iB, KOMIUIEKCIB, CETMEHTIB) 1 BHUMIp
aMILTITYJHO-TUMYACOBUX MTapaMeTpiB [IUX PparMeHTIB.

Mopdonoriunuii anami3z peanpHux EKI, MoxyTs Oyt edekTUBHO
BUpIIICHI HAa OCHOBI KOHCTPYKTHUBHUX anroputmiB o0poOku EKI' B (da3zosiii
mrorHi koopauHat. EKI™ curnanu aiiste Ha [MUKIIH:

BusBieHHs JOMIHAHTHUX IIHKIIB;

[IpoBeneHHs cenexiii IHIUX [UKIIIB HA OCHOB1 XayCJI0proBOi METOIUKHY;

OtpuMmanns ouiHku etasoHHoro uukiay EKIDT B ¢a3oBiii mimommHi 1 B
TUMYAcOBIN 00J1aCTi.

[nTenexktyanbHi  1HQOpPMATUBHI  TEXHOJOTii, 110 BUKOPHUCTOBYIOTh
KOTHITUBHY KOMII'IOT€pHY rpadiky, OTpUMaId pO3Mi3HABAHHSA B CAMUX PI3HUX
chepax 3actocyBaHHsa. Dazorpadis — oAHA 13 TaAKUX MEPCHEKTUBHUX
TEXHOJIOT1H, SKa J03BOJIMJA BUPIIUTUH (YHKIIOHAIBHI MOKIHUBOCTI OJHO
kaHanbHOTO EKI', a came 00poOka curHaiiB pizHOI (DI3UYHOI MPUPOAH, SIKi
MaroTh CKJIaJHY QopMy, 110 3a0e3nedye nepexia Bia A0CTIKYBAHOT'O CUTHAITY 3
JOKaJIbHO-30CEPE/PKEHUMH JA1arHOCTUYHUMU TMOKa3HUKAMH J10 1H(QOopMaIliiHux
XapaKTePUCTHUK CTaHy Malll€HTA.

BusBieHHs BCiX 3aKOHOMIPHOCTEH BKa3aHUX CUTHAIIIB 3 IIJIJIIO BUSBICHHS
Ta BHUKOPHCTAHHS HaWOUIbIl e(PEKTUBHUX OOYHUCIIOBAIBHUX MPOLETYD,
3abe3neuyroun Takuil mepexin. Pazorpadis Moxke OyTH BIJIHECEHE [0
iHTenekryanbHoro I Tymy, 1O Mae HACTyNmHI BIIACTHBOCTI: ajamnTallif;
HaBYAHHS; y3arajJbHEHHS; IPOTHO3YBAHHS; PO3YMIHHS; THYUYKICTh; JOCTYIHICTb.

Byno po3risiHyTo OCHOBHI METOAM Ta NPUHUMUIM JJIs J1arHOCTYBaHHS
CepIlEeBO-CYAMHHUX 3aXBOproBaHb Ha 0a3i Mmerony EKI ta ¢azarpadii.
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OPTOELECTRONIC DEVICE FOR OF COLLATERAL
CIRCULATION OF LOWER EXTREMITIES IN PATIENTS WITH
LOCAL HYPERTENSIVE-ISCHEMIC PAIN SYNDROME

Volodymyr S. Pavlov, Sergii M. Zlepko, Yurii Bezsmertnyi
Vinnytsia National Technical University

Introduction. Violation of peripheral blood circulation is a common
pathology, which can indicate a particular disease. Nowadays more and more
methods based on application of laser and optoelectronic devices are introduced
in medical diagnostics. These methods include photoplethysmographic method
(PPM), that enables to measure blood flow and vascularity both in basal veins
and arteries and in peripheral vessels and capillaries. The problem of violations
of the peripheral blood circulation is becoming more important.

In conditions of modern scientific and technological progress which is
increasingly causing a negative influence on the environment, including human
health, the age of many diseases associated with disorders of the peripheral
blood circulation began to fall critically.

For successful treatment of a disease it is important to conduct timely
diagnosis, because identification of some problems at an early stage greatly
increases the probability of the patient’s full recovery. Therefore, the
development of new diagnostic devices is making great contribution to the
development of modern medicine.

Results. Three weeks after treatment all the patients felt considerable
decrease of pain and improvement of general state. Patients of the first group,
where semiclosed fasciotomy was applied, suffered from moderate
manifestations of painful and circulatory disorders in amputation stump. Patients
complained to periodic aching, dull pain in amputation stump. In the area of
stump end bluish discoloration of skin and moderate venous hyperemic were
recorded in 33% (4) of patients. In the patients of the second group, where to
semiclosed fasciotomy revasculating osteatrepanation was added, primary
healing of post-operative wound, lack of pain syndrom both under loading and in
motionless state were observed. Skin of amputation stump became of pale-red
discoloration, congestive and vascular manifestations sharply decreased.

The practical realization of this sensor is that three models for
implementing optical fibers have been implemented. The first model consists of
one emitting optical fiber, which accepts the optical radiation from bio-object.
The second model has been constructed on the base of the one emitting and the
one accepting optical fibers. The last one consists of the one emitting and the
group of accepting optical fibers. In the first two cases of construction there are
many advantages. Firstly, it permits us to use the sensor in samples of biological
objects of small size, such as limbs of laboratory rats and mice or in remote
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places of human mouth etc. Besides it provides a high concentration of the
optical signal that permits us to research locally small areas of biological tissue.

Conclusions. Paper analyzes the principles of interaction and analysis of
the reflected optical radiation from biotissue in the process of assessment of
regional hemodynamics state in patients with local hypertensive-ischemic pain
syndrome of amputation stumps of lower extremities, applying the method of
photoplethysmography.

Local hypertensive-ischemic pain syndrome of amputation stumps of lower
extremities is developed on the background of vascular and ischemic disorders in
the tissues of stump and is manifested by the pain, edema, increase of subfascial
pressure, sharp decrease of regional hemodynamics indices.

Surgical treatment of local hypertensive-ischemic pain syndrome of
amputation stumps of lower extremities by the method of semiclosed fasciotomy
in combination with revasculazing osteotrepanation enabled to improve
considerably regional hemodynamics in the tissues of stump and reduce pain and
congestive disorders.
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YK 004.04:004.891.3
HAPAIUT'MA CTBOPEHHA ME/IMUHUX EKCIHEPTHUX CUCTEM

SABopceka €.5b.
TepHOMIBCHKUHN HALIOHAIBHUI TEXHIYHUHN yHIBepcuTeT iMeHi [Bana [lyntos

[ToHATTS «cKiagHa CHUCTEMa» IIMPOKO BUKOPUCTOBYETHCA B CyYacHIH
HAayKOBIM JiTepaTypi 1 BKa3dye Ha crenu@diuHi 0coOJIMBOCTI 00'€KTIB
JOCJIIKEHHS] MPAKTUYHO B YCIX PO3JUIaX NPUPOJHUYUX Ta COIIOTYMaHITAPHUX
Hayk. Cepel YHCENIbHUX O3HAK CKJIaAHOI CUCTEMHU OCHOBHHMHU € Bl -
BIIKPUTICTh CUCTEMU 1 3JaTHICTh 0 camoopranizauii. [Ipu anamizi ckiaagHux
CUCTEM PO3PI3HAIOTH CTPYKTYPHY, (PYHKIIOHAIbHY Ta JUHAMIYHY CKJIaJHOCTI.
[To BigHOIIEHHIO 10 3a7a4 OOYMCIIOBAIbHOI MAaTEMAaTUKU BaXJIMBE 3HAYCHHS
Mae BBesieHe A.M. KoJIMOropoBUM MOHSATTS aITOPUTMIYHOT CKIIATHOCTI.

Sk mpaBWiIO, B CKJIQJHUX CHUCTEMaxX BJIA€ThCS BUIUIUTU MEBHI CKIIAJIOBI
enreMeHTd (migcuctemu). OcoOMMBOCTI B3aeMOJII MDK IMMiJACHCTEMaMHM Ta
crienika peakirii CUCTEMHU Ha 30BHIIIHI BIUIMBH BHKIIOYAIOTh MOXKJIHBICTH
OMMUCATH MOBEIHKY CKJIaJIHOI CUCTEMH JIUIIE Ha OCHOBI 3HaHb MPO BIACTUBOCTI
dbopmyrouux ii migcucteM. BuzHauanbHi pe3yiabTaTd B TEOPIl CKIAAHUX CUCTEM,
(hopMyIIIOBaHHIO KPUTEPIiB MPOCTOTH Ta CKIATHOCTI HallexkaTh akaaemiky HAH
Ykpainu O.M. [IlapkoBCbKOMY.

Pe3ynbTaTu JOCHIIKEHH PIZHOTO THUIY CKIQJHUX CHUCTEM BUSBHIH
METOJUYHY HECITPOMOKHICTh PEAYKIIOHI3MY, SIK METOJly MI3HAHHS MPUPOAU Ta
CyCcHuIbCTBa. Pe3ynbTatu NOCHIKEHHS CKIaAHUX CUCTEM CTUMYJIIOIOTh IIUPOKE
BUKOPUCTAHHS MPUHIUIIB XOJI3My, SKI 0a3yloThbCsi Ha KJIACUYHOMY
BHCJIOBIIIOBaHH1 APUCTOTENIS, 110 I1JI€ 3aBXK AU O1JIbIIIE CYMH MOTO YaCTHH.

B nocmimkeHHsX 3 Teopli CKIAIHMX CHUCTEM XapaKTEepHI1 KIIFOYOB1 CJIOBA:
HECTINKICTh, HEBPIBHOBAKEHICTh, HE3BOPOTHICTh, Xa0C, CAMOOPTraHi3allis.

CyuacHi iH(poOpMaliifHI TEXHOJIOTli Bce OUIbIIIE BUKOPUCTOBYIOTHCS B
rajxy3i OXOpOHHU 3/0pOB's, 10 OyBa€e 3py4HUM, a 4YACOM MPOCTO HEOOXITHHM.
3aBASKH LIbOMY MEIUIMHA, B TOMY YHUCII 1 HETpaauliliHa, Ha0yBae CbOT'OJIHI
a0COJIIOTHO HOBHX puC. Y 0araTbOX MEIMYHHUX JOCTIKEHHSX MPOCTO HE
MOXJIMBO 00idTHCS 0e3 KOoMI'IoTepa 1 CIeMmiaJIbHOro  IPOrPaMHOIO
3abe3rneueHHs 10 Hboro. Llelt mpoiiec CynpoBOIKYEThCA CYTTEBUMU 3MIHAMHU B
MEJIUYHIN Teopil Ta MPaKTHIIl, MOB'I3aHUMHU 3 BHECEHHSAM KOPEKTHUB SIK Ha €Talll
MIITOTOBKY MEIUYHUX MPAIIBHUKIB, TaK 1 AJI1 MEIUYHOI MPAKTUKU. 32 OCTaHHI
POKHM pIBEHb 3aCTOCYBaHHS KOMIT'IOTEPIB B MEIUIMHI — MiABUIIUBCS.
[IpakTuHa MeIUIIMHA CTa€ BCE OUIBII aBTOMATU30BAHOIO.

Bupinsiore aBa BUAM KOMIT'IOTEPHOTO 3a0€3MEUEHHS: NporpaMHe 1
anaparTHe.

IIporpamue 3a0e3meueHHs BKJIIOYae B ceOe CHUCTEMHE 1 TMpUKIagHE. Y
CUCTEMHE NporpaMHe 3a0e3NedYeHHs BXOJUTh MeEpeKeBUM i1HTepdeic, sKuii
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3abe3rneuye JOCTyn A0 JAaHUX Ha cepBepl. JlaHi, BBeleHI B KOMIT'IOTED,
OpraHi3oBaHi, sIK MpaBUO, B 0a3y JaHUX, K4, B CBOIO 4YEpry, yHpaBIsSEThCA
MPUKIIAIHOIO Mporpamoro yrpasiiHHs 0azoro gaHux (CKBJl) 1 moxe MicTUTH,
30KpeMa, 1CTOpii XBOPOOHW, PEHTTEHIBCHbKI 3HIMKH B OLIM(GPOBAHOMY BUIJISI,
CTaTUCTUYHY 3BITHICTh MO CTallloHapy, Oyxrantepcbkuii o6Omik. Ilpukmanne
3a0e3MeueHHs 1€ TporpaMu, JjIsl IKUX, BlIacHe, 1 Ipu3HaueHuit komm'torep. Le —
oOuucneHHs, 00poOKa pe3ysbTaTiB JOCHIIKEHb, PI3HOTO POJY PO3PAXYHKH,
obmiH 1HGopMariero MK Komm'torepamu. CKiagHl CydacH1 OCIIKCHHS B
MEIUIMHI HEMUCIUMI 0€3 3acTOCYyBaHHS OOYMCIIOBAJIbHOI TeXHIKU. /[0 Takux
JOCIIIPKEHh MOXHA BIJIHECTH KOMM'IOTEpHY ToMorpadito, Tomorpadiro 3
BUKOPHUCTAaHHSAM SBUIA SIJIGPHO-MAarHiTHOTO PE30HAHCY, YJbTpacoHOrpadiro,
JOCHIIPKEHHST 13 3acTocyBaHHsAM 130TomiB. OmpaioBanHs 1HdopMaillii, sika
BUXOJUTh 3a TaKUX JOCIHIP)KEHHb BUMAara€e 3acTOCYBaHHS OOYHMCIIOBAIbHOI
TEXHIKH.

Ha croroguimHiii AeHb HAYKOBUSMH BEAETHCS TMOIIYK JAIarHOCTHYHHUX
CUCTEM, K1 3MOXKYTh ICTOTHO MPUILIBUAIIMTH Ta COPOCTYBATH POOOTY JiKaps.

Oco0OnuBuUi 1HTEpEC MPEACTABISAIOTH KOHCYIbTATUBHI CUCTEMH, SIK1 37aTHI
MPOBOAUTH AUGEPEHIIHY 1arHOCTUKY MOMIX COTEHb, THCSY HO30JI0TiH. Bci
KOHCYJIbTATHUBHI CHCTEMHM TMOAUISIIOTECA HA EKCIEPTHI, IHTEJNEKTyalbHl Ta
riopuani. ExcnepTHi 0a3yloThCs Ha 3HaHHSAX KBaliikoBaHuX (axiBIiiB-
€KCHEepTIB, I1HTENEeKTyaldbHI — Ha iHdopMalii 3 JiTepaTypHUX JpKepen ado
MO€AHAHHI OCOOUCTHX Ta JIITEPATYpHUX [aHUX, TIOpUJIHI — Ha OMpallOBaHHI
JIOT1YHOI KOMIIOHEHTH 3HaHb B MOEJAHAHHI 3 OOUYMCIIOBAJIBLHUMH MPOLETYpPAMU
a00 MaTeMaTUYHUMHU MoJelsMH. B CcBO dYepry, mi X CHCTEMH MO>KHA
KJ1acu(iKyBaTU 32 HANPSIMKOM: JJis MIJATPUMKHU PIIIEHBb JIKaps, JUisl HAyKOBO-
JOCHITHUIBKUX 3aJ]a4, JJI1 HaBYaHHS CTYJEHTIB Ta MiABUILECHHS KBamigikarii
JIIKapiB.

Cepen MeIUUYHUX KIJ HAMOUIBIIOTO MPAKTUYHOTO 3aCTOCYBAHHS OTPUMAIIU
€KCHEPTHI CUCTEMHU, SIKl OAATKOBO BUKOHYIOTh IHTepIipeTailito. [lani cucremu
OTPUMYIOTH iH(GOpMALiI0 BiJ JaBauiB [ ONUCY IIEBHOI CHTyawii. IM
JOBOJAUTHCA  OMpalbOBYBaTH  1HQOpMAIlI0  «3allyMJIEHY», HEIOCTaTHIO,
MOMUJIKOBY, TOIIO... DbBIIBIIICTh EKCHEPTHUX CHUCTEM pO3paxoBaHa Ha
HO30JI0T14uHI (opmu 3axBoproBaHHs. CywyacHa MeIWYHAa MpaKTHKa BHUMAarae
3aCTOCYBaHHS y €KCHEPTHUX CHUCTEMaxX IHCTPYMEHTAIbHUX J1arHOCTUYHUX
METOJIB, 110 JO3BOJISAIOTH OIIHUTH CTaH OpraHi3aMy Ha paHHId cTanii
3aXBOPIOBaHHS a00 1€ Ha cTajli (PyHKIIOHATBFHUX PO3JIaJiiB. 3aralbHOBIIOMUM
€ TOoM (hakT, U0 AJIsI OIIHKHU (DYHKI[IOHATBLHOI'O CTaHy OpraHi3My HEOOX1THUMU €
aHajl3 Ta MOHITOPUHT €J1eKTPO(i31070TTYHUX MOKA3HUKIB. TOMYy HayKOBIISIMU, B
YMOBaX CBOTOJICHHS, AaKTUBHO  pO3POOJISIIOTHCS Ta  BIPOBAIKYIOTHCS
aBTOMATH30BaH1 CUCTEMH J1arHOCTUKHU T4 MOHITOPUHTY €JIeKTPO(]i310J0TTHHUX
CUTHAJIB.
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TEOPETHUYHI OCHOBHU KOHC-MATPUYHOI'O
KAPTOI'PA®YBAHHA ITIOJIKPUCTAJITYHUX IIVIIBOK
BIOJIOI'TYHUX PIIUH 3 CIABKUMH ®AZOBUMU
OJIYKTYANISAMUA

Caxunoscbkuit MLIO.', Omap 0.B.., Jy6ona3os 0.B.!, Viuenko B.O.,
['puropuix I1.M.?
' YepuiBenbKuil HALIOHAIBHHUI YHIBEPCHUTET,
2 BykoBUHCHKHI IepKaBHUN MEIUYHUN YHIBEPCUTET

3anpornoHOBAHO MPEICTABICHHS ONTUYHO-TOHKOTO CEPEJIOBUINA Y BUTJISI1
nocaigoBHocTi N mapiB. KoxeH 1miap BBakaeThCs KPUCTATIYHOIO IJIATIBKOIO 3
nesikoro  (a3oBOI0  3aTPUMKOIO 1 a3WMYyTalbHUM KyTOM OpI€HTalii oci
HaWOUIBIIOT IIBUIKOCTI.

3a Takux ymoB [1,2] maTpuus J[>koHca ONTUYHO-TOHKOTO 1Iapy 3 (ha3oBOIO
aH130TPOTIEI0 {J } Haly/ie BUTIISIAY:

.osinU sinU
jll j12 COSU_Z _é/
{J}z ; A sinUzU gsinU' (1)
Jau Iz ¢ cosU +i
U
2 Ar2p2 _ £2 o ’
U’=N°"0"=("+ > (2)

Bupaz (1) saBnsie co00ro0 TOYHUN aHANITUYHUM 3aMUC KOMIUIEKCHHX
€JIEeMEHTIB MaTpulll [[>KoHCa ONTUYHO-aHI30TPOMHOIO MApy 3 JIHIMHUM (J5) 1
HUPKYJISAPHUM (£ ) TBOMIPOMEHE3ATOMIICHHSIM.

B nopansimomy ains crpoieHHs (60e3 3HMKEHHSI TOBHOTH aHalli3y) 0y1eMo
posrnsgatu (1) y nHaOmmxkenHi cnabkoi (azoBoi moaymsuii (5;¢ =¢<0,12;
cosp —1; sinp — ) [3].

3a nMX yMOB aHAJITUYHUN 3aMuC KOMIUIEKCHHX €JIEMEHTIB MAaTpHIll
JI)koHCa ONTUYHO-aHI30TporHoro mapy (cmiBBigHomeHHs (1)) HaOyBae
HACTYITHOT'O BUTJISIAY
Ju i [(1+é/2)_i5]|1 [2§+i§5]12 (3)
j21 j22 [2é/+i§5]21 [(1+§2)+i5]22 .

3 marpuii J[>koHca (3) ofep>KUMO aHANITUYHI BUPA3U JJISI MOJYJIS ‘ jik‘ 1

dbasu Arg(j, ) KOMIUIEKCHUX MATPHYHHUX €IEMEHTIB J,
|j11|:|j22|5‘j11;22‘=V(1+§2)2+52; 4)
: : . o
Arg(]n): _A”g(]zz)E Arg(fll;zz): iarctg(l N 4/2 j; (5)

|j12|:|j21|5‘j12;21‘:§\'4+52; (6)

101



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

. . . o
Arg(]lz): _Arg(le)E Arg(Ju;m): iarctg(g} . (7)

Amani3 ciiBBigHomEHb (4)-(7) mokasye:
® KOOpAMHATHI PO3MOAUIM BEJIMYUHM MOJYJSI BCIX €JIEMEHTIB MaTpulll
JI>xoHca ‘ jik‘(mxn) HECYTh KOMIUIEKCHY 1H(}OpMaIllil0o Mpo MPOsiBU
niHiliHOrO S(mxn) Ta MPKyMApHOrO ((mxn) JBOMPOMEHE3ANOMIICHHS
MOJIKPUCTANIIYHUX CTPYKTYP O10JIOTTUHUX IAPIB;
e BOMipHI Mamu (a3u JiarOHANBHUX CIEMEHTIB |Arg(j,.., )(mxn) Marpui
J)koHCa MpomOpIiiiHI 3MiHaM JIIHIMHOTO JIBOIPOMEHE3aTOMIEHHS (
R}
1+¢7

arctg[ jﬁ) Ta OOCpHEHO TMPOMOPINHHI KBaJpaTUYHUM 3MIiHAM

IUPKYJSIPHOTO TBOITPOMEHE3ATTOMIICHHS (arctg(l ?2 IIJ 0);
+
e BOMipHI Manu (a3u HeIiarOHANBHHUX CIEMEHTIB |Arg(j,,.,, )(mxn) MaTpuri

JIKoHCa  mpOMOpIIiHI  3MIHAM  JIIHIKMHOTO  JIBOIIPOMEHE3aIOMJICHHS

arctg(gj U;

® KOOpJWHATHI PO3MOJAUIA BeIUYMHU (a3 HemlaroHaIbHUX CJICMEHTIB
matpuui Jxouca |drg(ji,,, )mxn) mosBomstors aubepeHmiamio crabkux

ONTUYHUX  MpOsIBIB  JiHIHHOrO (5) Ta  mupkyjsipaoro (<)
JIBOITPOMEHE3AJIOMJICHHST TOJIIKPUCTATIYHUX O10JIOTIYHUX MIAPIB HUITXOM

BU3HAUYEHHS MapaMeTpy Arg( le;21)= iarctg(gj Ta HACTYIIHUM PO3PaxyHKOM

3a HACTYIHUM CITiBB1IHOILIEHHSIM

tg(A’”g(jnm ))
= [1-0,5 — - 8
> \/ ’ tg(A’”g(jn;zz)) ©

Hapenenuil aHamiTUYHUN MNIAX17 MOXe OyTH BUKOPHUCTaHUW B aHami3i

($a30BOi  aHI30TPONIi ONTUYHO-TOHKUX TICTOJOTIYHMX 3pi3iB  pealbHUX

010JIOTYHUX TKAaHUH OPraHiB JIOJAUHU Pi3HOI MOP(DOIOTIUHOI Oy AOBH.
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METOAU 1 3ACOBU JZKOHC-MAPTPUYHOI'O
KAPTOI'PA®YBAHHA HOJIIKPUCTAJITYHUX BIOJIOTTYHHUX
IHIAPIB

CaxHOBCBHKHH M.IO.I, Omnap O.B.l, Jy6onazos O.B.l, CapoTOB M.M.l,
Maxaiit B.IL.!, Ymenko B.O.', ['puropuimx II.M.?
! UepHiBelbKUM HAIlIOHATBLHUN YHIBEPCUTET,
> ByKOBUHCHKHMI JiepKaBHHIL MEIMUHUI YHIBEpCHTET

A. Jlxepapaom [1] 3anpomnoHoBaHuil 3anuc Marpuilb J[>)KOHca y BUIIISIAL
AiiicHOl R, (MOZAyib) Ta ysBHOI ((ha30B1 KyTH) ©, CKIaI0BUX
{J}: Rll(r)eXpG)ll(r) Rlz(’")exp@lz(”y , (1)
RZI(I”)eXp@Zl(I’) Rzz(r)expe)zz(r

BumiproBaHHs KOOpAMHATHUX PO3MOJLIIB €JIeMEHTIB J[»KoHca-MaTpuii
MPOBOAWIOCH B HACTYyNH1M ycTanoBii (Puc. 1) [2].

o T

1 2 3 4 6 7 9 10 1
Puc. 1. OnTtruna cxema exkcriepuMeHTanbHOI ycTaHOBKU: 1 — He-Ne nazep; 2 —

KOJIMaTop; 3 — cTallioHapHa YBEPTh XBUJILOBA IJIATIBKA; 5, 8§ — MEXaHIYHO
pPyXOMi UBEPTh XBUJIBOBI IJIATIBKY; 4, 9 — mosipu3aTop Ta aHamizaTop; 6 —
00’€exT mocaimkeHHs; 7 — ontuuHa cuctema; 10 — CCD kamepa; 11 — PC.

Ry (xy)

0 02 04 06 08

(1) (2)
Ryy(xy) x10° 210"
8
08 6 10
106 P
04
02 2
ol Ll 2 A ) 1 2
0 02 04 06 08
(5) (6) (7) (8)

Puc. 2. Manu i ricrorpamu posnozinis 3uadens Moxyis |, | i dasu Arg(j,)

eJIeMEHTIB MaTpulll [[oHca riCTOJIOTrYHOTO 3pi3y TKAaHUHU MO3KY.

Ha puc. 2 npuBeneHi pe3yJbTaTi €KCIEPUMEHTAIIBHOTO BUMIPIOBAHHS Marl
(bparmentu (1),(3)) Ta ricrorpam posnoauny (dpparmentu (2),(4)) 3HauYCHb

103



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

moxyns |j,| 1 dasu Arg(j, ) enementiB mMatpuii J[)KOHCA TiCTONOTIYHOTO 3pi3y

TKaHUHH MO3KY.
AHani3 oJiep)KaHuX JaHUX BHUSBUB:
e 3HayHy mepeBary BEJIMYMHM Ta JIialasoHy 3MiHM MOAyNs |j,| Hax

aHaJIOTI9HUM MAPaMETPOM HEJ[IarOHATBLHOTO ENEMEHTY |/, |.

e HasBHicTb CIIBIAJAI0UUX TOJIOBHUX EeKCTPEMYMIB
max(4rg(j,, )= max(4rg(j,))=0,83 posnoxinie BenuuuHE (BasM  eNEMEHTIB
Matpuii J>koHca.

Puc. 3 umocTpye 3anexHOCTI KPOCKOPEISILIMHOTO aHalli3y JIBOMIPHHUX

pO3MOALNiB |, |(mxn) i [4rg(j, mxn).

AK®-X-HanpaMOK

05 * o
J. 'v' 04 //\
1000 02
4000 obanc e = 000 /\ " /

AK®-X-Hanpamok
2000

1
0.5 L
T
1008'M
500 J 1N A |
00 0 1000 2000 3000 o O Re 1000 130 F00 70

(1) ) @) (4)

2000

AK®D-Y-Hanpamok AKO-Y-nanpawc
1

05 jd 05 osf g =
" 'P 04 1
2008 2000 IIN\ et V\\ qug ~ 2000 02 /_// \x\ {
. - 1000
o oo

1000 1000 0/ N 100
00 0 500 1000 1500

®) ®) ™ ®)
Puc. 3. KpockopensiiitHi GyHKIIIT po3MO/1IiB 3HAYE€Hb MOJTYJIs ‘ jik‘ (dparmenTu

(1)-(4)) 1 pas3mu Arg( jik) (bparmentu (5)-(8)) enemenTtiB matpuili J>koHca
FICTOJIOTIYHOTO 3pi3y TKAHUHU MO3KY.

OnepkaHl pe3yJabTaTH KPOCKOPENSIIIIMHOTO aHami3y pO3MOALIIB 3HAYEHb
moxyns |j,| i dasu Arg(j, ) enemenriB Marpui JI>KoHca ricTONOrIYHUX 3pi3iB
TKAHUHU MO3KY BHUSIBUJIM IXHIO KOOPAMHATHY HEOJHOPIAHICTh Yy pI3HUX
HanpsMKax (Ox,0y) ckaHyBaHHsS. BianmoBiHI aBTOKOPENSAIAHI — (QyHKIIIT
K(ju) dre(iy ) Ax),  K(j,)4rg(j, ) Av) HOCTaTHBO WIBMAKO —CHAJAIOTH IIpH
HE3HAYHMX KOOPAMHATHMX 3cyBax (Av,Ay). Mlani cnagadbs Takux QyHKUii

YHOOBUIBHIOETBCS 1 “QopMyroThcs”  OCHIJISIIT  BJAaCHUX  3HAYEHb
aBTokopensniituux sanexuocreit K(j,|, 4rg(j, ) Ax), K(j, | re(iy ) Av).

JITEPATYPA
1. A. Gerrard, J. M. Burch. Introduction to matrix methods in optics. New
York.: A Wiley-Interscience Publication (1975).
2. V. A. Ushenko, M. S. Gavrylyak, “Azimuthally invariant Mueller-matrix
mapping of biological tissue in differential diagnosis of mechanisms protein
molecules networks anisotropy,” Proc. SPIE 8812, Biosensing and
Nanomedicine VI, 88120Y (2013).
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MIOJIJIEP-MATPUYHE BIZITBOPEHHS IAPAMETPIB OIITUYHOI
AHI3OTPOIIIl YACTKOBO JENOJIAPU3YIOUUNX
HOJIIKPUCTAJIIYHUX IIJIIBOK KPOBI

Caxnoscbkuiit MLIO., Omnap 0.B., Jly6omazoB 0.B.!, Ciaboros M.M.!,
Maxaiit B.IL.!, Ymenko B.O.', ['puropuimx II.M.?
! UepHiBelbKUI HAI[IOHATBLHUN YHIBEPCUTET,
2 BykoBUHCHKHI 1epKaBHUN MEIUYHUN YHIBEPCUTET

3a yMOB 6araTopa3zoBOro po3CisiHHs MaTpulld MioJepa Aenoisipru3youoro
mapy 3MIHIOETHCSI B3JIOBXK HAMPSIMKY PO3MOBCIOJIKEHHSI CBITIA Z. AHATITUYHO
TaKy 3aJEXKHICTh UTIOCTPYE piBHSAHHS [1,2]
) _ ar) o) )
dz
ne {M }(z) - Marpuna Miromiepa 00€KkTy B IUIOMIMHI Z, {m}(z) -
nudepeHiianbHa MaTPHUIIS
0 LD LD CD
) = LD 0 CB -LB'| (2)
LD’ -CB 0 LB
CD LB -LB 0
Tyt LD,LB,LD' i LB’- niHIHU# AMXPOI3M 1 JBOMPOMEHE3aTOMIICHHHS
sl HanpsAMKIB onTHyHOI oci y=0" i y=45"; CD i CB - UHPKYJIApHUM
JTUXPOi3M 1 TBOIMPOMEHE3aTOMIICHHS.
Hamu opepxaHo Bupa3z sl OOYMCICHHS €JEMEHTIB audepeHIialbHOL
Matpui 1-ro mopsaky yepes napamerpu Bekropa Ctokea v, ,,

(i) =

0 1n(0.25(V10 -y +V29°)) 0.51n(V145 M)V +V39°)) O.Sln((Vl® —M“)(Vf +7%
V45 -M V45 M
1n(o.5(V1° -70.50; +V290)) 0 | —2 2 In 22l 3)
0.5(r3 =¥3") 0507y =V4")
-1 0 90 ®
= 050 -V Ve _u
’ 0.51n(V145 - M)y +V390)) lr{(“:z)] 0 ln[ 345 31}
V)" =My, Vi =My,
0.5 -y vE_y
In(M,M ;) 11{(4544) In % 0
V)" =My, Vs =My

Ha puc. 1 1 puc. 2 mnpuBedeHl TiCTOrpamMu PO3MOJLIIB HapaMeTpiB
JBOITPOMEHE3AJIOMIICHHS Ta JUXPOi3My MOJIKPUCTATIYHUX TUTIBOK IIIbHOT KPOBI
noHopi (pparmentu (1)-(3)) 1 XBOpUX Ha paK MOJOYHOI 3aJI03H.
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4 4
x10 x10

LO = N W Ao

1
0
1

-10 -5 0 5 10

(6)

Puc. 1. I'ictorpamu po3noainy BeanuuHu jdiHiHoro (pparment (1),(3),(4),(6))
1 nupkysipHoro (pparmentu (2),(5)) ABOIPOMEHE3TIOMIICHHS
MOJIIKPUCTANIIYHUX TUTIBOK IIIBHOT KPOB1 IOHOPIB (7 =0,42; A =34%, dhparMeHTu
(1)-(3)) 1 xBopuX Ha pak MOJIOYHOI 351034 (7 = 0,47;A =39%, bparmentu (4)-

O)

4
5xio x1o x10

To . 1. |LDf ' Jeo 1]
at 3 3 ]
2 2 2 4
(NI Al -
x10‘ xio - v .

-10 -5 -10 -5 0 5 0
(1)
5.

D
i : |
;']o : .um ;

-5 Q $ 10

110

L - N w oo

-0 0
(4) (6)

Puc. 2. I'ictorpamu po3mnoaiury BenuauHu JiHiitHoro (pparmentu (1),(3),(4),(6))
1 mupkysipHoro (dparmentu (2),(5)) AMXpoizMy HNOJIKPUCTATIYHUX TLTIBOK
HUIBHOT KpOB1 JOHOPIB (7 =0,42; A =34%, ¢pparmenTu (1)-(3)) 1 XBOpUX Ha pak
MOJIOYHOI1 3a1103H4 (7 =0,47;A =39%, pparmentu (4)-(6)).

¢

Jocsarayro xopomoi (AZ,,,(LD,CD,LD')= Ac>80%) Ta BigmiHHOI (
AZl;z;M(LB,CB,LB/ ):> Ac=90%) SKOCTI JIarHOCTUKHM PAKy MOJIOYHOI  3aJI03H

MeTtonoM  audepeHimianbHoro  Mrojuiep-MaTpUdHOro  KapTorpadyBaHHS
YaCTKOBO-JICTIOISPU3YIOUHMX MOJIKPUCTATIYHUX TUTIBOK KPOBI.

Jlitreparypa
1. R. Ossikovski, V. Devlaminck, “General criterion for the physical
realizability of the differential Mueller matrix,” Opt. Lett. 39, 1216-1219 (2014).
2. V. Devlaminck and R. Ossikovski, “Uniqueness of the differential Mueller
matrix of uniform homogeneous media,” Opt. Lett. 39, 3149-3152 (2014).
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MIOJIJIEP-MATPUYHI 306PAKEHHS ®JTYKTYALINA
HNAPAMETPIB OIITUYHOI AHI3OTPOIII JU®Y3HUX IIIAPIB
BIOJIOI'TYHUX TKAHUH

Caxuosebkuit M.IO.', Omap O.B.', Jly6omasos O.B.', CisotoB M.M. ',
Maxuiii B.IL.", Yirenko B.O.", ['puropuimx [1.M.?
' YepuiBenbKuii HALIOHAIBHUI YHIBEPCUTET,
2 BykoBUHCHKHI Iep>KaBHUN MEIUYHUN YHIBEPCUTET

B ocHoBy TeopeTuuHoro anamizy Mrouiep-mMaTpuyHux 300paxkens (MM3)
JENOJISIPU3aliitHOT CKIIaI0BO1 {Amz} MOKJIaJICHO y3arajibHEHy HaMH Teopiio B.
Hesnaminka [1]. TyT BelMuMHA KOXHOI 3 €JIEMEHTApPHUX MOJISIPU3ALITHUX
BIACTMBOCTEH & . PO3CIIOIOYOrO CEPEAOBUINA DPO3IIANAETECA Yy BUITIAIL
CEpEeNIHbOI L, Ta PIYKTYIOHYOi 0, KOMIIOHEHT

Hamu onepkaHo HacTynmHuil BuUpa3 mig AudepeHiianbHOl MaTpHIll 2-To

MOPSAZIKY
am’ {=

(542 +552 +562 )11 _0’5(6256 — 0305 )12 _0’5(5354 _5156)13 _095(5155 _5254)14
0,5(5256 - 5355 )21 (542 - 522 - 532 )22 0’5(5152 + 5455 )23 0’5(5153 + 5455 )24 (1)
095(5354 —0,0, )31 0’5(5152 +0,0; )32 (652 - 512 - 532 )33 095(5253 +050, )34
O,S(E 105 —0,0, )41 0,5 (51 03 +0,0, )42 0,5 (52 O3 +050, )43 (562 - 512 - 532 )44

Anani3z Bupazy (1) BusiBasie HacTymHUM (PI3BUYHUN 3MICT MapliabHUX
€JIEMEHTIB JenoJsIpu3aliiiHol CKJIajioBoi wmaTpuill Miriomiepa ONTHYHOTO-
TOBCTOr0 O10JIOTIYHOTO MIapy ¢ (QUIyKTyallissMd mapaMeTpiB JIHIKHOTO Ta
HUPKYJSPHOTO IBOMPOMEHE3aJTOMIICHHS 1 TUXPOi3MY:

e JlaroHaJIbHI €JIEMEHTH {Amz}” BHU3HAYAIOTHCSI KOMOIHAIISIMA BEIUYUHUA
aucnepcii D, (IayKTyaumlii mnapaMmeTrpiB pi3HHX MeXaHI3MiB (pa3oBOI Ta
aMILIITYJHOT aH130TPOITIi;

® HEI1arOHaJIbHI CJIEMEHTH {Amz}#k ABJISIOTH COOOI0 CTYIIEHb KOPEALI MIXkK
GbaykTyauissMd ~ pi3HUX  MOJApU3ALIMHUX  BIACTUBOCTEH  JIIHIMHOTO  Ta
HUPKYJSPHOTO TBOMPOMEHE3ATOMIICHHS 1 TUXPOi3MYy.

Ha puc. 1 npexcrasneni MM3 cykynHocTi eneMeHTiB {Am?},

ONTHYHO-
TOBCTOTO (z=100um;t =1,24;A =75%) I1Iapy MNapeHXIMaTO3HOI TKAaHWUHH CTIHKHU
MPSIMOT KUIIKH.

Tabmuuga 2 UTIOCTpye BEJIMYMHY CTATUCTUYHUX MOMEHTIB 1-ro — 4-ro
MOPSAKIB, SKI XapakTEPU3YIOTh PO3MOAUIM €JIEMEHTIB AudepeHIiaibHO1

MaTpHulll 2-ro NOPSIKY.
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Puc. 1. MM3 enemenTiB audepeHuiaibHOI MAaTPUIll 2-T0 TOPSIAKY ONTHYHO-
TOBCTOTO (z =100m;7 =1,24; A = 75% ) TICTOJOTIYHOIO 3pi3y TKAHUHU CTIHKU
MPAMOI KHILIKH.

Tabmuus 1. Cratuctuydi MOMEHTH 1-ro — 4-T0  TOPSAAKIB, K1
XapaKTepU3yOTh PO3MOLIA BEIUYMHU €JIEMEHTIB qudepeHIiiaibHOl MaTpHUIli 2-

ro TMOPSAAKY  TICTOJOTIYHOTO  3pi3y  CTIHKA  NOpAMOi  KUIIKK  (
z=100um;r =1,24; A =75%)
4 {m,, | {m33 }2 {my }? {m12;21 }2 {m13;31 }2 {m14;41 }2 {m23;32 }2 {m24;42 }2 {m34;43 }:
Z, 3,72 | 3,46 | 2,27 | 0,065 | 0,069 | 0,078 | 5,12 | 4,21 | 4,49
Z, 1,27 | 1,39 | 1,18 | 0,08 1,26 1,33 3,51 | 2,19 | 2,42
Z, 3,29 | 2,23 | 1,86 1,74 0,53 0,62 | 0,97 | 0,63 | 0,58
Z, 492 | 338 | 2,34 | 5,86 0,84 | 0,75 1,05 | 0,52 | 0,67

Amnamni3 cykynHocti MM3 (puc. 1) 1 3HaueHb CTaTUCTUYHUX MOMEHTIB 1-
ro — 4ro mopsakiB (Tabmuilg 2) MATBEPAUB MPOAaHATI30BaHI BHINE TEHIACHIIIT
3MIHH IPOSIBIB (MIYKTYyaLiil HOTPHU3ALIAHEX BIACTUBOCTEH (O, ,5.,;) ONTHIHO-
aHI30TPOITHOIO APy MapeHXIMAaTO3HO1 TKaHUHU. [Ipu 1bOMY BIIMIHHOCTI MIX
CTaTUCTUYHUMHU MOMEHTAMH BUILIUX MOPSAKIB, SIKI XapaKTEPU3YIOTh PO3MOALIH
nudepeHIialbHUX MAaTPUUYHUX €JIEMEHTIB TaKuX AU(GY3HUX 3pa3KiB JOCSATAIOTh
2 — 4.5 pasis.

JIITEPATYPA
1. V. Devlaminck, “Physical model of differential Mueller matrix for
depolarizing uniform media,” J. Opt. Soc. Am. 30, 2196-2204 (2013).
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MOJISIPUSALINHO-TOJIOTPA®IYHA CUCTEMA 3D MIOJLIEP-
MATPUYHOI TOMOI' PA®II

Vmrenxo O.I.!, Kurapiok B.I'.", Cizop M.L.', Baruymsik O.51.%, CibotoB M.M. ',
Maxgiit B.IL.!, Yurenko 10.0., JHy6onazos 0.B.
"YepriBepKuil HAIIOHATBHAH YHIBEPCHTET
ZByKOBI/IHCbKHﬁ Jep>KaBHUM MEAUYHUIN YHIBEPCUTET

B ocHOBy moOkiIageHO BHUKOPUCTAHHS OMOPHOI XBWJII  JIa3€PHOIO
BUMNPOMIHIOBaHHS, SIKa B CXE€Ml1 ONTUYHOTO 1HTEep(epoMeTpa HAKIATAETHCA HA
MOJISIpU3aLtHO-HEOJHOPIIHE 300pakeHHs O1osoriyHoro mapy [1,2]. Onepxana
iHTep(depeHIliiiHa KapTUHA PEECTPYETHCA 3a TONMOMOTOI0 IudpoBoi Kamepu. 3a
JOTIOMOTOI0  TU(PaKIIHUX 1HTErpadiB BiAOYBaeThcsa ormepaiis TudpoBoro
rojlorpaiyHoro  BIATBOPEHHS  PO3MOJAUIIB  KOMIUIEKCHHX  aMIUITY]
{E.(x,y) E,(x,y)] 06’extHOro moms GiomoriyHoro Imapy Ta OOGUUCICHHS

po3mnoaLIiB napamerpiB Bekropa CTokca 00’€KTHOTO MOJis G10JIOTIYHOTO IIapy
Ta €IEMEHTIB MaTpulll Mrojuepa

5,(0°.90°,45° ®)=
)

$,(0°.90°,45°.®)=|E,[ -|E,| 0
5,(0°,90° 45° ®)=2Re|E E
5,(0°,90°,45° ®)=21m|E E|
Tyr 0°90°,45° - asumytd moisgpusamii  JTHIKHO — IOJSPHU30BAHHUX
ONPOMIHIOIOYHX MYYKiB, ® - IPABO LUPKYIAPHO IOIAPU3OBAHHI ITyUOK.
(S +S9O) ( S19o) (S145 _S1135) (S1® _se
|- ($0+52) (s0-82) (s85-50) (s2-52 )

)
0,5 (SO S90) (So S;O) (S345_S3135) (S3®_S3@ :
(s3452) (s3-52) (s°-81%) (8757
[IInssxom  ¢a30BOro CKaHYBaHHS PO3IMOILIIB KOMIUIEKCHUX aMILIITY/I
|E |expi(Ad, ), ‘E ‘expl(Aé') 00’€KTHOrO IO MOXHA OJEPKATU CYKYIHICTh

MOIIAPOBUX PO3MOJILIIB BEIMYUHM MATPUYHHUX €JIEMEHTIB (x,y,kAS) Ta
BU3HAYHTH iX 00’ €MHY CTPYKTYpPY

M, ={e (EJ|EL57)) 3)

Ha puc. 1 HaBemeno ontuuHe po3zramryBaHHs 3D Mromiep-maTpuyHOi
MOJISIPUMETPIi 0107I0TIYHUX IAPIB.

[Mapanensuuit (@ =2x10°m) mydok He-Ne (1=0,6328m) mnazepa 1,
chopMoBaHMII 3a JIOMOMOrow  Kojimatopa 2, 3a gomnomororo 50%
CBITJIONOAUTBHUKA 3, PO3ISAETHCS HA “ONPOMIHIOIOYUI Ta “OnopHUil”.

“OnpoMiHiOOUMA” 32  JOMOMOrolw  obeprarouoro  ja3epkaina 4
CIPSIMOBYETHCSI Kpi3b MOJSpU3AINHUN PuIbTp 6 — 8 y HampsMKy 3pa3Ky

y
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Oiosoriynoro mapy 9. IlonsipuszaniitHo-HeoqHOPIAHE 300pa)keHHsT 00’ €KTy 9
00’ekTuBOM 10 mpoekTyeThCs y MIouHy nudpoBoi kamepu 14.

16

PC

Puc. 1. Cxema nonspuzaniiinoi inteppepometpii 3D po3noaisiiB e1eMEeHTIB
Matpull Mrosiepa.

“OnopHuid” My4OK A3EPKAIOM S5 CHOPSIMOBYETHCS Kpi3b MOJSpU3AIIAHUN
¢buetp 11 — 13 y muonmmHy NOJSIpU3aLIHHO-HEOJHOPITHOTO 300paKEHHS
00’ekTy 9. ¥V pesynbTati hopMyeThes 1IHTEp(EpeHIliiiHa KapTUHA, IKY PEECTPYE
nudpoBa kamepa 14. @opMmyBaHHS CTaHIB MOJApHU3AIii “ONPOMIHIOIOUOr0” Ta
“OMOpPHOro” My4KiB 371HCHIOETHCA 32 JOTIOMOTOI0 MOJApU3aIHHUX PLIBTPIB 6 —
8 1 11 — 13, xoxkeH 3 SKUX MICTUTh JBa JIHIHHUX MoOJsApuU3aTopa 1
YBEPTHXBUIIbOBY IJIACTUHKY.

Metonuka mnonspu3aliiHO-1HTEp(EPEHIIITHOTO BU3HAYCHHSI €JIEMEHTIB
Matpulll Mrojuiepa nojsrae y HaCTymHI1N CyKyIHOCTI JTIiA:

e dopMyBaHHS B OMPOMIHIOIOUOMY Ta ONMOPHOMY JIa3€pPHUX MyuyKaxX IIECTH
cranis nomapusanii - ((0°-0°) (00°-90°} (45° 45} (135°-135'} (®-®) (-8).

e PeecTpaniio KOXHOI MapiianbHOI 1HTEp(EPEeHIINHOI KapTUHU KPI3b
nojsipu3aTop-aHamizatop 14 3  TOCHIIOBHOK  OpPIEHTAIE€I0  TUIOIMIMHU
NPOMyCKaHHs mix KyraMu Q=0 Q=90°.

e BiJIHOBIECHHS JUIsl KOKHOTO NapIiadbHOro 1HTEp(EPEHIIITHOTO PO3MOILTY
3a JIOMOMOTOI0 1HTErpaibHOTO AU(PAKIIIHHOIO MEPETBOPEHHS KOOPAMHATHUX
PO3MOJINB KOMIUIGKCHHX aMILNTYA {E,(x,y) E,(x,y)] 00’€kTHOrO momst y

IJTOITMHI 010JIOTIYHOTO IIapy.

Jlitreparypa
1. Y. Yasuno, M. Ju, Y. Hong, S. Makita, and M. Miura, "In Vivo Three-Dimensional
Investigation of Tissue Birefringence by Jones Matrix Tomography," in 2013 Conference on
Lasers and Electro-Optics Pacific Rim, (Optical Society of America, 2013), paper W14 2.
2. Toshitaka Kobata and Takanori Nomura, "Digital holographic three-dimensional Mueller
matrix imaging," Applied Optics Vol. 54, No. 17, pp.5591-5596 (2015).

110



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

MOIIAPOBI MAIIA TAPAMETPIB ®A30BOI TA AMILIITY JHOI
AHI3OTPOIIIl YACTKOBO JENOJIAPU3YIOUUNX
HOJIKPUCTAJIIYHUX IIJIIBOK BIOJOI'TYHUX PIIWH

Vienko O.F.l, Kurtaprok B.F.l, Cinop M.I.l, Banuyisik O.H.z, Vienko IO.O.I,
Jly6omazos O.B.!
' YepuiBenbKuil HALIOHAIBHHUI YHIBEPCUTET
2 BykoBUHCHKHI 1epKaBHUN MEIUYHUN YHIBEPCUTET

VY [1-4] namu oxaepskano anroput™u 3D BiaTBOpeHHS mapameTrpiB (pa3oBoi
Ta aMIUNTYAHOI aHI30TPOIMil 3a 3HaYCHHSAMM eJIeMEHTIB MaTpuul Mromepa M,

010JI0T14YHOTO HIapy
2z M 2nz M
LB(5)= TAnLB = ln(MM J; CB(p)= TAnCB = m(M% J (1)

43 32

5 - (da3oBi 3CyBM MK OpPTOTrOHAILHO-TOJIIpU30BaHUMHU (0° —90°)

CKJIaJIOBUMU aMILIITYAH JIa3€PHOTO BUIIPOMIHIOBAHHS;

° An,, - BEIMYUHH JIIHIHHOTO TBOIPOMEHE3aIOMIEeHHS I 0° —90°;

e ¢ - ¢a3oBuil 3cyB MK mnpaBo- (®) 1 diBo (@) MLUPKYJISIPHO
MOJISIPU30BAHUMU CKJIQJIOBUMU aMILTITY/IU Ja3€pPHOTO BUIIPOMIHIOBAHHS;

e  Ang, - BEIMYNHA IUPKYJSIPHOTO IBOIIPOMEHE3aIOMIICHHS;

e /] - IOBXMHA XBUWJII JIA3€PHOTO BUIIPOMIHIOBAHHS.

Ha puc. 1 mpuBeneni ¢asosi mepepisu (AZ°  =AZ ., (Ap)—> max)

MOJISIPU3AIIIITHO-BIITBOPEHUX napameTpiB MOJTIKPUCTAIIIYHOT OyzioBU
MOJIKPUCTANIIYHUX IJIIBOK KpoBi 310poBuX noHOPIB ((1),(3)) Ta XBOpHuX Ha pak
npoctat ((2),(4)).

100

34

60| . { L e Ry

40 ,i;-.:ﬁ s 1 40 o
] & A ;
N )

: 3. o =

an .| —s 3 W ol
20 10 60 80 100 20 40 60 80 100

(1) (2)

20 40 60 80 100 20 40 60 80 100
(3) (4)
Puc. 1. KoopaunaTHi po3noaiiu Bennuunu JiHiiHoro ((1),(2)) 1 uupkyJaspHOro
((3),(4)) nBommpomMeHe3aIOMJICHHS MOJIKPUCTAIIYHUX TUTIBOK KPOB1 3I0POBHX

nonHopiB ((1),(3)) 1 xBopux Ha pak (pparmentu (2),(4)) npocraTu.
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VY Ttabnuui 1 HaBeAeHO MaH1 CTAaTUCTUYHOIO aHami3zy “da3zoBux” mepepisiB
@' =0.55, a TakoX piBEHb 30aJ1aHCOBAHOi TOYHOCTI Ac,% IU(epeHLiaTbHOI
JIarHOCTUKH paky Mnpoctatd meroaoM 3D mnodaspu3amiiHOro BIATBOPEHHS
JIBOITPOMEHE3aJIOMITIOIOUO0T CTPYKTYPH MOJIKPUCTATIYHUX TUTIBOK IIBHOI KPOBI.

Tabmuns 1. Kputepii audepeHuianbHOi IarHOCTUKU PaKy MHpPOCTATH Ha
OCHOBI CTAaTUCTUYHOTO aHali3y ()a30BOi aHI30TPOMii MOJIKPUCTATIYHUX TUTIBOK
KpOBI

Cran Hopwma Pak To4HICTB,
Ac,%

[TapameTpu LB CB LB CB LB CB

Z, 0,35+ 0,22+ 0,27+ 0,26+ 72 74
(9" =0.55) 0,023 0,014 0,015 0,015

Z, 0,17+ 0,14+ 0,13+ 0,18+ 75 78
(p"=0.55) 0,009 0,008 0,074 0,095

Z, 0,86+ 1,79+ 1,15+ 1,12+ 84 90
(9" =0.55) 0,049 0,086 0,079 0,072

Z, 0,99 + 1,99+ 1,38+ 1,39+ 87 91
(9" =0.55) 0,053 0,15 0,084 0,087

BusiBnieno HailOo11bII 4y TIMBI O paKy NPOCTATH MapaMeTPU — CTATUCTUYHI
MOMEHTH 3-ro 1 4-r0 TmopsaakiB  (AZ" =AZ_ \p" = 0.55)—) max, SKI

4
XapaKTepU3yIOTh MOJSPU3AIINHO-BIITBOPEH] PO3MOJUINA BEIMUYUHHU (Pa30BOi Ta
aMILIITYHOT aH130TPOII] MOMIKPUCTAIYHUX TUTIBOK KPOB1 3JJ0POBUX JIOHOPIB 1
XBOPUX Ha pak mpocTtaTu. JlocArHyTo BiIMIHHOI (AZ3,4(¢*,CB):> Ac=90%)

TOYHOCTI JudepenIiiamnii 3pa3kiB MOJIKPUCTATIYHUX ITUTIBOK IIJIBHOI KPOBI 3
pi3HUX Tpyn mnaimieHTiB MerogoM 3D Miriomiep-MaTpUdyHOro BiATBOPEHHS
po3moLIiB Pa3oBoi aHI30TpoOIii.

Jlitreparypa
1. Ushenko, V. A., et al. "Polarization-Interference 3D Holographic
Tomography of Optical Anisotropy of Biological Fluids Polycrystalline
Films." Computational Optical Sensing and Imaging. Optical Society of
America, 2018.
2. Dubolazov, O. V., Ushenko, V. O., Trifoniuk, L., Ushenko, Y. O., Zhytaryuk,
V. G., Prydiy, O. G., & Meglinskiy, 1. (2017, September). Methods and means
of 3D diffuse Mueller-matrix tomography of depolarizing optically anisotropic
biological layers. In Applications of Digital Image Processing XL (Vol. 10396,
p. 103962P). International Society for Optics and Photonics.
3. Ushenko, O. G., Ushenko, V. O., Bodnar, G. B., Zhytaryuk, V. G., Prydiy, O.
G., Koval, G., & Vanchuliak, O. (2018, January). 3D Mueller-matrix mapping

112



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

of biological optically anisotropic networks. In Thirteenth International
Conference on Correlation Optics (Vol. 10612, p. 1061210). International
Society for Optics and Photonics.

4. Ushenko, O. G., Grytsyuk, M., Ushenko, V. O., Bodnar, G. B., Vanchulyak,
0., & Meglinskiy, 1. (2018, January). Differential 3D Mueller-matrix mapping
of optically anisotropic depolarizing biological layers. In Thirteenth
International Conference on Correlation Optics (Vol. 10612, p. 1061211).
International Society for Optics and Photonics.

113



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

3D CTPYKTYPA MOJIVJIS I ®A3U TKOHC-MATPUYHUX
30BPAKEHD MTOJIKPUCTAJITYHUX IJITBOK BIOJIOT TYHIX
PIIUH

Vienko O.T.), ’Kurtaprok B.I'.!, Higkamiae JLU.', Yienko 10.0.",
Jly6omazos O.B.'
! UepHiBelbKUM HAIlIOHATBLHUN YHIBEPCUTET,
> ByKOBUHCHKHMI JiepKaBHHUIT MEIMUHUI YHIBEpCHTET

B OCHOBY mMOKJIaJ€HO BHKOPHUCTAHHS OMNOPHOI XBWJIl JIA3€pHOTO
BUMNPOMIHIOBaHHS Ta omepamis UUuPpoBOoro rojorpadiqyHOro BiATBOPEHHS
pO3NOAUIIB  KOMIUIEKCHUX  aMIUNTYyJ OO’ €KTHOrO IMOJsl 3  HAacTyHHUM
O0OUYHCIICHHSIM PO3MOALTIB MOYJIS 1 pa3u enemeHTiB MaTpuili Jxonca [1,2].

Ha puc. 1 1 puc. 2 npuseneno cepito marn ((1),(3)) 1 ricrorpam po3noauty
((2),(4)) 3navenn moays |j,| i dasu Arg(j, ) enemenriB marpuui J[xoHca ;.
MOJIKPUCTANIIYHUX TJIIBOK CUHOBIAJIBHOL P1JTUHH.

4
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m
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Puc. 1. Manu ((1),(3),(5),(7)) 1 rictrorpamu ((2),(4),(6),(8)) po3mo/iiaiB 3HaYEHb
Moy |/, | enemMenTiB MaTpuui JkoHca MOMKPUCTAN9HOT TLTBKH

CHUHOBIQJIBHOI P1IMHYU KOJIHHOTO CyrJio0a 3 micisionepaiiHiMI peaKTUBHUM

((1),(2),(5),(6)) 1 acentuurum ((3),(4),(7),(8)) cuaoBITOM.

JIisi MOXKJIMBOTO KJIIHIYHOTO 3aCTOCYBaHHsS MeToAy J>KOHC-MaTpuUyHOIO
KaptorpadyBaHHS I KOXHOI TPYNH 3pa3KiB MOJIKPUCTATIYHUX ILIIBOK
CHUHOBIQJIbHOI PIJIMHM, a TaKOX ceul (paHHS AlarHOCTHKAa adbOyMiHypli —
M1JIBUIIICHHS BMICTY OUIKIB), BA3BHAYAIUCH TPAAUIIIIHI JJIs1 JOKA30BO1 MEUIIUHU
onepauiiiHi XapakKTepUCTUKHU, K1 BU3HAYAIOTh J1arHOCTUYHY CUJIy METOdy. A
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Puc. 2. Manu ((1),(3),(5),(7)) 1 rictrorpamu ((2),(4),(6),(8)) po3mo/iiaiB 3HaYEHb
dasu 4rg(j, ) enementis Marpuii J[HKOHCA MOMIKPUCTATIYHOT ILUTIBKH

CHUHOBIQJIBHOI P1IMHU KOJIHHOTO CyIJi00a 3 MmicasionepaiiHiMU peaKTUBHUM
((1),(2),(5),(6)) 1 acentuunum ((3),(4),(7),(8)) cuHOBITOM.

Tabmuns 1. CTaTHCTHYHI MOMEHTH PO3MOMLNIB 3HAYEHb MOAYIA |/, | 1 Bhasu

Arg(j,,) enementis marpuui JKOHCA MOJNIKPUCTATIYHMX IUIBOK CHHOBialbHOT

PIIUHU
[TapameTpu s (n=29) Arg(j,,), (n=29)
Z,j. I'pyma 1 ['pyma 2 I'pymna 1 ['pymna 2
Z, 0,65+0,031 0,64+0,031 1,6+0,085 0,77+ 0,041
Z, 0,14+0,007 | 0,12+£0,006 | 0,28+0,015 0,31+0,017
Z, 0,62+0,033 0,86+ 0,046 1,78+0,088 | 0,850,042
Z, 0,64+0,034 1,42+0,072 5,15£0,027 1,58+0,076
z, 0,07+ 0,0037 0,045+ 0,09+£0,0043 | 0,06+0,0038
0,0028
z 2,83+0,19 4,69+0,28 1,16+ 0,54 2,18+0,12

[IpoBenennii UK JOCHiIKEeHb J[)KOHC-MaTPUYHOTO KapTorpadyBaHHS

MOJIKPUCTAIIYHUX TUTIBOK CHHOBIAJAbHOI PIAMHU BUSBUB BIIMIHY SKICTb
I1aTHOCTUYHOTO TECTY (91%£Acq jll,lz;Arg(j“.lz))S%%) Man moxyns 1 Qasu

PO3MOLIIB eleMeHTIB MaTpuili J[>kKoHca (BUALIEHO CipUM).
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VY nudepeHuianbHiil aiarHocTvil ciaaOkux 3MiH (a3oBOi aHI30TpoMmii
MOJIKPUCTAIIYHUX IUTIBOK C€Yl JOCSATHYTO XOPOIIOi SIKOCTI J1arHOCTHYHOTO
TECTY - 83%< Acq Jiui ;Arg( jlm))g 86% (BHIUIEHO CBITJIO-CIpUM).

Jlitreparypa

1. Y. Yasuno, M. Ju, Y. Hong, S. Makita, and M. Miura, "In Vivo Three-
Dimensional Investigation of Tissue Birefringence by Jones Matrix
Tomography," in 2013 Conference on Lasers and Electro-Optics Pacific Rim,
(Optical Society of America, 2013), paper WJ4 2.

2. Toshitaka Kobata and Takanori Nomura, "Digital holographic three-
dimensional Mueller matrix imaging," Applied Optics Vol. 54, No. 17, pp.5591-
5596 (2015).
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MOIIAPOBI MAITIA TAPAMETPIB ®A30BOI TA AMILIITY JHOI
AHI3OTPOIII MPOCTOPOBO-CTPYKTYPOBAHUX ®IEPUISIPHUX
MEPEXK

VYmenko }0.0.", Jly6onazos O.B.', Conruc I.B.!, Tomka }0.4.", Yenko B.O.'
'YepuiBenpkuil HaLioHaTbHKI yHiBepcHTeT, By, KOIIOOGHHCHKOTO 2,
M. YepHisi, 58012
2 BykoBUHCHKUI JIepKaBHUI MEUUHUN YHIBEPCUTET, TeaTpanibHa mioma 3,
M. YepHiaiii, 58000

VY Bumagky 3acTOCYBaHHS KOTEPEHTHOI OIMOPHOI XBWUJII Ta aJITOPUTMIB
uudpoBoro  rojorpadiuHOr0  BIATBOPEHHSI 3 SIBISETHCS  MOXMJIMBICTD
BIITBOPEHHS PO3IOJINB KOMIUIGKCHHX aMILNTYx |E |expi(AS,); ‘Ey‘expi(A@)
O0’€KTHOTO TOJI Y JUCKPETHOMY (AS,_, ) Habopi ¢asoBux miommH. 3a
PaxyHOK IIbOI'0 MOKHA OJIEp>KaTH CYKYIHICTh MOIIAPOBUX PO3IMOILIIB BEIUUUHI
MaTpPUYHUX €JIEMEHTIB ( x, y,kAS ) Ta BABHAUUTH iX 00’ €MHY CTPYKTYypy [1-4].

Ha cepii ¢parmenTiB puc. 1 npenacraBieHi mojaspu3amiiHo-BiaTBopeHi 3D-
posmomimm  ((1),(2),(3)) Ta wmamu ((4),(5),(6)) BeaIWYMHH JIHIKHOTO
JBOIIPOMEHE3AJIOMJICHHSI ~ ONTHUYHO-aHI30TPOMNHOI  (GIOpUIsipHOT  Mepexi
ONTHYHOTO-TOBCTOr0 mapy (koedimienr ocmabmenass 7=1,02, cTyneHs
nenossipuzaiii  A=57%) Miokapna |y Tpbox “DazoBux” mepepizax -
0 =006 ¢,=09 ¢;=12

8
e

100

20 4 60 80 100 20 40 60 80 100
(4) (5) (6)

Puc. 1. ITomaposi 3D ((1)-(3)) 1 2D ((4)-(6)) po3noaiyiv BEIUYUHU JIHIHHOTO
JIBOITPOMEHE3aIOMIICHHS ( LB ) 4aCTKOBO-AENOJApU3y0Uuoro (7 =1,02)

TICTOJIOTIYHOTO 3pi3y MiOKap/a.
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3 anHamizy HaBeAEHUX HA puUC. | eKcnepruMEeHTaIbHO-BIITBOPEHHUX
MOIIAPOBUX  PO3MOAUTIB  BEJIMYMHU  JIIHIMHOTO  JBOMPOMEHE3aJIOMJICHHS
MOJIKPUCTANIIYHOI ~ CTPYKTYpU TKAHUHU 3  MPOCTOPOBO-BIOPSIAKOBAHOIO
G1OpUISIpHOIO MEPEXKEI0 BUILUIMBAE HASBHICTh 1HAMBIAYAJIbHOI IJI KOXKHOIO
(dazoBoro mnepepizy.

3 G13UYHOI TOUKHU 30py JaHUU (PaKT MOKHA MOB’SA3aTH 13 OCOOJIUBOCTIMU
MopdooriyHoi Oy 10BU 010JI0T1YHOI TKaHWHU AaHOTo TUNy. KokHa mapiianbHa
Mio3uHOBa (i0puia BOJOAIE JaJe€KUM TE€OMETPUYHUM TMOPSAKOM, SIKHIA
BHU3HAYa€ MapameTpu LB - HAIpsIMOK ONTHUYHOI OCl p 1 (pa3oBHil 3CYyB § MIixK

JIHIMHO Ta OPTOTOHAJIBHO-MOJSPU30BAHUMU CKJIAJIOBUMU Ja3epHOi xBuil. Jns
Malux 3Ha4eHb (@ <0,6) B 00’eM1 MioKapAa MPEeBaltO€ OJTHOKPATHE PO3CISIHHSL.
Tomy y Mexax BIAMOBIIHMX MapiianbHuX (a3oBux mnepepiziB 3D posmnosainis
LB(p,x,y) icHye UpSAMHI B3a€EMO3B’SI30K MDK MOPQONOriuHO0 6yIOBOKO
¢b10pumnsipHOl Mepexi MioKapaa Ta BEJIMYMHOIO J1HIMHOTO
JIBOITPOMEHE3aTIOMIICHHS. 30UIBIICHHIO PIBHS ¢ BiAMNOBIa€e OLIbIIA KPATHICTD
CBITJIOPO3CISIHHS, SIKa TMPU3BOJUTH 1O YCEPEIHEHHS MapameTpiB JIHIHHOTO
nBorpoMeHe3anomiieHHs. KilbKICHO 11e BUSIBISIETHCS Y 3POCTaHHI BEJIMYMHU
cepeaHbOro 1 jaucnepcii  ¢aykryauid mapameTpiB  (pa3oBoi LB((p,x, y)
aHi3orportii, - puc. 1 (pparmentu (3),(6)).

OT1xe,

1. 3ampomoHoBaHO Ta 00TpyHTOBaHO MeToh 3D Miroaep-MaTpudIHOTO
BIATBOPEHHS  PO3MOJUIIB  MapaMeTpiB  JIHIAHOTO Ta  LUPKYJISIPHOTO
JBOIIPOMEHE3AJIOMIICHHSI 1 JUXPOi3My YacTKOBO-ACHOJISIPU3YIOUUX IIAPIB
010JIOTTYHUX TKaHHUH Pi13HOT MOPGOIOTIYHOT Oy10BH Ta (P1310JIOTTYHOTO CTaHY.

2. JlocmiKEeHO Ta NPOAHAII30BaHO JHMHAMIKY 3MIHM  BEJIUYUHU
CTaTUCTUYHUX MOMEHTIB 1-T0 — 4-r0 MOPSAIKIB, SIKI XapaKTepU3yrOTh PO3MOALIH
napaMeTpiB ONTHYHOI aHI30TPOIMIl MOJIKPUCTATIYHOT CTPYKTYpU YaCTKOBO
aenoJisipuszyrouoro mapy (r=102;A=57%) TKaHMHM MiOKapJia y pi3HUX
“(hazoBux” mepepizax Horo o0’emy.

3. BusiBieHo HaWOLIbII YYTIHUBI JO MATOJOTIYHUX 3MIH MOJTIKPUCTAIIYHOI
CTPYKTYpPH YaCTKOBO JICTIOJSAPU3YIOUUX IIapiB — CTATUCTUYHI MOMEHTH 3-TO 1 4-
ro TMOPSAKIB, SIKI XapaKTepU3ylTh MOJSIPU3aLIHO-BIATBOPEHI PO3MOALIH
BEJIMYMHU (Pa30BOi aHI30TPOMIi 3pa3KiB TiCTOJIOTTYHUX 3P13iB.

Jlireparypa
1. Y. Yasuno, M. Ju, Y. Hong, S. Makita, and M. Miura, "In Vivo Three-
Dimensional Investigation of Tissue Birefringence by Jones Matrix
Tomography," in 2013 Conference on Lasers and Electro-Optics Pacific Rim,
(Optical Society of America, 2013), paper WJ4 2.
2. Toshitaka Kobata and Takanori Nomura, "Digital holographic three-
dimensional Mueller matrix imaging," Applied Optics Vol. 54, No. 17, pp.5591-
5596 (2015).
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CUCTEMA ABUMYTAJIBHO-IHBAPIAHTHOI'O
MNOJSPU3ALIAHOIO KAPTOIPA®YBAHHS

VYmenko }0.0.", Jly6onazos O.B.', Conruc I.B.!, Tomka }0.4.", Yenko B.O.'
'YepuiBenbkuii HALIOHANBHUI YHiBepcHTeT, ByI1. KOLIOGHHCHKOTO 2,
M. YepHisi, 58012
2 BykoBUHCHKUI IepKaBHUI MEUUHUN YHIBEPCUTET, TeaTpanbHa mioma 3,
M. YepHiaiii, 58000

CTpyKTypHO — JIOTiYHa CXeMa apXIiTeKTypu CHUCTEMH a3UMyTalbHO-
1HBapiaHTHOTO  MOJIApU3allIMHOr0  KapTorpadyBaHHs 1  KOMIUIEKCHOI
MPOIECOPHOI OOPOOKMU PO3MOALIIB IHTEHCUBHOCTI y TOYKAX MOJISPU3AIIHHO-
BIIQIIBTPOBAHUX MIKPOCKOIMIYHUX 300pakeHb O10JIOTIYHUX IIApiB MPUBEICHA
Ha puc. 1.

Bnok onpomiHioBaHHsA

Bnok hopmyBaHHA NNOCKOT XBUNI

Monsipu3auinHuii onpomiHioBay
$=(1,0,0, 1)

O6'ekTHUI Bnok

MpoexkuinHnin 6nok

Bnok nonsipusauiHoro aHanisy

0:S'=(1,1,0,0)| |90%S=(1,-1,0,0) |45%S=(1,0,1,0) 135% §'=(1, 0, -1, 0) :8'=(1,0,0,1) :8=(1,0,0,-1)

Bnok peectpauji
(mxn)

Bnok 06pobku gaHux

Mana asvumyTis nonspusaauii Mana eninTu4HocTi nonsipusauii
a(mxn) B(mxn)

CTaTUCTUYHI MOMEHTMN
1-ro, 2-ro, 3-ro, 4-ro nopsiakis

Q.12:4(a) Q..1254(B)

Puc. 1. ApxiTekTypa cucTeMH NoJIpU3alifHOr0 KapTorpadyBaHHs
MIKPOCKOIIYHUX 300pakeHb 010JIOTIYHUX IIapiB
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Puc. 2. A3uMyTanbHO-1HBApiaHTHI MOJISIPU3alliitHI MaIK riCTOJOTIYHOTO 3Pi3y
TKaHWHU aJICHOMHU MPOCTATU Ta FICTOrPAMU PO3MO/ALIIB 3HAYEHb a3UMYyTa Ta
SIINTUYHOCTI TOJIsIpU3arii

3acTOCYyBaHHS ~ CTaTUCTHUYHOrO  aHali3y JUCKPETHUX  JABOBUMIPHHUX
a3UMYyTaJlbHO-IHBApPIaHTHUX MACHBIB a3uMyTa Ta EIINTUYHOCTI y TOYKax
MIKPOCKOMIYHUX 300pakeHb 010JIOTIYHUX IIapiB (pUC. 2) TO3BOJISIE POSMIUPUTH
(YHKIIIOHATBHI MOKJIUBOCTI CHUCTEM peEeCTpalli KJIACHUYHUX MIKPOCKOMIYHHUX
300paxeHpb Oionoriunux mapis [1,2] 1 ogepkaTu HOB1 JaHi MPO CTATUCTUYHI
MOMEHTH 1-ro-4-ro mopsJKiB, K1 XapaKTepU3ylOTh pO3MOILIN a(mxn) 1 ﬂ(mxn)

Jlitreparypa

1. O.V. Angelsky, A.G. Ushenko, Yu.A. Ushenko, V.P. Pishak, A.P. Peresunko,
“Statistical, Correlation and Topological Approaches in Diagnostics of the
Structure and Physiological State of Birefringent Biological Tissues,” Handbook
of Photonics for Biomedical Science, 283-322 (2010).

2. Y.A. Ushenko, T.M. Boychuk, V.T. Bachynsky, O.P. Mincer, “Diagnostics of
Structure and Physiological State of Birefringent Biological Tissues: Statistical,
Correlation and Topological Approaches,” Handbook of Coherent-Domain
Optical Methods, 107-148 (2013).
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CUCTEMA HNOJSPU3ALIAHO-KOPEJSAIIMHOT'O
KAPTOI'PA®YBAHHA

1 1 1 1 1
VYuenko 10.0.", ly6onazos O.B.", Contuc [.B.', Tomka FO.4.", Ymienko B.O.
1 . o . o .
UepHiBelbKUM HAIlIOHATBHUM YHIBEPCHUTET,
2 o o o .
BykoBuHCHKHI AepKaBHUN MEIUIHUNU YHIBEPCUTET

Ha puc. 1 npencraBieHa onTUYHA cCXeMa MOSPU3ALINHO-KOPESIIIHHOTO
KapTorpadgyBaHHs MIKPOCKOIIYHUX 300paKeHb O10JIOTTYHHX IIAPiB.

|
.|

» (> > > ‘Vﬂ Vi,
> =
N . = \ \%
l L
1 2 3 4 5 6 7 8 9 10 14
4
T ¥ ¥
> 0 % 451 -:5 & 2 A
-« > [
v/ ¥ 4 - '4 v a
‘4’1' ¥
1" 12 13

Puc. 1. Ontuuna cxema KCBII-kapTorpadyBaHHs MIKpOCKOIIYHUX 300pa’KeHb
OiomoriyHux mapis. [losicHEHHS y TeKCTI

Metonuka ekCliepuMEHTaIbHUX BUMIPIOBAHb PO3MOJLIY 3HAYEHb MOIYJIS
KOMIUIEKCHOTO cTyneHsi B3aeMHoi mnojsipusanii (KCBII) wikpockomiuHoro
300paxeHHs 010JI0T1YHOrO Mapy HacTymnHa [ 1,2]:

. @opmyroTh 3a JONOMOIOK JIHIMHOTO mojspuzaTtopa 3 1
YBEPTHXBUJIbOBOI IJIACTUHKU 4 IUPKYISPHO MOJSPU30BAHUN ONPOMIHIOIOUUMA
ny4ok — ¢pparment 11.

2. Bumiproetbcs (0€3 4BEpPTHXBUIIBOBOI IJIACTUHKU 7 1 MOJpU3aTOpa-
aHamizatropa 8) KOOPAWHATHUM  PO3MOAIA  1HTEHCHBHOCTI  300pakKEHHS
010JI0T14YHOT TKAaHUHH [ (mxn), 1€ mxn - CyKyIHICTh MIKCENIB HUPPOBOI KaMmepH
9.

3. BcranoBmiooTe aHamizatop 8 (y BIACYTHOCTI YBEPTHXBUIBOBOI
IUTACTUHKH 7) 1 OPIEHTYIOTH BICh MPOIyCKaHHS MiJ KyTamMmu © =0°, ®=90° Ta
BUMIpIOIOTh PO3MO/IUIH 3Ha4eHb iHTeHCUBHOCTI 1 (mxn); 1°(mxn).

4. BumipioloTh po3moaiu mnapaMeTrpiB BekTopa CTokca sl KOXKHOIO
okpeMoro mikcenss (m,n) CCD-kamepu — @QyHKIIOHAIbHA TMOCHIJOBHICTD
nossipu3ailiitnoi (uibTpallii npeacraBieHa Ha pparmenTi 12.

5. Po3paxoByoTh MoJspU3aliiHi Mamu MIKPOCKOMIYHOTO 300pakeHHSs
FICTOJIOTIYHOTO 3pi3y 010JI0T1YHOT TKAHUHU — (pparMeHT 13.
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6. Po3paxoBylOoTh KOOpPAMHATHI PO3NOAUIM (Pa30BHX 3CYBIB 5(m><m) 3

BUKOPHUCTAHHSM CITIBB1IHOIIICHHS
5<nk)=arczg[—fg2ﬁ(“k)} (1)
tga(rik)

Tyt r, - KOOpIHMHATa JOKaJIbHOIO MIKCENs y IUIOUIMHI CBITIOYYTJIMBOIO
0JI0Ky M(PPOBOT KaMEPH.

7. Po3paxoByroTh KOOpAWMHATHHI po3noain 3HaueHb wmonyias KCBII
|V|(m><n) 3a CIIBBIAHOIIECHHAM — ()parMeHT 14

v (102003 )= 122 )12 ) +161, ()1, ()1, ()1 (),
1(r)1(r,)
+813’5 (71 )1,85 (’”2 )13’5 (”1 )I,?’S (rz )(Ig,s (7] )1,8’5 (’”2)_13’5 (’”1 )13’5(’”2 ))2 080,

1(,)1(r,)

ne  I.(r:n); ]y(rl;rz) — 3HAY€HHS I1HTEHCUBHOCTI MIKPOCKOIIYHOIO

; (2)

300paXK€HHs TICTOJIOTIYHOTO 3pi3y OlOJOriYyHOiI TKAHWMHU B TOYKax 3
KOOPAMHATAMH r,;7, AJIS MOBOPOTIB OC1 IPOIYCKaHHS aHali3aropa 9 BIJHOCHO
IJIOIIMHY TaJIHHS HA KyTH 0% 900, BIZIITIOB1IHO.

Ha puc. 2 npuBenenuit koopauHatuii po3noain 3HaueHb moayiast KCBII
MIKPOCKOMIYHOTO 300pa)kKeHHS T1CTOJOTIYHOTO 3pi3y CTIHKH MPSAMOi KHIIKU Ta
ricTrorpama po3mnoJiury

KCBI(x,y) 5% 10°
I N\(KCBIM)
& 10.9 5
% 0.8
3 4
0.7
0.6 2

0 0.2 0.4 06 0.8 1

Puc. 2. Koopaunatuuii po3noin 3nauens Mmoayiiss KCBII mikpockomiuHOro
300paKEHHSI TCTOJOTIYHOTO 3pi3y CTIHKU MPSAMOI KUIIKH Ta rictorpama Moro
BUIMAJIKOBUX 3HAYCHb

Takum unHoM, ronoBHUM pe3ynbTar cuctremu KCBII - kapTorpadyBanus
MIKPOCKOIIIYHUX 300pa’K€Hb TICTOJIOTIYHUX 3Pi31B 010J0TTYHUX TKAHUH MOJISITae
y TOMy, II0 BOHa 3a0e3nedye HOBY CYKYMHICTh MAii, MOAO KOPEISALIMHOTO
CIIBCTaBJICHHSI MOJIAPU3ALINHUX MAPAMETPIB y PI3HUX TOUKAX ONTHUYHOTO MOJIS
y miomwuHi 300paxeHHs. lle mpu3BoauTh 10 pO3MIKUPEHHS (YHKIIOHATBHUX
MOXJIMBOCTEH JIIaTHOCTUKU ONTHUYHOI aHI30TpoMii O10JIOTIYHUX IIapiB 1
MOKpallleHHsT  1HGOPMATUBHOCTI 3a PpaxyHOK peaii3aiii a3uMyTajbHO-
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1HBap1aHTHOTO  MOJSPU3ALINHO-KOPEJSIIKHOIO  MPOLECY  BUMIPIOBAHHS
KOOPAMHATHUX PO3noALTIB 3HaueHb MoayJis KCBII.

Jlitreparypa
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of Photonics for Biomedical Science, 283-322 (2010).

2. Y.A. Ushenko, T.M. Boychuk, V.T. Bachynsky, O.P. Mincer, “Diagnostics of
Structure and Physiological State of Birefringent Biological Tissues: Statistical,
Correlation and Topological Approaches,” Handbook of Coherent-Domain
Optical Methods, 107-148 (2013).
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CUCTEMA JXKOHC-MATPUYHOI KOPEJTOMETPII OIITUYHO-
AHI3BOTPOIITHUX MEPEX I'ICTOJIOI'TYHUX 3PI3IB
BIOJIOI'TYHUX TKAHUH

1 1 1 1 1
VYmenko 10.0.", ly6onazos O.B.", Contuc [.B.', Tomka FO.4.", Ymienko B.O.
"YepniBewpkuii HAIIOHATBHAN YHIBEPCHTET,

ZByKOBI/IHCbKHﬁ Jep>KaBHUM MEAUYHUN YHIBEPCUTET

Ha puc. 1 npencraBnena ontuyHa cxeMa J[)KOHC-MaTpUYHOI KOpeIOMETpii
ONTUYHO-aHI30TPOMTHUX MEPEXK TCTOJOTTUHHUX 3Pi31B O10JIOTTYHUX TKAHUH
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Puc. 1. Ontuuna cxema KCBA - kapTorpadyBanHs 010710T1YHUX IIAPiB.

JIns BU3HAUEHHS 3HAYE€Hb MOJYJISI KOMIUIEKCHOTO CTYIEHS B3a€MHOI
anzorpornii (KCBA) Mu MoOxkeMO CKOpUCTAaTHUCS pe3yJibTaTaMu JOCIIIKEHb
[1,2]

o) = {dn(’"l:rz)"'dlz(’"la”z)"'dzl(”l”’z)+d22(’”1”"2)}2
o) 100) o

Tyt d, (7,7, ) - y3aranbHeHi MATPHYHI €JEMEHTH HACTYITHOTO BUTJISTY
dll(rl’r2)_ l](rl)dll(rz)
(l"l,l") lz(n)dlz(rz)e
(’”17’”) 21(’”1)d21(r2)a
(’”19”2) 22(7"1) 22(”2)9 (2)
e d, — KOMIUIEKCHI eneMeHTH Matpuili J[xoHca {D}

Ha puc. 2 npuBenenuii koopauHatHuil po3noAin 3HaueHb moayisi KCBA
MOJIKPUCTANIIYHOI CTPYKTYPU TICTOJOTIYHOTO 3pi3y CTIHKU MPSIMOI KHUIIKUA Ta
ricrorpama po3mojainy.
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Puc. 2. Koopaunatuuii po3nojaii 3Hauenb moayist KCBA nonikpucrtaniuyHoi
CTPYKTYPH T1CTOJOTIYHOTO 3pi13y CTIHKU MPAMOI KUIIKH Ta ricTorpama
PO3MOITY MOr0 BUIAIKOBUX 3HAUEHD

Otxe, ronoBHuit pesynbrar cuctemu KCBA - kaprorpadyBaHHs
MOJIKPUCTAIIYHUX MEPEXK TICTOJOTTYHUX 3pi3iB O10JOTTUHUX TKAHUH MOJISTa€E y
TOMy, IO BOHa 3a0e3reuye HOBY CYKYIHICTh [iil, IIOJ0 KOPEISLIMHOTO
CITIBCTABJICHHS 3HA4Y€Hb MIMCHOI CKJIa0BOi €JIeMEHTIB MaTpuill J[xkoHca y
pI3HUX TOuykKax I[omMHU 00’ekTy. Ile mnpu3BOaUTH 10 PO3IMIMPEHHS
(YHKI[IOHATBPHUX  MOJKJIMBOCTEM  JIarHOCTUKM  ONTHUYHOI  aHI30TpOmii
0loJIOT1YHUX IIapiB 1 MOKpaIleHHS 1HQOPMATUBHOCTI 3a PaxXyHOK peai3alii
a3UMYTaIbHO-1HBAPIAHTHOTO OIS PU3AIITHO-KOPETIAIIHHOTO MpOoLIECY
BUMIPIOBaHHS KOOPJMHATHUX PO3MOALIIB 3HaueHb MoTyisit KCBA.

Jlitreparypa

1. O.V. Angelsky, A.G. Ushenko, Yu.A. Ushenko, V.P. Pishak, A.P. Peresunko,
“Statistical, Correlation and Topological Approaches in Diagnostics of the
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2. Y.A. Ushenko, T.M. Boychuk, V.T. Bachynsky, O.P. Mincer, “Diagnostics of
Structure and Physiological State of Birefringent Biological Tissues: Statistical,
Correlation and Topological Approaches,” Handbook of Coherent-Domain
Optical Methods, 107-148 (2013).
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AKYCTOMAI'HUTHOE BO3BYKAEHHUE JIEKTPUYECKOI'O
1HOJIA B BOOHOM PACTBOPE NaCl

bonnapenko n.c., ABpyHUH or., bonnapenko C.H?, Kpescyn AB?
IXapLKOBCKI/Iﬁ HallMOHAJbHBI YHUBEPCUTET PATUOITIEKTPOHUKHI
61166, XapbkoB, Ykpauna, np. Hayku 14, kad. buomeauiuuckoit nHxeHepuu,
ten. (057) 702-13-64,
*DU3NKO-TeXHUUCCKHT WHCTUTYT HU3KUX Temrepartyp um.b.1.Bepkuna
61103, XapbkoB, Ykpauna, np. Hayku 47, ten.(057)-340-22-23
E-mail: 1igor.bondarenko(@nure.ua; oleh.avrunin(@nure.ua

BBenenue. N3mepena BEJIMYMHA DJIEKTPUYECKOTO 10JIs B
AJEKTpONpoBOAAIeM BoaHOM pactBope NaCl, BO3HHMKaWOIIETO MpPHU
OJTHOBPEMEHHOM JICVCTBUM HA HErO YyJIbTPa3ByKa M MOCTOSHHOTO MArHUTHOIO
nojss. OCHOBHBIE XapaKTEPUCTHKH YJIBTPAa3BYKOBOTO U3JIYYEHHS B MECTE
U3MEPEHUST BJIEKTPUYECKOTO TMOJs ONPENENICHBI, UCXOAsl U3 €ro BEIMYUHBI U
MapaMeTPOB SKCIEPUMEHTAIBHON YCTAaHOBKU. B0O3MOXHOCTH HCIOJNIB30BaHHUS
U3MEPEHUN BJIEKTPUUECKOTO IO JJIsI U3Y4YEHUS CBOMCTB OMOJIOTHYECKOM
cpensl (bC) obcyxmaercs.

CymHocTth padorsl. [locTynareapHOE NEepeMENICHUE 3apsSKEHHBIX YaCTHIL
C HEKOTOpoil ckopocThio (V) B mocTossHHOM MaranutHoMm mnoie (IIMII) c
uHaykinuei (B) BbI3bIBa€T MOSBICHUE B MPOCTPAHCTBE SJIEKTPUUECKOIO MOJIS
(E). Bextop E HampaBiieH 1mojJi HEKOTOPbIM yIJIOM K HaIpaBJICHUSIM BEKTOPOB
CKOPOCTH M MAarHuTHOro mnoJjsd.[1] MarHutoruapoIuHaMUYECKHE TEHEPATOPHI
AJEKTPUYECKON SHEPTHM MOCTPOCHBI, B YACTHOCTH, HA OCHOBE 3TOr0 3aKOHA.
N3mepenuss mnoxkazanu, uro MI'J] (MarHutoruapoauHamudeckuit) — 3ddext
Xopouio HaOiroaercss B MoJienbHOM oOpasine bC. AMInTyna nmepeMeHHOro
HanpsDKEHHWST Ha 30HJAaX Ha YacToTe YyibTpa3Byka coctaBmwia Up,=S0
MHKPOBOJIBT NPHU BBIXOAHOW HHTeHCUBHOCTH Y3W nmucnepraropa I[=3x10
’Br/cm”. COOTBETCTBYIOIIEE 3HAYCHHE IEPEMEHHOrO SICKTPHIECKOr0 OIS
coctaBmio E, .= 5x10°B/m. Benuuuna HaMnpsDKEHHUST 3aBUCUT OT YIJIOBOM
opueHTaluu 0a3bl 30HAOB IO OTHOILICHHIO K HAMpaBJICHUIO MOCTOSHHOIO
MarautHoro nojisg (IIMII). Hanpspkenue mMeer MakcMMalabHOE 3HAUCHHE MPU
B3aMMHO MEPIECHANKYIIPHOM MOJIOKEHUH 0a3 U HanpasieHus Bekropa [IMII, a
pu napajyieTbHOM oOpam@aercs B Hyjdb. DTO B TOYHOCTH COOTBETCTBYET
BEKTOPHOMY IPOU3BEACHUIO:

E=vxB (1)

MakcuManbHyl0 ~ MHTEHCUBHOCTH  yibTpazByka (I,) B  oOnactu
pPACIIONOKEHUST 30HJOB MOXHO OIEHUTh IO BEJIMYMHE HaOII0/1aeMOro
HanpsHKEHWS Ha OCHOBAHUM MOJTYUYeHHON HaMmu paHee [2] hopMyJIb:

I.=U -p-c/(2B*-I*) (2)

max
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BoiBoabl. Takoil moaxon OBITH akTyajeH sl CUCTEM MAarHUTHOIO
cTepeoTakcuca [3-5]. DKCIepUMEHTAIbHO JOKA3aHO, YTO B AJICKTPONPOBOIAIICH
KUJKOCTH B BHAe BoaHoro pactBopa NaCl Bo3HHKaeT MNEpPEMEHHOE
ANEKTPUYECKOE TMOoJie TMOJ JACHCTBHEM YIbTPAa3BYKOBOTO H3JIYUYEHUS W
MOCTOSTHHOT'O MarHuTHOTO moJjs. HampapieHue W BenMYMHA 3JIEKTPUUYECKOTO
MOJIS  OMNPENENISIIOTCS  0a30BBIM  COOTHOIIICHHUEM (1) Mexay CKOpPOCTBIO
MEePEMEILICHHS DJIEKTPUUECKUX 3apS0B JKUAKOCTH M MAarHUTHBIM TOJIEM, YTO
COOTBETCTBYET CYIIECTBOBAHUIO MAarHUTOTUJIpOANHAMUYECKoro sddexkra B
KUJIKOCTU. JlocTaTouHO OOJIbIlIasi BEIUYMHA PETUCTPUPYEMOTO HanpshkeHus (50
MKB) Ha 30H1ax ¢ Manoii 6a3oii (10Mm) npu Manoit ckopoctu(lcm/c) nBUKEHUS
MPOBOJIAIIEH Cpelbl TOBOPUT O TMEPCHEKTUBHOCTH uHcnoyb3oBaHus MI'/I-
s dekra, B YaCTHOCTHU, JJISI ONpPEIECICHUS MPUPAIICHUS CKOPOCTU JBUKECHHS
KPOBH 10 COCyZaM BO BpEMsI CEpJICUHbBIX COKpAIICHUH.

Jlureparypa.
1. Po3a P., Marautoruapoaunamudeckoe nmpeoopazopanue s1Hepruu / P.Po3a. —
Mocksa, 1979.- 252c.
2. bounapenko U.C. MarnutHas rugpoauHamMuka ouonoruyeckoi cpeast / U.C.
bonpapenko, O.I'. ABpyHuH./ AKTyajabHbIE TIPOOJIEMBI ABTOMATUKU |
npuOOpOCTpOCHUS : MaTepuaibl 1-it MexyHapoHOM Hay4YHOU M TEXHUYECKOM
koH(pepenuuu. — 2017. — ¢.252.
3. Appymnmn O.I. Omnpenenenue 3akoHa JBHXKEHHS XUPYPrAUUYECKOTO
MHCTPYMEHTA B cucTeMax MarHuTHoro crepeotakcuca / O.I'. ABpynun // ACY u
npubopsl aBToMaTuKu.- 2000.- Ne 113.- C. 18-23.
4. Aspynun O.I'. K Bompocy 00 omnpeneineHuu CUI0BbIX XapaKTepUCTHUK TOJISI B
cuctremMax MarHuTHoro crtepeotakcuca / O.I'. ABpynun, B.B. Cemenen //
Pagnorexnuka.- 2001.- Ne 117.- C. 121-124.
5. P. Chandra Sekhar Elamir, An Attempt of Determining the Force
Characteristics of Fields in Magnetic Stereotactic System/ P.Chandra Sekhar
Elamir, Abu Abaida Ali Osman, O.G. Avrunin, Mustafa O. Ali. // International
Journal of Engineering Science and Innovative Technology (IJESIT).- 2012.-
Vol. 1, - Iss.2. - P. 266-270.
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CTATUCTUUYECKHI AHAJIN3 DJEKTPOMUOI PAMM

Kemuyxkuna T.B., Hocosa T.B.

Jlns pacudera cnekTpaibHbIX mapameTpoB DMI'-curnana Obln pazpaboran
MporpaMMHBIM MOAyJdb Ha s3bike MatlLab, KOTOpbBI MMO3BOJISIET BHIPE3AThH
HEUH(POPMATUBHbIC YYaCTKM UHTEP(EPEHIIMOHHON KPUBOW, paccuMTaTh
CIIEKTPAJIbHbIE XApPAKTEPUCTUKU CHUTHaia. Pe3ynbTaThl pabOThl MOAYJA C
uHpopMalen 0 malueHTe B aBTOMAaTUYECKOM PEXUME COXpaHAIOTCA B 0azy
JAHHBIX JJIs TOCHEAYIONe CTAaTUCTHYECKONM 00paboTKH aHaIU3UPYyEMbIX
BBIOOPOK.

[Tocne monyyeHus: CHEKTPATbHBIX XapaKTEPUCTHUK 3JIEKTPOMUOTPAMM ObLIH
copMHUpOBaHBl BBIOOPKH JJISI CTAaTHCTHYECKOW OOpaOOTKM W BBISABICHUS
CTaTUCTUYECKN 3HAYMMBIX CBA3€M MEXAY TPYNIOH, K KOTOPOHM OTHOCHUTCS
MAlUMEHT W KaXJOM CHEKTPaJIbHOW XapaKTEPUCTUKOW, a TaKXKe IOJIOBBIM
MIPU3HAKOM.

[IpoBeneHHBIE pacUeThl BEPOATHOCTH PA3IUUYUS MEXKIY CIEKTPATbHBIMU
napamerpamu OMI'-curHaia W mOJIOM TMAalMEHTa [OKa3aliu, YTO pa3HHIA
CIIEKTpaJIbHBIX MOKa3zaTened IMI -CUrHAIOB MEK 1Y )KEHIIMHAMU U MYKUMHAMHU
HE SABJSAETCS CTATUCTUYECKU 3HAYMMOMW JJIi BCEX MCCIEAYEMBIX MOKa3aTeliei
(p >0,001) Bo Bcex rpymnmax. YTo mo3BOJISIET MPOBOAUTH JAATbHECUIIINN aHATU3
MHUOTpaMM, HE YyYHUThIBasE IOJOBOM MPUHAMJICKHOCTH  OOCIEAyeMOro.
CnekrpanbHble napaMmeTpbl DMI' My>KUMH U )KEHIIIMH HU B IPYIIAX MAlUEHTOB
C JereHepaTUBHBIMH  3a00JICBAaHUSIMU  [O3BOHOYHHMKA, HH B Ipynmnax
MPAKTUYECKU U YCIOBHO 370POBBIX JOOPOBOJIBIEB CTATUCTUUYECKU JOCTOBEPHO
HE Pa3InvyaroTCs.

['pynnsl 310poBbie ¢ 00IBI0 U 00CIIEAyEeMbIe CO CKOIMO30M Pa3IMYyaroTCs
M0 TMapamMeTrpaM MEIUAHHOM W CpEeAHEW 4YacTOThl. ['pymnmbl MalUMEeHTOB,
CTpAJalOIIMX  BEePTEOPOJOTMYECKUMU  3a00JICBAaHUSMH M CKOJHO30M,
pa3MYarOTCA MO MapaMmMeTpy MEIMAHHOM 4YacTOThl. [pynmel 300pOBBIE U
CTpaJaroume BEpTEOPOIIOTHYECKUMU 3a00J€BaHUSIMU pa3nuvarTCs
napaMeTrpaMu oOIleld MOIIHOCTH U CKOPOCTH M3MEHEHUS] MEUAaHHOW YacTOTHI.
VY oOcnenyeMbIx B TpylIax C MNaTOJIOTHUSIMH HE HAOJIOAAETCsl CYIIECTBEHHOTO
M3MEHEHMS] MEIMAHHOW YacTOThl BO BpeMsi (PU3MYECKONW HArpy3Ku, KOTOpas
CBHUJETEIBCTBYET O MBIIIEYHOM YTOMJIEHHWH, & B KOHTPOJIbHOM TPYIIIE U TPYIIIE
3I0POBBIX 00CHEAyeMBbIX C OONSIMH B CIHWHE — MAlMEHTHl UCIBITHIBAIOT
yToMiiieMocTh Mbill. [Ipyu aHanuse cpenHuX 3HAaUEHNU HAaYaJIbHOU U KOHEYHOU
MEJIMAaHHBIX YaCTOT B PA3JIMUHBIX Ipynmnax ObLJIO 3aMEUEHO, UYTO Y MalMEeHTOB C
BEpTEOPOJIOTHYECKUMHU  3a00JIeBaHUSIMM ~ HayajdbHas MEJUaHHAas 4YacToTa
HAaXOJUTCS HA YPOBHE KOHEUHON MEIMAHHOW YaCTOThI B KOHTPOJBHOU IpyIINe, U
MPAKTUYECKU HE U3MEHSETCS C TEUEHHEM BPEMEHU B Ipolecce (HU3NYecKoi
Harpy3ku [1-4]. B rpynne manmeHTOB CO CKOJMO30M HayajbHAas MEIHaHHAs
4acTOTa HAXOJUTCS HAa YPOBHE HAYaJIbHOW MEIMAHHOW YaCTOTHI 3/I0POBBIX C
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0O0JIIMM U MPAKTUYECKH HE WM3MEHSIETCS BO BPEMEHU. Y 3JI0POBBIX C OOJISIMHU
HayaJibHasl MEIHMAaHHAs 4YacToTa HM)XE TAaKOBOM B KOHTPOJIBHOW TpyINe, B
npotecce pU3nYeCKor Harpy3Ku HabJI01aeTcs €€ CyIIeCTBEHHOE CHUYKEHUE.
[lepcniekTrBOM PabOTHI SIBASETCS JATbHEUIINWNA CTATUCTUUECKUN aHaIU3
JAHHBIX AJIEKTPOMHUOTPAPUYECKOTO UCCIETOBAHUS 110 BO3PACTHBIM KAaTErOPUsIM,
a TaKXke MOCTPOEHUE MojeNiel Ml KiaccupUKalMy NalMeHTOB MO 3HAYCHUSIM
CIEKTPAJIbHBIX XapaKTEPUCTUK JAHHBIX MOBEPXHOCTHOU SIEKTpOMHOTpaduH.

Jlureparypa
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uH@opmarmu: 30. Hayk. np. — X.: XVYIIC, 2007. — Bun. 9 (67). — C. 137-140.
2. HTampaesa E.O, ABpynun O.I'. [Toctpoenue Moaenel 4epenHbIX UMIIJIAHTOB
no peHtrreHorpaduueckuM nanHbiM// [Ipuknannas paguosnextponuka.—2005.—
T4, C. 441-443.
3. lampaeBa E.O., ABpynun O.I'. Bbeibop MeToma cerMeHTalMM KOCTHBIX
CTPYKTYp Ha ToMmorpaduuecKux Hu300pakeHusx // bHOHMKA HWHTEIIEKTA:
uHopmarus, 136K, UHTEIUIEKT. — X.: XHYPD «Komnmanus CMUT». — 2006. —
Ne 2 (65). — C. 83-87.
4. Apyaun O. [I. IlpuHOMOBI  KOMIBIOTEPHOTO  IJITAHUPOBAHHS
(GyHKIIMOHANBHBIX onepaTuBHbIX BMematenbeTB / O. I'. ABpyHuH // TexHiuHa
eJeKTPOANHAMIKA, TeM BUNYCK « CHUJIOBa €JIEKTPOHIKA Ta €Heproe)eKTUBHICTDY.
—-2011.-4. 2. - C. 293-298.
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YK 615.47:616.073

MYJbTH®YHKIIOHAJBHA IHTEJIEKTYAJII3OBAHA CUCTEMA
JIABEPHOI MOJISIPUMETPII

[TaBnos C.B., 3a6onotna H.I., Kapacs O.B.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

Ha choromuimHiii aAeHb Ja3epHa 300pakajibHa MOJSIPUMETPIS € JIOCUTh
IHHOBAI[IHHOIO Ta MEPCHEKTUBHOIO /JII BUKOPUCTAHHS ii B rajxy3l MEIUYHOIO
miarHocTyBaHHs. byna po3poOsieHa 1HTENEKTyalli30BaHa MOJSIPUMETpUYHA
cucTeMa JJisi A1arHOCTYBaHHS MATOJIOTIA HAa OCHOBI BUKOPUCTAHHS (DYHKIIIHA
pi3HOro 1H(QOpPMAIITHOTO PIBHS: BiJ BUMIPIOBaHHS MaTpuili Miojiepa, BEKTOPIB
Crokca 1 10 aHani3y opieHTaliitHO-Pa30BUX mapaMeTpiB O10JIOTIYHUX TKAaHHH,
JIACHUX 1 YSIBHUX €JIEeMEeHTIB MaTpuili J[>koHca.
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Pucynok 1 — MynbTudyHKIIOHAJIbHA 1HTEJIEKTYaI130BaHa CUCTEMA JIa3€PHOT
HNOJISIPUMETPIT

CucrteMa CKJIaa€ThCsl 3 HAMIBIPOBIIHUKOBOTO Jiazepy | 3 JOBKUHOIO
xBum — A=0,638 MM, komimatopa 2, YBEpPTHXBHJIBOBUX IUIACTHHOK 3, 3, 33,
JHIMHOTO Mosipu3aropa 1 aHaiizatopa 4, 1 4, BIANOBIIHO, MPOEKIIITHOTO OJIOKY
7, xomm’1otepa 8, MIKpOKOHTpOJIepHOTO 00Ky 9, npaiiBepiB aBuryHiB 10;-10s,
BiacHe NBUTYHIB 11,-115Ta cucremu miaTpuMKku npuHATTA piteHsb 12 (Puc. 1).

Jns Toro, mo0 OO0 €KTHMBHO OI[IHUTH CTAaTUCTHYHI 3aJICKHOCTI MIXK
HO30JIOT1SIMU «HOpMay» Ta «(}idpoaseHoMa» OyJio MPOBEACHO CTAaTUCTUYHUN Ta
KOpEJSILIMHUN aHami3 OTpUMaHMX 300pa)xeHb eJeMeHTIB Matpulll JlxoHca
TJTIBOK TJIa3MH KPOBI.

Hactynaum kpokom € nudepeniiaiisi HO30J0Tiil 3a JOMOMOTOI0 CUCTEMHU
MIITPUMKHU TPUUHATTS PIllIEHb Ha OCHOBI MPaBWJI HEYITKOI JIOTIKU. {15 1boro
Oyno cdopmoBaHo 0a3zy JnaHuX Ta (YHKIII HAJIEKHOCTI HA OCHOBI SIKMX
MPUKUMAETHCS PIIIEHHS [0 BIIHOILIECHHS 3pa3Ky J0 Ti€1 YU 1HIIIOI HO30JIOTIi.
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®OTOTEPANEBTUYHUM AITAPAT KOPOBOBA A. - KOPOEOBA B.
«BAPBA-CIAC» JJIA TPOPIJIAKTUKHA TA JIIKYBAHHA
CUHJPOMY JIABETUYHOI CTONHU

Kopo6os A.M., Kopo6os B.A.
XapkiBcbKuii HallioHanbHUM yHIBepcuTeT iMeHi B.H.Kapa3ina

3a nanumu ekcneptiB MixknHaponaHoi aiaderuunoi peaepanii (IDF) B 2015
poili y cBiTi Oysio 3apeectpoBaHo moHa] 400 MUIbHOHIB XBOPUX HA IYKPOBHIA
niader, a g0 2040 odikyeTbCcs 301IbIICHHSA I1X KUIBKOCTI B IIBTOPH pasm.
CratucTuyHi J1aHi CBAYATH MPO Te, 10 OUIbiI HIX y 15% XBOpUX HA IyKPOBUI
JiabeT CroCTEPIraeThCsl YCKIATHEHHS Y BUTJISI CUHAPOMY J1a0€TUYHOI CTOMH.
Koxni 40 cexkyHI y CBITI BUKOHYEThCA OJHA aMmITyTallisi HMXKHBOI KIHI[IBKH.
JleTanpHICTh MPU LBOMY YCKJIAJHEHHI y MAIll€HTIB, SIKI MEPEHECIU BHUCOKY
aMITyTallll0 H)KHBOI KIHIIBKH, HaOmmxkaeTbest 10 70%. OOH 3aknukae 3podutu
BCE MOXJIMBE JUIsl 3MEHIICHHS KUIBKOCTI aMIlyTalllii y XBOPUX Ha CaXxapHUM
niaber xoua Ou ynaBiyi. PeuuauMBHI JECTPYKTHUBHI YpaK€HHS MOTIPIIYIOTH
npoOjieMr JIKyBaHHSA, peaOumiTalii, couiaabHOI JIOMOMOTH, 30UIbIIYIOUH
€KOHOMIYHI BHUTpaTu. Bce e 3Myllye HIyKaTH HOBI METOAM JIIKYBaHHS 1
npopIIAKTUKU THIMHO-HEKPOTUYHUX YCKIAJHEHb CHHIPOMY A1a0€TUYHOI
cronu. OJHUM 3 TaKUX METOIB € (poToTeparis.

Hu3bKOIHTEHCHUBHE €JIEKTPOMArHITHE BUIPOMIHIOBAHHS BUIUMOIO Ta
iH(ppauepBOHOTO Jiana3oHIB CHEKTpa MIJCUIIOE MIKPOIMPKYJISAIII0 KPOBI Ta
niMQu, MOIABUILYE €IaCTUYHICTh CTIHOK KpPOBOHOCHHUX CYJIMH, HOpPMai3ye
peosIoTivyHl MOKa3HUKU KpoBl. Lle crpuse BITHOBIEHHIO KPOBOIIOCTAYaHHS B
1I11eM130BaH1 30HHU, 1110 YCYyBa€ MPUUNHY 3aXBOPIOBAHHS.

OCKUIBKH CBITJIO BUIUMOTO Ta IHPPAYEPBOHOTO A1aMa30HIB CIIEKTPa TaKOXK
HOpMaizye poOOTy IMYyHHOI, €HAOKPUHHOI Ta IIEHTPaIbHOI HEPBOBOI CHUCTEM,
Horo 3actocyBaHHs 3a0e3leuye MOKpPAIeHHS 3arajlbHOTO CTaHy MAalll€HTIB, L0
BKpall BaXJIMBO /JIS XBOPUX Ha IYKPOBHM [ia0eT, SIKI MaloTh LIy HU3KY
pO3J1a/iB B pOOOTI PI3HUX CUCTEM OPraHi3My.

B nabGopatopii kBaHTOBOiI 010710Tii Ta KBAHTOBOI MEIUIIMHU XapPKiBCHKOIO
HalioHanbHOrO yHiBepcutety imeHi B.H.Kapazina mpotsrom ocTtaHHix ceMu
POKIB TIPOBOJSATHCS JOCIIKEHHS 11 HU3bKOIHTEHCHBHOTO €JIE€KTPOMAarHiTHOTO
BUMNPOMIHIOBaHHS BHUJIUMMOIO0 Ta I1H(QPAUYEpBOHOrO Jiala3oHIB CHEKTpa Ha
PO3BUTOK LIYKPOBOIO Aia0eTy Ta HOro yCKIIaJHEHb, B MIEPIIy Yepry, Ha CUHJIPOM
n1a0eTUYHOI CTOIIH.

Ha 6a3i pesynbraTiB (yHIaMEHTaIbHUX JOCTIIKEHb PO3POOIISIIOTHCS
METOJUKH Ta anapaty JJisl JIKyBaHHS 1 TPOQPIIaKTUKHA HAUOLIbI HEOE3MEeUHOTro
YCKIIAIHEHHSI I[yKpOBOTO JAia0beTy - CcUHApoMy AlabeTtuyHoi cTtomu. byno
po3po0JiIeHO JAeKUIbka MoAuQIKaIld CTalloHapHOro (HOTOTEPANEeBTUUYHOTO
anapary Kopo6oga A. - Kopo6osa B. «bapsa-C/IC».
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KonctpyktuBno ¢ororepanesruunuii anapat «bapsa-CJIC» BukoHaHM y
BUTIISIAI JBOX «I'»-MOMIOHUX JIOKEMEHTIB, PO3TAIllOBAaHMX IapalieibHO B
OJIHOMY KOpHyci, 1[0 3a0e3neuye MOXKJIUBICTh OJHOYACHOTO PIBHOMIPHOIO
ONMpPOMIHEHH 000X KIHI[IBOK mnalieHTa. KOHCTpykilisi amapaTy J103BOJISIE
BUKOPHUCTOBYBATHU MOT0 a00 Yy BEPTUKAIbHOMY (MALIIEHT CUIUThH HA CTUIbII), 200
Yy TOPU3OHTAIBHOMY CTaH1 (MAII€HT JIEKUTh HA KYIIETII).

®dotorepaneBtuyHi anapatu «bapBa-CJIC» 3 ycnixoM BUKOPHUCTOBYIOThCS
B NOpo(UILHUX CaHATOPIAX Ta IEHTpax MAla0eTUYHOI CTOMU YKpaiHu s
npopiIakKTUKU Ta JIIKyBaHHS CHHApOMY aAiabeTuuHoi cromu. OTpumani
OaraTopiyHl  pe3yJbTaTH  CBiAYaTh  NpPO  Te, IO  3aCTOCYBaHHSA
dbororepaneBTruHuX amnapaTiB «bapBa-CJIC» m03BOJII€ 3HU3UTU KIIBKICTh
aMITyTalllil HIKHIX KIHI[IBOK Y XBOPUX Ha I[yKpOBUi f1a0eT B 3-5 pasiB.
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YCOBEPIIEHCTBOBAHUE METOJIA OFBbEKTUBHOM
OJb®AKTOMETPUU

Aspynun O.I'., Hocosa .B.

UccnenoBanre JaHHBIX PUHOMAHOMETPUU B AMHAMHUUYECKOM pexuMe (C
BU3yalIU3alkell [UKIOTPaMM JIbIXaHWs) OTKPHIBAIOT HOBBIE BO3MOXKHOCTH MPH
aHaJgu3e U MUHTEPHpPETAIUU Pe3yJIbTaTOB TECTUPOBAHMS HOCOBOTO AbIXaHwus [1-
3].

Oco0eHHOCThIO METOJIa OJb(PAKTOMETPUU SIBIISIETCS TAKXKE BO3MOMXHOCTH
ONpENENATh DHEPreTUUECKUE XapaKTepPUCTHUKU HOCOBOTO JIbIXaHUS MpHU
JOCTUKEHUU MOPOTra ONIYIICHHUS OJIOPUBEKTOPA.

[Ipu omiymieHMM OJOPUBEKTOpAa B HOPME Yy MCHBITYEMOro BOJIU3U
JOCTHKEHUS MOpOTa OILIyIIeHUs (MPU MOBBIIIEHUH WHTEHCUBHOCTHU JBIXAaHMUS)
MPOU3BOJILHO KPAaTKOBPEMEHHO YYallaeTcs JbIXaHWE€ W NPU HACTYIUICHUU
Mopora OIIYLIEHUS JbIXaTelibHble LUKl (1ocie 4-ro AbIXaTelbHOr0 IHMKJIA)
MPEBPAIIAIOTCS. B «IPUHIOXMBAHUE», YTO CHOCOOCTBYeT Oosiee TIyOOKOMY
MOMNAaJJaHUI0 BO3AyXa B OOOHSATEIbHYIO 00JIaCTh U PACIIO3HABAHMIO 3aaxa. JTOT
MOMEHT BpPEMEHHM MOXKHO XapaKTepH30BaThb KaK HACTYIUIGHHE Mopora
omymeHus T ogopuBeKTOpa.

Pazpabotana cTpykTypHass cxema MeToJa ONpPEACNICHUS  Iopora
0JIb()aKTOPHOM YYBCTBUTEIBHOCTU. Y CTAHOBJIEHO, YTO JUISI YCTAHOBJIEHUS
nopora OOOHATENbHOM YYBCTBUTEJIBHOCTH I1I€JIECOO0PA3HO  HCIOJIb30BAThH
pa3pabO0TaHHBI METOJI ABTOMATU3UPOBAHHOIO OINPEICTICHUS TOPOra OIIYIICHHS
0JIOpUBEKTOpa. MeTo OCHOBaH Ha aHAIN3€ IIUKJIOTPAMMBI JbIXaHHS, & UMEHHO,
MOMCKE MOMEHTa BPEMEHH IIPU KOTOPOM Yy UCIBITYEMOIO MPOU3BOIBHO
KPaTKOBPEMEHHO y4alllaeTcs JibixaHue. JJaHHbIi MOopor COOTBETCTBYET pEeaKIUU
TECTUPYEMOI'0 Ha MOJIaBa€MbIi 3arax Mpu PUHO-0JIb(PAKTOMETPUUECKON OIEHKE
O0OOHATENIbHOW YyBCTBUTEILHOCTH YEIOBEKA.

VYcnoBue HaAxXOXIEHHS TOpOTa BOCHPUATHS 3amaxa ONpeaessercs
CJIEAYIOIIUM BBIPAXKEHUEM:

b= {Ai+] <4 &Bi+] <Bi} )
rae 4+ — mupuna (i+1)-ro nepuosia AbIXaHUS;
4 _ mmpuHa i-ro nepuoa AbIXaHus;
B,

i+1— anuHa (1+1) may3sl Mexay NepuoaMu JIbIXaHus;
B _ nnuna i-# may3sl MexIy TIEpHOAAMH IBIXAHUS;

b — Touka Havayia 1-TO MEpHUOJa JbIXaHUs, YTO COOTBETCTBYET MOPOTY
BOCTIpUATHS 3amaxa (puc.4) .

BoiBogpl.  YcoBepiieHCTBOBAaHME METOJa TECTUPOBAHUS  OOOHSIHUS
3aKJIF0YAeTCs B OMPEACICHHUU TOpora OJb(PaKTOPHON UyBCTBUTEIBLHOCTH, YTO

IIO3BOJIICT 3a CUYCT aHaJlM3a (bOpMBI MUKJIOIrpaMMBbl HOCOBOI'O JbIXaHHA
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MOBBICUTh  OOBEKTUBHOCTh  JMArHOCTHUKUA  HApylMIEHUHM  OOOHATENIbHOM
YyBCTBUTEIBHOCTH WM PECIUPATOPHO-O00HSITEIBHBIX HAPYIICHUH.
IlepcnexkTrBa pabOTBHI 3aKIKOYAETCS B TECTUPOBAHUM KOMIIBIOTEPHOM
CUCTEMBbl  JBIXaTEIbHO-OOOHSTENbHBIX HAPYIIEHUH U  MPEIBAPUTEIIHHOM
MEIHUITMHCKON anmpoOaIiuy.
Jlutepatypa:
I. ABpymun O. [I. [IlpuHUMOBI  KOMOBIOTEPHOIO  IUJIAHUPOBAHUS
(GyHKIIMOHANBHBIX onepaTuBHBIX BMemarenbeTB / O. I'. ABpyHuH // TexHiuHa
eJeKTPOANHAMIKA, TeM BUNYCK « CHUJIOBa €JIEKTPOHIKA Ta €Heproe)eKTUBHICTDY.
—-2011.-4.2.-C. 293-298.
2. H.F. Ismail Saied, A.K. Al Omari, and O.G. Avrunin. An Attempt of the
Determination of Aerodynamic Characteristics of Nasal Airways// Image
Processing & Communications, challenges3, AISC 102. pp 303-310 Springer-
Verlag Berlin Heidelberg.- 2011: P. 311-322.
3. AK. Al Omari, H.F. Ismail Saied, and O.G. Avrunin, Analysis of Changes of
the Hydraulic Diameter and Deter-mination of the Air Flow Modes in the Nasal
Cavity // Image Processing & Communications, challenges3, AISC 102.
Springer - Verlag Berlin Heidelberg.-2011: P. 303-310.
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HEPCOHAJIBHI TPEHIHI'OBI 3ACOBH BIOJIOI'TYHOI'O
3BOPOTHOI'O 3B’AI3KY HA BA3I I'A/I’KETIB

Tepenuyk Anatomniii TumodifioBud', oneHT K.T.H., bramyk Makcum
BitanifioBud', irmkenep-nporpamict, bamyk Amica MakcuMiBHa®, CTyaeHT
'"BHMY im.M.1LITuporosa
2 BinHunbkuii nepxaBHUN NeJaroriyHuii yHIBEPCUTET

Texnounorist 010710T14HOrO 3BOpOTHOTO 3B’ 513Ky (b33) BiioMa A10CUTH JaBHO
1 0BeNa CBOIO €(PEKTHBHICTh B JIIKyBaHHI Ta MPOQUIAKTHUIl PAY XPOHIYHHUX
3aXBOPIOBAHb T4 HEPBOBO-NCUXIYHUX PO3NaiiB. Ii BaKIMBUMH HepeBaraMu €
30KpeMa BIJCYTHICTh (DI3UWYHUX Ta XIMIYHUX BIUIMBIB Ha OPTaHi3M, SIKi MalOTh
3a3BU4ail paAn HebaxaHux noOiuHuX edekrtiB. Ilpu ToMy mnommupeHHs ii
JUIIAETHCA  JOCUTh OOMEXEHUM  BHACHIJOK  HEOOXIJHOCTI  CKJIQJHOTO
oOnajjaHHsl, CKJIQJHOCTI OpraHizailii JiKyBaJIbHOTO Mpoleccy, HEO0OXiTHOCTI
1HMBIyallbHOTO HaJAlITyBaHHS TMPOLECCY IMiJ KOHPETHOro Talli€HTa,
3QJIy4EHOCTI HEYITKOr0 JAMHAMIYHOTO KOMIUIEKCY TIICUXOJOTIYHMX CTaHIB
namienta. Kpim Toro mexanizmu aii b33 numarThcs HEJOCTATHRO BUBYCHUMH,
a TaKoX CKJIAJHICTh CTAHOBUTH OpraHi3alisi KaHaJly CBIJIOMOTO BOJBOBOTO
KepyBaHHs (P1310J0TTUHUMU QYHKIISIMHU.

CyuacHi MIKPOKOMIT'IOTEPHI  TEXHOJOTii  JO3BOJSAIOTH  peali3yBaTu
MOxIMBOCTI b33 Ha HOBil OCHOBI 3aBJSKK 3aCTOCYBAHHIO MIKPOKOMIT FOTEPHUX
3aco0iB, TaKUX SIK Ta/HKETH, Y MOEAHAHHI 3 BUCOKOYYTJIMBUMHU JaTUUKAMH 1
JOCSATHYTH HOBHUX MOXJIMBOCTEH y 1i 3acTOoCyBaHHI. MOMKIMBOCTI Cy4acHUX
rajokeTiB  JIO3BOJISIIOTH  €(DEKTMBHO  peaiidyBaTH  ITPOBE  CEPEIOBHUIIEC
JIKYBaJIbHOTO MPOIECCY, TOOTO pealizyBaTH JiKyBalbHY MPOLEAYPY Y BUIIISAL
KOMM'IOTEPHOI TPpH, 110 MOKpAIly€ ICUXOJIOTIYHE CHPUUHATTA JIKyBaJIbHOTO
MPOIIECCY 1 A03BOJISIE 3aMISITH M1JCB1IOMI MEXaHI3MU PETYIIOBAHHS.

Taki momupeHi rajKeTu, ik cMapTPOHU, IJIAHIIETH, OKYJISIPU TOMOBHEHOI
Ta BIpPTyaJdbHOI peEadbHOCTI 1 T.A. MalOTh yCl HEOOXiJHI (QYHKIIIOHAIbHI
MOXJIMBOCTI Il peanizalii JOCUTh CKJIAJHUX CHUCTEM MOHITOPUHTY CTaHy
opraHi3Ma Ta OIOJOTIYHOrO 3BOPOTHOTO 3B'A3Ky. CydacHUN  PHUHOK
MIKPOCJIEKTPOHHUX 3aC001B TMPOMOHYE IIUPOKUNA CIHEKTP PI3HOMAHITHUX
JaTYUKIB,  IHTETPOBAHUX 3  AHAJNOTO-UU(PPOBUMHU  MEPETBOPIOBAYAMU,
MIKpOITIpoIiecopaMu 1 3acobamu mepeaadl JaHux. Takl 3aco0u BUPOOISIOTHCS
30kpeMa (pipmamu Texas Instruments, Silicon Labs, BoHU 103BOJIAIOTH IIPOCTO
peanizyBaTu OINEpPAaTUBHUN KOHTPOJb TeMIIEpaTypH, PiBHS OKCHUIEHAIlll KPOBI,
koHueHTpaiii CO, B MOBITPi, €IEKTPOKAPAIOTPaMH, €JeKTpoeHIedanorpamu,
MyJIbCOBO1 XBUWJII, PEOJIOTIYHUX MHapaMeTpiB, PyXiB y 3-BUMIPHOMY MPOCTOPI.
3a0e3neuyeThCsl TAKOXK MOXIIMBICTH O€3[POTOBOTO 3B'SI3KY 3 IEHTPAIbHUM
npuctpoeMm 1o kaHanmax BlueTooth ta WiFi, mo € npuHIIMONMBO BaXXJIUBHUM 3
TOYKU 30py 3pPYYHOCTI BHUKOPUCTAHHS CHUCTEMH. [ 0JIOBHOIO MpoOIEMOIO
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3QJIMIIAETHCS  OpraHi3allis KaHally  CBIJJIOMOTO  BOJbOBOIO  KEpPYBaHHS
(1310JI0TTYHUMH MPOLIECCAMMU.

Po3po6mitoBana cuctema aBTOpEryJidiii 0a3yeTbcsi Ha BUKOPUCTaHHI
cMapTdoHa 1 peanizalii JIKyBaJIbHOI NPOLEIYPH Y BUIIISAI KOMI'IOTEPHOI TpH.
B sikocTi kaHanmy KepyBaHHS BUKOPHUCTOBYETHCS JAUXaJbHA CUCTEMA, OCKUIBKH
MPOIECC JAMXaHHS TMO-Mepuie, € HAWOLIbII YCBIAOMIIIOBAHUM, BIJUYTHHM 1
TaKUM, 110 MIJJAETHCS CBIIOMOMY KEpPYBaHHIO 3 OOKY JIIOJIMHH, a, MO-IPYre, €
JOCTYIIHUM JI7IE KOHTPOJIIO TEXHIYHUMHM 3acoOamu. [lpu ToMy nuxaHHs
OMOCEPEIKOBAHO BIUIMBAE MPAKTHUYHO HA YC1 CUCTEMHU Ta MPOLIECH OPTraHI3MYy:
pIBEHb OKCHUTEHallll reMOrjio0iHy, HACUUEHHS KPOBI BYIJIEKHUCIOTOIO, MPOIIECH
30y/UKEHHS Ta TaJbMyBaHHS B HEPBOBIA CHUCTEMI1, BapiaOeNbHICTh CEPIEBOTO
put™My 1 T.1. Cuctema MOXke MpaloBaTu sK 3 3aMKHEHUM KOHTypoM b33, Tak 13
PO3IMKHEHHUM, Yy BHUIAJKY YOr0 PEali3yeThCs KOPCTKA Mpoleaypa CBIAOMOTO
KepyBaHHS JTUXAHHSM.

B dKkocTi  maTyMKIiB  JUXaHHA ~ 3aCTOCOBYBAJIMCh  MIKpo(doHH,
TEPMOPE3UCTOPH, ONTOMAPU 3 BIAKPUTUM KAHAJIOM, Y BHUIAJIKy YOro
HEeoOX1HOIO OyJia creliajibHa Macka, 1[0 BUIJISIA€ HENPUUHSATHUM 3 TOYKH
30py peainizaiii stand-by cuctemu omepaTUBHOrO KOHTpouito. BumpoOyBanuch
TaKOX OITOCJCKTPOHHI JAaTYMKH OKCHUT€HAIlll KPOBI, sIKI OJHOYACHO JaBajiH 1
Kapaiorpadgiuni curHaiad. HalOiaepIn mepCcneKTUBHUM IS peanizallli JaT4uKiB
JUXaHHS CUCTEMM BUIJISIJIA€ 3aCTOCYBaHHS 1H(QPAYepBOHOI BiJIEOKaAMEPH, TaKO1
gk Pure Thermal 1 FLIR Lepton Smart I[/O Module, sika 3a0e3neuye BUCOKY
IIBUJIKOMIII0 Ta YYTJIMBICTb, MAa€ MPOCTUM YHipiKOBaHUN iHTepdelc Ta maini
po3Mipu. MOXKIUBOIO, alie CYTTEBO CKIIAIHIIION € peai3allisl JaTYuKIB TUXaHHS
Ha OCHOBI IHIIUX ONTOEJEKTPOHHUX TPUCTPOIB Yy CKIaAl TaJKETiB, SKi
J03BOJISIFOTh BUIUISATH CUTHAJIM IMXAHHS 3 MOTOKY 1HIIUX (P1310J0TTYHUX JAHUX.

CyTTeBy 1IIKaBICTh CTAHOBUTh 3aCTOCYBAaHHS JIaHOI CHUCTEMHU s
JOCIIIKEHHST T4, MOXJIMBO, TPEHYBaHHS 1 KOHTPOJIO MPEePPOHTAIBHOI KOPH
TOJIOBHOT'O MO3KY, 5IKa, IK BIJOMO BIJIOBIAA€ 3a psii BUIIUX (PYHKIIIH, TAKUX SIK
colliajbHa MOBEMIHKA, MJIAHYBaHHS JId 1 MPOTHO3YBAaHHS MOJIM 1 HACHIJAKIB,
eMOIIiHAa Pperysllis, BOJHOBUM KOHTPOJb Tomlo. Llel acmexkt € 0coOiuBoO
[IKaBUM 1 BaXJMBUM 3 TOYKHA 30pPy MOKJIMBOCTI CTBOPEHHS CHUCTEM IS
JMIKyBaHHA TOCTTPaBMAaTUYHOrO CUHApoMmy Ta stand-by 3aco0iB st
OMEPATUBHOI'O CAMOKOHTPOJIIO Ta CAMOPETYJISALIT JIFOUHHU.
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HEPCIIEKTUBHU 3ACTOCYBAHHS OIITOBOJTOKOHHHUX
IHIPOMETPIB B ME/IMIITUHI

IBacenxo B.L.!, Xoniu B.B.!, €ropos PB., [TeTpymiko I0.A., I'ony6 M.B.%,
[asmnos C.B.}
"I «®otownika [Tnroc», M Yepkacu
2 Yepkacbkuil 1epKaBHUM TEXHOJOTTYHUH YHIBepcuTeT, M. Uepkacu, Ykpaina
3 BiHHUIIbKYN HAIlIOHAIPHUNM TEXHIYHUM YHIBepcHUTET, M. BiHHUIIA, YKpaiHa

Beryn. Bcei tina, konu Temmeparypa nepeBuIly€e aOCONIOTHUNA HYb (-273°
C) BUNPOMIHIOIOTH Yepe3 pyX AarToMiB 1 MOJIEKYJ €JIEKTPOMAarHiTHE
BUIPOMIHIOBaHHS.

BumiproBanpHi nipuiaand sl KOHTPOJIKO TEMIIEpaTypHd B iHPpadyepBOHOMY
Jiana3oHi Ha3UBAIOThCS 1H(PpPauyEepBOHUMH TEPMOMETpPaMHU, MIPOMETPAMHU
BUMNPOMIHIOBaHHA a00 ckopouyeHo mipoMmeTpamMu. OCHOBHUM 3HAYUMUM
Jara3oHoM JJi JUCTAHIIIHHOTO (OE€3KOHTAKTHOT0) BUMIPIOBAHHS TEMIIEpATypH
€ MOBXUH XBUIb 0,76-20 MKM. Y 11bOMY Jiana30H1 BUIPOMIHIOBAHHS IPUUHSITO
Ha3uBaTH sK 1H(ppauepBoHe abo TemnoBe. [lipomerp - ue mnpunag, SKuit
MIPU3HAYAETHCS [ BAMIPIOBAHHS TEMIIEPATYPHU MPAKTUYHO OYJIb-IKOTO 00'€KTa
OC3KOHTAaKTHUM METOJOM Ha BIJCTaHl 3a iX BJIACHUM BUIIPOMIHIOBAHHS.
BignoBigHo, mipoMeTpis - 1€ CYKYMNHICTh, a00 cyma cmocoOiB 1 METO/IiB
OTpUMaHHs 1HPOpMaIlli PO TEMIIEpaTypy HArpiTUX TiA Ha BijacTaHi [1].

AHaJji3 JirtepatypHux kepesa. B ocHOBI poOoTu mipomeTpa JIE€KUTh
NPUHLKN  CIOPUUHATTS  €JIEKTPOMArHiTHUX  NOpoMeHiB  (eHeprii), 110
BUMPOMIHIOIOTECA OYJIb-IKUM MaTepiaJbHUM TiJIOM, IPUYOMY, IHTEHCUBHICTb 1
CIIEKTP BUIPOMIHIOBAHHS 1I1€1 €HEeprii Mae mpsiMy 3alIeXKHICTh BiJ] TeMIEpaTypu
IIbOTO MaTepPiaabHOTO Tija.

S)eig. on.
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Puc. 1. CnekrpanbHa xapaktepuctuka garanka MI'-33-01
[ToTik BUNPOMIHIOBAHHS, IO HAAXOAUTH BiJl 00'€KTa, CHPUINMAETHCS
ONTUYHOI) CHUCTEMOIO mMpuiiMaya 1H(PauyEepBOHOIO BUIPOMIHIOBAHHS 1

HaIpaBJISIEThCSL O€3MocepelHbO0 200 3a JIOMOMOIOK ONTHYHOTO BOJIOKHA Ha
JAaTYUK BHUIPOMIHIOBaHHs. J[aTYMK BUMPOMIHIOBAHHS TEPETBOPIOE EHEPTII0
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BUINPOMIHIOBaHHSA B €JIEKTPUYHUN CUTHaN. Big Tumy patyuMka 3alIeKUTh
CIEKTpaJibHa XapaKTepucTUKa mipomeTpa. Hampukian, wmanoradapuTHHIA
JaTYUK ONTUYHOTO BUnpomiHtoBaHHs MI'-33-01 mpaitoe B faiama3oni Big 2 10
20 MkM. Moro criekTpaipHa XapaKTePHCTHKA NpHBeAeHA Ha puc. 1. Curaan 3
JaTYMKA MOCHIIIOETHCA 1 IEPETBOPIOETHCS B iupoBuit ko. ani nudposuil ko
HaaXoauTh B ONOK 1UPPOBOi OOpPOOKH, SKUH BHUKOHYE Taki (DyHKIIII:

OOUYHCIIEHHSI TeMmmepaTypu 00'€KTa; dbopMyBaHHS BUXIAHUX CHUTHAJIB
nipoMeTpa; oprasiszaiito 38'sa3ky 3 [1IK [1,2].
A®
@
A n am
o ) T Buxinui
il 41 S CHTHA
U

CrpykTypHa cxeMa mipoMeTpa MpsiMOro HaBEJICHHS:
B - notik BunpomintoBanus; JIO® - minza Openens; OJ] - borouytnusuit
JATYUK;
IT - mipcumoBay; ALII - ananoro-uudpoBuii nepersoproBay

OB DJ1 - AL
—~ | Onrnusa \ T L] L . Buxinuwii
——> | TOJIOBKa | - » CHUTHAJI

CrpyKTypHa cxeMa ONTOBOJOKOHHOIO MpOMETpa:
B - notik BunpomintoBanHs; OB - ontuune BonokHo; /] - poTouyTnusuit
natuuk; 11 - miacunoBau; AIIII - ananoro-uudpoBuil nepeTBoOproBay.

3a  mpuHUOUNIOM  poOOTH  PO3AUISAIOTH,  JIBAa TUNU  HIPOMETPIB:
OJIHOCTICKTpaIbH1 1 MYJIbTUCIIEKTPAIbHI. OcranHi MPUNMAIOTh
BUIIPOMIHIOBAaHHS B JIBOX 1 OUIBINE CIEKTpPaJbHHUX Jiara3oHax, TeMIepaTrypa
00'€eKTa BCTAHOBIIIOETHCA NUISIXOM 3ICTABIICHHS MOTYXXHOCTEH B PI3ZHHUX
Jlama3oHax 1 XapaKTePHU3YIOThCS MaKCHMalbHOI TOYHICTIO Y BH3HAYCHHI
TeMIlepaTypu 00'eKTa.

[lipoMeTpu € He3aMIHHMMHU €JIEMEHTaMU JIAHIIOTIB  KOHTPOJIO 1
VOpaBIiHHS B LIJIOMY PSSl raimy3ed MPOMHUCIOBOCTI, METAIypriiiHO1,
MaIlMHOOYA1BHOI, €JIEKTPOHHO], XIMIYHOI, MEJIUKO-010JI0T19HO1,
KPUMIHAJICTHUII, ATOMHUX EJEKTPOCTAHIIISNX, MPOTUMOXKEKHUX 1 OXOPOHHUX
cucteMax. IM Hemae anbTepHATUBM NP BUMIPIOBAHHI TEMIEPATypHU PyXOMHX
(HampuKJIaJ MeTall Ha MPOKAaTHOMY CTaH1), BaXKKOJIOCTYITHUX a00 3HAXOJAThCS B
HeOe3neyHuX 30Hax (MiACTaHIIi BUCOKOI HApyru) 00'eKTiB.

I[lo TemmeparypHOMy  Jiama3oHy  HIPOMETPU  MOAUISIOTHCS — Ha:
HU3BKOTEMIIEPATypHi; BUCOKOTEMIIEpPATypHi. 3a CBOIM BHUKOHAHHS MIPOMETPHU
PO3IISAIOTECA: TEPEHOCHI; cTalioHapHl. KOHCTPYKTHMBHO, 3 YypaxyBaHHSIM
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ONTUYHOTO TPAKTY BUMIPIOBAHHS MIPOMETPU MOJUISIOTHCS: MPSIMOTO JIIHIHHOTO
ONTUYHOTO HABEJICHHS;0NITOBOJIOKOHHI MipoMeTpH [2].

OnToBONOKOHHUM MipoMeTp (puc. 2) BUMIPIOE TEMIIEpATypy Pi3HOTO
yCTaTKyBaHHS, MEXaHI3MIB, TBEPAUX a00 CUITyYHUX PEYOBUH. 3aCTOCOBYETHCS B
MIPOMHMCIIOBOCTI, HAYKOBOI AISUIBHOCTI, MEIULMHI 1 T.J. BUKOpUCTaHHSA THYYKOi
BOJIOKOHHOI ONTHUKHU JO3BOJISIE PO3MIIIYBATH NpUiiMay BUIPOMIHIOBAHHS 1
€JEKTPOHIKY B MEHII >KOPCTKUX YyMOBax HAaBKOJUIIHBOI'O CEPEJAOBUIIA,
J03BOJISIE ~ BUMIPIOBATU  TEMIEpaTypy  KOHTPOJIbOBAHOTO  00'ekTa B
BAXKKOJOCTYNMHUX Micisix. Ta o00’ekTaXx 3 MIABUINECHOI TEMIEPaTyporo
HaBKOJIUIIHLOTO cepenoBuina ax 200 ° C 6e3 0X0JI0KEHHS ONTUYHOI TOJTOBKH.
OnNTOBOJOKOHHUM MIPOMETPHU JOCTYMHHI 3 JOAATKOBOIO BOYJIOBAaHOIO Ja3€pPHOIO
CUCTEMOI0, sIKa 3a0e3Meuy€e TOUHE HAaBEICHHS TUISIMUA Ha 00'€KT1 KOHTPOJIIO.

Puc. 2. Bo10KOHHO-ONITHYHUHN MTPOMETP

Bci BUpOOHUKHM ONTOBOJOKOHHUX MIPOMETPIB KOHCTPYKTUBHO YKIaAalOTh
ONTOBOJIOKHO B 3aXUCHY OOOJIOHKY 3aXHUIIAl0uMd KWOro BijJ PI3HUX 30BHIIIHIX
¢daxropiB. Illo 3BHYaitHO BuUIMpaBaaHE MPU BUKOPUCTAHHI ONTOBOJOKOHHHUX
NIPOMETPIB B KOPCTKUX YMOBaX IPOMHUCIOBUX LEXIB Yy CKIAAl PYXOMHX 1
BiOpyrounx MexaHi3MmiB. OJHak s BUKOPHUCTaHHS TaKuX TMIPOMETPIB B
MeEIULINHI 1HOI1 BHHHUKAE HEOOX1OHICTh MIHIMI3yBaTU JaMeTp
ONTOBOJIOKOHHOI'O TPAKTy 3 METOI €(PEKTHBHOI MOro JOCTaBKH B MOTPIOHY
JOCIIKYBaHy 010JIOT14YHY 30HY.

Peanizauia. Hamu BegyThcsi poOOTH HaJl BUPINIEHHSM LBOTO 3aBJAHHS B
HalpsMKy CTBOPEHHS HAAUYyTIMBUX, TMEPEIIKOJ03aXUCHUX MNPUUMaAIbHUX
MPUCTPOIB 1 3aCTOCYBaHHSI CBITJIOBOJIIB B KOMIUIEKCI 3 BHUKOPHCTaHHSIM
MIKpoONTUKU. BubOip moTpiOHOro ONTHUYHOrO BOJIOKHA 0Oa3zyBaBCA Ha aHami3i
ICHYIOUOTO PUHKY BOJIOKOH Ta BUBYEHI iX TEXHIYHUX XapakTepucTuk. Ilicis
MPOBEJICHOTO MOIIYKY MU 3yNUHUIKCS Ha noaikpuctaniyaux PIR-BonokHax as
cepennboro [Y-nianazony. Cepueuna AgCl 0,25: Ag Bm 0,75; o6ononka AgCl
0,50: AgBm 0,50.

Jlns mepenayl MOTOKY BHMIPIOBAHOTO TEIUIOBOTO BUIIPOMIHIOBAHHS Bij
o0'eKTa Ha JaTYUK IOUPOKE 3aCTOCYBaHHSA OTPUMAJIM HACTyIHI ONTHYHI
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BOJIOKHA: XaJIbKOTEHIJIHI BOJIOKHAa s cepeanboro IY-piana3oHy, BOHH
MpaiooTh B AianazoHi Big 1,1 go 6,5 mxm; nopoxuunHi BosokHa (HWGQG) nns
cepenuporo IY-miamazoHy, mpaloTh B dlana3oHi Big 2 g0 14 MM,
MOJIIKPUCTAJIIYHI BOJIOKHA J1 cepeHboro [U-miana3ony mpaiooTh B Alana3oHi
BiA 3 g0 18 MkM; PpTOpUIHI BOJOKHA HA OCHOBI (TOPUCTOrO HUpPKOHit0 (ZiF4) 3
poOOUYMM Jl1ana30HOM B 001aCTi JOBXKUH XBWIb Bif 2,3 10 4,1 Mkm ab6o ¢propuny
iaa1t0 (InF3) 3 Bucokum koedimieHTOM npomyckanHs Bif 3,2 10 5,5 MKM 1 iH.

PIR-BoIOKHA MpO30pi B MIUPOKOMY CHEKTPaIbHOMY Jiana3oHi 3 ... 18 MkM
1 Tpalo0Th B HIMPOKOMY TemIiiepaTypHomy niana3oHi Bijg 4 mo 420 K. PIR-
BOJIOKHA THYYKi, HE€ TOKCHYHI, HE TITPOCKOMIYHI, HE BUSABISIIOTh €(EKTYy
CTapiHHA 1 MAlOTh BUCOKY MEPEUIKOI03aXUIIECHICTb.

Oco06nuBy yBary mpuaiieHO BUOOPY MIPOMETPUYHOTO JAaTUUKA, SIKHI Mae
MOBUHEH 3a0e3MeuyBaTH TaKl XapaKTEPUCTUKHU: BUCOKY UYTIUBICTh; HU3bKUM
IIyM; BUCOKY 3aXWIIEHICTh BIJ 30BHIIIHIX MEPEIIKOA; BUCOKY TEMIIEpaTypHY
CTaOLIIbHICTh; BUCOKE BIJTHOIICHHS AKICTh-I[1HA.

Binburicte natuukiB (mipornpuiiMadiB) sIKi BUIIYCKAalOThCS B JaHUM dac,
MalTh JU(PEpPEHIIANIbHY CTPYKTYPY 3 JBOX YYTIHUBUX E€JIEMEHTIB BKIIOUECHHUX
JUIs. KOMIIEHcAIlli 30BHIMIHIX HaBeICHb MPOTHBO(A3HO B mapax. TakuM 4YMHOM
JETEKTOp pearye TUIbKH Ha TPaJleHT TeMIepaTypHu MIX JBOMa IUiomaakamu. B
TOM 4ac, sK ()OHOBE 3HAYEHHSA TEMIEPATYph KOMIICHCYEThCA 3a PaxyHOK
npoTu(da3HOTO BKJIIOYEHHS IUIOMIAQJMOK. JlaTuyumku 3axuileHi MeTaleBUM
KOprycoM 1 Mae BOyJOBaHUM TifacuiaoBad. Take pilieHHs OynoBH
3aCTOCOBY€ETHCS Y BCIX CBITOBUX BUPOOHMKIB MipONpUiiMayiB Takux sik: Murata,
Nippon, Elmer, Ceramiks.

BucnoBok. Hamu it mpaktuuaux pooiT oOpaHo JaTYUKH 3 BIAMOBITHUMHU
XapaKTEePUCTUKAMHU, SIK1 3aJOBIIbHSIIOTH TaKl BUMOTH:

o OIIY 76-03 - nBOKaHaIbHUN, JBOXCHEKTpaJbHUM mnpuiimau IK-

BunpominroBanHs, HIIIT «Boctoky;

e [RS-A200STO1 - IY-mipoenextpuunuit SMD—natuuk, Murata;

e [RA-E7 - [Y-nipoenexkTpuuHuii natuyuk, Murata;

e [RA-E420 - TemMnepatypHO KOMIIEHCYIOUUH MIPOCIEKTPUUHUN JTATUHK,

Murata;
e MI'-33-01 - npuiimau [Y-BunpomiHtoBanHs BiJl 2 10 20 MKM.
e Ha panuii MOMEHT HaMu BenyTbCsl pPOOOTH MO MPOEKTYBaHHI
€JIEKTPOHHOTO MPUUMAIIBHOTO TPUCTPOIO.
Jlireparypa
1. bapanounukoB M.JI. IlpueMHuku uH@paxpacHoro uznedeHus. CocrosiHue
pa3abOTOK M MPOMBIIUIEHHOTO BBIMYCKA, MEPCHEKTUBLI PA3BUTUS U MPOTHO3HI.
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2. A.HMarynoB CnekrpanbHas nupoMerpus. I[SBN:978-5-9221-1385-4
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UDC 615.47:616.073.

STUDIES FREQUENCY DEVIATION AND MODULATION OF THE UV
RADIATION POWER FROM A GIVEN VALUE

Yavorskyi B.I., Tkachuk R.A., Kuz V.I.
Ternopil Ivan Pului National Technical University

The main parameter determining the selectivity of the influence of
ultraviolet radiation (UV) is the frequency modulation, the regulation of which
is provided in the range from 0.1 to 100 Hz. Formation of frequency modulation
is carried out programmatically, by entering frequency in the program dialog.
The value of the deviation will be determined based on the expression (1) where

o

- the deviation of the modulation frequency, f, - the set frequency value.

fm_ fme
5f=‘—-100% (1)

me

Measurement of the frequency of the passage of the pulse sequence was
carried out in pulsed mode with the help of a frequency meter over the whole
range of values. The results of the study of the variation of the frequency of
modulation of the UV radiation from the set value are shown in Fig. 1

% 0,081
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0,061
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0,041
0,031
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Figure 1 — Relative deviation of the frequency of modulation of UV radiation

The obtained results of the study showed that the maximum deviation of
the frequency of modulation of ultraviolet radiation does not reach the value of
1%, which is within the permissible limits specified in the medical and technical
requirements.

The effectiveness of physiotherapy procedures also depends on the power
of radiation, since it is precisely that which determines the value of the density
of the ultraviolet stream to a greater extent. The regulation of the radiation
power is carried out by the method of pulse-width modulation and 1s given by
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the operator as a percentage of the maximum value corresponding to the
continuous mode. Thus, the magnitude of the radiation power is directly
proportional to the duration of the pulse width of the PWM function.

The results of the study of the deviation of the radiation power, with
adjustment in the range from 5 to 95% with a PWM frequency of 1 kHz are
shown in Fig. 2.
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Figure 2 — Relative deviation of the power of radiation during regulation

The quantitative estimate of the relative deviation of the radiation power is
calculated by the expression:

5 _ |7,/ T—P" /100
g P /100
where 7;- the pulse width of the PWM function; 7 - The PWM period is

inversely proportional to the pulse frequency.

The results of the study showed that the maximum deviation of the
radiation power reaches a value of 4.5%, which is within the permissible limits
specified in the medical and technical requirements.

References:

1. R. A. Tkachuk, Study of effect of modeling biophysical light scattering in
biological media / R. A.Tkachuk, V.I. Kuz. // Measuring and computing devices
in technological processes, Khmelnytsk.: Ne2. —2015. - P.121 — 126

2. Robulova B. M. Exposure of human skin of continuous supervision and
control of process parameters / Robulova B. M, Kuz V. I, Tkachuk R. A. //
Measuring and computing in industrial processes. — 2014. — Nel (46). — P. 145-
149.
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YK 658.012:681.32:621.38

METO/ ITPOI'HO3YBAHHS ITIOKA3HUKIB BIOME/IMYHUX
30BPAKEHbB 3 BUKOPUCTAHHAM MAPAJIEJBHO-IEPAPXIYHOI
MEPEXKI

Tumuenko JI.I., Crenanroxk JI.C.
Jlep>kaBHUM YHIBEPCUTET IHPPACTPYKTYPU Ta TEXHOIOT1H

VY nHam yac cepa MEIUIIMHU € OJIHI€IO 13 cdep, B K1 BUKOPUCTOBYIOTHCS
HaWOUTbIII BHCOKOTEXHOJIOTIYHI PpIllIEHHs JUIsi TPaKTUYHOI Ta HayKOBOI
nismpHOCTI. OCHOBHE 3aBIaHHS y Takid cdepi € po3poOka HOBHX OUIBII
e(DeKTUBHUX MIAXOJIB IIOJ0 AIarHOCTHUKA Ta MPO(DIUIAKTUKU 3aXBOPIOBAHb
naroyiorii. OCTaHHIM 4YacoM BiJOYBCSI HayKOBUH MpopuB y cdepl MEIUILINHH,
30KpeMa y amapatHoMmy 3a0e3MeuUeHH], 110 Aa€ 3MOT'y OTPUMYBATH OLIbII TOYHI
naHi mpu aiarHoctuill. OOpoOka Takoi KUIBKOCTI JAaHUX CTajla TOJIOBHUM
ITHCTpYMEHTOM y cdepl MEAUYHOI TIarHOCTUKH, IO 3a0€3MeUmnsIOo MPOBEICHHS
O1IBIII TOYHOTO MIarHOCTUYHOTO JIOCHIKeHHsA. Ha cydacHOMy eTari po3BHUTOK
HEUPOMOAIOHUX CUCTEM, 1110 MATUMYTh 3MOTY JIONIOMAaraTH JiiKapsiM BCTAHOBUTH
TOYHUHN J1arHO3 3 MIHIMAJIbHUMH BUTpaTaMH 4acy, € JOCUTh MEPCIEKTUBHUM
HaIMpPSMKOM.

Y nam yac y cdepl MeAuIUMHU BiAOYBAa€ThCS TIUOOKE BUBYEHHS
MaTOJOTIYHUX 3MiH, IO BiIOYBalOThCA B OpraHi3mi JoAuHU. ToMmy, 3’siBUacs
HEOOXIHICTh y pOo3poO0Ill cydacHUX 1H(OpPMAIINHUX amapaTHUX, MPOrPAMHUX
3a0e3MeueHb Ta METOJUYHUX 3ac00iB 00pOoOKHM OlOMEIUYHUX 300paKeHb.
JIoCcTOBIpHO B1JI0MO, 1110 JIIKap, P BU3HAYEHHI J11arHO3Y 1 JIIKYBaHHI Malll€HTIB
y OUIBIIIOCTI BUIMAJIKIB Oa3y€e CBOI pIllICHHS Ha OTpUMaHI A1arHOCTUYHI JIaHi, sIKi
OyJii OTpUMaHI 3 Pi3HHUX arapaTHUX Ta MPOrPaMHUX 3aCO01B.

[lin yac pJlarHOCTYBaHHS MapaMmeTpiB CUCTeMa BHUCTYINAE Yy SKOCTI
dbopmyBaua HOBUX TDIapaMETpiB KOPUCTYIOUHUCH BHOIpKaMU 3 JIaHHUX, SIKi
OoTpuUMaHi 3 010MeIMYHHUX 300paXKEHb.

VY 3anponoHOBaHOMY METOJ1 BaroMy pojb y TaKOMY MIJIXOJ1 I'pa€ «OaHK
JaHUX», SKUW MICTUTh y cOOl paHille MNPUUHATI pilieHHs, a0o pilleHHs,
BCTAHOBJICHHI SIK «IPUHHATI) 3a37ajeriiib, 10 J1a€ 3MOTY CHCTEMI1 IPOBOJUTH
JIarHOCTUKY KOPUCTYIOUHCH YK€ BCTAHOBJICHUMU YITKUMU IIPaBUIIAMH.

3anpornoHOBaHa CHUCTEMa MPOTHO3YBAaHHS  3aXBOPIOBaHb  J03BOJISIE
BUSIBIISITU MPOOJIEMH, MATOJIOTIT Ta 1HIII 3aXBOPIOBAHHS HAa PAaHHIX CTaAisfX Ta
MPOTHO3YBATH MOKJIMBE MPOTPECYBaHHS 3aXBOPIOBaHb. J[aHUN METO]1 MOBHICTIO
0a3yeThCs Ha TEOpil mapaliebHO-1€EpapXiuHOi MEPEeXKi, IO IO MPHU BIMOBIAHUX
Moau(ikamisiX JI03BOJISIE OTPUMATH  MaKCHUMalbHO TOYHHUM  pe3yJbTar
nporuo3yBaHHs. [Ipoliec mporuo3yBaHHst 0a3yeThCsi HA TAKUX KIFOUOBUX eTamax
AK a”ami3 300pakeHHs, CerMeHTallis Ta onTuMmizaiisa (3MEHIICHHS
3alllyMJICHOCTI 300pa)X€HHS, BHJAUICHHS KOHTYPIB OCHOBHUX €JIEMEHTIB
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O0lomeauyHOro 300paxkeHHs). s 3abe3neueHHs poOOTH HEUPOHHOI Mepexi
ni1i0paHo 6a3zy 300pakeHb 13 BIJIOMUMH 3aXBOPIOBAHHIMHU, 10 J]AJI0 PO3MOYATH
JOCIIIKEHHS. 3 pe3yJbTaTiB €KCHEPUMEHTAIbHUX JOCHIII)KEHb OTPUMAHO, IO
cepeaHsl MoxuOKa MPOTHO3YBAHHSI 13 3aCTOCYBAHHSIM PI3HUX THUITIB HEHPOHHUX
MEpEX MPAKTUYHO OJHAKOBa 1 CTaHOBUTH 1,62%. A MakcuMmanbHE 3HAYEHHS
MOXUOKU MPOTHO3YBAHHS 13 3aCTOCYBAHHSM PI3HUX THUIIIB BIJOMUX HEHPOHHUX
MEpPEXK KOJIMBAETHCA B Mexax 4,74-5,81%.
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Pucynok 1 - Ctpykrypa cxema peaiizanii 6araromapoBoi napajieabHo-
1epapX14HOi Mepexi

[Ipu 3aranpHii MIOLII 300paKeHHSI OPraHiB HAa 010MeIUYHOMY 300pa)KE€HHI
o koiuBaerhbes Big 4500 Mm2 no 7000 mMM2, po3ryIsIHYTO MaTOJIOTIT ILIONIA
SAKUX, B CEpEeIHbOMY, cKiagae 550 MM2, Ta OTpUMaHO MPOTHO30BAHUHN BIJCOTOK
30UIBIICHHS  ITATOJIOTii, 10 KoOJHMBaeThcd B Mexax 14,08%-23,92%.
BignoBigHuMHM J1aHi MPOTHO3YBAaHHS JIOMOMAralTh JIKaprO-oPTaabMOJIOTy
MPUMHATH PIIICHHS 1010 TPOPIIAKTUKY YU JTIKYBaHHS 3aXBOPIOBAHHS.

[TapanenpHicTh POOOTHM TaKOI CUCTEMHU 3yMOBJIEHAa THUM, IO Y Mpoleci
MPOTHO3YBaHHS TMapaMeTpiB OIOMEIUYHOTO 300paKEHHS BUKOPUCTOBYETHCS
0aza 3 yXe TOTOBUMU MOYATKOBUMH JaHUMHU, TaK 3BAHUMHU «ETAJOHHUMH
300paKEHHAMU» 3a PAXYHOK SKHX CHCTEMa 1 Ma€ 3MOTY 3/IIMCHIOBATH
MPOTHO3YBAHHS MapaMeTpiB.
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MOXKJIUBOCTI OIHKA OKCUT'EHAIIT BIOJIOTTYHUX TKAHUH
METOJI0M CHEKTPOMETPIi 3BOPOTHOI'O JJU®Y3HOI'O
BIZIBUTTS IPU IHIHIALII ®OTOAUMHAMIYHOI'O IPOLIECY

XomiH B.B.l, byproncekuit B.F.Z, BoitnexoBuu B.C.3, Jlonuucbkuii I' .A.4,
Kanranoscokuii €.B., Muxkonaidyk C.1% [Terpymko 10.A.', Tasnos C.B.
"I “®oronika [Tmoc” M. UYepkacu, Ykpaina
2 InctutyT cromaronorii HMAIIO imeni [LJI. lynuka, m. KuiB, Ykpaina,
3 Incruryt disuxu HAH Ykpaian, m.Kuis, Yipaina
* HanionaneHuit Mexuanuii yuisepcutet im. O.0. Boromonsiust, M. Kuis,
VYkpaina
> BiHHUIIbKYN HAIlIOHAIPHUNM TEXHIYHUM YHIBepcHUTET, M. BinHUIIA, YKpaiHa

Beryn. OnTudHi METOAM KOHTPOJIIO OKCUTEHAllli TKAHWH HaOyBalOTh BCE
OUIBIIOTO PO3MOBCIOJKEHHSI B PI3HUX Taly3sx MeAuluHu [1], moTpeOyrouu
pO3pOOKM HOBITHIX CHUCTEM TMPUIIAJIB, M0 BIANOBIIATUMYTh BUMOTaM
ChOTOJICHHS. 30KpeMa, Takl CUCTEMU € KOHYE HEOOXITHUMHM IS ONMTHUMI3AIlil
(GoTOaMHAMIYHOI Tepamii — MEeTOAy JIIKYBaHHS MATOJOTIYHUX MPOLECIB, IO
3aCHOBAHMM  HA  NIepeHocl  eHeprii  30y/DKEHOro  CTaHy  MOJIEKYJ
dboToceHcuOLTI3aTOpa Ha PO3YMHEHHWU B OIOJOTIYHMX TKAaHWMHAX KHCEHb 3
YTBOPEHHSAM HOro akTHUBHUX (OpM, B MEPILY YEpPry CHUHIJIIETHOTO KHUCHIO,
KHUCHEBMICHUX paJuKaliB, Tomo [2]. 3 1bOro NPUBOAY NEPCHEKTUBHUM
VSBIISIETBCSL BUKOPUCTAHHS METOAY CHEKTPOMETPIi 3BOPOTHOTrO AUGY3HOTO
B1IOUTTSI, 1110 Ma€ 3a0€3MEUUTH OLIIHIOBAHHS PIBHSI HACHUECHHS TKAHUH KHCHEM B
PEXKUMI peabHOrO Yacy BIPOJOBK (OTOAMHAMIYHOIO MPOIECY.

Memow pob6omu € OUIHIOBaHHS MOXJIMBOCTI BHUKOPUCTAHHSI ONTHUYHOI
OKCHMETpii O10J0T1YHOI TKAaHUHHM METOJOM  CIIEKTPOMETPii 3BOPOTHOIO
nu(dy3HOTO BIIOUTTS BUITPOMIHIOBAHHS.

Mamepianu i memoou. /{15 poBeICHHS €KCIIEPUMEHTATBLHUX JOCHTIIKEHb
OyJi0 310paHO OMPOMIHIOIOYO-BUMIPIOBANIbBHY YCTaHOBKY (puc.l). VYcraHoBka
CKJIQJIA€ThCS 3 YOTUPHOX JIa3€PHUX BUIIPOMiHIOBaYiB (1-4) 3 JOBXKUHAMH XBUJIb
660 uM, 635 uMm, 810 uM, 980 M BianoigHo. Jlazep (1) (moBxkunHa xBuIl 660
HM) BUKOPUCTOBYEMO ISl PIBHOMIPDHOTO ONpOMIHEHHS 30HM (12) 1 3amycky
dboroauHamiuHoi peakiii. Jlazepu 2-4 BUKOPUCTOBYIOTHCS ISl MPOBEICHHS
30H]IyI0OUOI'0 OIPOMIHEHHS.

BunpomintoBaHHs BijJ Jia3epiB BUBOJUTHCS Y€pE3 ONTHYHI BOJOKHA (5-8).
[Ipu uboMy KiHEIb ONTUYHOTO BOJOKHA (5) nazepa (1) po3TamoByeThest MO OCi
JOCJIII)KYBaHO1 30HU JiamMeTpoM 10 MM 1 Ha BIACTaH1, JOCTaTHIN JJIs1 OCBITJICHHS
Bciel 30HU. KiHIi onTUuHUX BONOKOH (6-8) Big nazepiB (2-4) (IOBKUHHU XBUJIb
635 uM, 810 M, 980 HM BIJIMOBIAHO) PO3TALIOBYIOTHCS MO KParO AOCIIKYBaHOI
30HHU(12) 3 MIHIMaJIBHOIO BIJICTAHHIO BiJl IOBEPXHI.

3a JOMOMOroI0 ONTHUYHOTO BOJOKHA (9) peecTpoBaHi ONTHUYHI CHUTHAIU
HaIXoaATh J0 rojoBku BuMiproBadya moTyxHocTi COHERENT Field Master
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qsLM-2VIS (10) 3 uytnusictio 1 nW, 1 nepenatothbes 10 010Ky peectpaii (11),
€JEKTPUYHUNA CUTHAN 3 AKOTO B HUGPOBOMY BUIJIAI BUKOPUCTOBYETHCS JIS
00poOKHU pe3yIbTaTiB BUMIPIB.

2 3 4 1

A=635u 2=8108M A=980 EM A=660EM 10

1

12

Puc. 1. 3aranbpHa cxeMa yCTaHOBKH JJIs1 TOCTIKeHb (TTOSICHEHHS B TEKCTI).

PiBenp  okcureHaiii = TKaHUHM  XapaKTEepU3yBaldu  KoOe(Iili€HTOM
(GyHKIIIOHATBHOT carypauii ,50;, BUXOJIAYU 13 CHIBBIJHOIIEHHS AaMIUIITY]
CUTHAJIIB 30HIYIOUOr0 BUIIPOMIHEHHS 3 IOBKUHOKO XBUl 810 HM 1 980 HM [3].

Excnepumentu mnpoBoauiau Ha jgabopartopHux Iypax Wistar micis
BHYTPILIKIPHOTO BBEJICHHS (b TanoiiaHiHoOBOro dboToceHcubII3aTOpA
«Dotocenc», mnga 30yKEHHS SKOTO BUKOPHUCTOBYBAJIM BUIIPOMIHIOBAHHS
nazepa 3 JOBXKUHOI0 XBwiIl 660 HM (iHiIiI0€ POTOIUHAMIYHI peakilii) 1 635 HM
(CynpoOBOJIKYETHCS TUIbKU (DITyOPECIIEHIIII0, aJle HE TIOCTAaTHBO JIJISl 31MCHEHHS
(hOTOIMHAMIYHOTO TIPOIIECY).

Pesynomamu  0ocnioycennsa.  3a  JONOMOIOK  3aIlPOIOHOBAHOL
BUMIPIOBAJILHOT cUCTeMU Oyjia MpOBEJEHA OIliHKA AMHAMIKK (PYHKIIIOHAJIBHOI
caTypallli AUISHKYA IIKIpY IIypIB B MeXax HaKomu4yeHHs (oToceHcuOuizaTopa
BIOPOJIOBX | XBUIMHM O€3MOCEepeaHbO MICIA 30y KYIOUOTro OMpOMIHEHHs (pHC.
2A) Ta micas nOBTOpHOTO onpoMiHeHHs uepe3 10 xBunuH (puc. 2b).

OnpoMiHEHHS JIa3epoM 3 JOBXKHHOIO XBUJI 635 HM CympOBOKYBaJIOCA
KOJIMBaHHSIM BEJIIMYMHU KOe(]illleHTa caTypallli HaBKOJIO CEPEAHHOTO 3HAYCHHS
8,7%, mpore micas 30yMKYyHUOro ONpOMiHEHHsS Jja3zepoM 660 HM
criocTepirajiacsi TepMiHOBa AMHAMIKA, [0 € XapaKTEPHOIO JJis pelaKcaliiiHOro
nporiecy (puc. 2A). Ilicnms  10-XBUIMHHOTO  1HTEpBady  KOe(Ii€HT
(yHKIIIOHATBHOT caTypallli TKAHUHU CYTTEBO MIJBUIIMBCS, OCOOJIMBO B BUMAKY
30y KYIOYOTO ONPOMIHEHHS J1azepoM 660 HM, a TaKoXK cTayia OUTBII BUPA3HOIO
JMHaMIKa pelakcaliiHoro Mmpolecy ojipasy miciig ioro npunuHeHHs (puc. 2b).
Taki pe3ynbTaTu € ONU3BKUMHU JO OTPUMAHMX IHIIMMHU aBTOpPaMU 1, HANEBHO,
B1JIJI3€PKAJIOI0Th KOMITEHCATOPHUU nepepo3noAiLI nepdysii B
MIKPOLIMPKYJISITOPHOMY PYCJII BHACHIIOK 3MIHM JIOKAJIbHOI HaNpyru KUCHIO Ta
YTBOPEHHS Ba30aKTUBHHUX BUILHOPAIUKAIBLHUX CIIONYK [4].
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Puc. 2. JlunaMika HaCHYCHHSI KUCHEM OMIPOMIHEHO1 JUISHKH MIKIPU UTypiB IPU
Himanii GoToauHaMI4YHOTO TIPOLIECY

BucHoBok. TakuM 4YMHOM, 3aIIPONIOHOBaHA OMPOMIHIOIOYO-BUMIPIOBAJIbHA
CHUCTEMa BIAMOBiZa€e moTpedaM N[00 KOHTPOJIIO PIBHS OKCUTEHAIllll TKAaHWUH
BIPOJOBK (POTOAMHAMIYHOTO MPOLECY.

Jlitreparypa
1. Yu S., Li T., Yu G. Clinical applications of near-infrared diffuse correlation
spectroscopy and tomography for tissue blood flow monitoring and imaging //
Physiol Meas. 2017. 38(4): R1-R26. do1:10.1088/1361-6579/aa60b7.
2. Zhu T.C., Parsai E.I.,, Orton C.G. Point/counterpoint. PDT is better than
alternative therapies such as brachytherapy, electron beams, or low-energy x
rays for the treatment of skin cancers // Med. Phys. 2011. 38: 1133-5.
3. Poratkun JI[.A. ®Pusnyeckre OCHOBBI ONTHYECKOM okcumeTpuu // Meg.
buzuka. 2012, Ne2: 97-114.
4. Tyrrell J., ThornC., Shore A., Campbell S., Curnow A. Oxygen saturation and
perfusion changes during dermatological methylaminolaevulinate photodynamic
therapy // British J. Dermatol. 2011. 165: 1323-31.
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MNPUCTPIA 15 JIABEPHOI'O OITIPOMIHEHHS KPOBI

Masyp H.I., x.1.H. Tyxxanceknii C.€C.
BinHULIbKUN HAITIOHATBHUNA TEXHIYHUM YHIBEPCUTET

Jlazep € yHiBepCallbHUM 1HCTPYMEHTOM JUisi OIOMEAMYHUX 3aCTOCYBaHb.
OnHuM 13 MEPCHEKTUBHUX HANPSIMKIB (OTOMEIUIIMHU € Ja3epHa Teparis,
e(eKTUBHICTh Ta Oe3MmeKa SKOi JOBEJeH1 OaraTbMma IOCIITHUKaMu. BUBUYEHHS
MEXaHi3MIB Jii JIa3epHOr0 BHUIIPOMIHIOBAHHS HEBHUCOKOI 1HTEHCUBHOCTI Ha
JIOJICBKUM OpraHi3M JO03BOJUJIO AKTUBHO PO3BUBATH Ta YJAOCKOHATIOBATH
METOJUMKHM Ta HampsAMOK B IioMy. OJAHIEI0 3 BAXKIMUBUX METOAMK JIa3€pHOI
Teparlii € 1Ja3epHe OMPOMIHEHHS KPOBI.

[IponoHy€eThCS KOHCTPYKIlISI YHIBEPCAIBHOTO MPUCTPOIO JISl Ja3epHOIO
OMPOMIHEHHS KPOB1, OCHOBHUMHU (PYHKIIIOHAIbHUMU OJIOKAMH €:

e J[Ba JIa3€pPHUX A10JTHUX MOJYJIS 3 (DOTOA101aMU 3BOPOTHOTO 3B SA3KY;

® MIKPOKOHTpOJIpHHM OJ0K (OpMYyBaHHS CHUTHANIB 1 KepyBaHHS

HNOTYKHICTIO Jlazepa (CTpyMOBHUIM cTab1113aTop);

e OJIOK 1HAUKAIIIL;

e TaiMmep.

[Ipuctpiii ckiagaeThes 3 ABOX HE3AIECKHO KEPOBAHUX IMITYJILCHUX KaHAJIB
JA3epHOr0 BUIPOMIHIOBAHHS Ta OJOKY YIpaBIiHHS HUMH, W10 MICTUTh
OaratokaHaJbHUM T€HEPATOpP CUTHAIIB 3aMyCKYy 3 3aMaM'siTOBYIOYUM IPUCTPOEM
JUisl 30epiraHHs KOJIIB YacTOT 3alyCKy 1 aBTOMATUYHUMH PETyJISITOpAMHU
HaIpyTy >KUBJICHHS Ja3epiB B YAaCTOTHOMY Jlana3oHl MO KOXXHOMY 3 KaHalliB,
BXOAM SIKMX 3'€HAHI 3 BUXOJAMHU CXEMHU YIPaBJIIHHS, a BUXOJHU - 3 BXOJAMHU
3allyCKy KaHaJliB BUIPOMIHIOBaHHSA. Y TPUCTPOL CyMIIIEHI JEeKUIbKa
HE3aJIe)KHUX KaHaIIB BUIIPOMIHIOBAHHS B OJHOMY BHIPOMIHIOBaYi, BBEIECHO
CXeMy JUCTaHIIMHOTO BKJIOUEHHS TEHepaTropa CHUTHaJIB 3alMyCcKy Yy
BUINPOMIHIOBAaYi, BKJIIOUECHHS ABTOMATUYHUX PETYJSTOPIB HANPYTH >KUBICHHS
Ja3epiB JJi BUPIBHIOBAHHS IMITYJIbCHOI MOTY>KHOCTI B YaCTOTHOMY JIiala3oHi B
KOKEH KaHaJl TeHepaTopa CUTHAJIIB 3aIyCKY.

[loeqnanHsT B OJTHOMY ONTHYHOMY BHUXOJIl BUIPOMIHIOBAHHSI YE€PBOHOIO
(635 um)Ta OMkHBOTO 1H(GpauepBoHOTO (870 HM) CHEKTPIB JO3BOJIE METOAY
CTaTW OLIBII YyHIBEpCATbHUM: HOro MOKHAa 3aCTOCOBYBAaTH SIK B SIKOCTI
30BHIIIHBOI I, TaK 1 B AKOCTI BHYTPIIIHBOBEHHOI'O 1
BHYTPIIIHbOMOPOKHUHHOTO ONPOMIHEHHS. J0 BUXIJTHOTO ONTHYHOTO PO3’€EMY
SMA-905 mig’ennyroTbcs MaricTpaibHuii cBiTioBog MC2 BupoOHHUIITBA
IIMIIIT ®otonika Ilmroc (M. Yepkacu) 13 BIAMNOBITHUM CBITJIOBOJHUM
THCTPYMEHTApPIEM JIJIsi KOHKPETHOTO TEPANIEeBTUYHOTO 3aCTOCYBAHHSI.

BukopucranHs 3aniponoHOBaHOTO KOHCTPYKTOPCHKOTO PIIICHHS JT03BOJISIE
PO3MUPUTH PYHKIIIOHAIBHI MOXKIMBOCTIIA3€PHOT0 TEPANIEBTUYHOTO MIPUCTPOIO,
SK JUIsI OTIPOMIHEHHS KPOBI, TaK 1 JijIsl BHYTPIIIHbOMIOPOKHUHHOTO J1KYBaHHS.
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YK 615.47:616.073

HEHPOMEPEXXEBA IIATPUMKA PIIIEHb B CUCTEMI JIBOX
XBUJIBOBOI JIAZEPHOI OJIAPUMETPII ILTIBOK ILJIAZMU
KPOBI 1P OLIHIOBAHHI 3MIH MOJIOYHHUX 3AJIO3

Jlokoreit JI.YO., 3a6onoTna H.I. k.T.H., go11.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

CrifikicTh B pEUTHHTY MpoO0JieM 3aXBOPIOBAHOCTI MOJIOYHUX 3aJI03
0OyMOBJIIO€ HEOOXIJIHICTb CTBOPEHHS CYYAaCHMX MPUJIAIIB J1arHOCTYBaHHS 1
MOHITOPUHTY, 1[0 CHOPSIMOBAaHI Ha MIJBUIICHHA €(QEKTUBHOCTI METO/IIB
dbopmyBaHHs, peecTpalii Ta O0OpoOJEHHS 300pakeHb HEOJHOPITHOCTEH
010JIOTIYHUX TKAaHWH Ta PIAUH JIOJIUHH, a TaKOX OOYMOBIIOE  PO3BUTOK
MEJIMYHUX 3aC001B 00’ €KTUBHOI €KCIIPEC-A1arHOCTUKH.

AKTyallbHICTh OOpaHOi TEeMH OOIPYHTOBaHa HEOOXIAHICTIO CTBOPEHHS
HOBHUX OINTHUKO-CJIIEKTPOHHUX CHUCTEM JIa3€pHOI MOJAPUMETPil O10JIOTTYHUX
00’€KTIB JI71s1 010MEIUYHO1 JIarHOCTUKH, SIK1 Jal0Th 1I0JaTKOBY 1H(OpMAIIiIO PO
JOCHIIKYBaHUN OO0’€KT, Ta € OMNEpaTUBHUMHU Ta JO3BOJSIOTH JIOMIOMOITH
JiKapeBl MPUUHSTH PIlICHHS HA OCHOBI 00’ €KTUBHUX JIaHUX .

MeTtoro poOOTH € PO3IIUPEHHS MOKJIMBOCTEH 1arHOCTYBAHHS B MEIUIIMHI
IpU 3aXBOPIOBAaHHSAX MOJIOYHUX 34703 32 PaxXyHOK PO3POOKH CHUCTEMH 1
METOJIMKM JUIS IBOX XBHJIBOBOI JIa3€pHOI MOJSPUMETPIi, IO BKIIOYAE OJIOK
KepyBaHHSl JJisi aBTOMAaTHU3allli BUMIPIOBAHb MOJSAPUMETPUUYHHUX TapaMeTpiB
300paxeHb O10JI0TTYHUX IIApPiB, iX aHaNi3y Ta MIATPUMKU NMPUUHSTTS PIIICHb B
3a7a4l eKCIpec-11arHOCTUKH.

Po3pobmioBana cuctemMa MpeacTaBise CcoOOK CHCTEMY  HEYITKOTO
JIOTIYHOTO BHUCHOBKY 3 1HTep(elicoM KOpHUCTyBaya Ta 30BHIIIHIMU OJIOKaMHU
0a3u JaHMX Ta JpadBepiB JBUTYHIB, OJOK MNPUUHATTSA PIIICHHS MOXHA
MPEJACTABUTH Y BUTJISII HEHPO-HEUITKOT MEPEkK1 — HEUPOHHOT MEpEeXki MPSIMOTo
MOIIMPEHHS CUTHANly oOCOONMBOro TUMy. B iHTerpoBaniii Mozemi A
BU3HAUYCHHSI MapaMeTpiB CHUCTEMHU HEYITKOTO BHUCHOBKY BUKOPUCTOBYIOTHCS
METOJIM HAaBUAHHSI HEUPOHHUX MEPEXK.

B aBromMaru3oBaHiil cucTeMi Ha BIJIOMIM apXITEKTypi CUCTEMHU CTOKC —
MOJISIPUMETPUYHOTO KapTorpadyBaHHS Ta aHajlidy Ja3epHUX 300paKeHb
0l0JIOT1YHUX IIapiB, SIKa OMHUCaHa JeTalbHO B poOotax [1-2], Oyno BBemeHO
JOIATKOBUM JIa3epHUN BUIPOMIHIOBAY, 110 30UIBIIMIO KUIBKICTh MOMIJIMBUX
iHpOpMaTUBHUX MapaMeTpiB Ta JO3BOJUIO 3O0UIBIIUTH 1H(MOPMATUBHICTD,
HEOOXIJTHUX JJIT aHaJI13y Ta J1arHOCTUKH, TAHUX.

B sikocti iHpopManiiftHUX 03HAK 010MEAMYHUX 00’ €KTIB MOXKYTh BUCTYIATH
Oylb-SIKI ~ YHCENIbHI  pe3yJbTaTH  PO3pPaxyHKIB  HaJ  300pakKeHHSAM
JOCIIII)KYBAaHOTO 00’€KTy, Mepell SKUMH MOXIHUBO 3aCTOCOBYBATH METOAU
butbTpalii — JUisl yCyHEHHS IIYyMIB P13HOT MPUPOAH Ta MOXKIUBOIO MOKPAILIECHHS
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akocTi. [lpu BBemeHHI SAKUXOCh HOBHUX 1H(OpMaIIiHUX MapaMeTpiB ix
JOIUIBHICTh Ta BHECOK B pillleHHsA 1HGOPMALIMHOI CHUCTEMH MOIHBO
MEepEeBIpUTH 3a JONOMOrow KoediuieHTy kopeinsiii I[lipcona, koedimieHTy
JeTepMiHallli, mnepeBipku aprtedaxTiB 3a kputepiem ['pabca, kopensiiiiiHoO-
perpeciiiHoro aHanizy, abo OpoCTO NMEPEBIPKU Ha 301KHICTHL HEHPOHHOI MEpEexi
npu ii HaBuaHHi. [Ipu giarHOCTyBaHHI BCl mapamMeTpu siIKi BUKOPHCTOBYBaja
nporpama ais (GopMyBaHHs J1arHo3y OyAyTh 3anmuTaHl B 0a3y nanux. llpu
MoJaJIbHOMY MIJITBEP/IKEHH1 J1arHO3y MOKJIMBO MO3HAYUTHU JaHy Napy 3HAUYECHb
«mapameTpu - JiarHo3» B 0a3l JaHUX AJIA MOJANbIIOr0 MPOLECy JOHABYAHHS
HEUPOHHOT Mepexi, SKUU mependadyeHa B MNPOTpaMHy MOAYJl HIATPUMKH
NpUUHATTS pimieHHs. B #ioro mpomeci Mo KOXHIM mapi «mapamerpu —
NIATBEPKEHUM AlarHo3» B 0a3l gaHux Oyne BiaOyBaTHucs JOHABYAHHS
HelipoMepexi, Imo Oyae 30UIbIIyBaTH JOCTOBIPHICTh JIIarHOCTYBAaHHSI B
MOAANBIIOMY.

JlicTana moAanbIIOro PO3BUTKY apXITEKTypa CUCTEMHU MOJISPU3ALINHOIO
KaptorpadyBaHHs IUIIBOK IJIa3MHU KPOBI1 JJIS 1arHOCTYBAaHHSI CTaHY MOJIOYHUX
3aJ103, sIKa Ha BIAMIHY BIJI BIJOMHUX JO3BOJUThH MiJABUIIUTU JOCTOBIPHICTD
JIarHOCTYBaHHSI ~ IIJIIXOM  BBEJICHHSM HOBHUX Ta ONTHUMI3aIli  yd4acTi
pO3paxoBaHUX 1HPOPMATUBHUX O3HAK.

Po3po6ieno Ta mpoBeeHO TECTyBaHHS OJIOKY KEpPyBaHHS CUCTEMH JIBOX
XBUJIbOBOI JIA3€PHOI MOJISPUMETPIi IJTIBOK IJIa3MHU KPOBI MPHU OI[IHIOBAHHI 3MIH
MOJOYHHUX 3aJl03, TMIJBUIIEHO JOCTOBIPHICTh JIarHOCTYBaHHSA UUISIXOM
BUKOPUCTAaHHA HEHUPOHHOI Mepexki, sika OyJae MNOCTIiHO JOHaBYATUCA Ha
aKpeJIUTOBAHUX JlarHO3aX.

[Tomanpuie MOKPAIICHHS Yy TIUBOCTI Ta crenu@iyHOCTI
IHTENIEKTYallI30BaHOI CHUCTEMHU MOJSPHU3AIIMHOIO KapTorpadyBaHHS  Jid
JIarHOCTYBaHHSI MOXe OyTH 3A1HMCHEHE IUISIXOM MOJAJbIIOro MOIIYKY HOBHUX
iHpoOpMaTHUBHUX O3HAK Ta iX ONTUMI3alli NpPU CYTTEBOMY 30LIbIICHHI
pernpe3eHTaTUBHOT BUOIPKHU MAIlIEHTIB.

Cnucok JiTepaTypHHX JKepeJt:
1. System of polarization phasometry of polycrystalline blood plasma networks in mammary
gland pathology diagnostics / Natalia I. Zabolotna, Bogdan P. Oliinichenko, Kostiantyn O.
Radchenko [et al.] // Proc. of SPIE. — 2015. — Vol. 9613, 961311.
2. 3abonotHa H. I. InTenekryanizoBaHa cuctemMa NOJISIPU3aALHOrO KapTorpagyBaHHs IUTIBOK
IUIa3MU KPOBI Yy JIarHOCTHUIIl OHKOJIOTIYHOTO CTaHy MOJIOUHMX 3aio03 / 3abonotHa H. I,
Jlokoteit 1. 1O., Omiiitnnuenko b. II. // Onrtuko-enexkTpoHHi iH(pOpMaliiiHO-eHEepreTUYHI
texHounorii. — 2017. — Nel(31). — C. 39 —46. ISSN 2311- 2662.
3. Natalia I. Zabolotna, Bogdan P. Oliinychenko, Kostiantyn O. Radchenko, Anastasiia K.
Krasnoshchoka, Olga K. Shcherba, "System of polarization phasometry of polycrystalline
blood plasma networks in mammary gland pathology diagnostics", in Polarization Science
and Remote Sensing VII, Daniel A. LeMaster; Joseph A. Shaw, Editors, Proceedings of SPIE
Vol. 9613 (SPIE, Bellingham, WA 2015), 961311.
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CBITJIOAIOAHUNA PUTMIYHUNA ®OTOCTUMYJIATOP

Tyxancekunt C.€., K.T.H., njoueHt, ABpamuyk O.b., cT. rp JITO-18m
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

PutmiuHa (oTOCTUMYIIALIS € OJHIEID 3 CyYaCHUX METOIMK (izioTepamnii,
SKa 3aCTOCOBYEThCA y 0ararboX MEAUYHUX 3akjagax cBiTy. TepameBThuHa mist
Ha OpraHi3M B110yBaeThCA 3a PaXyHOK Jii CBITJIOBUX CIajaxiB Pi3HOI YaCTOTH y
MEBHIA TMOCHIIOBHOCTI 3 BU3HAYEHUMH TNay3aMH MDK CTUMYJISIISIMHU.
AMIUTITYAa, 4YacTOTa, TPUBAIICTh JIi CTHUMYJIB Ta 4ac May3 MDK HUMHU Yy
OUIBIIOCTI TMPUCTPOIB  BHU3HAYAIOTHCA CTAHJIAPTU30BAHOIO €BPONEHUCHKOIO
METOJMKOIO JUIsl CKPUHIHTOBUX MeToniB (aBtopiB Trenité DG, Binnie CD,
Harding GF ta 1n.).

Crpimkuii PO3BUTOK OIITOEJIEKTPOHHUX TEXHOJIOT1H CIIpUSB
YJAOCKOHAJICHHIO XapaKTePUCTUK BUIPOMIHIOBAYIB, 110 JI03BOJIMIIO PO3POOUTH
ManorabapuTHi KOHCTPYKIi (OTOCTUMYJSIIMHUX 3ac00iB HOBOIO THIY,
30KpeMa Ha CBiTJIOJIoAaX. Takli MpUCTpPOi HaAalOTh MOKJIMBICTH OJHOYACHOTO
OMPOMIHEHHSI MPOTHKHUX JAUISHOK MPAKTUYHO OYJb-IKOT MPOCTOPOBOI
r€OMETPHUYHOI CKJIaTHOCTI.

[IponoHy€eThCS KOHCTPYKIIISL CBITIIONIOAHOTO (DOTOCTUMYJISITOpA JJisl O4eid,
SKa MICTUTh TPU TPYIHU CBITIOAIOHUX BUIIPOMIHIOBaYiB (IO JBa Ha TpyIly) 13
nopxxuHamMu XxBuiab 440 ©HM, 540 BMm Ta 660 HM, BIAIOBIIHO. 3a3HaYeHI
BUIIPOMiHIOBaul BOYJOBYIOTBCS Yy CHELlaldbHI OKYJSpU. Y3arajlbHEHa cCXema
IIPUCTPOIO MpeCTaBiIeHa Ha puc. .

Uk e
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I ' P
|
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Pucynok 1 - CtpykTypHa cxeMa MpUCTPOI0: OCHOBHUMHU OJIOKaMH amapara €:
[JIK - imnysibcHE JKepesio BTOPUHHOTO enekTpokubieHHs; MK -
mikpornpornecop; OKbB - obuncnoBanbHoro kepyrouoro 6moky; KJI -
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knasiatypu; LI ta YIIT - uudpo-iMnyibCcHOro nepeTBoproBaya 3 4aCTOTHO-
IMITyJIbCHUM 3aKk0HOM niepeTBopeHHs; [ T - reneparop TaktoBuX iMnyinbCiB; TT
- T-tpurepom; b/ - 610k npaiiBepi; bB mictuts: CI" 440 HM — (CBITIIOA10AHA
rpyna 3 JOBXHHOIO XBHJII MAKCUMYMY BUIIPOMIHIOBaHHA 485 HM (CHHS AUIIHKA
crektpy); CAI" 530 HM — (CBITJIOAI0AHA TPYyIIA 3 TOBKUHOIO XBUJII MAKCUMYMY
BunpoMiHioBanHsa 530 HM (3eneHa auisiHka cnektpy); CUIT 660 um —
(cBiTIOAIONHA TpyHa 3 JOBXKUHOIO XBWJII MAaKCUMyMY BUIIPOMiHIOBaHHS 660 HM
(4epBOHA UIIHKA CIIEKTPY).

3aranbHUl ~ BUTJSJ ~— KOHCTPYKIT  CBITJIOAIOAHOTO  PUTMIYHOIO
(dboTocTUMYISATOpA HABEICHUM Ha pucC. 2.

| |
58 668 8484

100,00 vt

»7Ta Mep TToTyX)HICTB Yacrora

+ [ =+ [ [-]

CJ1 Cuniit CJl3enennii  CJ] UepBoHnuii ,"/‘
o ) (] | IN [ouT //

| 213,66 301

PucyHok 2 — 3aranbHuil BUIIIS CBITIOAI0AHOTO (POTOCTUMYJISITOPA

[Ipu po3polIl KOHCTPYKIII MPUCTPOIO OYyJI0 PO3PAaXOBAHO ONTHUMAIIbHY
ONTUYHY CHUCTEMY JUIsl TPAHCHOPTY (POTOHIB A0 Ol0JoriyHOro 00’ekTa. Takox
po3p0o0JieHO anropuT™ (YHKIIOHYBaHHS MPUCTPO0. BukopucrtanHs pi3HUX
KOMOIHAIIA KOJIBOPY JIA TPYI CBITIOAIONIB JTOJAA€ METOIUI (HOTOCTUMYJIALIL
HOBI1 MOKJIMBOCTI 111 MEIUKO-010JIOTTYHUX TOCTI1IKEHb.

TakuM  YWMHOM,  3ampPONOHOBAHO  KOHCTPYKIIO  YHIBEPCAJIHLHOIO
CBITJIOMIOAHOTO  (POTOCTUMYJNIATOpPA 13 PO3MMUPEHUMU (YHKIIOHATBHUMHU
MOXJTUBOCTSIMH.
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VJIK 004.42

MNPUCTPIA TA METOJU HEIBASUBHOI'O BUMIPIOBAHHS TA
AHAJII3Y IIOKA3HHUKIB I'JIFOKO3H1 B KPOBI

ITaBaenko 1O.B.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

OcraHHIMU poKamu Bce OUTbII HEOOX1THOCTI HA0YBalOTh MOTPEOU B 3aMiH1
1HBa3UBHUX METOJIB Ha HEIHBa3iBHI 0€3 MNOpPYUIEHHA IUTICHOCTI MIKIpH.
HeinBa3uBHI METO/IM BUMIPIOBAaHHS KOHIIEHTpAIlli TJIFOKO3UW B KPOBHU, IO € Ha
JaHUW MOMEHT, 3aCHOBaHI Ha BHUKOPUCTAHHI BIAMIHHOCTI 1i ONTHUYHHX 1
XIMIYHHUX BJIACTUBOCTEH Ta KOPEJSLIMHOTO 3B'SI3KY PIBHS TJIIOKO3U 3 PI3HUMHU
MOKA3HUKU JKUTTEAISUIBHOCTI JIIOAUHU. 3HAYHUM PO3BUTOK MA€ TEXHOJOTIS
BUMIPIOBaHHS TJIIOKO3W 3 JlonoMorow iHdpadepBoHoro (1Y) ompomiHIOBaHHS
JUISHKY IIKIPY JTIOJUHA. JJOCHIIKYI0UM CIIEKTpP MOTVIMHAHHSA MOKHA BU3HAUYUTH
KOHIICHTPAII10 TJII0OKO3U B KPOBHU.

s peanizanui Oyio po3poO0i€HO MPUCTPIM 13 MIABUIIEHOI TOYHICTIO
ONTUKO-EJIEKTPOHHOIO HEIHBA3UBHOI'O IMPOIECY MOHITOPUHTY KOHIEHTpALlii
010JIOTIYHUX MOKA3HUKIB TJIIOKO3M B KPOBI JIIOJMHU IUIAXOM PO3POOJEHHS 1
3aCTOCYBaHHS METOJly CUJIOBUX PI3HHUIIb.

ByB po3poOneHuii mpoTOTUIl ONTUYHOTO CEHCOPY Y BUTJISL KIINCH Ha 0a3i
CBITJIOJIOTHOTO JKEpesia OIIHKK JUIi BUMIPIOBAaHHS KOHIIGHTpAIlli TJIFOKO3H
KpoBi. Kiiirca BCTaHOBIIOETHCS HAa KIHIIBKU Tila JIOJUHU (KIHII TaJbIIB PYK,
MOYKHM Byxa) 1 3abe3neuye MPOCBITIIOBAHHS BHUMIPIOBAIBLHOTO 00‘€EMY
0loJIoriyHOTO 00°‘€KTa BUIPOMIHIOBAHHSIM 3 JIOBXHHOIO XBuJl 940HM
(pe3oHaHCHA JIiHIs TII0KO3U KPOB1) Ta ONTUYHOIO MOoTyxkHIicTI0 30MBT. B sikocti
dboToneTeKTOpa BUKOPHUCTOBYBABCS KpeMHieBUM (OTO aAion 3 podouum
crekTpalibHUM  aianazoHoM  0.4-1.2mMkM,  BKJIIOYEHHMM B pexuMi
TepMocTaliIizali (711 BUKIIOUECHHS BIUIMBIB TEIUIOBUX ITyMiB). Ha pucyHky 1
HaBeieHO GoTorpadiro po3poOIEHOr0 ONTUYHOIO CEHCOPA.

Taka KOHCTpyKIisi ceHcopa (pPUCYHKY 1) € EKOHOMIYHO BHTIJIHOIO,
OCKUTBKM HE TOTpelye 3aCTOCYBaHHS BHCOKOTEXHOJIOTIYHMX 1 JIOPOTOI[IHHHUX
KOMIIOHEHT, TEXHOJOTTYHUX MPUHOMIB 1 MaTepialiB.

* BukopucToByBaBCs CBITIOAIONAHHUI BUIPOMIHIOBAY 3 JOBXKHUHOI XBUJI1
A=940uM (poOoue BIKHO MOIJIMHAHHA TJIOKO3M KpOB1), TOBIIMHA MPOIIAPKY
Oyna piBHa L=4mM, a onTuyHa noTyxHicTh 40MBT.

** Hopmoro BBaxkaeThcsa KOHIEHTpalis 3.3—35,5 MMOJIb/JI.
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0
a) )
Pucynoxk 1 — Po3po0nenunii ONTUYHUIA CEHCOP Y BUTIISIAL KITITICH IS
HEIHBA3UBHOI OI[IHKH BMICTY IVIFOKO3H B KPOBI JIFOJMHHU: &) BUIJIS IPUCTPOIO;
0) mpo1ec BCTAHOBJIECHHS HA KIHIIIBKY MaJIbIs

[lonepenHi pe3ynbTaTH EKCHEPUMEHTAIBHUX JOCHIKEHb IMOKa3ajau
BIIMOBIAHICTD 3aJI€KHOCTI ONTUYHOTO MOTVIMHAHHSA (HA JOBXHUHI XBUIl 940-HM
(CBITJIOA10AHUI BUIIPOMIHIOBAaY) B poOOYOMY BIKHI NOTJIMHAHHS TJIFOKO3H Bij
pOCTYy KOHIIEHTpalli TIJIFOKO3M B KpOB1 JIOJMHU. Bumipm Ta iX KOHTpPOJb
IIPOBOJMJIMCH 13 301JIBIIEHHSAM caxapy B KPOBI1 Ta MapajiebHUM KOHTPOJIEM HOro
PIBHS 1HBa3UBHUM T'JIIOKOMETPOM.
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THE WAY OF THE BREAST FIBROADENOMA DIAGNOSIS BASED
ON MUELLER-JONES MATRIX POLARIMETRY

Kostiantyn O. Radchenko
Vinnytsia National Technical University

Breast fibroadenoma is one of the most common types of benign tumors
among women. Each year, the number of patients with fibroadenoma in the
world is constantly increasing, so there is a need to develop new and improve
existing methods and ways of diagnosing the disease.

Some of such methods are the methods of polarization study of the
structure of biological objects (biological tissues, blood plasma, urine, bile, etc.),
which allow obtaining qualitatively new information on the structure of such
objects.

The way for diagnosing of breast fibroadenoma based on the mueller-jones
matrix polarimetry method of blood plasma has been proposed in this work. The
proposed way allows to establish interconnections between changes in the
crystalline structure of blood plasma and a set of objective parameters
characterizing the received polarization images. These characteristics are
obtained through computer analysis (determination of statistical moments of the
19-4" orders).

The method of muller-jones matrix polarimetry is realized on a system of
two-dimensional laser polarimetry. Using intellectual analysis on the basis of the
decision tree method, the differentiation of the measured samples of blood
plasma into the "norm" and "fibroadenom" is performed. Calculated statistical
moments of the 1st-4th orders serve as diagnostic features.

The classification of the 100 samples of the blood plasma to the "norm"
and “fibroadenoma” was performed, as a result, the diagnostic informativeness
and system authenticity (by calculating of sensitivity Se, the specificity Sp and
accuracy Ac) was evaluated. In our case, these values were: Se=94,4%,
Sp =86,4%, Ac=90,4%.

The obtained results allow to establish the potentially high diagnostic
efficiency of the proposed way of the breast fibroadenoma diagnosis.
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YK 681.7

3ACTOCYBAHHA OIITUKO-EJIEKTPOHHOI'O IIPUCTPOIO JIJIA
IHTEI'PAJIBHOI OIIIHKU KOJIATEPAJIBHOI MIKPOIIUPK Y JISIIII
Y XBOPUX 3 I'lIIEPTEH3UBHO-IINEMIYHUM bOJbOBUM
CUHAPOMOM

Koznosceka T.1., 3nenko C.M., ITaBnoB B.C.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNM YHIBEPCUTET

Beryn

[TopyiieHHst KoJlaTepadbHOI MIKPOUUPKYJSALII CTAa€ MPUUYUHOIO PI3HOTO
POy MOPYIIEHb KUTTEAISIIBHOCTI OpraHi3my JtoauHu. Hanpuknan, npu3BOAUTh
710 C1a0KOro 3aro€HHs MiCIsIONepaIliiHuX paH, KpIM TOTO KPUTHYHI MTOPYILICHHS
MIKPOLIMPKYJISIIT KIHIIBOK MOXYTh MPU3BOAUTU 10 amIiyTallii abo MOBHOI iX
BTpATH.

Tomy Nl CBOEYACHOTO Ta SIKICHOTO J1arHOCTYBAaHHS TaKUX MOPYIIEHb B
MEJIUYHY MPAKTUKY BOPOBAKYIOTHCS HEIHBA3WBHI METOJH, IO JA03BOJISIOTH
MPOBOAUTH 0€300JIICHUN Ta HEPYWHIBHUM KOHTPOJb ypakeHUX AUIsSHOK. Cepen
HUX IIUPOKOTO PO3BUTKY OTpUMaid ONTUYHI METOAM peecTpamii 1
MEePETBOPEHHS Ta KOHTPOJIO0 OioMmeanuHoi iHdopmarii [ 1, 2].

OnHuM 3 MEpPCHEeKTUBHUX METOMIB JOCHIKEHHS MIKPOUUPKYJALIL €
dboromnerusmorpadiunnii  (PII') Meron, mo J03BOJSE  3aCTOCOBYBATH
OE3KOHTAKTHI CEHCOPH, B Pe3yJbTaTl YOro HE BiJIOYBAE€THCS CTUCHEHHS CYJIHH,
0 BUKIIOYAE MOPYIIEHHS KpOBOOOITY B JAOCHIKYBaHiM nauisHii. Merton
0a3yeThcs Ha (DOTOETEKTPUYHOMY BUMIPIOBaHHI K MPONAEHOTO TaK 1 BIAOUTOrO
BUIPOMIHIOBaHHS CBITJIa B YEpPBOHOMY Ta 1H(pauepBOHOMY niama3zoHax. Lleit
METOJT BUKOPUCTOBYETHCS Yy  OUIBIIOCTI  BUMAJKIB TpPU  CYyJAMHHUX
3aXBOPIOBAHHSX JJisi OO'€KTUBHOI OIIIHKM CTaHy 1 CTYNEHIO TMOPYIIEHb
pEerioHapHOr0 KpPOBOTOKY, TOHYCY CYIUH, JUIsi KOHTPOJIO €(EeKTUBHOCTI
JIKYBaHHS, BXKMBAHOIO 13 MOJAJBIIUMU JIa3epHUMU Ta (POTOHHUMH METOJAMU
BIIHOBJICHHS (YHKIII CyAuH, [Js JU(EpeHIIaTbHOr0 Ji1arHOCTYBaHHS
OpraHiyHuX 1 (QYHKIIOHAIBHUX 3axBOpIOBaHb CyAuH. OcoOJHUBO MIHHY
iH(opMallito Jal0Th CUMETPUYHI TOCTIPKEHHS YpaKEHUX 1 HEypaKeHUX CyIHUH
OJIHOTO 1 TOro > XxBoporo Ta auHamika OIII" mix BMBOM (PyHKIIOHATBHHUX
HaBaHTAXEHb 1 MPU MPOBEJICHHI (PapMaKOJOTTYHUX MPOO.

OnnuM 13 HampsAMKIB 3aCTOCYBaHHS JAHOTO METOJy € JiarHOCTHKa
reMOJAMHAMIYHHUX PO3JaJAIB y XBOPUX 3 MICHUEBUM TiNEPTEH3UBHO-IIEMIYHUM
00JBLOBUM CHUHAPOMOM aMIyTallliHUX KYKC HWXXHIX KIHIIBOK. Ha »anb, B
OCTaHH1 POKH, 13 3arOCTPEHHAM cuTyalli Ha JlonOaci, ammyTailisi KiHIIBOK cTala
JNOCUTh aKTyaJIbHUM HNUTaHHAM [3-5].

Pe3yabTaTu nociaigkeHHs
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AmMmyTailisi KIHIIBKA KPIM BTPAaTH aHATOMIYHOTO CETMEHTY YCKJIaIHIOEThCS
BUHUKHEHHSIM PI3HOTO POAYy XBOpPOO 1 BaJl KYKCH, MPOBIAHUM CEpel SKUX €
OOJIbOBHI CUHIPOM, IO SBISETHCS OJAHUM 3 iX TMpOsBIB, abo wyacrile
camocTiifHoo Ho3omorieo. Moro wactora cknamae Bim 60 mo 80 %. Taxwuit
BUCOKHMI BIJICOTOK PO3BUTKY HICISaMITyTal[liHOr0 OOJBOBOTO CUHAPOMY, SIKHIA
TpaauIiiHO 00’ eaHye (paHTOMHHUM, MICIIEBUN Ta 3MIIIAaHUN O11b, CBIAYUTH MPO
HEJIOCTATHIO JOCHIIXKEHICTh IPOOJIEMHU 1 TUKTYE HEOOXIAHICTh PO3POOKH HOBUX
MIJIXO0A1B J0 MOro Npo(LIaKTUKKU Ta JIKyBaHHSI.

3 METOI0 OI[IHKM XapakTepy Ta CTYMNEHS BAXKKOCTI ypaKeHHS CYIUHHOIO
pyciia y XBOpPUX 3 aMIIyTallifHUMHU KyKCaMU JOCHUTh YaCTO BUKOPHUCTOBYIOTh
Taki MeTtoau sk aptepiorpadis, duedorpadisa, ocuunorpadis, chirmorpadis,
peorpadis, tepmorpadis, mietusmorpadis, Tomo. OmHakK, HE3BaXKalOyu Ha
BEIIUKUU TEpeik METOIIB Ta JOCHTh TPUBAIMN MEpioJl iX 3acCTOCYBaHHS,
JIarHOCTUKA CYAMHHUX 3MIH Ta TMOPYUIEHHS PEriOHapHOro KpOBOOOIry,
OCOOJMBO y XBOPUX 3 XPOHIYHHUM TINEPTEH3UBHO-IIIEMIYHUM CHUHIPOMOM,
3QJIMIIAETBCS 10 KIHIE HE BUBYEHOI. TOMy BIPOBAKEHHS B KIIHIYHY
MPAKTUKY HOBUX METOJIB OI[IHKM CTaHy PEriOHapHOIro KpoBOOOIry (0coOamBoO,
Ja3epHUX Ta ONTHUKO-CJIEKTPOHHUX METOMIB) JIO3BOJMIO O HE TUIbKU
BCTAHOBUTU BHUPA3HICTh 1 BaXKICTh CYAMWHHUX TOpPYLIEHb, ajie W
00'ekTUBI3yBaTH €PEeKTUBHICTH hapMakoTepamnii [5-7].

BpaxoByroun Bullle BHUKJIAJEHE, METOIO IOCHIIKCHHS € BUKOPUCTAHHS
MIPUHITUIIB B3a€EMOJII1 Ta aHAMI3y BIAOMTOr0 ONTHYHOI'O BUIIPOMIHIOBAHHS Bif
O10TKaHMHM Ta OI[IHKU CTaHY PETiOHAPHOI FeMOJANHAMIKU Y XBOPHUX 3 MICIIEBUM
TINEePTEH3UBHO-1IEMIYHUM CHUHJPOMOM aMITyTalIMHUX KYKC HMKHIX KIHI[IBOK
MeTo10M (oTorIeTu3Morpadii.

ByB po3po0neHuii ONTUKO-ENEKTPOHHUN MPUCTPIN, IKUIT Ma€ 1Ba JaTUUKU:
MepIIUNd  MICTUTh JKEpeno 1H(PauyepBOHOIO BUIIPOMIHIOBAHHS 1 JI03BOJISIE
BU3HAYaTU pPIBEHb KPOBOHAMOBHEHHS CyAWMH Ta MPOBOJUTH  OI[IHKY
MIKPOLIMPKYJISIIT B JOCTIKYBAaHUX JIUISHKAX, APYTUN JTaTYUK MICTUTD JIKEPETIO
YEpPBOHOT'O BUIIPOMIHIOBaHHS 1 JO3BOJISIE BU3HAYATH CaTypallifo KPOBI.

3a 70mOMOT 010 PO3pOOJICHOT0 MPUCTPOIO OYIJI0 MPOBEACHO P TOCIIIKEHD
Ha 0a3i kadenpu 3aranbHOi Xipyprii BIHHUIIBKOTO HaIlIOHATLHOTO MEJINUYHOTO
yHiBepcutety iM. M.I. ITuporosga.

Onune 13 AOCHKEHb OyJI0 TPOBEACHO cepen 26 XBOpHUX 3 MICIIEBUM
TINEePTEH3UBHO-1IEMIYHUM ~ CHUHAPOMOM  aMIyTalllMHOI  KYKCH  HIXKHBOT
KIHIIBKH, BIKOM Big 26 o 77 pokiB. Cepen oOcrexxeHux Oyno 6 xiHOK 1 20
40JIOBIKIB. AMITyTalliifH1 AedeKTH Ha PiBHI cTerHa Oynau y 1 XBoporo, Ha piBHI
roMiuikKd — y 22, Ha piBHI ctonu — y 3. [lpuuvHM NEepBUHHOI amITyTallli:
o0JIITepyIOoUl 3aXBOPIOBAHHS CyIMH — y 9 XBOpHX, IyKpOBUM miaber — y §,
TpaBMa — y 6, BIIMOPOXKEHHS — y 2, THIHO-3amalibH1 3aXBOPIOBaHHSA — y 1
XBOPOTO.
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B pesynbrarti nmocnigkeHb MiATBEPIKEHO €(PEKTUBHICTh 3aCTOCYBAHHS
JAHOTO  OMNTHUKO-CJIEKTPOHHOTO  MPUCTPOIO  JUIsl  IHTETpajbHOI  OI[IHKHU
KOJIaTepaIbHOI MIKPOUUPKYJALII Yy XBOPUX 3 TINEPTEH3UBHO-IIEMIYHUM
O0onboBUM  cuHApoMOM. Kpim TOro, po3poOiieHHil NpUCTpiil 03BOJISE
MIJABUIIATH JOCTOBIPHICTh J1arHOCTYBAaHHS MEPU(EPUIHOTO KPOBOOOITY, IO
JoTIoMarae JiKaproo-xipypry poOUTH BUCHOBOK MpPO 30€peKEHHS Yd aMITyTaIlllo
XBOPOI KIHIIIBKH.
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BAIATOIMMAPAMETPUYHUN ONITUYHUNA CEHCOP
AMIHOKHUCJIOT

Bapuo I'.1.', kauz. Texu. Hayk, goi., MukuTiok 3.M.', 1-p d-M. Hayk, mpod.,
Bicsrak M.B.%, 1-p Texu. Hayk, mpod., Kpemep LIL.', kan. TexH. HayK, DO
"HY"JI", JbBis
* HamonansHuit Mequunmii yHiBepcuTet iM. Jannia [amumbskoro

AMIHOKHCIIOTH BIAITPalOTh BAXKIIUBY POJIb Y KUTTEAISIBHOCTI OpraHizmy, a
3MiHAa 1XHBOTO BMICTY B TKaHMHAX OpPraHi3My BHUKOPHUCTOBYETHbCS JIsI
JIarHOCTUKH PI3HOMAHITHUX MATOJOTIYHMX 3MiH. Tomy po3poOKka METO/iB
KUIBKICHOTO aHAJI3y BMICTY aMIHOKHUCIOT Y Pi3HUX 01000°€KTax € aKTyalbHOIO
3amadero. IcHyroul mMeToau aHamizy 3a0e3MmedyyroTh BHCOKY TOYHICThb, OJHAK
BUMAararoTh KBaJli()ikOBAaHOTO MEPCOHATY Ta IOPOTrOro 00IaHaAHHS.

Mu nponoHyeMoO BUKOPUCTATH ONTUYHUIN CEHCOP JI KUIbKICHOTO aHali3y
aMIHOKHUCIOT. UYyTJIMBUM €JIEMEHTOM TaKOrO0 CEHCOpa € XOJIECTEPUKO-
HEMAaTU4HA CyMIIII, KA 3MIHIOE CTIEKTPaIbHI XapaKTEPUCTUKHU TICIIs BHECCHHS B
Hel aMIHOKHCIIOT a00 iXHIX BOJHUX PO3YHHIB.

Mu nochaipKyBaiau CHEKTPU MPOIMYCKAHHSA XOJIECTEPUKO-HEMATHUYHHUX
CyMIIIeH 13 BBEICHUMH B HUX PI3HUMH aMIHOKHCJIOTaMH, a came, METIOHIHOM,
JTI3UHOM, CEPUHOM ToIlo. Ha 3aie)KHOCTSIX JTOBXKUHHM XBHWJI1 MPOIYCKaHHS Bif
KOHIIEHTpAIIli aMIHOKHCIIOT CIIoCTepiraeThes AB1 AUIssHKA. Ha mepiiit aiasHI 31
30UIBIICHHSIM KOHIIEHTpAaIlli aMiHOKHUCIIOTH 3POCTA€E JIOBKUHA XBUJII MIHIMyMY
MPOMYCKaHHS, a Ha JPYrid Iiclsg HACHUYECHHS CIOCTEPIraeThCcsl CHAJaHHS
XapaKkTepUCTUKHU, MPUUYOMY Ha 3MIHHUX JUISHKAX CIEKTpajdbHAa YYTJIUBICTH
MOX€ ICTOTHO BiApi3HATUCA. JlJIsi 3acTOCyBaHHS B CEHCOPl MOXKHA
BUKOPHUCTOBYBAaTU OOMBI AUISTHKHA 3QJIEKHOCTI JUIsl ManuXx (371Ba) Ta BEIUKHUX
(cipaBa) KOHIIEHTpAIlill aMIHOKUCIIOTH BIJIIIOB1IHO.

JInsi BUKOpUCTAHHS ABOX [UISHOK CHEKTPajJbHOI YYTIMBOCTI MiJ Yac
BUMIPIOBaHHSI KOHIEHTpAllli aMIHOKUCIOT po3po0sieHo OararonapaMeTpUyHUA
onTuyHUM ceHcop. OCHOBY HOro ckjajgae ONTUYHUN OJIOK, MOoOyTO0BaHMM 13
BUKOPUCTAaHHAM JKE€pella CBITJIa, YYyTJIMBOTO e€JeMeHTa (Ha OCHOBI
X0JIECTEpUKO-HEMATUYHUX cyMiliei) Ta ¢doroneperBoproBaya [1]. Jxkepemno
CBITJIa Ha OCHOBI 1HTerpoBaHoro RGB cBiTnomiona yMOXIHMBIIOE 3aJaBaHHS
CHEKTPAJIbHUX TNapaMeTpiB TECTOBOI'O BUIPOMIHIOBAHHS B MeEXXaX BUJHUMOTO
niana3oHy. Peectpailisi TECTOBOrO ONTUYHOTO BUIIPOMIHIOBAHHS 31HCHIOETHCS
HaIIBIPOBITHUKOBUM (POTONEPETBOPIOBAUEM B YCHOMY Jlana3oHl BUMIPIOBAaHb.
JlonatkoBo, ISl MIABUINEHHS TOYHOCTI BHMIPIOBaHHSA Ta KOHTPOJIIO BILUIMBY
30BHIITHBOTO cepenoBuIIa BUKOPUCTOBYETHCSA HaIiBIPOBITHUKOBUI
TeMrnepaTypHuil ceHcop. Pe3ynbrar BuUMIpiOBaHHS (QOPMYETbCS OJIOKOM
KepyBaHHSI Ha OCHOBI Bepu(ikailii 3Ha4Y€Hb MOKA3HUKIB MPOITYCKAHHS
ONTUYHOTO CHUTHAy 3 TECTOBUMU MacHBaMU 3HAUY€Hb, OTPUMAHUMH B XOJi
eKCIEPUMEHTAbHUX JOCHIKEHb.
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[IpakTuHy peanizailito ceHcopa BUKOHAHO Ha OCHOBI MIKPOKOHTpOJEpa
cimeiictBa PSoC 5SLP ¢ipmu Cypress. g kepyBaHHs poOOTOIO ceHcopa
BUKOPUCTAHO 0a30Bl BOyJIOBaHI (DYHKIIOHAJIbHI €JIEMEHTU — [IHPOTHO-
IMIyJIbCHUM MOJYJISITOp, MpOrpamMoOBaHi MiJICUIIIOBaYl, TailMep, MOCTITOBHUMA
iHTepdeiic 3B’sa3Ky, 1HTepdeic 1HauKaTopa, HUGPOBI MOPTH BBOAY/BUBOIY.
Anroput™m (yHKIIIOHYBaHHSI CEHcOopa 3a0e3neuye MPOBEJICHHS CaMOTECTyBaHHS
B MeEXax CIEKTpaJlbHUX [1alMa30HIB, SKI BHKOPUCTOBYIOThCS I 4ac
BUMIPIOBaHHS, Ta MOXIJIMBICTb KOpPETyBaHHS 3HAauy€Hb TECTOBHUX MAaCHBIB
BIIMOBIAHO /10 TapaMeTPiB UYTIUBOIO €JIEMEHTA.

Cnucok Jgireparypu:

1. Gas sensitive material on the basis of cholesteric-nematic mixture doped
carbon nanotubes for optoelectronic NH3 gas sensor / Vasyl S. Petryshak, Maria
V. Vistak, Orest Y. Sushynkyi, Zinoviy M. Mikityuk, Hryhoriy 1. Barylo,
Maksat Kalimoldayev, Piotr Kisata, Azamat Annabaev // Proc. SPIE 10445,
Photonics Applications in Astronomy, Communications, Industry, and High
Energy Physics Experiments 2017, 104455C (August 7, 2017). -
DOI:10.1117/12.2281015.
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SESSION 5
OPTOELECTRONIC DEVICES AND
COMPONENTS IN THE LASER AND

ENERGY TECHNOLOGIES
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VJIK 004
JIABEPHA TH®OPMAIIMHO-MEPEJIABAJIBHA CUCTEMA

Monousnmok O. 1.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

Meta po6GoTu: Y3arajabHEHHSI 1 PO3BUTOK PE3YyJbTATIB MO (POPMYBAHHIO
CTaTUCTUYHOI PAAIOONTHKUA - €IAMHOI CTAaTUCTUYHOI Teopii Ja3epHHUX
1H(popMaLITHUX CUCTEM 1 PAaIOONTUYHUX METOJMIB OTPUMAHHS, MEPETBOPEHHS,
nepenayi 1 00pooku iHpopMaIlii.

I'os10BHI 3aB1aHHSA:

l. Jlocmiautu BHYTPILIHI IIyMH 1 (QIIOKTyallioHHI €(eKTH B Ja3epHHUX
CUCTEMaX.

2. Bukonatu ananiz poOOTH pajio ONTUYHHUX CHCTEM B peabHIN
00CTaHOBIII 3 MEPEIIKOIAMHU.

3. BusHauutu ¢pyHIaMEHTAJIbHI MEXK1 B Pa/IlOONTHIIl 1 OLIHUTH MOTEHIIIIHI
MOYKJIMBOCTI PaJIIOONTUYHUX TTPOIIECOPIB.

4. OnrumizyBaTH ICHYIOYl ajNrOPUTMU 1 CHHTE3yBaTH SKICHO HOBI
CTPYKTYpH Ja3epHUX CUCTEM 1H(OpMaliitHOTO 0OMiHY, YIpaBIiHHS Ta 00pOOKH
iH(popMmarii.

3anpornoHOBAHO  QJITOPUTMHU TMPOTHO3YBAHHS IOBOJKEHHS CHUTHANY,
OCKUIbKM ONTHUYHI JIiHIT 3B'A3KYy B aTMOc(epl CUIBHO 3aJekaTh BiJi METEOYMOB,
HasBHOCTI MWy, IUMY Ta IHIIMX 3aBaj, a TypOYJEHTHI siBUIIa B aTMocdepi
MPU3BOAATE 10 (GIyKTyalllii MOKa3HUKA 3aJOMJICHHS CEpEelIOBUINA 1, OTXKE, 0
CIIOTBOPEHb TPOMEHS 1 (QUIyKTyalid KyTa NOPUXOJy BHUIPOMIHIOBAHHS Ha
dboTonpuiimay.

[IpoananizoBaHO CXeMy OJHOTO 3 BapilaHTIB MpHUMaIbHO-TIEPEAABAIBLHOIO
MPUCTPOIO0 aTMOCGHEPHOT CUCTEMU 3B’A3KY 3 HAMIBIPOBIAHUKOBUM JIa3€pOM, Ta
PO3MIISTHYTO METO/IM 3aCTOCYBAHHSI I11€1 CXEMHU.

OnTnyHuit 3B'SI30K, nepegaya 1Hpopmarii 3a JIOTTIOMOT OO
€JIEKTPOMArHITHUX XBWJIb ONTHUYHOIO MAlama3oHy, J0CI BBAXKAEThCA OJIHUM 3
HaWMEepPCHEeKTUBHIIINUX METOMIB Il  1HGOpPMALIMHUX CHUCTEM Tepenadi.
['oBopsiun PO OCOOIMBOCTI CYYaCHUX ONTUYHUX 1H(GOPMALIMHUX CUCTEM CIij
BI/I3HAYUTH 1X BEJIMKY MPOMYCKHY 3/IaTHICTh, OOyMOBJIEHY BUCOKUM 3HAYECHHSIM
HECy4YOi 4YacTOTH 1, BIJIMOBIJHO, MOXJIMBICTIO Tepeayl BEIUKUX OOCATIB
1H(opMallii 3 BEJIMKOIO MBUAKICTIO.

OnTuyHi METOJM aKTHUBHO BIPOBAKYIOTHCS B 1H(GOpPMAIlIHI TEXHOJOTI],
CUCTEMHM 1HTEJIEKTYaJbHOTO YIMPAaBIiHHS, JOKAIlil0, HABITAIlll0, O0OYUCIIOBAIbHY
TEXHIKY 1 TEXHIKY 3B'sI3Ky. Pi3HOMaHITHE B3a€MHE MOEAHAHHS METOIIB pajio 1
ONTHUKH, €IEKTPOHIKM Ta (DOTOHIKU J1a€ OCHOBY JUISl PO3BUTKY SIKICHO HOBHX
Ja3epHUX TEXHOJIOT1H OTPUMaHHS, IEPETBOPEHHS, Mepeaadl 1 00pOOKH BEIUKUX
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MacuBiB 1HGOpMaIlli MpPU BHUCOKIM IIBHAKOAII 1 NpPU BUKOPUCTAHHI SIK
aHaAJIOTOBHX, TaK 1 U(POBUX YSBIICHB.

PoGoTa npucBsueHa BUBYEHHIO, 3aCTOCYBAHHIO, YIOCKOHAJICHHIO JIa3€PHOI
iH(popMariitHo-niepenaBaibHOi  cucteMu. llepegaya naHux 3a JOMOMOTOIO
Jla3epHOT0 MPOMEHS uepe3 aTMocepy Ha ChOroAH1 BXKe 3abe3leuye mepeaady
BEJIIMKHUX 00OCATIB 1H(pOpMaIlii 3 BUCOKOIO HAAIMHICTIO HA BIJCTAHSAX B OJUHUIIL
KUIOMETPIB y 3€MHHX YMOBaX, a Y KOCMIYHOMY MPOCTOPl HA JECATKU THUCSY
KUIOMETpiB, MpPOTE€ METOAM Ta MporpaMHoanapaTHi 3aco0u mepeaadi
MOTPEOYIOTh CYyTTEBOIO BAOCKOHATICHHS.
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UDC 535.3

OPTICAL STUDIES OF Cu,;GeSsI-BASED THIN FILM DEPOSITED BY
HITUS

Bendak A.V.", Studenyak V.1, Lopushanska B.V.!, 1zai V.Yu.!,
Studenyak I.P.', Ka§ P.%, Mikula M.?
' Uzhhorod National University, Uzhhorod, Ukraine
? Comenius University, Bratislava, Slovakia

Cu;GeSsI belong to the wide family of the compounds with argyrodite
structure and are known as the highly effective superionic conductors. Now the
preparation and investigation of thin films based on superionic conductors are of
great interest. Thus, the paper is devoted to studies the preparation, structural
and optical properties of Cu;GeS;l-based thin films deposited by HiTUS (high
target utilisation sputtering) technique.

Cu;GeSsl-based thin film was deposited on silicate glass substrate at room
temperature by means of HiTUS technique (PQL HiTUS S500 sputter coating
system) from Cu;GeSsl target (30mm in Dia.) in radiofrequency Ar discharges.
The plasma source power density was fixed at 2000 W yielding a deposition rate
of approximately 1.5 nm/min. Target pulsed DC power was fixed at 70 W.
Substrates were placed parallel above the target at a distance of 180 mm without
additional heating. All depositions were carried out at floating plasma potential.
The base pressure in the chamber was below 7x10™* Pa and the total working gas
pressure during deposition was kept at 0.65 Pa.

Structural studies were performed using X-ray diffraction (XRD), scanning
electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX).
EDX measurements were used to determine the thin film chemical composition
(chemical formula calculated from EDX measurements is of CusoGesSs3lo2).
Thus, thin film obtained using HiTUS technique appeared to be non-
stoichiometric by chemical composition, enriched with Ge and S atoms and
depleted with Cu and I atoms, with sufficiently low I content. It should be noted
that the diffraction pattern of Cus9Ge,Ss3lp, thin film shows the film to be
amorphous.

The refractive index and extinction coefficient for the CusoGes ¢S5l - thin
film were obtained from the spectral ellipsometer measurements. Thus, the
refractive index for CusoGe; ¢Ss31p, thin film is 3.475 at room temperature and
A=400 nm while the extinction coefficient is 0.426. Based on the optical
transmission spectrum the spectral dependence of the absorption coefficient was
calculate for Cus9Ge; 655310, thin film. The energy pseudogap (energy position
of exponential absorption edge at a fixed absorption coefficient) of
Cus.oGe, 6553102 thin film deposited by HiTUS technique 1s 2.435 eV.
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OPTOIMMITTANCE LOGIC ELEMENTS

Lishchynska L.B., Doc. of Tech. Scien., Prof.
Vinnitsia Institute of Trade and Economics
of Kyiv National University of Trade and Economics

The presence of large video streams requiring appropriate processing, has
led to optoelectronic gates. They generally are a combination of logic elements
and a video pulse of optical emitters and receivers. These gates have two
significant disadvantages. Firstly, these cells are used in the video-keys operate
in a nonlinear mode, which limits their performance. Second, the successful
interaction of the optical elements and video pulse requires a relatively high
energy costs associated with the need to change the operating point of the key
scheme. As a result, quality factor Q= pr of such optoelectronic gates remains

low.

Proposed in the concept of building immittance logic allows you to create
high-frequency logic elements on the active components operating in quasi-
linear mode, which partially overcomes the above mentioned disadvantages and
to develop the logic elements formed by optical emitters and receivers in
combination with generalized immittance converters - optoimmittance logic
elements (OLE).

The optoimmittance logic gates logic level is defined by the presence
(absence) of an optical signal F (input or output of the circuit) and the
appropriate nature of immittance W, as the input or output circuit.

Optoimmittance logic elements, depending on the physical nature of the
input and output parameter information, divided into 8 groups.

With the optical input and immittance outputs.

With immittance input and optical outputs.

With the optical input and output.

With combined (optical and immittance) inputs and immittance outputs.

With the combined input and optical outputs.

With the optical input and combined outputs.

With immittance input and combined outputs.

With the combined inputs and outputs.

The logical levels of the optical signal are presenting in the table 1.

Table 1 — Options for presenting logical levels of the optical signal

Positive logic Negative logic
Logic level Optical level Logic level Optical level
0 F=0 0 F#0
1 F#0 | F=0

By combining, to set the logic level, optical and immittance parameters is
possible to realize a large number of OLE.
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IMPROVED SETUP FOR ABBE-PORTER EXPERIMENT

Hudz O.E., Borovytsky V.M.
Igor Sikorsky Kyiv Polytechnic Institute, Optical Engineering Department

This paper describes the improved optical setup for demonstration of the
Abbe-Porter experiment. Its key feature is formation of the primary and the
secondary images (according to the Abbe’s theory) together at the same screen

(Fig. 1).

Fig. 1. Primary and secondary images at the same screen.

The improved setup consists of a small metal base plate, a bright light
source (currently a green laser), an object (one-dimensional or two-dimensional
gratings) with its holder, a microscope objective, a beam splitter (a
semitransparent mirror), a monocular that forms a primary image, a mirror and a
CCD objective, which form a secondary image (Fig. 2).

Fig. 2. Improved setup for Abbe-Porter experiment.

It is compact and economical. Its main advantage is possibility to observe
the primary (spatial spectrum) and the secondary (magnified image) images
together in one plane with the similar dimensions and resolution. It also allows
seeing how occluding zones in a spatial spectrum changes a structure of an
object image. It’s also possible to display both images on any electronic device
by adding two image sensors.

167



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

YK 004.42

3ACIB MIOJISIPUMETPUYHOT O AHAJII3Y ONITUYHO AKTUBHHAX
PIIUH

Caynsk O.C., Tyxancbkuii C.€. K.T.H., 1o1ieHT Kad. JIOT
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

ABTOMaTHUYHI MPUCTPOi ONTHUYHOI MOJSIPUMETPii HAOYIU IMIUPOKOIO
BUKOPHUCTAHHSA B CBIT1 JJIsl aHATI3Y CKJIaay PEYOBHUH Y IYKPOBiil IPOMUCIOBOCTI,
dbapmaneBtuni, nappymepii, 0iodizuimi Ta iHmMKUX obnacTax. OCTaHHIM YacoM
3 SIBJISIFOTHCS. HOB1 3aCTOCYBAHHS MOJIIPUMETPIB ISt TOCHIIKEHHS JTUHAMIYHO
3MIHHHUX MPOIIECIB Y HAYIIl Ta MPOMMCIIOBOCTI, 1110 BUMArae 3aCTOCyBaHHS OUIbII
IIBUAKOIIFOYHX CXEM BUMIPIOBaHb.

3MiHa KyTa oOepTaHHS ¢ IUJIOIIMHU MOJisipU3allii JIHIHHO MOJSpU30BaAHOI
CBITJIOBOI XBUJI1 MPU MPOXOKEHHI KPi3b PO3UMH IMOB'sI3aHA 13 KOHIIEHTPAIIIEIO ¢
ONTUYHO aKTUBHOI pEUOBUHHU 32 3aKOHOM bio:

p=allc,
ne [o] — nutoMa 00epTaIbHOIO 34aTHICTIO, / — TOBIIIUHA IIApy PO3UYHUHY.
3a ®peHeneM ONTHYHA AKTHUBHICTh BHU3HAYAETHCS PI3HUICIO TMOKA3HHKIB
3a7JOMJIEHHS PEYOBMHH JIs TIpaBo- (n') i JiBONMONAPH30BAHMX (1) 332 KOJIOM
KOMITOHEHT TIJIOCKOIOJIIPU30BAaHOTO CBITJIA IOBKUHOIO XBHUJI1 A:

7Z'°l + _
=— (' —n ).
1/ z( )

Kyt obOepranHs mnossipusanii ¢ Moxke OyTH 3HAUHUM HaBITh MPHU JyXKe
Mamiit pisEuIi Mix 7' i n, skmo [ >> A. LluM MOSCHIOEThCA HAI3BHYANHO
BHCOKAa YYTJIMBICTh TaKOTO METOJly BHU3HAUEHHS OINTHUYHOI AaKTUBHOCTI (y
JEKUIbKa THCSY pa3iB OUIbll YYTJIMBUNA MOPIBHSAHO 13 I1HTEp(PEpEeHIIHHUM
METOJIOM).

Ha puc. 1 HaBemeHO cxeMy aBTOMAaTHMYHOIO JIBOXBWJIEBOTO JIA3€pHOIO
MOJYJISIIHHOTO  POJIIpUMETpa 13  ONTHUKO-MEXaHIYHUM  MOJYJISTOPOM
MoJIsIpu3ailii Ha OCHOBI KIHEMaTUYHOTO MpPUBOAY st oOepTaHHs ¢da30Boi
MJJACTUHHU  aHali3aTopa. 3ampolOHOBAHO BHUKOPUCTAHHS JIBOX JIa3epHUX
HaIMIBIPOBIJHUKOBUX BUIPOMIHIOBAIbBHUX MOJYJIB 13 JOBXKHWHAMH XBHJIb
A1=589 num (cranmapt uykpomerpii) ta 1,=880 nm.
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Puc. 1 — CtpykTypHa cxeMa aBTOMaTUYHOTO ABOXBUIIEBOTO MOIYISAIIMHOTO
nossipumetpa: OI11, OII2 — gazosi miactunu /4, O — poronerexrop, BMK —
MIKPOKOHTpOJIepHHit 010K, Bl — cBiTIOM101HMM 650K 1HauKarii, KIT —
kiHeMaTtuuHuil npusia, bO — 610k 00poOku curnanis 3 AL

Peanizamis cxeMH  JBOXBHJIEBOTO aBTOMAaTHYHOTO  MOMIYJISIIMHOTO
JA3epHOro MOJSPUMETpPa JO03BOJUTH PO3MIUPUTH (PYHKIIOHAIBHI MOXKIMBOCTI
3aco0y H€ TUIBKM JMJisi BU3HAYEHHSI KOHIIEHTpAIlll BMICTY LYKpYy M I1HIIUX
ONTUYHO AaKTHUBHUX KOMIIOHEHT Yy pO3UMHAX, ajie 1 JUIs eKCIpec-aHami3y
ONTUYHO aKTUBHUX PEUOBHUH 1 PIUH, CIIEKTP MOTJIMHAHHS SIKUX 3HAXOJUTHCS Y
ommxuii [Y o6macTi.
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YK 004.94.2

TBPUJHO ONTOEJEKTPOHHUI KOMILJIEKC 3 CACTEMOIO
KPUTEPIAJIBHOI'O KEPYBAHHS JIJIS1 SMART-BYAIBEJIb

Jlucenxo I'.JI., Ky3in O.0.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

CoHsiuHe BUIIPOMIHIOBAHHSI € OCHOBHUM J[KEPEJIOM MPUPOJIHUX IPOIIECIB
Ha 3emuti. BukopucranHs eHeprii COHIA CIpUsi€ HE TUIbKU 30€peXKEHHI KIIMaTy
3emMii, Ta 3MEHINYE 3aJEXKHICTh 0araTbOoX KpaiH BiJ 3aKyMHiBIl IMIOPTHUX
BYIJICBOJIHIB.

CoHsluHa €HepreThKa — BHUJI BIJHOBJIIOBAJIIBHOI €HEPreTUKW, B SIKIA s
OTPUMAaHHS €JIEKTPOCHEPr1i BAKOPUCTOBYETHCS COHSIYHE BUIIPOMIHIOBAHHS.

KinpkicTh COHSYHOI €Heprii, majaroya Ha IMOBEPXHIO 3€MJl Ha MPOTA3l
OJIHOTO THXKHSI, IEPEBUILYE €HEPTiI0 CBITOBUX 3amaciB HadTH, ra3y, BYrijuisl Ta
ypaHy pa3om y3atux. JII0JICTBO BUKOPUCTOBYE JHUIIE OAHY JECITUTUCAYHY
YaCTUHY I[OT'O BUY €HEPrii.

3a JTOMOMOTOI0 COHSYHOT'O CBITJIAa MOXKJIMBO OCBITJIFOBAaTH IPUMIIIEHHS B
JeHHUW dYac go00m. JImg 1[bhOTro 3aCTOCOBYIOTHCS  CBITJIOBI  KOJOZS3I.
Haiinpocrimuii BapiaHT CBITIOBOTO KOJOAS3SI — 1€ OTBIp B CTEdl IOPTH.
CBITJIOB1 KOJI0/131 3aCTOCOBYIOTHCS JJI1 OCBITJIIEHHS MPUMIILEHb, SIKI HE MAlOTh
BIKOH: CTaHIIIi METPO, MiJ3eMH1 rapaxi, miJBaiyu NPOMUCIOBUX 3a0y/10B, CKJIaaH
TOMIO.

[lepcrieKTUBHUM Yy IUJIaHI €HEProePEeKTUBHOCTI € CTBOPEHHS HAJACYyYaCHHUX
eHepro30epirarounx OCBITIIOBAYIB, MOOY/IOBAaHUX HAa OCHOBI ONTHUYHOI CHCTEMH
nepeayli COHSYHOTO BHUIPOMIHIOBAaHHS IO BOJOKOHHO-ONTHYHUX KaOemsx
(BOK) HoBoro Ttumy, sKi OpH3HauY€Hi sl Tepefadi CBITIOBUX IOTOKIB 3
HAJIBUCOKOIO IMIBUJIKICTIO TaK 1 EHEPreTUYHOI0 KUBJICHHS HA B1JICTaHb.

Eneprozbepiraroui ocBiT/IrOBayl, moOy/10BaHl HAa OCHOBI ONTHYHOI CHCTEMU
nepenadi  CoHsyHOro BumpomiHioBaHHS 1o BOK Ha BigcTaHp 3HAYHO
BUPINIYIOTh MNPOOJEMY CHOKHMBAaHHS — MPAIIOIOTh B3arajii 0e3 CHOKUBaHHS
enexTpoeHeprii. Taki OCBITIIOIOY] MPUCTPOT BUKOPUCTOBYIOTh TUIBKU COHSIYHY
EHEeprio.

B ocHOBYy HayKOBO-JOCHIITHOTO 3pa3Ka MOCTABJICHO 3a/ladyy CTBOPEHHS
OCBITJIFOBAJILHOTO MPUCTPOIO, IO MICTUTH: MpHiIIMad Ta poO3CiIOBad; 30upay Ta
B1IOMBAaY CyMillleHI 3 KOPIyCOM; Iy4YOK ONTHUYHHX BOJOKOH, 3aKpIIUICHUU Yy
UUAJIHJIPUYHOMY BHUCTYIl KOPIYCY TyMOBHUM 3aTHCKauye€M Ta TBUHTOBUM
KpIIUICHHSIM; (POKYCyIOUy Ta pO3CIIOBaJbHY JIIH3M, SIKI 3aKpillJIeHl Ha
BHYTpIIIHIX TOPIAX LWIHAPUYHUX BHUCTYIIB KOpOycy, a TmpuiMad Ta
pO3CiI0Bay BCTAHOBJIEHI y TIa3U rpaHel KOpIycCy 13 30Mpadem Ta BiJOMBAUYEM.

CtBopeHHST  eHepro30epirarouMx  ONTOCJIEKTPOHHUX  KOHKYPEHTO-
CIIPOMOKHHUX TEXHOJIOT1H B YKpaiHi, 1mo Outbil unuM Ha 5-10 nopsiakiB (ToOTO B
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50-100 pa3iB) 3MEHUIUTh BHUKOPUCTAHHA EJEKTPOCHEprii 31 3HAYHUM
PO3MIUPEHHSIM (PYHKIIOHATIBHUX MOXJIMBOCTEN: TOOTO CTBOPEHHS MpUIadiB 1
CUCTEM Tpaloloynx 0e3 BHUKOPUCTAHHS EJIEKTPOCHeprii B3araidi Ta 0e3
BUKOPUCTAHHS €JIEKTPOCHEPTIi BiJ] €ICKTPUUYHUX MEPEK.

Exonomiunuii  edext BiJ BOPOBAIKEHHS OJHOTO  HAJICYYaCHOIO
OoCBITNIIOBa4Ya (OCBITJIIOBAJIbHA CIPOMOKHICTH SIKOTO  BIJMOBITAE  OJHIN
CBITIIONI0AHIN namii noTyxHicTI0 10 BT) cknagae: 100 + 150 rpH.
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YK 04.353

KOMIIAKTHUN TA EOEKTUBHUMN INIPUCTPIN 3MEHILIEHHS
CHEKJIIB JUISI IABEPHOI'O IIKOITPOEKTOPA

I'op6osB L., k.T.H., c.H.C., [Ipuryn O., np.inx., [lankparosa A., H.c., Kocsk 1.,
K.T.H., c.H.C., KimoeBa T., ac.
[HcTuTyT pobnem peectparii inpopmanii HAH Ykpainu

Jlazepu € oqHUMH 3 HAOUIbIII €PEKTUBHUX JIKEPEN CBITIA, SIKI CTBOPIOIOTH
IIy4YKH CBITJIa BUCOKOI SIKOCTI 3 3aJaHor noiigpusaiiero. Ll BmacTuBicTh
J03BOJIsSIE KOHCTPYIOBAaTH HEBEJIMKI €HEeproe(eKTUBHI MPHUCTPOi Ta Ja3epHi
MPOEKTOPH 3 BHUCOKOIO SKICTIO 300pakeHHs. [Ipore 300pakeHHS, CTBOpPEHE
Ja3epHUM TPOMEHEM CHUJIbHO MPOMOMAYJIhOBAaHE CHEKJIaMH. Y 3B’S3KYy 3 ILIHM
icHye oTpeba po3poOKU ePEKTUBHOTO METOTy 3MEHIIICHHS CIIEKIIIB.

Bukopucranns pyxomoro nudyszopa ab6o JOE BcepenuHi ONTUYHOI
CUCTEMHM B IUIONIMHI, IO ONTUYHO CHpsDKEHAa [0 IUIONIMHU €KpaHy, €
HaUTIIPOCTIIIIUM criocooom 3MEHIICHHS KOT€PEHTHOCTI JIa3€pHOTO
BunpoMiHioBaHHsa. Hikue mu npononyemo crnenianbauii JIOE Ta cnemianbuumii
MexaHi3M pyxy HOE, skuil BiApi3HIETHCS B1J aHAJIOTIB 3 TOYKHU 30pYy PO3MIPY
npuctpoto, mBuAKocTi 3mimieHHs JOE (Mmanuif yac nexopensilii) Ta HU3BKOTO
CIIOKUBAHHS €HEeprii.

JInsi excrepuMEHTaIbHOI TMEepPEeBIpKU
HOBOT'O CHOCOOY 3MEHIIEHHS CHEKIIB MU
purorouwin  JJOE 3 momepeunum
L po3mipom 7.5*75 MMm?, SKuUH CKJIaga€eThCs
3 Tppox cTpykTyp HOE 3 pizHuIEo KyTa

S S S

444 a5 a5 naxuty B 0,6° (puc.l). IIpormiexui
(a) croponu JIOE ckieeni pa3oMm Tak, IIIo
v ctpykrypa JJOE nabyBae ¢popmy metii.
Qgi:::::@ 3pazku JIOE Oynu BUrOTOBIEHI Ha
v OCHOB1  JBIMKOBOI  IICEBJIOBHIIAIKOBOI
(©) © M-IIOCIIIOBHOCTI 3  JOBXHHOIO KOJa
Puc. 1. Ctpykrypa JIOE Ha N=31 3 mepiogom 124 MKM 1 po3mipom
TOHKI# MBI (2) Ipodinb €JIEMEHTApPHOI0 €JIeMEHTa 4 MKM.
ctpykrypu JIOE (0) Ta cxema
pyxy HAOE (c)

JIBi onmnoBumipHi 1D crpyktypu JHOE posmimieHi Ha OPOTHICKHUX
CTOpPOHAX IMETJl yTBOPIOIOTH JUIsl CBITIOBOro myudka kommo3uTHy 2D JIOE
cTpykTypy. HeBenuka pi3Hunss B KyTax Haxuwiay pizHux yactuH JIOE
MPU3BOAUTL JI0 TOrO, IO MPOMIHb 3/IMCHIOE CKaHyBaHHS MO BCiM YacTUHI
KBajipaTHOro Tepioay kommo3utHoi 2D JIOE (2D-ckanyBaHHS), 1O JO3BOJISE
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BUKOpUCTOBYBatU BClo 2D miadparmy oO0'ekTuBa AJis 3MEHILECHHS CIEKIIB 1
OTPUMATH ONTUMAIBHUN €(EKT 3MEHIIICHHS CIEKIIIB (puc.2).

A % Puc 2. Cxema pyxy HOE: a) cxema
M MEPENHBO] Ta 3aHBOI YACTUH PYXY CTPYKTYpH
T JOE (TOHKI CyLUIbHI JiHII MOKa3ylOThb MEXKI
a) MDK mepiogamu nepeanroi yactunu JIOE, a
MYHKTUPHI J1HIT MEX1 MK 3aJHbOIO0 YaCTUHOIO
JIOE); 6) cxema pyxy crpykrypu 2D JIOE 3
IOBXKUHOIO Koxy N=4 (Mami KBaapatu
F nmo3HavaroTh HaWmeHmi enementu JIOE, a
: = 0) BEJIMKI KBaJpaTH O3Ha4aroTh oquH 2D mepion
ckinanuoi crpykrypu OE) 1 makcumanbHuUii
kyT mix gBoma JIOE 3 BenmukuMm edektom

3MEHIICHHSM CIEKJIIB

s BurotoBinends JJOE B exkcnepumenTi Bukopuctanu [IBX mmiBky Ta
TEXHOJIOT1I0 rapsyoro ImrammnyBaHHs. Crnouatky cTpykrypa JOE Oyna
yTBOpEHA B JIIOKCUA1 KPEMHIIO 3a JornoMorow ¢ortomitorpadii, a moTiM mITammn
HIKEII0 OyB BUTOTOBJICHUN B €JIEKTPOJIITHYHIN BaHHI.

EdexTuBHICTh 3MEHIIEHHS CHEKIIB OyJ0 BHUMIPSHO IJs JABOX PI3HHUX
miriaux mBuakocted JOE: vl = 8,2 cm/c Ta v2 = 11,6 cM/c a5 BCIX TPhOX
nazepiB. 3mimieHHs JIOE cranoButh 1,9cM 1 2,7cM mpoTSIroM yacy iHTerparii
¢dboTtoaiona (4yac ycepeAHEHHS CIEKIIB).

Ha puc. 3 nokazaHo po3mojia iHTEHCUBHOCTI Ha 300pa)K€HHi Ja3epHUX
MIPOMEHIB Ha €KpaHi J0 1 MiCJsl 3MEHIICHHS CHeKIiB. |11 CHHBOTO, 3€J€HOTO Ta
YEepPBOHOTO JIa3epiB, BIAMOBIIHO, OTPUMAHO KOE(DIIIEHT 3MEHIICHHS CIEKIIIB
14,7; 10 1 6,8 Ta 3HaueHHs KoOHTpacty cnekiiB 2,5%, 3,9% 1 9%. Ockinbku
Bucoty ctpykrypu JOE Oyno BuOpaHO MeHIIE ONTHUMAalIbHOI, MaKCUMaJIbHE
3MEHIIEHHS CHEKJIIB OTPUMAaHO JUIsi CHUHBOrO Jiazepa 1 MiHIMallbHE IS

YCPBOHOTI'O JIa3cpa.

(a) (6) (8)
Puc.3 Po3noain iHTeHCUBHOCTI 10 (3BEpXYy) Ta micis (3HU3Y) 3MEHIIICHHS
CIICKJIIB JIJISI CHHBOTO (@) 3esieHoro (0) Ta 4epBOHHOTO (C) Ja3epa

BucHoBku
3anponoHOBaHUN TPUCTPIN sl 3MEHIICHHS CIEKJIIB € KOMIAKTHUM 1
MPOCTUM, TOMY MOT0 3py4YHO BUKOPUCTOBYBATH [ MOPTATUBHOIO JIA3€PHOIO
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npoekTopa. Ilpoctmit cmoci6 pyxy JOE He Bumarae Oarato eHeprii.
[Tokpamenns sikocti JIOE, onTuMizaiiist CTpyKTypU Ta YJIOCKOHAJICHHS] TOYHOCTI
pyxy HOE no3Bonuth 3HAYHO 30UIBIIUTH €PEKTHUBHICTH METOJY 3MEHILICHHS
crekaiB (mpuOMU3HO BABIYI) 1 3HU3BUTH KOHTPACT CHEKJIB HIXKYE MOPOrY
YyTJIMBOCTI JIFOJICBKOTO OKa JIJIs BCIX TPHOX JIa3epiB.
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YJIK 535.311
METOJA BUSHAYEHHS BEKTOPY ITAJIAIOYOT'O ITPOMEHS
JAZEPA
domiu O.0.

XapkiBcbkuit HanionansHuii YHiBepcuteT PagioenekTpoHiKH.

[Ipu peTexkTyBaHHI JIa3€pHOTO BUIPOMIHIOBAHHS, OKpIM BHU3HAYCHHS
OCHOBHHUX MapaMeTpiB, TaKUX K JOBXKUHA XBWJI MOTYXHICTh C MOJISIpU3ALlis,
1HKOJIM HEOOXITHO BH3HAYATH HAIpPSAMOK 3 SIKOro Ieil mpomiH mpuOys. s
peanizallii MOXJIMBOCTI BU3HAYEHHS BEKTOPY MaJal0vuoro MpOMEHs B paMKax
MPOEKTY IO BU3HAYECHHIO SIKOCTI MOBEPXHI JIH3 OyJI0 PO3pOOJECHO ONTUYHY
cucreMy. MakcUMallbHMM KyT BiJHOCHO ONTHYHOI OCl , SKUH MOxe Oyau
3adikcoBanuii ckmanae 30 rpagyciB. OnTuyHa cxeMa MpWiIaly HaBeJeHa Ha

PUCYHKY

N

i
Pucl Crpykrypa cxema npunaay 1Jis BA3HAYCHHS KyTa M1aJJal0uyoro
BUMPOMIHIOBAHHS

Ha naniit cxemi HaBeneHo npuHuun Aii npunany. [lpunan cknagaerses 3 1-
OCHOBHUU MPOEKLINHUN €eKpaH; 2 - Ipyruil NpOEKIINHUN eKpaH; 3- YysIBHHUI
NpoeKiiitHuM ekpaH; 4 - Jlazepuuit npomins; 5 — [13C Kamepa.

Biactanp Mk 1 Ta 3 exkpaHoM (ikcoBaHa 1 B MaTeMaTU4HIM mporpami €
KOHCTaHTOIO.

3a IOMOMOroOI0 JBOX KaMmep OTPUMYEMO 300pa)kKeHHS, 3 SIKMX METOJIOM
BU3HAYCHHSI KOOPJMHAT ONTHUYHOI MOTY>KHOCTI BU3HAYAEMO KOOPJAUHATU TOUYKH
MEPETUHY TPOMEHEM €KPaHIB.

Koopaunatu TO4OK, B SKHUX MpOMiHb nepeTuHae exkpanu 1 ta 2(3) mu
MOXEMO BHUPAXYBAaTH HAMpsIM BEKTOPY 3 SIKOTO MPUMIIOB JIa3€pHUN MPOMiHb.
3aBIsAKY 111 YaCTUHI KaHAUAATCHKOI poOOTH MU MaEMO MOXJIMBICTh BU3HAYATH
TOYKY TMepejiaMy MpPOMEHS Ha MOBEPXHI IUIOCKO - BHUMOYKJIOi abo0 IJIOCKO-
YBITHYTO1 JIIH3U, Ta BCTAHOBUTHU KOOPJAMHATH I[I€l TOYKH y BIJHOCHIA CHUCTEMI
KOOpAHMHAT.
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YK 621.395.669

OIITOEJEKTPOHHA CUCTEMA OBMEXEHHA JOCTYILY 10
OB’CEKTY

Menbnuk J1.B., TaproBcbkuniit M.I'.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

OcTaHHIM 4YacoM CHOCTEpIraloThCcsl IMEBHI OCOOJMBOCTI Yy MeXaHi3Mi
3JI0YMHIB, CIIOCO0AX MPUTOTYBaHHA /10 iX BUMHEHHS Ta MPUXOBYBaHHA y cdepi
MIIIPUEMHUIIBKOL  JISJIBHOCTI, KpEAWTyBaHHs, mnpuBaTu3aiii Ta iH. Cepen
0aratboX IIHHOCTEH, fAKI MOTPeOYyIOTh TaKOro 3aXHCTy MOXHA BUJIUIUTH
30KkpemMa aBTOMOOLT, OyauHku, ceidu (Hamami o0 ’€KTH), sIKI MOTPEOYIOThH
3aXHCTY BIJl 3JIOBMUCHHKA, aJie MalOTh OyTH JIErKOJOCTYITHUMU JJisl BJIACHUKA.
3Ba)kal0uM Ha BHUCOKY IIHHICTH 00’€KTy, a00 MOro BMICTY, TEHJEHIIII I10J0
MOPYIIEHHS 1X IIJIICHOCTI, a00 BHKpAJCHHS IMOCTIHHO 3pocTaroTh. Jlis
3ano0iraHHs 1bOro, MOTPIOHO BCTAHOBIIIOBATH PI3HOMAHITHI CUCTEMH 3aXUCTY
KX 00’ €KTIB, Kl YHEMOXKIUBIIOIOTh HECAHKIIIOHOBAaHUM JOCTYM /10 HUX.

CyuacHi cucteMu 0OMEKEHHS JOCTYITy IIMPOKO BUKOPUCTOBYIOTH HU(POBI
TEXHOJOT1i. 3aBIAKM I[bOMY 3HAYHO PO3MIUPWIKHCSA 1X (PYHKIIIOHAIbHI
MOXJIMBOCTI Ta TIJBUIIMBCA CTyHiHb 3a0e3nedyBaHoro 3axucry. Camum
PO3IMOBCIOJIKEHUM CIIOCOOOM  ieHTU]IKaIli B UUPPOBUX CUCTEMAX — €
inentudikamis 3a 1udpoBuMm kiaoueMm. CpOrojaHi Taka 1IeHTHQIKAIS
HaiyacrTiiie B1AOYBA€ThCA OE3KOHTAKTHUM CIIOCOOOM: 3a JIONMOMOTOI0 OpuIiKa,
OE3KOHTAaKTHOI MITKM 1 T. m. He3Bakarounm Ha 3HA4HI yCHiXW, AOCATHYTI B
3a0e3MeueHHl HaJIMHOCTI 3aXMUCTy, IO MEpIl 3a Bce mepeadadyae BUCOKUIA
CTYIIHb 3aXMILEHOCTI BIJ B3JIOMY LUISIXOM MIA00pY Kito4a, MpoOJIeMU 3aXUCTY
BiJ MiAMiHK a00 MEePeXOIJICHHS KIIF0Ya 3aUIIA0ThCS A0 KIHIIS HE BUPIIICHUMH.

3a pe3yJbTaTaMu aHajldidy CydYacHUX TEHACHIIH B 00JIacTi CHUCTEM
00OMeXXeHHs TOCTyny OyJi0 BCTAHOBIICHO, IO HAWKpAIIUM CIIOCOOOM TEXHIYHOI'O
3aXHUCTY HU(PPOBOro KiIOYa BiJl MEPEXOIUICHHS MPU AUCTAHIIKHOMY CIOCO0i
imeHTudikailii € 3acTOCYyBaHHSI ONTUYHOTO KaHATY 3B'SI3KY.

[linBumenus  edekTUBHOCTI  3axucTy  iH(opMaiiiiHOi  KOAOBOi
MOCJIIOBHOCTI ITU(GPOBOrO0 KJIOYA BiJ HECAHKIIIOHOBAHOTO 3YUTYBaHHS
JOCSTHYTO 3a PaxyHOK ii mepedadi CBITIOBUMHU XBWJISAMH 1H(QPauepBOHOTO
Jlama3oHy Ta peamizaiii JiamoroBoro pexumy ineHTudikamii. Ile maibke
BUKJIIOYAa€  MOXJIUBICTh  TEPEXOINICHHS Ta  MIAMIHM  KIo4Ya  JJIs
HECAHKIIIOHOBAHOTO MPOHUKHEHHS. [Monanpiie BJIOCKOHAJICHHS
ONTOEJEKTPOHHOI CHCTEMH OOMEKEHHS JIOCTYIy MOKE Bi10OyBaTuCA 3a paxyHOK
30UIBIICHHST  BIACTaHI JAMCTAHIIMHOTO KEpyBaHHS Ta PO3MIMPEHHS il
(YHKIIIOHATBHUX MOKJIMBOCTEH.
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YK 004.056+004.8
BUABJIEHHS DDOS-ATAK HA OCHOBI HEMPOHHUX MEPEXK

Kynepmreiin JI.M., nou. k.1.H., BoritoBuu O.I1., nom. k.T.H.,
Ocranenko-boxenoBa A.B., acn., Kynpunnpkuii b.B., mar.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

CyuacHi kibepaTaku, $KI 3aBJAlOTh BEIUMKOr0 30UTKY KOMIaHIsAM,
BBAXKAIOTHCSl BIIJIAJICHUMU, CEpell SKUX HaWOLIbIl HEOE3MEeYHOI € aTaka Ha
BIJIMOBY B OOCJIYrOBYyBaHHI, a OCOOJHMBO - iX po3noiuieHa peanizaiis - DDoS-
ataka (Distributed Denial of Service). 1ls aTaka nomynisipHa CBO€IO POCTOTOIO,
YUCJICHHUMH BIJKPUTHUMHU BIJIOMOCTSAMHU Tpo ii peaizaiii 1 HEYUCICHHUMH
00UYHCITIOBATLHUMH PECYPCAMH.

OnHuM 3 TMEpCHEeKTUBHUX HaNpsAMIB 3a0e3nedeHHs Oe3MeKH Mepexli €
BUKOPHUCTAHHS METOJIIB BUSIBICHHS MOOYJAOBAaHUX HA OCHOBI 1HTENEKTYaJbHUX
TEXHOJIOT1, a came mTy4yHux HedpoHHux mepex (IIIHM). Ha cboroani HTHM
J03BOJISIIOTh CTBOPUTH €(PEKTUBHY AJANTUBHY CUCTEMY 3 BHUCOKOIO TOYHICTIO
BUSIBJICHHSI MEPEXKEBUX BTOPTHEHb 1 3a0€3MeUUTU HAAIMHUN PIBEHb 3aXUCTY
KOMIT’FOTEPHUX CUCTEM BiJ] 30BHIIIIHIX aTaK.

Tunosoro 3anauvero, Mo €PEeKTUBHO BUPIIYETHCS 3a gonomoror HHIHM, e
3agadya kiacudikaiiii, 70 SKoi 1 BIIHOCUTH 3ajaada BusBIeHHs DDoS-atakwu.
Heiipony MepeXy HaB4alOTh 3a JIONOMOIOK0 Ha0Opy MJaHUX 3 BIIOMUMH
BiAMOBIAIMU. MepexeBuit Tpadik B 3a7ja4l BUSBICHHS aTaKd MOXHA PO3IUIUTH
Ha JiBa KJAacW: HOpMajdbHUM 1 aHoManbHUi. Jle aHoManbHUE Tpadik 11e
MepeKeBa aTaka, aKa XapaKTepu3y€eThCsl IEBHUM HaO0OPOM XapaKTEPUCTHK.

Y  pocmimxkenni posrignanace I[IIHM Tumy npsiMoro momIMpeHHs.
HapuanbHa BuOipka miaroroBieHa B o0cs31 54619 3anucis, cepen sxux: 70%
BUJIIJIEHO Ha TpeHyBaHHs, 15% Ha nepeBipky Ta 15% s tecryBanns. Ha Bixa
[ITHM mnonaeThcs BEKTOp 3 JIEB’SITU MapaMeTpiB: THUI MPOTOKONY, THII
00CIIyroByBaHHS, KUIbKICTh MAKETiB, PO3MIp MaKeTy, PIBHICTh MOJIB, KUIbKICTh
MIJAKII0YEHb A0 XOCTa, KUIBKICTh MIIKIIOYEHb 10 MOpTa, KiIIbKICTh 3’€IHAHb 3
onHakoBol0 [P-agpecoro Ta KUIBKICTh 3’€JJHAHb 3 OJIHAKOBUM mNopToM. Knacu ,
Ha Akl noBuHHaA po3auisatu LIIHM: nopmaneuuii tpadik, HTTP-flood, ICMP-
flood, SYN-flood Ta UDP-flood.

Jlnst MozaentoBaHHST HEMPOHHOI Mepexki OyJ0 BUKOPHUCTAHO CEPE/IOBHUILIEC
po3pobku MatlLab R2017a Ta inctpymentapiii Neural Network Toolbox. B
JOCIIIKEHH] po3risaaanuch nekiabka Tunis IIIHM npsiMmoro po3moBCIOJIKEHHS:
kimacuuyHa (Free-forward), xackamgna (Cascade Free-forward) Ta po3mizHaBaHHS
oOpasiB (Pattern Recognition).

B xoni ekcrnepuMeHTIB HalKpallll pe3yibTaTh ToKaszana Mmepexka Pattern
Recognition, apxiTeKTypa sIKOi HaBeJleHa Ha puc. 1.
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Hidden Layer Output Layer
Input Output
i .
5 & - ;
18 5

Pucynok 1 — Apxitekrypa mepexi Pattern Recognition

ApXITEKTypa CKIAAAEThCA 13 TPHOX MIAPIB. Y BXIAHOMY HIApi MICTUTHCS 9
HEUPOHIB MO KUIBKOCTI BXIJHUX MapaMeTpiB, 18 HEMpPOHIB — y MPUXOBAHOMY 3
¢dyHKIi€er0 akThBalii tansig (TinmepOONIYHUN TEHTeHC) Ta 5 HEUpOHIB — Y
BUXIJIHOMY IIIapl MO KUIBKOCTI JOCHIKYBaHMX KjaciB 3 (DYHKII€I0 aKTUBaIlil
softmax (Oimapuuii m’stubitoBuil Buxia). HaBuanusa 3aiinsuio 54 cekyHaw,
OpoMImIoBIIM Tpu 1bOMYy 187 iTepaiiii 3a aaropuTMOM MaciITabOBaHUX
CIOPSKEHUX TpajieHTIiB. Pe3ynbTaTu MOJEIIOBAaHHA HEUPOHHOI MeEpexi
MPEJCTABICHO B MATPUI[l TOMUJIOK Ha pUC. 2.

Training Confusion Matrix Validation Confusion Matrix
1 16017 45 | 0 4 2 PO.7% 1 3478| 7 1 3 3 P9.6%
41.9%0.1%/0.0% |0.0%[0.0%0.3% #2.5%0.1%[0.0%]0.0%]0.0%]0.4%
2 15 (646 | 0 0 0 P7.7% 2 1 |144| 0 0 0 P9.3%
@ 0.0%]1.7%/0.0%10.0% [0.0%)2.3% @ 0.0%[1.8%0.0%)0.0%/0.0%}0.7%
T 3 0 0 |9887| 0 0 [100%) © 3 0 0 (2108| © 0 |100%
© ~ 10.0%|0.0%25.9%0.0%|0.0%0.0% © "~ 10.0%0.0%p5.7%0.0%0.0%0 0%
2 ooq.z 0 400.0% 34 2 | 0 | 0O [2303] 0 p9.9%
5 8.5%0.0%]J0.0% S 7 |0.0%[0.0%0.0% 28.1%40.0%)0.1%
e 699 bo 6% e s|o0fofo
1.8%]0.4% 10.0%0.0%0.0%0.0%1.
99.7“/F.8% 69.9%D5.4°400.0%09.9%
%|0.3%10.2% 0.1%]4.6%/0.0%)0.19 .
1 2 3 4 5 1 2 3 4 5
Target Class Target Class
Test Confusion Matrix All Confusion Matrix
1 3457| 7 0 2 1 Po.7% 1 22952 59 | 1 9 6 P9.7%
¥2.2%0.1%/0.0% [0.0%|0.0%]0.3% #2.0%0.1%[0.0%]0.0%]0.0%]0.3%
2 5 |151| 0 0 0 P6.8% 2 21 (941 | 0 0 0 P7.8%
@ “ |0.1%]1.8%|0.0% |0.0%|0.0%|3 2% @ < |0.0%[1.7%0.0%|0.0%0.0%|2 2%
T 0 0 (2140 O 0 [00%) O 0 0 41 0 0 |100%
O 3 10.0%]0.0%26.1%40.0%|0.0%0.0% O 10.0%/0.0% 25.93"20.0% 0.0%0.0%
2, 1] 0] o [2208] o 400.0 2.7 ]0l0 Essq.z 0 100.09
b= S 7 |0.0%0.0%|0.0% 28.4%0.0%)0.0%
e o s| 5[0]o]oferpos
10.0%0.0%0.0%0.0%]1.
09.9%b4.1°400.0°9.9%99.4Y
0.1%5.9%]0.0%)0.1%

1. 2 3 4 5 1 2 3 4 5
Target Class Target Class

Pucynok 2 — Matpuiig noxubok HelipoHHOT Mepexi Pattern recognition

TouHICTh BUSIBIECHHS HEHPOHHOIO Mepexer aocsria 99,8 % BiImoBiAHO
pe3yibTaTh NOXUOKHU MEPUIOTO Ta APYrOro poay € ayxe MaluMu. TakuMm YMHOM
HEUPOHHI MEpEeXi MOoKa3ald BUCOKY TOUYHICTH BusBIeHHs DDoS-artak. OnHak,
HE BCl THUIM MEPEKEBUX aTaK BJAETbCS BUSIBUTU, JEAKI MOXYTh OYyTH
nponyiieHi. Jns pimeHHs i€l npoOieMu HEOOX1IHO 3MIHIOBATU apXITEKTYpy
HEUPOHHO1 MepeXki, BUKOPUCTOBYBATU PI3HI aJrOPUTMHU HABYAHHS Ta MIJIXOAU
JUTS] BUSIBJICHHS aTaKHU.
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EDGE DIFFRACTION OF BEAMS WITH OPTICAL VORTICES: A
NEW PRINCIPLE FOR THE REMOTE POSITION SENSOR

Bekshaev O.Y.!, d-r f.-m. n., st. n. s., Chernykh 0.2, Khoroshun G.M.?, kand. f.-
m. n., docent, Mikhaylovskaya L.V.?, kand. f-m. n., st. n. s., Ryazantsev 0.1°
prorector
'1.I. Mechnikov National University, Odesa
?V. Dahl National University, Severodonetsk
?1.I. Mechnikov National University, Odesa

We present the experimental and numerical study of the amplitude zeros
migration within a fixed cross section of the edge-diffracted optical-vortex (OV)
beam when the screen edge performs a permanent translation in the transverse
plane from the beam periphery towards the axis. The subjects of the study are
Kummer beams with topological charges 1, 2 and 3, generated with the help of a
“fork” hologram (see Figure 1).

X
A
S CCD
VG
I p—
Lommm"
|
|
I “““““““
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Y Y Y
Gaussian beam Kummer beam Diffracted beam

Figure 1. Scheme of formation and diffraction of the incident Kummer beam.
VG is the OV-generating element, S is the diffraction obstacle (opaque screen
whose position along axis x is adjustable), the diffraction pattern is registered in
the observation plane by means of the CCD camera.

When the screen edge moves across the incident beam, the diffracted beam
transverse profile is registered by the CCD camera (Figure 1) and analyzed by a
PC. In every cross-section of the diffracted beam, the OVs are displaced from
the beam axis and describe complicated spiral-like trajectories rotating against
the internal energy circulation in the incident beam (Figure 2). In the case of a
multicharged incident beam, the incident multicharged OV is decomposed into a
set of single-charged secondary OVs. The continuous OV migration can be
accompanied by interesting effects. At a certain screen-edge position, a dipole of
OVs emerges in a remote point of the diffracted beam cross section. One of the
new-born OVs moves oppositely to the “normal” OV evolution and
subsequently annihilates with one of the secondary OVs while the second dipole
member performs the spiral-like motion. This phenomenon manifests itself as a
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“jump” of the OV core trajectory. We analyze the nature of these jumps and
show that they are associated with the “birth—annihilation” topological reactions
involving the optical vortex dipoles.

0 ( ‘\J'
1 ~J
{a) o
1 , : ]
-1 0 1 2 x/b

b

a

Figure 2. (a) Intensity distribution of the edge-diffracted 3-charged Kummer
beam.

(b) Migration trajectory of one of the OV cores when the screen edge moves

towards the beam axis. Stars are marked “jump” positions of OV trajectory.

The edge diffraction of beams with optical vortices demonstrates a peculiar
and 1mpressive behavior with a rich variety of fine details manifesting their
special physical character. Migration of the phase singularities in dependence on
the screen edge position distinctly and spectacularly shows the specific
rotational properties of OVs. Smallest shifts of the screen edge can result in
much higher OV displacements, which can be used for remote measurements of
small displacements and deformations [1]. This quality is remarkably useful for
the sensitive control and regulation in optical devices of contactless automated
management and motion detection of remote objects, for example, in systems of
the permanent environment monitoring.

1. A. Bekshaev, A. Chernykh, A. Khoroshun and L. Mikhaylovskaya,
“Localization and migration of phase singularities in the edge-diffracted optical-
vortex beams,” J. Opt., vol. 18, 024011, 2016.
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SENSETIVITY OF SINGULAR SKELETON OBTAINED BY A
GAUSSIAN BEAM AND DOUBLE PHASE RAMP CONVERTER

Khoroshun G.M.", Ass. Prof., Chernykh 0.', Phd student, Ryazantsev A0,
student, Sato S.2, Prof., Kozawa Y.2, Ass. Prof., Popiotek-Masajada A’ As.
Prof., Szatkowski M.*, Phd student., Lamperska W.?, student.

'V. Dahl East-Ukrainian National University
> Tohoku University, Japan
> Wroclaw University of Science and Technology, Poland
E-mail: an khor@ji.ua

Optical vortex (OV) can be considered as a point phase defect at which the
phase is indeterminate and amplitude is zero. Upon the round-trip near such a
point, the phase grows by 2mr, where the integer m is called topological charge
of the OV. In the OV vicinity, the wavefront possesses a helical shape, and a
circulatory component of the energy transfer.A singular structure of the OV
beam with the unit topological charge is very stable to the intensity and
phaseperturbations. OV is basic instrument for various applications, as
manipulation of microparticles in the air and development of high-resolution and
precise metrology approaches based on detection and measurement of the
phasesingularities. Many OVs with prescribed structure provide higher
performance of the new and promising techniques of OV metrology and
singularimetry. The collection of these OVs forms the singular skeleton (SS) of
the beam, which depend on the initial conditions. Such unique SS obtained with
a help of Laguerre-Gaussian beam and the double phase ramp converter is
presented in [1].

The fundamental most probable transverse mode of a laser resonator is a
Gaussian beam.A Gaussian beam after passing through the auxiliary optical
elements, such as an ordinary flat mirror andspherical lens,transforms into
another Gaussian beam characterized by a different set of its basic parameters.In
the case of more complicated optical system containing phase or amplitude
shocks the Gaussian beam transforms into the beam with set of phase
singularities or optical vortices, which are discussed in this paper.

For the sake of convenience throughout the paper all transverse coordinates
are measured in units of , where , is the beam waist radius at z=0, and the

longitudinal coordinate z is measured in units of the Rayleigh range :z, =#;/2
.The mathematical expression for the electric field amplitude of a Gaussian
beam propagating along axis Z direction for the case of scalar linear polarized
light is:

A=LGY = \/ﬁexp (— 1i;) Xexp [i (ffzzz — arctanz)] (1)

The Gaussian beam passed in the waist plane through the mask in a view of
double phase rams converter, which is written in the form:
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cp(x,y,O)z{z”_K'x’ y>9 )
r+K-x, y<0.

At the coordinate origin, the phase difference av=r between the half-
planes provides the destructive interference in the beam center and formation the

axial optical vortex.

004 003 002 001 000 001 002 003 004
s s s N N s L
300 | Theory

w BB O 0 1 2] |
. - \\ 4 / - 170 ' o Experiment (0) | e
250 N \ } of 250 - 1604 \ [ 160
. .\\ N | \ee
200 . '\\ ' -,/ 200 1sod \" ¢ [
- - | N A {
. N . /'/ 1 A r
] \ / )
- - .\ L
\

, cm

'\'/

Ellipse inclination, deg
-

11 F 13
100 + A A 100 S
Ao vef 1 \f !
,\\'.__" 1204 g $ o b2
504 ' qg |50 | . |
\

T Y T T T T T v ¢
004 003 002 001 000 001 002 003 004 Z em b

Y,cm
a

Fig. 1 The singular skeleton of the field obtained from the input Gaussian beam
transformed by the DPR converter (2) with the phase gradient K = 10 (a).
Dependence of ellipse’s inclination angle (b) for OV order versus the distance z.

Now, we consider the case of the generation of »n lined-up optical vortices
along X-axis. We are interested in application of OVs, so we have studied this
problem theoretically and experimentally by setup with spatial light modulator.
For this purpose, we calculated and measured the coordinates of optical vortex
position and such core parameters as ratio of ellipse’s axes and ellipse’s
inclination angle.

So, the full analysis of the phase singularities in the field of Gaussian beam
passing through the double phase ramp converter and its sensitivity to the field
fluctuations is discussed in the work.

This work has been supported by‘Diamond Grant’ (number DIA 2016 0079
45) funded by the Polish Ministry of Science and Higher Education and by the
Joint Program on Scientific and Technological Cooperation between the
Ministry of Education and Science of Ukraine and the Ministry of Science and
Higher Education of the Republic of Poland.

1.A.Khoroshun, A.Chernykh, J.Kirichenko, O.Ryazantsev, A.Bekshaev, Appl.
Opt., Vol. 56, Iss. 12, 2017,3428-3434
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YYTJIUBI 'ETEPOCTPYKTYPHI CEHCOPHU CDSB-IN,SE; JIJI5 14-
CUCTEM BUABJIEHHA I KEPYBAHHSA

CrtpebexeB B.M., noueHt, k.¢.M.H., [Tununko B.T'., FOpiituyk I.M. noreHT,
K.b.M.H., Copokaruit M.O., llogpunra I.1.
YepHiBelbKUM HaIllOHATBHUN yHIBEpCUTET iMeHi. 0. DenpkoBrya

Tonki mmiBku CdSb Oynu otpumani BU-katogHum po3MOpOIICHHSM B
atMmocdepi Ar. Mimens 3 MoHOkpucTairy CdSb BcTaHOBIIOBanacs Ha MIOCKOMY
KaTolll 3 OXOJIOJDKEHHsIM, yacTtoTa mnpouecy f=1,75 Ml Sx nigknagku
BUKOpHUCTOBYBanuca ckoiu (100) mapysaToro kpuctany IngSes;, siki € Maibxke
17IcalbHUMH 1 XapakTepu3yloTbcs cTabuibHOIO TmoBepxHero. I[lmiBku CdSb
HamwioBanucs npu Temmepatypl nigkiaaaku 140°-150°C 31 mIBHAKICTIO
ocakenns ~2,2 A/c, manu Topmuny 0,6-1,1 MM 1 3epHuECTY MOopdostorito (puc.
l,a). JlochmigxeHHssT B pacTpOBOMY €IEKTPOHHOMY MIKpOCKOMNl Ta B
elekTpoHorpadi ToOKazamo, IO BOHH  BOJOMIIOTh  MOJIKPUCTATIYHOIO
CTpYKTypoIo (puc. 1,0).

6.1um x 6.1um x 714.4nm [256 x 256]

X, um

Puc.1. Crpykrypa mniBku CdSb na nigknanii IngSe;: a) meton ACM, 6) meton
PEM.

Ha minkmaakax 3 mapyBatoro kpucrtany IngTe; oTpumano mnepioanyHi
cuctemu HaHoocTpiBmiB CdSb. XimiuHMil CKJIaag TUTIBOK  BHU3HAYaBCSA
€JIEeKTPOHHO-30H0BUM MikpoaHanizoM EDX. BcTaHOBIE€HO yMOBH OTpUMAaHHS
crexiomerpuyHux IIiBok CdSb Ta posmoain mnpernumitariB. JocmimkeHo
CHEKTpaJIbH1 XapakTepucTuku (HoTouyTiauBocti rereponepexoai CdSb-InsSe; B
obnacti AA = 1-3 MKM, TOKa3aHO NIABULIEHHS (POTOUYYTIUBOCTI IPH JETyBaHHI
wiiBok gomimkoo Te. Jlazepuum Binnmamom mmiiBok CdSb  oTpumano
30UIBIICHHS] PO3MIPIB 3€PEH CTPYKTYpPH, BUBUCHA JUHAMIKA YTBOPEHHS BEITUKUX
3epen B 1uiiBkax CdSb B mpomeci 3poinyBaHHS Cy03epeH HAHOMETPOBHUX
po3mipiB. IlpoBeneno mazepHy kopekiito enekrpodizuunnx [-V Tta C-V
XapaKTepUCTUK  TETEepOIepexo/iiB, OTpPUMaHa  BOJIbT-BAaTTHA  YYTJIUBICTh

AYY =1,3-10* B/Br. 3amporoOHOBAHO BHKOPUCTAHHSA HAHHUX (OTOUYTIMBUX
m

reTEPOINEePeXoiB B SIKOCTI ePEeKTUBHUX AaTUUKIB [U-BUMPOMiIHIOBaHHS.
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BBICOKOYYBCTBUTEJIbHBIIA ONTUYECKHWA CEHCOP 1JIs1
N3MEPEHUSA TEMIIEPATYPbI HA OCHOBE BPOI'TOBCKHUX
PEHIETOK

Banpnemap Byﬁumcl, Kapnakosa I'aiinu }KapacxaHOBHa2
' Texumaeckwuit yHUBEpCUTET «JI100IMHCKast monuTexHukay, [lonpiia
2 Tapasckuii rocynapctBeHHbil yHuBepcurer uMenu M. X. Jlynatu, Kasaxcras,
Tapa3

AKTYaJbHOCTh. B TeueHne necaTuiIeTuii OCHOBHBIM CLIOCOOOM HU3MEPEHUS
(U3UYECKNX U MEXaHUYECKHX SIBIICHUUN SBJSUTUCH DJIEKTPUYECKUE ITaTUYUKU
(TEeH30pE3UCTUBHBIC, CTPYHHBIE, TOTCHIIMOMETPUYECKHE U T.J.), HECMOTPS Ha UX
IIOBCEMECTHOE  HCIOJIb30BAHHUE, DJIEKTPUYECKUE JIATUMKH UMEIOT  Psif
HEJIOCTATKOB, TAKMX KaK: MOTEPU MPHU NEepeade CUrHala, BOCIIPUHUMYUBOCTD K
3JIEKTPOMArHUTHBIM ITOMEXaM, HEOOXOIMMOCTh OpraHu3aIlii UCKPOOE30ImacHOM
ANEKTPUUYECKOM 1enu (€CIu CyIIeCTBYET ONAaCHOCTh B3phIBA). DTH NPUCYIIIUE UM
OTPAHUYEHHUS JIEJIAOT AIEKTPUUYECKUE NATUYMKU HENPUTOAHBIMU WIIA CIOKHBIMU
JUIsl IPUMEHEHUS TIPU BBIIOJIHEHUHM psifa 3aaad [1].

Hcnosb30BaHWE BOJIOKOHHO-ONTHYECKUX JAaTUYUKOB SIBISECTCS OTIMYHBIM
pelieHreM AaHHBIX NpoOjeM. B BOJTOKOHHO-ONTHYECKUX JATUUKAX CUTHAJIOM
ABJISIETCS CBET B ONTHYECKOM BOJIOKHE, BMECTO JJECKTPUUYECTBA B MEIHOM
MPOBO/JIE Y TPAAULIMOHHBIX JIEKTPUUYECKUX TATUYUKOB.

BcnenctBue 3TOro, BOJOKOHHO-ONTHYECKUE W3MEPUTENH U JATYUKHU
(BONJl) ¢dwusuuecknx Tojed B IMOCIEAHEE BpeMs HaxoAAT OOJIBIIOE
MMPAKTUYECKOE MPUMEHEHNUE B CAMBIX PA3JIMYHBIX OTPACIAX HAYKU U TEXHUKH, B
YAaCTHOCTH, B CHJIOBOM JHEPre€THUKE, NMPU MOHUTOPUHIE COCTOSHUS MOIIHBIX
TpaHcopMaTopoB, (PYHKIHOHAIBHBIX JJIEMEHTOB M  YCTPOUCTB  JIMHUI
anektponepenay, CBU-tpakros.

Texnonorusa.  OCHOBHBIM  MapaMeTpoM,  KOTOPBIM  HEOOXOAUMO
KOHTPOJIMPOBaTh Ha DSHEPreTUUEeCKUX OOBEKTaX, SBISIETCA TEMIleparypa.
brnaronmaps cBoicTBamM CBETa M ONTHYECKOTO BOJIOKHA, BOJIOKOHHO-ONTHYECKHUE
TEPMOMETPHI CIOCOOHBI MPOU3BOJIUTh U3MEPEHUE TEeMIEpaTypbl B YCIOBUSX
CUJIBHBIX  DJIEKTPOMAarHUTHBIX  INIOME€X C  BBICOKUM  BPEMEHHBIM W
MPOCTPAHCTBEHHBIM  Pa3pelIEeHHEM U BECbMa BBICOKOM TOYHOCTHIO. K
HACTOSAIIEMY BPEMEHH M3BECTEH LETbIN psill pa3pabOTOK B 00JIaCTH BOJTOKOHHO-
ONTHUYECKUX u3MepuTened u  gatuukoB Temmepatypst (BOUIT), wux
YCOBEPIIEHCTBOBAHUE JI0 CUX MOP HE TOJBKO HE MOTEPSIIO CBOKO AKTYaJbHOCT,
HO U ABJISICTCS NIEPCIEKTUBHBIM HANPABICHUEM B H3MEPUTEIBHON TEXHUKE.

OIHMM U3 OCHOBHBIX BHJIOB BOJIOKOHHBIX JIATYMKOB ABJISIOTCA JATYUKU HA
OCHOBE BHYTPHUBOJIOKOHHBIX  OpITTOBCKMX  pemieTok. Takas pemieTka
MpEACTaBIAeT CO00ll OpArTOBCKOE 3€pKajio, a HUMEHHO, MEePUOIUYECKYIO
CTPYKTYpy IIOKa3aTenisl NPEIOMJICHHS, W3TOTOBICHHYIO HEMOCPEICTBEHHO B
CEpALIEBUHE BOJIOKOHHOTO CBETOBOJA.
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[TonoOHast cTpyKTypa OTpa’kaeT CBET B y3KOM CHEKTPaJbHOM JUAra3oHeE.
3anuch pEmIeTOK MPOBOAMTCS B CHEHUAIBHBIX  (POTOUYBCTBUTEIBHBIX
BOJIOKOHHBIX CBETOBOJIax Onarojgapss T.H. QoropedpaktuBHOMY 3PheKTy
(®P3). OCHOBHBIM CBOMCTBOM OpATTOBCKOM PEIIETKU SIBISETCS BO3MOXKHOCTD
OTpa)kaTh CBETOBOM CUTHAI B Y3KOM CHEKTPaJIbHOM JAuana3zoHe. J[JinHa BOJIHBI
oTpaxkeHus (OpArroBCKasi JJIMHA BOJIHBI) OnpeaesisieTcs: (GopMyIIoi.

/‘[B = Zne ffA

B pa3pabaThiBaeMbIX ONTOBOJOKOHHBIX ceHcopax jaedopmanuu [1,2]
UCIIONB3yeTCs nudpakiMoHHas pemieTka bparra, koTopasi BKIOYaeT OOIbIIOE
KOJIMYECTBO TOYEK OTPAXKEHHUS, PACIOJIOKEHHBIX BHYTPU BOJIOKHA C
ONpeIeNICHHbIM HUHTEpBaNIOM. [Ipy MPOXOXKACHUU JTa3€PHOTO U3IIYUYEHUS Yepe3
BOJIOKHO 4YacTh €r0 Ha OMNPEICIICHHOW JUIMHE BOJIHBI OTPAXKaeTcsl OT PELIETKH.
OTOT MUK OTPAKEHHOTO M3JIYyUYECHUS PETUCTPUPYETCS  HU3MEPUTEIIHHOU
anmapatypoii. B pesynbprare negopmMaiiu u3MeHSETCsl HHTEPBAIl MEXY Y3JIaMU
pemetkn  bparra, a Takke KOIPPUUHUEHT MOpPEIOMIICHUS  BOJIOKHA.
COOTBETCTBEHHO, W3MEHSAETCS JJIMHA BOJHBI HU3JIyYEHHUS, OTPAXKEHHOIO OT
pemietku. [lo WM3MEHEHMIO JUIMHBI BOJIHBI MOXHO OIPEIEIUTh BEIUYUHY
nedopmarnum.

UyBCTBUTEIIBHOCTh ONTHYECKUX JATUUKOB OMPEACNSIeTCS H3MEHEHUEM
pacCTOSIHUSL MEXAY TOYKaMH OTpa)X€HUsl B pelieTke bparra u kosdduimenta
MpEJIOMIICHUS  ONTOBOJOKHA  BeieactBue  nedopmanuu.  Kosdpduunent
TEH304YYBCTBUTEIBHOCTH K, OOYCIOBIECHHBIA TIEPBBIM (PAKTOPOM, paBEH
€UHULIE — B JAaHHOM CJIy4ae BJIMSHUEM H3MEHEHHS TOIMEPEUYHOr0 CEUYEHUS
BOJIOKHA, KOTOPOE€ [JIsi TEH30PE3UCTOPOB YUHUTHIBAETCA 4epe3 Kod(phuuueHT
Ilyaccona, MoxxHO mpeHeOpeub. B pesynbraTte u3meHeHus koddduuueHta
MpeIoMIICHUS 3HaueHue k ymMeHsbIaercs npuMmepHo Ha 0,22.

BriBoabl. [IpeuMyiiecTBa ONTHYECKUX BOJIOKOH U TATUUKOB 3aKITHOYACTCS
B TOM, 4YTO OHHU HEMNPOBOASIIUMHU, JJIEKTPUUYECKH TMACCUBHBIMH H
HEBOCIIpUUMYUBBIMU K OM-nmomexam. Kpome Toro, B omimume OT
AJEKTPUYECKOTO KaHajla U3MEPUTENBHOM CUCTEMBI, KAKIBIM ONTHYECKUN KaHaJ
MOKET ONpallMBaTh MHOXECTBO NAaT4MKOB BBP, 4TO 3HaUMTENbHO yMEHBIIAET
pa3Mep U CIOXKHOCTh TAKOW CUCTEMBI U3MEPEHUSI.

Jlureparypa
1. VDI/VDE 2635 Dehnungsmessstreifen mit elektrischem Messgitter,
KenngroBen und Priifbedingungen (Strain gages with electrical measuring grid,
characteristics and test conditions). — BHyTpeHHU JoKyMeHT komnanuu HBM.
2. C.B. Bapxenb, Bonokonnsie OparroBckue pemerku. — CII6: YHuBepcurer
NTMO, 2015. - 65 c.
3. Keil S. Beanspruchungsanalyse mit Dehnungsmessstreifen (Stress analysis
using strain gages). — Cuneus — Verlag, 1995.
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YK 621.384.3

TEILJTIOBI3IMHA ONITUKO-EJJEKTPOHHA OXOPOHHA CUCTEMA
JIJIS1 OB’EKTIB MAVHA

KacpsnoB M.1O., I'ono6opoarsko P.B.
XapKiBChbKHUM HAIllIOHATBLHUM YHIBEPCUTET PAAI0CICKTPOHIKH

VY cyyacHOMY CBITI TEIUIOBI31MHI ONTHUKO-E€JIEKTPOHHI CHUCTEMM 3HAMIILIN
CBO€ 3aCTOCYBaHHsS y OaraThox cdepax JIIOJACHKOI MISUTbHOCTI, HAaMpUKiIa,
JTIaTHOCTUYHIA ~ MEIWIIMHI, BIMNCHKOBIM  CIpaBl, OXOPOHHUX CHCTEMaX.
TennoBi3ifiHI CUCTEMH MAalOTh MOXJIMBICTb PEECTPYBAaTH Ta BUSBIATH
€JIEKTPOMArHiTHE BUIIPOMIHIOBAHHSI BiJl OKpPEMHUX OO0’€KTIB, sIke OOYMOBIICHE
PI3HOMAaHITHUM piBHEM Temmepatyp [1].

3acTocyBaHHS B OXOPOHHUX ONTHUKO-CIEKTPOHHHUX CHCTEMax JaT4HKiB
1H(paYepBOHOTO BUIPOMIHIOBAHHS JI03BOJISIE BUSBISITH Ta CIOCTEpIratu 3a
OKpeMUMHU 00’€KTaMH MaliHa, BU3HAYaTU iX MPOCTOPOBI XapaKTEPUCTHUKH,
pO3MIpH, HANPSAMKU PyXy, CIOCTEpIraTd 3a IX HAABHICTIO Ta CTaHOM IIpHU
PI3HOMaHITHMX YMOBAaX OCBITJICHHSI Ta 3aCTOCYBaHHS MacKyBaHHS 00 €KTiB
KaMmy (QIsoKeM.

Metoo pobGoTH € po3poOKa ONTUMAIBLHUX AJITOPUTMIB  OOpOOKH
iH(opMallii 3 TErIoBi3iifHOI OXOPOHHOI CHUCTEMH Ha OCHOBI TOKaJIpOBOI Ta
BHYTPIIIHbOKAAPOBOi 0OPOOKHU CUTHAIIB.

B noxnani oGroBoproloThCs MPUHIIUIN aHANI3y BUXIAHOTO MAacUBY JIaHHUX
TEIUIOBIMHOI OXOpOHHO1 cucTeMu. CHHUpPalYUCh HA CTOXAaCTUYHUU XapakTep
KOPUCHHMX Ta MOMWIKOBUX CUTHAIIB alrOpUTMU OOpOOKH 3aCHOBaHI Ha TEOpil
CTATUCTUYHHUX pillieHb [2]. Po3rnsaaioTbecsi pi3HOMaHITHI TPUHIUNK TOOY1I0BU
OXOPOHHUX CHCTEM (CHUCTEMH1 pillleHHs, eleMeHTH, naTtuuku). [IpoBeneHo
PO3paxyHKU XapaKTePUCTUK BUSIBICHHS KOPUCHHX cuUrHaiiB. OCHOBHY yBary
MPUIIJICHO METOAY MOCHIJOBHOTO MOPIBHSIHHS MAaCUBY JaHUX, 110 HAAXOIUTH 3
OXOPOHHOI CUCTEMM.

3anpornoHOBaHUN aJITOPUTM JI03BOJIMB (DIKCYBaTH PO3MOALT TeMIEpaTyp
00’€KTIB MaiHa, SIKl 3HAXOASITHCA MI1J OXOPOHOI. Y pa3l 3MiH XapaKTePUCTHUK
ciieHd, (GopMyBaTH HEOOXIJHHN CHUTHAJI BMHUKAHHS TPHUBOTH. 3ampoONOHOBaHA
TEIUIOBI31iHA OXOPOHHA CHUCTEMa 3aBJsKU PO3pOOJIEHOMY METONy 3abe3neuye
OE3KOHTAaKTHUI crmoci0 BUSBICHHSI 3MIH TOJIOXKEHHS YW 3HUKHEHHS OKPEMHUX
00’€KTIB MaitHa 3 0OpaHUMU XapaKTEPUCTUKAMU BUSBJICHHS.

1. B. I'. Konobponos, Ta M. 1. Jluxomit, Illpoexmysanns mennosizitiHux i
menesgiziunux cucmem cnocmepedxcenuns: Kui, Ykpaina: HTYY «KII», 2007.
2. T. CrpinkoBa, «PO3BUTOK CTOXaCTHUKO-IETEPMIHOBAHOI TeOpii mpuitomy Ta
00pOoOKH CUTHAIB B ONTUKO-EJIEKTPOHHUX CUCTEMax», IUC. TOKTOp., HayK, KIII
M. Irops Cikopcekoro, Kuis, 2017.
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YAK 621.317.725
U ®POBUI BOJIBTMETP HA BA3I MIKPOKOHTPO.IEPI

Bosusx O.M., k.1.H., noi., Kieako B.O., cTyaeHT
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

PemonT, Hamanka 1 peryiatoBaHHA OyAb-SIKOTO  pajlO€IECKTPOHHOIO
MPUCTPOI0 HEMOXJIUBI 0€3 paJloBUMIPIOBAIILHUX MPUIIAJIB, CEpell SKUX
HaWOUIbIIl YKCICHHY TPYIy CKJIaJaloTh HUGPOBI BOIBTMETPU. BOHU MOXYThH
BUMIPIOBATH SIK MOCTIIHI, TaK 1 3MiHH1 HAMIPYTH.

I Tomy pns mnoxpamieHHsS €QEeKTUBHOCTI J[JAaHOTO TMpuiagy, MOKHA
3alpoOINOHYBAaTH IU(POBUI BOJIBTMETP HAa OCHOBI MIKPOKOHTpOJEpa 1 MOIYJIS
Bluetooth nyst 6e3apoToBOi nepenayi 1aHuX.

[Ipunuun podotu 1K@pPoBOro BOJBTMETpa 0a3yeThbcsi HA TMEPETBOPEHHI
BUMIPIOBAJILHOT HAMIPYTH, B €IIEKTPUUHUMN KOJI, IKUN BiOOpakaeThcs HA TabIO
y uudposiit Gopmi. 3rilHO 3 UM y3arajibHEHa CTPYKTYpHa cxema Iu(poBoro
BOJIbTMETpPA CKJIAJA€ThCA 3 BXIJHOTO MPUCTPOIO, aHAJIOTO-IIHMGPOBOTO
neperBoproBaua (ALII), mudpoBoro iHguKaTOopa Ta OPUCTPOIO YIPaBIIHHS

(puc.1).

U Bxiannii l Lludpposuii
’ PUCTPIii ’ Al IHIMKaTOP
[Ipuctpiii
yIpaBJIiHHS

Puc. 1 — V3aranpHeHa cTpyKTypHa cxeMa u¢ppoBOTro BOJILTMETPA

AHanoro-uuppoBe MEPETBOPEHHS peai30BaHO MPOrpamMHO. 3amucaHa
iH(opMalliss Moxke OyTH MepellaHa B KOMM'IOTep 4depe3 Oe3ApOTOBUM MOIYJb
Bluetooth, USB-kabenb un 1HIIMMH METOJaMH, 1 BUKOPUCTAaHA, HATPUKIIAI, IS
noOy1oBu rpadika 3MiHU 3HAYEHb HAMPYTH UM 1HIIOI OOPOOKHU pe3yabTaTiB.

B mporeci poboTtu mnepeTBOproBaya IMOKPAIIEHO MOro METpPOJIOTiuHi
XapaKTEePUCTUKU 32 PaXyHOK BUKOPUCTAHHSI HOBUX aJITOPUTMIB.

TakyM YMHOM BUKOPUCTaHHSI MIKPOKOHTpoOJiepa Ta 0e3ApOTOBOr0 MOMYJIs
nepegayi  JaHUX ~ JacTh  3MOTYy  3HAYHO  MOKPAIUTH  METPOJIOTiYHI
XapaKTePUCTUKHU Ta 3pYUYHICTh BUKOPUCTAHHS IPUIIALY.
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YK 504.064.3

MYJbTUCHEKTPAJIbBHUA BUMIPIOBAJILHUI KOHTPOJIb
IHAPAMETPIB IIPUPOJHUX BOAHUX OB’EKTIB JIA
3ABE3NEYEHHA IX EKOJIOI'TYHOI BE3IEKH

Ksarepaiok C.M., k.T.H., no1., [letpyk B.I'., n.1.H., mpo¢., Manaedypa A.1O.,
ctyneHt, Manaedypa C.B., ctyaeHT
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNM YHIBEPCUTET

[Ipu  rapmoHizaiii  OPUPOJOOXOPOHHOI  CHUCTEeMU  YKpaiHu 13
3akoHOAaBCTBOM €C HEOOXiHO YyJOCKOHAIIOBATH CHUCTEMY KOHTPOJIIO
AHTPOMOTEHHOr0 3a0pyJIHEHHs BoJIHMX cepeaoBunl. Ilpu 1npoMy oTpumaru
IHTEerpaJibHUN mapameTp, 10 XapaKTepu3ye€ TOKCUYHY JiI0 BCIX MPUCYTHIX Y
BOJII 3a0pyJIHIOBAIPHUX PEUYOBHMH — TOKCHUYHICTh, MOXKJIHMBO OTPHMATH JIHIIE
MeToJ0M OloTecTyBaHHS. JIJisi OTpUMaHHS BUCOKOI JOCTOBIPHOCTI €KOJOTTYHOTO
KOHTPOJIIO TOKCUYHOCTI BOJAHUX CEPEIOBUII, HEOOXITHO TaKUM YMHOM OOpaTH
TecT-00’exkTU O101HAMKAIIlI, 1X TECT-MapaMeTpH, a TAKOXK METOAM 1 3ac0o0M ix
BUMIPIOBaHb, 100 3a0€3MEUUTH JOCTATHIO TOYHICTh BHUMIPIOBAHHS ITUX TECT-
napametpiB. [Ipu 1bOMy NEpPCHEKTUBHUM HAMPSIMKOM BJIOCKOHAJEHHS 3aCO0IB
€KOJIOTTYHOT0 KOHTPOJII0 KOMILJIEKCHOTO aHTPOIOTE€HHOTO 3a0pyIHEHHSI BOJIHUX
00’€KTIB € ONTUYHI METOJU KOHTPOJIIO, 30KpEMa, MYJIbTUCIEKTPAIbHUI METO/.
BumiproBanpHuii  KOHTPOJb  €KOJOTIYHOTO CTaHy MOPUPOJHUX  BOJHUX
CEepeOBUI] MOXKE 3/IIMCHIOBATUCh HAa OCHOBI OOPOOKH MYJIbTUCHEKTPAIbHUX
300paxeHb o00’ekta oTpumaHux [I33 kaMmeporo Ha XapaKTEPUCTUUHUX
JIOBXKUHAX XBUJIb.

BrnockoHaneHo MeTOAM MYJIBTHUCHEKTPAIBHOTO KOHTPOJIIO MapaMeTpiB
BOJIHUX CEPEJOBUI] 3 BUKOPUCTAHHSIM OMNOCEPEIKOBAHOIO BHUMIPIOBAHHS Ta
00poOKOI0 pe3yJIbTATIB 3a JIOMOMOTOK0 MHOXXMHHO1 perpecii, HelpoMepexi Ta
HEUpO-HEYITKOI Mepexi. 3amporoHOBAHO [EKUIbKA BapiaHTIB peai3ailii
CTPYKTYpPHUX CXE€M 3ac00iB MYJbTHUCHEKTPAIHOIO KOHTPOIIO. 30Kpema,
3alpONOHOBAHO CXEMY 3aco0y MYJIBTUCIEKTPAIHHOTO KOHTPOJIIO MapaMeTpiB
0aratomapoBOro BOJIHOIO CEPEIOBHINA, [0 MOXE BUKOPUCTOBYBATUCH JJIf
€KOJIOTTYHOT0 MOHITOPUHTY BOJHUX 00’ €KTIB 3 BUKOPUCTAHHSAM O101HIUKAIIIT IO
¢biTOMmNaHKTOHY 4M Makpoditam B ymoBax in vitro. Ilpu 1ipoMy OCBITIEHHS
00’€KTa KOHTPOJIO 3AIMCHIOETHCS PIBHOMIPHO 3a JIOMOMOIOK JHU(PY3HOTO
OCBITJIIOBaYa Ha OCHOBI 1HTerpyBasiibHOI cdepu. CrHekTpaibHl KaHAIH
(bopMyIOTbCS BY3bKOCMYTOBUMH JUKEpEJIaMU BHUIIPOMIHIOBAHHS Ha OCHOBI
CBITJIOZIO/AIB, Ja3epHUX [I0AIB Ta MoOHOoxpomaTopa. LludpoBi 300paxeHHs
00’€KTy KOHTPOJIIO CTBOPIOIOThCA IupokocmyroBorwo [I33  kameporo 3
MOJIAJIBIIIOI 0OPOOKOIO 32 JOMOMOTOI0 MEPCOHAIBHOTO KOMII'foTepa. Y SKOCTI
TECT-00’€KTIB BUKOPHCTOBYBAJIUCh TaKl BUIIl BOJHI POCIMHH, K psicKa Maja
(Lemna minor), eiixopHis npekpacHa (Eichhornia crassipes) Ta xaOypHUK
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3BUYAMHUN (Hydrocharis morsus-ranae). Ha OCHOBI 00poOKH
MYJIbTUCIIEKTPAIbHUX 300paXKeHb BUIIMX BOJHUX POCIUH PO3PaXOBYBAIUCH
BIAHOCHI PO3MIpPH 30H, IO BIANOBIAAIOTh YKCTIH ITOBEPXHI BOIW, BHUIIUM
BOJHUM pOCIMHAM 0€3 MaToJOriYHUX 3MIH Ta BHUIIUM BOJHUM POCIUHAM
ypak€HUM XJIOPO30M Ta HEKPO30M. BigHOIIEHHS BIIHOCHUX PO3MIpPIB 30H IS
pPI3HUX 3pa3KiB BHUIIMX BOJHUX CEPEIOBHIN 3 HASIBHICTIO 3a0pyIHIOIOYHX
PEYOBUH JO3BOJISIE€ OIIHUTH X KOMIUIEKCHUH BILIMB Ha BOJAHI €KOCUCTEMU.

3aci0 MYJbTUCIEKTPAIHHOTO KOHTPOJK TOHKOTO Iapy  BOJHHX
CEepe/OBUI] 3 3aBUCIMMM YaCTUHKaMH (PITOIJIAHKTOHY IMpallo€ B YMOBax in
VItro y mpoTOYHUX KIOBETaX. BUKOPUCTOBYETHCS JIBa BapiaHTU MOOYJAOBU CXEM
3ac001B KOHTPOJIO: «HA BIJIOMBAHHS» 3 BUKOPHUCTAaHHAM AU(Y3HOTO BimOUBaya
PO3MIIIIEHOTO MiJ KIOBETOIO, a TaKOX «HA MPOXOJKEHHS» 3 BUKOPUCTAHHSIM
JDKEpesia BUIIPOMIHIOBaHHS Ta (hoTompuiiMaya po3MIllIEHUX MO Pi3HI CTOPOHHU
BiJI KIOBETH 3 JOCHI)KYBaHUM BOJHUM CEPEAOBHUIIEM. Y SIKOCTI T€CT-00’€KTIB
BuKopucToByBanack  xjopena  (Chlorella  vulgaris) Ta  cuenemecmyc
(Scenedesmus subspicatus). Taka cTpykTypa 3aco0y MyJbTHCHEKTPAILHOTO
KOHTPOJIIO BOJTHUX CEPEJIOBHII MOYKE€ BUKOPUCTOBYBATUCH Y (poToOiopeakTopax
JUISL OYMIIIEHHS CTIYHUX BOJ 32 JIOTIOMOTO0 (DITOTIIaHKTOHY.

3anponoHOBaHO 3aci0 MYJIBTHUCIEKTPATBLHOIO €KOJIOTIYHOTO KOHTPOJIIO
Oe3nocepelHbO Ha BOJHHMX O0’€KTaX B yMOBax in situ 3 BUKOPHUCTaHHSIM
KBaJIPOKONTEPA 3 BOCBMHKAHAIBHOK MYJBTUCHEKTPAIBHOW Kameporwo CMS-V
(Silios Technologies, France). Ilpu 1bOMy BUKOPHUCTOBYETHCS MPHUPOJHE
COHSTYHE OCBITJICHHSI 00’ €KTy KOHTpoJt0. KBagpokonTep 3HaXOAUTHCS Ha BUCOTI
15-85 M. MynbTucnexkTpaibHi 300pakeHHS (QOPMYIOTHCA 3a JOMOMOTOIO
crienianizoBaHoi (oroMarpuill Ha CBITJOYYTIMBHUX €JIEMEHTAaX fKOI Y
IaXMaTHOMY TOPSAJKY PO3MIIIEHI BY3bKOCMYTOBI ONTWUYHI (UIBTPU IJIs
KOKHOTO 3 CIEKTpalbHUX KaHamiB. [Ipy 1IbOMy MacuB MyJIbTHUCIEKTPaIbHUX
300paxkeHb OTPUMYETHCS OJHOYACHO JMJIsI BCIX CHEKTPAJIbHUX KaHAIIB, IO
BUKJIIOYA€E 3CYB 300paK€Hb MK KaHalamH, KO O 300pa’kK€HHA 3 KOXKHOIO
KaHainy  ¢GopMyBaioCh MOYEepProBo, HaIPUKIIAI, 32 JOTIOMOTOIO
MEepPEeCTPOIOBAHOTO  ONTHUYHOrO  (QUIBTPY. Y  SKOCTI  TeCT-00’€KTYy
BUKOPUCTOBYBanoch Jarartsi »xkoBTe (Nuphar lutea)). MynbTucnekTpanbHe
300paKeHHS 3 KBaJpPOKONTEpa IMOBUHHO OXOIUIIOBATH IOBHICTIO OJIHE
YIPYIOBAaHHS BUIIMX BOJHUX pOCiuH. [Ipu 1boMy 711 BU3HAUECHHS HA KOXKHIM
POCJIMHI BIIHOCHUX PO3MipiB HOPMAJIBHUX 1 YPAXKEHUX 30H PO3/IJIbHA 3JJaTHICTh
300paxkeHHs TOBHMHHaA OyTH xoua O 10-20 mikceniB Ha pociuHy. OCKUIBKH
pO3IIIbHA 3[aTHICTh MYJBTUCIEKTPAIbHUX KaMep y KOXHOMY 3 KaHalliB
(426x339) wMeHmIa HDK Yy 3arajJlbHOr0 MaHXPOMATUYHOTO 300pa)KEHHS
(1280x1024), To 1e oOMexye pO3MIpU YrpYNOBaHb JIATATTS, SKE MOXKIIHMBO
JOCIHIIIKYBaTH 3 TaKUMHU XapaKTEPUCTHKAMH 3aC00y KOHTPOJIO, KIJIBKICTIO HE
oipie 150-300 pocnuH.
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YK 504.064.3

PO3B’SI30K MPAAMOI TA OBEPHEHOI 3AJAYT J1JIS
MYJbTACHEKTPAJTBHIUX BUMIPIOBAHB IAPAMETPIB
MPUPOJTHUX BOJTHUX CEPEJTOBUII]

Ksarepaiok C.M., k.T.H., no1., [letpyk B.I'., n.1.H., npo¢., Manaedypa A.1O.,
ctyneHt, Manaedypa C.B., ctyaeHT
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNM YHIBEPCUTET

Meton MyJIbTUCHEKTPATIBHOTO BUMIPIOBAILHOTO KOHTPOJIO TMOJSATaE Y
aHamizi  1uppoBUX 300pakeHb O0’€KTy, OTpPUMAHUX Y  BIJMOBIAHUX
CHEKTpaJibHUX jAlana3oHax. KoopauHatTu y  MyJIbTUCHEKTpPaIbHOMY -
BUMIPHOMY MPOCTOP1 BU3HAYAIOTHCS HA OCHOBI CIEKTPAJIbHUX XAPAKTEPUCTUK
JDKEpesl BUTPOMIHIOBaHHS, PUIbTPiB, (poTOMaTpuili Ta 00’ €KTa KOHTPOJIIO.

st oTpuMaHHST MYJIbTUCIEKTPAIbHUX 300pakeHb OO0’ €KTY KOHTPOJIO
HEOOX1HO pO3B’s3aTH MpsIMYy ONTUYHY 3adady. I[lpu Bigomux mnapamerpax
HEOJHOPIAHOTO BOJHOTO CEPEJOBHUINA Y XOJI MATEMAaTUYHOI'O MOJICTIOBAHHS
HEOOX1THO OTpUMATHU WMOTro CHEKTpajabHI XapakTepuctuku. Jlami, mpu BigoMux
CHEKTPAIbHUX XapaKTEPUCTUKAX JKEpesaa BUIPOMIHIOBaHHS, Kamep Ta (QUIbTPIB
MOXJIMBO PO3paxyBaTU KOOPJAWHATH Yy MYJIbTUCIEKTPAIHLHOMY MPOCTOPl Ta
OTPUMATH MYJIbTUCIIEKTPAIbHI 300paskeHHSI.

BnockonaneHo wMaTeMaTWyHI MOJENl CHEKTPAIbHUX XapaKTEPUCTHUK
BOJHUX CEPEJOBUI MPHU 3MiHI iX NapaMeTpiB, L0 JO3BOJIHIO AOCIHIIUTH
MMUOUHHY CTPYKTYPY OCBITJIIEHOCTI. BJockoHaneHo MareMaTu4Hi Mojeni
MOIIMPEHHSI BUTPOMIHIOBAHHS Y BOJIHMX CEPEOBUILAX 3 YPaXyBaHHAM €(EeKTy
JIOKaJ130BaHOTO MOTJIMHAHHS BUMPOMIHIOBAHHS Ha CIIEKTPaJIbH1
XapaKTEePUCTUKHU.

Po3paxyHOK ONTHYHUX XapaKTEPUCTHUK BOJHOIO CEPENOBUINA 3 BITOMUMHU
napamMeTpaMu 3A1MCHEHO y MaJIOKYyTOBOMY HAaOJMKEHHI JJIs YacCTHHOK
chepuunoi ¢opmu. Ha OCHOBI 1HAMKATPUC PO3PAXOBAHO CHEKTPaJbHI
XapakTepUCTUKU (PaKTOpy aHI30Tpomii s CPEepUYHUX YACTUHOK PIZHOTO
niaMetrpy. Y MaTeMaTH4HYy MOJENIb BBEACHO AalpOKCHUMOBAHI CHEKTPaJbHI
XapaKTepUCTUKU TOKA3HUKIB TOTJMHAHHS, pO3CIIOBaHHA Ta  (akTopy
aH130TPOIIIi BOJHOTO cepeoBHIla 6e3 (ITOMIAHKTOHY, a TAKOXK HOT0 OCHOBHUX
nirMeHTiB. Jlami 371iCHEHO MaTeMaTU4YHE MOJICTIOBAHHS — CIEKTPaJIbHUX
XapakTepUCTUK BOJHOTO CEpPEIOBHUINA IPU 3MiHI KOHIIEHTpalii OioMacu
¢itormnankToHy. Po3paxoBaHO BHECOK KOKHOTO 13 HIApiB BOJHOIO CEPE/IOBUIIA
y 3arajbHui Koe(ilUieHT TU(y3HOro BiAOUTTS HA MOTr0 MOBEPXHI, 110 JA03BOJISE
OI[IHUTH Ha SKIA TIMOWHI BIUIMB HA CIEKTPaldbHI XapaKTEPUCTUKU CTaHE
MEHIIIUM TIOXUOKM BHUMIPIOBaHHSA. AHAJIOTIYHO 3/IMCHEHO MaTEeMaTHUYHE
MOJICTIOBaHHS CIEKTPAIbHUX XapPaKTEPUCTUK BOJHOTO CEPEOBHUIA MPHU 3MIHI
CIIBBIJHOIIEHHA MIX XJOpO(pUIOM a Ta 3arajJbHUM XJOPO(IIOM, a TaKOX
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CIIIBBIAHOIIIECHHS MDK KapOTHHOIMaMH Ta 3arajbHUM Xjopodigom. 3a ymoBH
3MIHU MITMEHTHUX MapamMeTpiB BOJHOrO CEPENOBHINA 32 HOPMAJIbLHUM 3aKOHOM
PO3MOLITY PO3PAaXOBaHO JAiarpaMH po3Maxy KoedilieHTy audy3HOro BiAOUTTS
npu 3MiHI KOHIEHTpalii OioMacu ¢itorankToHy. Lli x miarpamu po3maxy
MOKa3aHI OKpeMO Ha BUOpaHUX JOBXKUHAX XBUJIb, IO JO3BOJISIE PO3PI3ZHUTH
00’€KTM  KOHTPOJIO 3  PI3HOK  KOHILEHTpAIl€Eld 3a  pe3yiabTaTaMu
MYJIbTUCIIEKTPAIbHUX BUMIPIOBaHb. AHAJOTIYHO, MOpPH 3MIHI KOHIEHTpalii
(ITOMJIAHKTOHY 3a HOPMAaJlbHUM 3aKOHOM PO3MOJLTY, 3A1MCHEHO PO3paxXyHOK
JiarpaM  po3Maxy Koe(QiuieHTy au(y3HOro BIIOUTTA NOpH 3MiHI HOrO
MITMEHTHUX mMapaMmeTpiB. Jliarpamu po3maxy IMOKa3aHi OKpeMO Ha BUOpaHUX
JOBXKUHAX XBWJIb, 110 JO3BOJISIE PO3PI3HUTU OO0 €KTHU KOHTPOJIO 3 PI3HUMHU
MNITMEHTHUMHU ~ [apaMeTpaMu  3a  pe3yJbTaTaMud  MYJbTUCIEKTPAIbHUX
BUMIPIOBaHb.

[licnst miCTaHOBKU CHEKTPATbHUX XapPaKTEPUCTUK 00’ €KTa KOHTPOIIIO,
JUKEpesl BUIPOMIHIOBaHHA Ta QoToMaTpulll y ¢GopMylly s pPO3paxyHKy
KOOPAMHAT Yy MYJbTUCIEKTPAIbHOMY MPOCTOPI OTPUMAHO  3aJIEKHOCTI
MYJIbTUCIIEKTPAIbHUX TapaMeTpiB BiJl MapaMeTpiB HEOJHOPIAHUX BOIHUX
CepelOBHULLI.

JIns oTpuMaHHSI MapaMeTpiB BOAHUX CEPEIOBHIN 3 MYJIbTHUCHEKTPAIbHUX
300paxkeHb HEOOXIAHO po3B’si3aTH OOEpHEHYy onTuyHy 3anauy. lle Oymo
MPOBEJICHO 3a JIONIOMOIOK0 MHOXHHHOI perpecii, Helpomepexi Ta HEUpOH-
HEUYITKOI MEPEKI.

30kpeMa, po3B’s3aHO OOEpHEHY 3adadyl BHU3HAYCHHS KOHIICHTpaIlii
(GITOMNAHKTOHY Yy BOAHMX  O0’€KTax  HA  OCHOBI  pe3yJbTaTiB
MYJIbTUCIIEKTPAIBHUX BHUMIPIOBAaHb 3a JIONIOMOIOI0 MHOXHMHHOI perpecii.
3A1liCHEHO ONTUMAaIbHUN BUOIp pOOOYMX JOBXKUH XBUJIb CIIEKTPATbHUX KaHAIIIB
3a JOMOMOTOI0 MOKPOKOBOI MHOXKHHHOI perpecii 3 BKJIIOUEHHSIM HE3aJIeKHUX
3MiHHUX. OTpUMaHO  perpeciiiHi  pIBHSHHS Ui  OMOCEPEAKOBAHOTO
BUMIPIOBaHHS KOHIIEHTpAIlli (PITOIUIAHKTOHY Ta MITMEHTHUX MapaMeTpiB
(ITOIUIAHKTOHY y BOJHHUX 00’ €KTax.

Po3B’si30k mpsmoi Ta 00epHEHOI 3amadl A MYJbTHUCHEKTPATbHHUX
BUMIPIOBaHb MapaMeTPiB MPUPOJHUX BOJHUX CEPEIOBUIL MPOBEICHO ISl ABOX
OCHOBHHUX BaplaHTIB peaiizaiii METOAY MYJbTUCIEKTPAIBHOTO KOHTPOJIIO.
[lepmmii BapiaHT 3AIMCHEHO MpHU peaii3alii METoay B yMOBax in vitro Ta
BUKOPHUCTaHHI OCBITJIICHHS 00’ €KTY KOHTPOJIO BY3bKOCMYTOBHMH JIKE€pellaMU
BUIPOMIHIOBaHHS, PIBHOMIpHOMY Ju(]y3HOMY OCBITJIEHHI 3a JOMOMOTOIO
1HTerpyBaibHOI chepu Ta 3acTocyBaHHI mupokocmyrosiit 1133 kamepi. dpyruii
BapiaHT pPO3paxoOBaHO MpH peandi3ailii METOQy B YyMOBax In situ npu
BUKOPHUCTAaHHI HPUPOJHOIO COHSYHOTO OCBITJIEHHS Ta MYJIbTUCIEKTPaIbHOT
BOCbMHUKaHanbHOI  kamepu CMS-V 3 BiIOMHUMH  CHEKTpPaIbHUMHU
XapaKTEepUCTUKAMHU KaHaJIB.
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YK 637.13
PAJIBCUDIKAIIA MOJIOKA BOAOIO

Kynakos ILIL., npod., Cumuyx L.I'., cryaenTka
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

Haii0inbi1 cKIIaIHOI0 Ta TPYJIOMICTKOIO Taly3310 CLILChKOTOCIOAAPCHKOTO
BUPOOHUIITBA € MOJIOYHE TBapUHHULTBO. BoHO BkiIOyae B  cebe
B3a€MOIIOB’s13aH1 Mk COOOI0 MpOLIeCH Ta omepaillii, ki yTBOPIOIOTh CUCTEMHU 1
TEXHOJOT1i Jyisi YTPUMaHHS TBapMH Ta BUPOOHUIITBA CHUPOTO MOJIOKA.
Co01BapTICTh MOJIOKa 3HAYHO 30UIBIIYETHCS TOMY IO PIBEHb aBTOMAaTH3aLlli
NOiHHA KOpiB He nepeBuiye 60 — 65% Ha gpepmax B YKpaiHi Ta IHIIUX KpaiHaXx.
[Ipu HegocTaTHROMY pIBHI aBTOMAaTH3allli AAHOTO MPOLECY MHPOIYKTHUBHICTD
TBapUH BUKOPHUCTOBYIOTH Ha jmimie Ha 60 — 70%. JlaHl MOKa3HUKU € JTOCHUTH
HU3BKMMHU 4Ye€pe3 BUKOPUCTAHHS 3acTapijioro yTpPUMaHHs TBapuH Ta
HEJIOCTaTHBOTO PIBHS OpraHizallii TEXHIYHOTO 3a0e3MeYeHHs TBapPUHHMIIbKUX
dhepm.

Mon0o4HI POAYKTH € B PAIIOH] KOXKHOT JIIOAUHU. | 17151 TOTO 11100 MOJIOKO
MPUHOCUJIO KOPUCTh OPTaHi3My BOHO MOBUHHO OyTH HATypajlbHUM 1 0e3 Oynb
AKUX 100aBoK. YacTto MOJIOKO po30aBifOTH BOJOIO JUIsl 30LIBLICHHS MOTO
00’eMy Ta, 3BUYAIHO K, OTPUMaHHS OUIBIINX NPUOYTKIB.

[Ipobnema ¢anbcudikalii MOJIOKa € aKTyalbHOIO OCOOJIMBO Ha CTIMIOBHX
JOIIBHUX YCTAHOBKAX, SIKI BUKOPHUCTOBYIOTHCSI MPU MPUB’SI3HOMY YTPUMAaHHI
TBapuH. Jlosgpu 1e poOasATh Ui MIJBUINCHHS MOKA3HHWKIB YJIOI0, a BIJ HHUX
3BICHO X 3aJICKUTH 3apo0iTHa mata. [Ipu ganscudikaiiii Moioka BOJ0I0, OKPIM
3MEHIIEHHS MOT0 eJeKTPONPOBIAHOCTI, 3MEHIIY€ETHCS MOTJIMHAHHS CBITJIIOBOTO
MOTOKY MpPHU MPOXOJKEHHI MOr0 Kpi3b BOJHO-MOJIOYHUM PO3UHUH, OCOOJUBO Yy
1H(ppauepBOHIM IUISAHII COEKTPY

Tomy, BaKJTMBUM Ta aKTyaJbHUM 3aBJAHHSAM, SIKE y HAIIl Yac 11 MOBHICTIO
HE BHUpIIIEHE, € OINEpaTUBHE BUSBICHHS (akTiB danbcudikaiii MoyJoKa B
MpoI1ieci HOro BUpOOHHUIITBA.
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OIITHYECKASA CUCTEMA UJIs1 OHEHUBAHUSA BJUAHUA
TEMIIEPATYPbI HA OITUYECKHE ITAPAMETPBI KOCbIX
BPOITOBCKHUX PEHIETOK

Byituek Banbz[eMapl, [Ilenpeea I/IHI[I/Ipa2
! «JTro6munckas nonuTexaukay ([lopma)
2 Tapa3zckuii rocynapctBeHHbii yauBepcuteT uM. M. X. [lynatu, (Kazaxcran)

Berymuienune. B Hactosimiee Bpemsi METOABI YIIPABICHUS ONTHYECKUM
M3JIyYEHHUEM IIHPOKO MPUMEHSIOTCS B PA3IMYHBIX 00JIACTSIX HAYKU U TEXHUKHU.
JlaHHbIEe MO3BOJSIET MEHSTH JIIOObIE MapaMeTpbl CBETOBOM BOJIHBI: aMIUIUTY]Y,
4acToTy, a3y, MOJSPU3ALMI0O W HAIpaBlIE€HUE paclnpocTpaHeHus. Takue
ONTUYECKHUE MPUOOPHI, KAK MOAYIATOPHI, NeDICKTOPHl U (PUIBTPHI OTIUYAIOTCS
BBICOKMM OBICTPOJICCTBUEM, HU3KON YIPABIAIONIEH MOIIHOCTHIO, MPOCTOTOM
KOHCTPYKIIMM U BBICOKOM HaJeXHOCThIO [1-3]. DT moctouHcTBa obecneqmin
UX NIMPOKOE NPUMEHEHHE HE TOJBKO B Jia3epHON (HU3MKEe, HO TakkKe B
U3MEPUTENBHON TEXHUKE, 3KOJIOTHH, METUIIMHE, BOCHHOM JIEJIC U.T.].

TexHoJiorus peaju3anu ONTHYECKUX CEHCOPOB.

B BO/I, npeaHa3HayeHHBIX JISI HW3MEPEHUS TEMIIEPATYpPbl MyTEM
pETUCTpallMM  3aBUCSALICA OT TEMIEPaTypbl JIUTEIBHOCTH OCTATOYHOU
(bayopeclieHIIuM, TOCIEIHSS MO0MKHA H3MEHSTHCS JUHEUMHO C HU3MEHEHUEM
TeMmnepaTrypbl. TakuM CBOWCTBOM  001aJalOT HEKOTOPbIE  COCTUHEHUS
PEIKO3EMENBHBIX AJEMEHTOB, B 4YacTHOCTU, eBponus. [Ipu oOmydeHuM >3THUX
COCIMHEHUN yIbTPAPUONETOBBIM u3IydeHHeM (A=0,3-0,35)MKM BO3HHKAET
(dayopeclieHTHOE H3JIydyeHHEe B JAuana3oHe JiauH BoaH (0,5-0,63)MKM.
JIMUTeNnbHOCTh  MOcClieCBEeYEHUs  (DIIyOpecleHIIMH  CUJIbHO  3aBUCUT  OT
temneparypel. Takum oOpa3oM, o0nydas (IyopeclieHTHOE BEIECTBO
UMITYJIbCAaMH  YIbTPa(UOJIETOBOIO U3JIYYEHUS U CpaBHUBas (QoOpMy ITUX
HUCXOJHBIX  HUMMOYJbCOB C  (GOpMONl  UMIYIbCOB  (PIIyOPECUEHTHOIO
MOCJIECBEYEHHS, MOKHO OIPEIEIATh JIUTEIbHOCTDh IMOCIECBEUYECHUS U MO €ro
3aBUCUMOCTH OT TEMIEpaTypbl ONpeAessaTh Temneparypy. lIpakruuecku
(bayopecuupyromuii  cocTaB, NPEACTABIAIONIMNA CcOO0OM psAl  aKTUBHBIX
bayopecuupyomuxX  LUEHTPOB,  BBOJUTCS B  MATPUIy  Pa3IUYHBIX
JOUBJIEKTPUYECKUX MAaTEpHaOB, TAaKMX KaK CTEKJIO, KBapll, aJEKCaHIPUT T.[.,
KOTOPBIN CTBIKYETCSI WA MPUBAPUBAETCS K ONTUYECKOMY BOJIOKHY. BO3MOXHO
TaKke JITUPOBAHUE KBApPIIEBBIX CBETOBOJIOB (PIIyOpeCHUPYIOUIMMH LIEHTPaMH,
HarpuMep, MOHaMH 3pOus, eBpOIHUS U T.1I.

Haunbonee pacnpoctpanenusimu BOJI TemmepaTypsl B HacTosiiee BpeMs
ABJISIFOTCS JATYUKU aMIUIMTYJAHOTO THIA, B KOTOPBIX MOAYJIAIMSA MNPOXOISAIIETO
(WM OTPa’KEHHOT0) CBETAa MPU MU3MEHEHUU TEeMIEpaTypbl OCYIIECTBISETCS 3a
CeT 3aBUCHUMOCTHM TIOTJIOIICHHUS WM OTpPaXXeHHs cpeabl (KpUCTAIIBI,
CIIELMAJIbHBIE BOJOKHA M T.1.) OT Temmneparyphl. [lpu co3zmanum Takux BO/I
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yamie BCero wucnoibdyercs d3(PGeKT caBura Kpas 30HBI  COOCTBEHHOIO
MOTJIONIEHHUS B TOJIYIIPOBOJAHUKAX OT TEMIIEPATYPHI.

IIpakTnueckas peanu3zanus. B Hactosiiee Bpemsi Ha ocHOBE (D PeKTOB
bayopecueHiun ¥ QoToaroMUHUCLICHIIMU pa3padbotansl BOJl Temmeparypsl,
T03BOJIIONIME M3MEpSTh Temieparypy B auamasone 0-100°C ¢ TOYHOCTBIO 10
iO,O2OC. K Hepgoctarkam takux BOJl oTHOcsATCS Manas gomycTUMasl JJIMHA
BOJIOKOHHO-ONTUYECKOTO  TpakTa W  CJIOXKHOCTh  (DOTOPETUCTPUPYIOIIEH
amnmapaTtypbl BCIEACTBUE OTHOCUTEIHHO Majioil MOUTHOCTH (PIIyOpECHUPYIOIIETO
W3JTyYEHUS.

P
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Puc.1. Cencopnas cuctemMa Ha OCHOBE KOMOWHAIIMKU OPITTOBCKUX U
JUTMHHONIEPUOAHOM PEIIeTOK JIJIsl pa3/iesIbHOr0 aHaIn3a TeMIepaTypHUX
M3MEHEHUUN 1 MexaHudeckux nedopmaruii [2]

BeiBoabl. lccnenoBanue ©  BBIABICHHE 3aBHUCUMOCTH CIEKTPAIBbHBIX
xapaktepuctuk BBP oT TeMnepaTypsl MO3BOJSET MOBBICUTH JOCTOBEPHOCTH U
OBICTPOJCHUCTBHUE OINpENETICHUs] TEeMIEpaTypHbIX IOKa3aTeaed ONTUYECKOTro
BOJIOKHA MYTEeM pa3padOTKh CEHCOPHOW HH(POPMAIMOHHO-U3MEPUTEIIHHOM
CUCTEMBbI Ha 0a3e KOCOl BOJTOKOHHON BparroBckoi peneTku.

Jlureparypa
1. Balakshy V.I., Mantsevich S.N. Collinear diffraction of divergent optical
beams in acousto-optic crystals. // Appl. Opt., 2009, v. 48, pp. C135 —c. 140.
2. C.B. Bapxensb, Bonokonnsie OparroBckue pemerku. — CII6: YHuBepcuret
NTMO, 2015. - 65 c.
3. AnrtonoB C.H., Baithep A.B., IIpoxsor B.B., Pe3poB IO.I'. HoBreii
akycroontuyeckuit apdext — Oparrockast Audpakius 0e3 nepeMoaysiuu. //
KT®, 2009, 1. 79, Ne 6, c. 119-123.
4. AntonoB C.H., Baitmep A.B., IIpoxsoB B.B., Pe3po HO.I'. Biusinue
MPOCTPAHCTBEHHOM  CTPYKTYpbl ~ 3BYKOBOTO  TMOJSl HAa  OpPATTOBCKYIO
aKyCTOONTHUYECKYIO0 JIU(PPAKIMI0 B  YCIOBUSX CHJIBHOM  aKyCTUYECKOM
anuzorponuu. // KTD, 2010, T. 80, Ne 3, ¢. 97-106.
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VIIK 004.42

ABTOMATHU30BAHA OIITOEJIEKTPOHHA CUCTEMA
EKOJIOTTYHHOI'O MOHITOPHUHI'Y

Cupnopyk O.0O., llleBuyk A.B.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

AKTYaJIbHICTh PO3pOOKHM MOJISITa€ y 3aCTOCYBAaHHI CYyYaCHUX TEXHOJIOTIH,
AKl 3a0e3medarb ONEpaTUBHY Ta KOMIUIEKCHY OOpoOKy  pe3yJbTaTiB
CIIOCTEPEXKEHb Ta Bizyasizallilo JaHuX 3a0pyHEHHS aTMOoc(hepHoro noBiTps. B
MpOIECl ~ MOHITOPUHTY  aTMOC(EpHOro  TOBITPS  3AIMCHIOEThCA 301D,
OMpAIlOBaHHs, aHajli3, OLIHIOBAHHS Ta MPOTHO3YBaHHS CTaHY IMOBITPS 3 METOIO
Horo mokpamieHHs. SK pe3yJbTaT 3MEHIIYEThCS KUIBKICTb BHUKHIIB Ta
yCYBalOTbCS 3a0pyJHIOIOYl PEYOBHMHHU, IO € BAXJIMBUM [UIsl HPUPOTHOrO
cepenoBumia. s BUpileHHs IUX NpoOaeM HEOOX1HO MPOBOAUTH PETYJIIPHUMA
MOHITOPUHT CTaHy aTMOC(EpPHOro MOBITPS Ta 3/A1MCHIOBATH MOJATBIINN aHami3
OTPUMAaHUX JaHUX 3 BUKOPUCTAHHSAM CYyYaCHHUX 1HPOPMAI[IHHUX TEXHOJIOTIH.

Jlns peanizaiii Oynu moctaBieHl 3a7ayi, OB s3aH1 13 30MpaHHAM JTaHHX 1
HaJICUJIAHHSIM 1X Ha CEpBEp Ta iX Bizyalli3alli€ro 1 00poOKoIo.

Pucynok 1 — Expan npucTporo MOHITOPUHTY

Ha ekpan mpuctporo MOHITOPUHTY BHUBOJUTHCS HAcCTymHa iHopmaris: Y
BEPXHbOMY JIBOMY KYTKY TOJMHHHUK 3 IATOIO 1 MicsilieM. 3 IIpaBo BiJl TOJAMHHUKA
BHUBOJMTHCS MOKa3aHHS JaTyuka GopManpaeriny B fg / m®. Hactynuui psia, 1ie
nokasaHHs jatuuka nuiy. [IpencraBineHo Tpu 3HaueHHs. Ilepumie - ne mun
JiaMeTpoM MeHIe 1 MKM, J1aji YaCTUHKU MEHIIA 2,5 MKM 1 IPaBOpPy4 YacTKHU J0
10 mxM. 3Ha4yeHHs BHBOIATHCS B fg / mP. Ilinm moka3zaHHSIMH NaTYMKA THATY
BUBEJEHUN psanok ApiOuux mudp. Lle nms ocoOnuBO AONUTIMBUX, TYT
nepepaxoBaHi 3HAYEHHS JIIUWJIBHUKA YaCTOK MUy pi3HuX Qpakuiil. Jlani HamaHi
- KUTbKICTh YACTHMHOK Ha 111 MOBITPAI.

Huwxue rpadik BUMIiprOBaHb BMICTY B MOBITpi Byriekucioro razy CO,,
MPUOIN3HO 32 OCTAHHI MIBTOJUHHU.

VY camomy HuM3y notouyHe 3HauyeHHs KouieHTpamii CO, B ppm. Cnpasa
«cBITI0GOP», IO CUTHATIZYE MTPO HeOe3neKy, abo 0e3neKy AaHO1 KOHIEHTpallii
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CO,. 3enenuid curHaia roBOpPUTh ONpo Te 110 KOHUEHTpauis meHme 900 ppm 1
XOpOUIiN SKOCTI MOBITPS, >KOBTUN 3aCTUTIIOrO OOCTaHOBIII 1 KOHIIEHTpAIli Bij
900 o 1500 ppm. YepBoHuii curHaj Mokasye 110 KOHIEHTpaLlisl BYTJIEKUCIOrO
ra3y Buuie 1500 ppm 1 e HeOe3meuHo 715l 30POB'S 1 MOraHO MO3HAYAETHCS Ha
CaMOIOYYTTi.

Konu piBens konnentpamii CO, csrae 900 ppm 3 npunany ayHae
«uxaHHs». Skio piBeHb migHiMaeTbes Buile 1500 ppm npuna «Kausey.

VY OpucTpO0 MOHITOPUHTY BUKOPUCTOBYIOTH HACTYIHI OMNTO-EJIEKTPOHHI
natuuku. Jlatuuk CO, MH-Z19 — be3snecnepcHuii - iHQpaduepBOHHI TaTUYUK
(a60 patunk NDIR) saBasie co0or0 NpoCTHl CHEKTPOCKOMIYHOTO JaTYUK,
BUKOPHUCTOBYETHCS B AKOCTI AETEKTOPA BYIJIEKUCIOTO ra3y. Mexa BUMIPIOBAaHb
no 5000 ppm HwxkHs Mexa Onu3bko 400 ppm (mpupoanuit piBeb CO, B
atmocdepi). [Tacnoptha TounicTh 50 ppm. Yac Biaryky 0mau3sko 30 cexyHI.

Hatuuk nuny PMS5003. NDIR paTtyuk mnuiny BUMIPIOE KOHIICHTPAIliO
nuiny 3 po30uBKOI0 okpemo Ha 3 ¢paxuii 1, 2.5 1 10 mikpon. Tak camo mae
JTIYUIBHUK YaCTUHOK MUY po3nuieHuit Ha 6 ¢pakuiid. Tounicts 3asBiena 10%.
JlaTduKk BUKOPUCTOBYETHCS B aKTHUBHOMY pexuMi. lle o3Hauae 1m0 BiH cam
aBTOMATHYHO Yepe3 MEeBHI MPOMIKKH vacy nocuiae inpopmariiito B UART.

1
B

|
1

Pucynok 2 - Cxema eleKTpuyHa MPUHIUIIOBA TPUCTPOIO MOHITOPUHTY
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YK 628.981
®OTOMETPUYHUIA METO/ EKCIPECHOI OIIIHKHU CRI

Mapkos C.M., Ckoprokosa A.I'., Tyxkancekuii C.€., JIokoren /1.1O.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

MacoBe BOPOBaKEHHSI CBITJIOMIOAHUX OCBITJIIOBAIIBHUX MPHUCTPOIB
00yMOBHWJIO HEOOXIJAHICTh KOHTPOIIO iX sikocTi. OMHIEID 3 HaWBa)KIUBIIIMX
XapaKTepUCTUK IITYYHUK JKEpeNl CBITIIa € 1HJEKC KOJIPHOrO MepelaBaHHSA
(Color Rendering index — CRI), sikuil 3acTOCOBY€ThCS AJIA aHaNi3y TOYHOCTI
BIITBOPEHHS JKEpeNlaMH CBITJa MNaNITPU KOJIbOPIB Yy BUJIUMOMY Jlara3oHi.
BiAMIHHICTh CHEKTpPalbHOI XapaKTEPUCTUKU JKEpesl IITYYHOro CBITJIa Bif
COHSTYHOTO MPU3BOJUTH 10 3MEHILICHHS IHTEHCUBHOCTI NMEBHUX CKJIAJOBUX, IO
MPU3BOJIUTH J0 CIIOTBOPEHHS 3arAJIbBHOTO KOJBOPY 00’ €KTa CIIOCTEPEIKEHHS.

3aranibHOBIIOMA MeToAuKa BuMiptoBaHHsa CRI, sika momnsirae B po3paxyHKY
KOJIIPHUX BIAMIHHOCTEW 14 3pa3kiB BIIHOCHO COHSIYHOTO CBITJIA OKpPEMO 3a
KOJKHHUM 13 11a0J10H1B (puc.1).

H-BE-

Puc.1 - [llabnonu s BumiproBanHst CRI

g

Puc. 2 - Kpyrosa niarpama
KOJIbOPIB

[HmMit miaxiag 3acHOBaAaHMM Ha PO3KJIAJAaHHI CIEKTpa BUIIPOMIHIOBAHHS
BUMIPIOBAHOTO JiKepeia 13 OOYMCIICHHSM 3HAY€Hb IHTEHCHBHOCTI OKpPEMHX
CHEKTPAIIbHUX CKJIAJOBUX 13 BHUCOKUM po3auieHHAM. Takumu 3acobamu
OCHAIIEHO  Cy4yacHi  CBITIOTEXHIYHI jaboparopii. Takoxx HaOyBarOTh
MOMYJISIPHOCT] MOPTATUBHI CIEKTPOMETPHU, K1 003801510mb umiprosamu 00 90
CHeKMpalbHUX napamempis, OTHAK BapTICTh 3a3HAYEHUX NMPUIA/IIB € BUCOKOIO.

3amnpornoHoBaHO (GOTOMETPUYHUN METOa eKcrnpecHoro omiHtoBanHs CRI 13
OJIHOYACHUM MOPIBHSIHHAM 3pa3KiB 3 KOJIIPHUM €TajioHOM. J[Jisi IbOro CTBOpPEHA
Kpyrosa giarpama 3 16 cekropamu BiAMOBIHUX KOIBOPIB (puc. 2).

Jxepeno CBiTJIa BCTAHOBJIIOETHCSA HAa ONTHYHIA OCI MDXK Jiarpamoro 1
(dboTokameporo. EnekTpoHHUM 3HIMOK JilarpaMu Miclisi 00poOKH KOMIT IOTEPHUMHU
nporpamaumu  3acobamu (Photoshop abo 1H.) po3Bonsie orpumatu RGB
3HAQYEeHHS, SIKI TOPIBHIOIOTHCS 3 €TaloHHUMH. Po3pobnseTrses Android-
3aCTOCYHOK i1 OOpOOKM pe3yibTaTiB, SKWW JO3BOJUTH peai3aliio
BI/IMOBIHOTO MPUCTPOIO Ha 0a3i cMapThoHy.

TouHiCTh METOAY € MEHUIIOK MOPIBHSHO 3 TPAAULIMHUMHU, OJHAK HOro
repeBaraMm € €KCIPECHICTh, MMPOCTOTA Ta €KOHOMIYHICTD.
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YK 004.93

BUKOPUCTAHHA HEHPOHHUX MEPEX I''IMBOKOI'O
HABYAHHSA YOLO JJIA HIAPAXYHKY TPAHCIIOPTHUX 3ACOBIB

Macmniit P.B., Kupunenko O.M., lllep6aTiok M.B.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

CimeicTBO HEMPOHHUX Mepex INIMOOKOro HaB4YaHHs Y 0lo mpu3HadYeHe IS
BUPILIEHHS 3a7a4 BUSBJICHHS Ta Kiacu@ikalli 00’€KTIB y 300paK€HHSX Ta
Bizeo. Ilo mBuaKOoCcTI 00pOOKHM BiE€O LI MEpPEXKl OAHI 3 HANIIBUALIUX CEPEX
NnoaAi0HUX, MOXYTh OIPAllbOBYBAaTU BIAEO Yy PEXKUMI PEaJbHOTO 4Yacy IpH
3acTocyBaHH1 Bijeokapt 3 miaTpumkoro CUDA (nanpuxnaza, Nvidia Titan X uu
Nvidia GeForce GT1080). Ilo mnoka3Hukam sikocti kiacugikauii Yolo
KOHKYPYIOTh 3 TAKUMHU Cy4YaCHUMH HEHpOHHHMH Mepexamu sk SSD, RetinaNet
ta Fast R-CNN.

Y poGoti Yolo BukopucTaHe mjii BHUPIMIEHHS 3a7adl MHIAPaXyHKY
TPAaHCHOPTHUX 3acOo0IB y BIJ€0, OTPUMAHUX 3 KaMep BIJEOCIOCETEPEKEHHS 3a
nopoxHuMm Tpadikom. bynu oOpanHi Taki 00’€KTH nJid AOCHIIKEHb SIK:
aBTOMOOUIl, aBTOOycHM Ta BaHTaxHI aBToMoOum. [l pocnipkeHs OyB
BUKOPHUCTaHUM cynepkomm rotep JetsonTX2.

JUis HaBuaHHA HEHPOHHHX Mepexk Yolo Oyno oOpaHo Hablp BIAKPUTUX
nanux COCO, skuii BKIItoUae B ce0€ BEJIMKY KUIBKICTh 300pakeHb 3 00’ €KTaMU
(6inb1ze 80 kaciB 00’ €KTIB).

[Ipuknan BUSABIEHHS O0’€KTIB Ta pe3yibTaTiB MIAPAXyHKY TPAHCHOPTHUX
3aco0iB, MO0 MEPEeTHYJMU Hamepe] BCTAHOBIECHI BOpOTa NPEACTaBICHI Ha
pUCYHKY 1.

Pucynok 1 — BusiBiieHHs 00’ €KTiB Ta NIJPaXyHOK TPAHCIIOPTHUX 3acO0IB
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YK 621.391.8

MOMEPEHSA NIITOTOBKA CYIEPIO3UIIT ONTHYHNX
CIEKTPIB JIUISI TTOJIAJIBINOT JEKOHBOJIIOLTT

Byiinuk B.!, n1.1., npod, OnbIeBCHKUM C.B.%, n.1.H., nou. Komana I1.", k.T.H.,
non., JINTBHHEHKO B.I.3, J.T.H., Ipo.
! Tro6ninchKa mosmiTexHika
* HamionansHuit yuiBepcuret im. Tapaca IlleBdyenko
> XepcOHChKHil HAlliOHABHUH yHIBEpPCHTET

B  poGoTi mpoBeneHO  JOCHIIKEHHS  BUKOPUCTAaHHSA  aJITOPUTMIB
JUCKPETHOTO mepeTBOpeHHsT Dyp’e uisl pelnyKilli MacuBy NaHMX O3 BTpaTH
KopucHoi 1HpopmMmarlii. Take monepegHe oOpoOJICHHS anmapaTHO 3apEeECTPOBAHUX
ONTUYHUX CHEKTPIB HEOOXIAHE JUIsi 3MEHIIECHHS 4acy BUKOHAHHS aJITOPUTMIB
JEKOHBOJIIONIT CHEKTPIB CKIAagHMX 00 €KTiB. 3riIHO 3 3aKOHOM byrepa—
Jlambepra—bepa F(4) € JHIAHOW KOMOIHAIIEID ONTHYHHX  CIIEKTPIB

KOMITOHEHTIB CyMIIII:
M
F(2)=2af(4) (1)
i=0
Tyt f,(2)— nabip €TaJOHHMX CNEKTPIB PEYOBHH, IO € KOMIIOHEHTAMH

CKJIaJTHOTO 00’€KTa, a,— MapliajJbHi KOHIIEHTPAIlll KOMIIOHEHTIB B CyMIIIl, A—

JNOBXKWHA XBWII. J[7ms peanpbHUX CHEKTPIB, 3apeecTPOBAHUX OYJb-IKUMHU
npuiafamMy, Taka GYHKUIS 3aJaHa y BHILAAL MacuBY Iap 4HCEI {(F;4,)}

3araipbHOI0 po3MipHicTIO N. Takum YHWHOM, PO3B’SI30K 3ajayl JIEKOHBOJIFOIIT
noJisAra€ B BiAWIYKaHHI N oOHaKoBUX HA00OpIB {g,} IO 33J0BOJIBHSIIOTH

piBHSHHIO (1) mMpu KOXKHOMY 3HAUEHHI 1HIEKCY 7.

IIpu onTu4HINA AIarHOCTUIN CKIAJAHUX OO0 ’€KTIB MIHIMaJIbHO HEOOXiTHA
KUIBKICTh 3apeecTpoBaHoi 1H(popMailii € HeBigomoro. [lonepenne oGpoOIeHHS
ONTHYHHUX CIEKTPIB, € HEOOXITHOI YMOBOI 30UIBIICHHS MBUIKOMII BCIX
MOXJIMBUX QJITOPUTMIB TMOAANBIIOI JEKOHBOJIONIi. 3riTHO 3 TEOPEMOIO
KorenpHiKOBa, MIHIMajabHa 4YacTOTa JUCKpeTH3alll (), HemepepBHOI (QYyHKII,
npu sikii 1 popma Moxxke OyTH BiIHOBJIEHA 0€3 BTpaT, BUSHAYAETHCA BEPXHbBOIO
IpaHUYHOIO 4acToTo Pyp’e—00pasy pyHKHil Q, :

Q, =20, 2)

K
27 .. .

Yacrora auckperusamii Q = MEepPEBUIIYyE€ MiHIMaJIbHO HEOOXIAHY B

HEBCTAaHOBJIEHY KUIbKICTh pa3iB. DaKTU4HO, ISl aJCKBAaTHOTO 3MEHIICHHS

KUIBKOCTI JJaHMX [JIs alapaTHO OTPUMAHOIO ONTHUYHOIO CHEKTpa HEOOX1THO

BCTAHOBUTU KOE(QILIEHT MEePEeIUCKpEeTU3allii BUMIpSAHOro curHainy. Jlius
PIBHOMIDHO  JIMCKDETH30BaHMX CUTHAIB, CIEKTp F(1) Moxe Oytu
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IPEJICTABICHUN MOCIIJIOBHICTIO F[n] 3HAYEHb IIEPIIOTO EJIEMEHTY MACHUBY
{(F;:4,)}. BusHadeHHS KoOeOILIEHTy MEPEIUCKPETH3AUIl F[n] MOxe OyTu

3/11iICHEHE 3 BUKOPUCTAHHSM JUCKPETHOIrO nepeTBOpeHHs Dyp’€ MOCIiI0BHOCTI
F[n]«2>0lk].

Hait6inpmr BaroMor omepalii€er0o B 3alpoONOHOBaHIA 00poOIl JaHUX €
IHCKpeTHe TepeTBopeHHs Dyp’e, ocKinbkH ii KimbKicTh KpokiB ~ N°. IIpote
BUKOpUCTaHHA  anroputMmiB  Kymi-Tbioki A MBHAKOTO  JUCKPETHOTO
neperBopeHHss Dyp’e Moxke 3HAYHO MPUIIBUIAIIMTH BUKOHAHHSA Li€] Omeparii.
Jlns peanbHUX CHEKTPIB 3ajJada BIAUIYKAHHS BEPXHBOI T'PAHUYHOI YaCTOTH
YCKIIAJIHIOETHCS HASIBHICTIO B HUX aJIUTHBHOI CKJIAJ0BOI IIYMY 3 HEBIJIOMHUM
Hanepen piBHEM. ToOTO HEOOXITHO 3MIMCHUTH BIAITyKaHHS MaKCHMaJIbHOTO
3HAUCHHS K, JUIs IKOTO O[] IEPEBUIIY€E ICBHY HEBU3HAYEHY BEIUYHHY.

ANTOpUTM MONEPENHBbOI MIATOTOBKM ONTUYHUX CIHEKTPIB CKIIAIAE€THCS 3
TpbOX 4YacThH. llepma wyacTMHa anropuTMy € aarOPUTMOM JTHUCKPETHOTO
neperBopents Oyp’e. Bona TpaHchopMye MacuB F[n], SKUi € TPEICTABICHHSM

OIITHUYHOTI'O CIICKTPA B AOBXXKWHAX XBWJIb, B MdCHB Q[k], SIKUM € npcacCTaBJICHHAM

CIIEKTpa B YACTOTaX y3araJbHEHHX rapMOHIK. B paMkax qoCiiIKeHb aaropuTMu
MBUAKOrO nepeTBOopeHHsT Pyp’e HE BUKOPUCTOBYBaIU. YacTWHA 2 anropurmy
CIpsiIMOBaHa Ha BU3HAYCHHS BEPXHBOI rpaHUYHOI yacToTH 3a Dyp’e oOpazom, Ta
obuncnenns koedimienta peaykiii . OCoOIUBICTIO YACTUHHU 2 € Oe3mocepeTHs
3QJIEKHICTh KOe(]illieHTa PpeayKIlii BiJ 3aJaHOrO PIBHS CIIBBIIHOUIECHHS
CUTHaJ/IIyM. 3a YMOBHU MPaBWIHLHOTO BU3HAUYECHHS Koedili€eHTa PEAYKIIi MpH
3MEHIIEHHI KUTBKOCT1 IaHUX (popMa crieKTpa MOBHICTIO 30epiraeTbesl.

Po3paxyHku nokaszanu, 1o npyu HaOJMKEHHI PIBHS LIYMOBOI'O MOPOTY A0
pPIBHS BJIACHOTO IIyMYy CHUTHally KOe(QIUIEHT pPeAyKuli OpsMye 10 CTaloi
BEJIMYMHM, SIKa B TOYHOCTI CIIBHAJa€ 3 KOe(]IIIEHTOM NepeaucKpeTu3anii
CUTHAJy amapatHo OTPUMAHUM MAacUBOM JaHUX. DaKTHUYHO TaKe 3HAYCHHS
Koe(illieHTa peAayKlii 1 € MIHIMaJIbHO MOXJIUBUM JJisi 30epexeHHs Gopmu
BUXIJIHOTO CUTHally O€3 CIOTBOPEHb. TaKuM YMHOM 3MEHILIEHHS TMOXUOKH
JIEKOHBOJIIOIIi CKJIAJIHOTO ONTHUYHOTO CHEKTpa MICIS PEayKIli MOYaTKOBUX
JaHUX OE3MOCepeIHbO OB’ A3aHe 3 BUOOPOM AITOPUTMY BIIIITYKAHHSI BEPXHBOT
IPAaHUYHOI YaCTOTU CUTHAIy 3 IIymMoM 3a Horo dyp’e o6pazoM. Takum 4rHOM,
nonepeaHss MIArOTOBKA JaHUX IPYHTYETbCSI HAa BUKOPHUCTaHHI aJrOPUTMIB
JUCKPETHOTO TepeTBopeHHss Dyp’e 1 3A1MCHIOE PEeayKIil0 MacUBy JaHUX 0e3
BTpaTU KOPHUCHOI i1HOpMAaIli AJisi 3MEHIIEHHS 4Yacy BUKOHAHHS aJrOpUTMIB
JIEKOHBOJIIOIII CHEKTPIB CKIagHUX 00’ekTiB. I[lokazano, mo koedilieHT
PEeaYyKIii pealbHUX CIEKTPIB 3 MIYMOBOKO CKJIAJIOBOIO UYyTJIMBUU 10 PIBHS IIYMY
1 13 3MEHILECHHSIM IIYMYy ACUMIITOTUYHO MPSAMY€E 10 anapaTHOro KoeQilieHTy
nepeucKpeTH3allii CUrHay.
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VJIK 539

HEJIHIAHA ATPOKCUMAIIISA ITPO®LIIB BKP IIJICUJIEHHSA
CBITJIA B AKTUBHUX JIASEPHUX TA TEJJEKOMYHIKAIIHHUX
BOJTOKHAX HA OCHOBI KBAPIHOBOI'O CKJIA

Cepnaera 1.B., ®eniacekuii I'.C., n.-dp.m.H., go1r1.
KwuiBcbkuii HarlioHansHUN yHIBepcuTeT iMeHi Tapaca IlleBuenka, mp.
['nmymikoBa, 4 r, M. Kui, 03022, Ykpaina, e-mail: ivserdega@gmail.com

Bonokonni migcumoBaul  Ha e(eKTi BUMYIIEHOrO0 KOMOIHAI[IHHOTO
po3cisiHus (BKP) cBitna Bxke maiixe 1Ba N€CATUIITTS 3a0€3MeUyI0Th TPOMYCKHY
crpomosxkHicTh qanbHix BOJI3 monan 10 T6ic/c 1 3apa3 akTUBHO MPOHUKAIOTh HA
puHOK BoJIOKOHHUX JiazepiB [1]. Came Tteparepuosi cmyru BKP mincunenss ta
Ja3epHOi TreHepailii B OJHOMOJOBUX BOJIOKHAX, SKI MalTh BUIJISAI JyXKe
CKJIaJIHOTO HEPIBHOMIPHOTO KOHTHMHYYMY, 3a0€3Me4yIOTh TOJIOBHY IepeBary
HEJHIMHOTO MiJICUJICHHS CBITJIa 1 TOMY BUKJIMKAIOTh MiJIBUIICHUN 1HTEpEC AJIs
JOCJI/I)KEHb Ta TOTPEOYIOTh AETAIBHOTO aHaMi3y [2].
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Pucynok 1 — I'aycoBa nexommnosuilis npodutis BKP nigcunenns

B naniii po6oTi MM HaBOAUMO pe3yJbTaTH HENIHIMHOI ampoKcumalii
npodinie BKP migcuieHHsT [OEIKUX IIUPOKOBXKHMBAHUX BOJOKOH HUISIXOM

B1ATBOpeHHS nTpodiito (puc.l) B aHamiTUHUHINA PopmMi.
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HopmoBanuit npodine BKP miacunennss moxuna [1,2] mnpeacraButu
AHATITUYHOIO (PYHKILIEIO ((M) BiJ YaCTOTU Y BUIJISL JIIHIIHOI KOMOIHALIT N,

N’ﬂ
rayCcoBUX KOMIIOHEHT, a caMe ¢(w)=y A4 exp| <(0-w,,)’/T; |, i€ mapameTpamu
i=l1

PO3paxyHKy € 4, Ta @,, — BUINOBIJIHO aMIUNTYJa Ta HEHTpaJbHa YacToTa -0l

raycoBOol KOMIIOHEHTH, a TakKoX [I',~0,6Am,, ¢ Aw, — IOBHa INHPHHA Ha

MOJIOBUHI Bl MakCUMyMy [Jisi i-Or0 raycoBOTO MNpoduIto, SIKy 3BUYANHO
BUKOPHUCTOBYIOTH Y CIIEKTPOCKOI].

Tabmuus 1 Tlapamerpu raycoBoi AeKOMIO3MIIT .HpaKTHqHO 3aJ1a4a
HopMoBaHux npo¢inie BKP nincunenns y GeO, BHpIIIyBajdach INIIXOM IIOIIYKY
ta TiO; JleroBaHWX KBapLIOBHX BOJIOKHAX ONTHMAIBHOTO HA60py i3 3XN,,
No GZOZ - Tia())2 - napamMeTpiB, IO BXOIATH IO
nn | A CM”_’I ear] A CM”_’J ol AHATITHIHOT byHKii (’p(w) , 1?
G 0,04 48 25| 0,11 67 38 34CTOCYBAaHHAM KOMII FOTCPHO1
G, | 0,09 89 53| 0,13 130 75 HOpoueaypu HEJIIHINHO1

G; | 0,18 179 102 | 0,53 381 215 ampokcummartii 3a METOI0OM
Gy | 0,49 360 119 0,09 418 56 J'IeBeH6epra—MapKBaszTa.

G| 008 481 21| 00 sy 16 PewymTamt aexoMmosmii 3
G, | 025 573 43| 019 712 94 OMHOro . OOKy  J03BONAIOTH

Gs | 021 670 71| 021 811 41 3pOOWTH TOpIBHSUIBHMN —aHAII3
Go | 0,09 796 48| 1,01 928 44 KOJIMBHOI JAMHAMIKA
Gio | 0,04 996 175| 0,13 1097 26 MOJEKYJISIPHUX HAHOKOMIUIEKCIB Y
G| 002 1133 811 0,17 1135 115 cepyepuni BONOKOH 3 pi3HEMH
G | - —— 0,02 _1173’ 20 JETYIOUUMH JOMIIIKaMU, 30KpeMa
6=0,04 % 6=0.3 % Ti10, Ta GeO, neroBaHuX BOJOKOH

(muB. Tab6. 1). 3 iHmOro 00Ky MEKOMMO3UIIIS AA€ NOCUTh TOUYHY alPOKCHUMAIIIIO
npodinie BKP mincunenns (puc.l) 3 BIZTHOCHOIO MOXHOKOIO 3a 1HTErPabHOIO
1HTeHCUBHICTIO 0<0,5 %.

3 MOpakTUYHOI TOYKM 30pYy MaiKe TOUYHMM aHalITUYHUM BHUpa3 s
npodpinie BKP miacuieHHss Mae NOpPUHIMIIOBO BaXJIMBE 3HAUYCHHS A
MOJIeNIIoBaHHs HaamupokocMyroBux BKP migcuiaioBauiB Ta O€31HBEpCHUX
BojiokoHHUX BKP nazepis.

Cnucok nocuiaHb

1. B.LT'puropyk, [.B.Cepaera, I'.C.®Denincekuii, II.A.KopoTkoB. BosokoHHi
BKP nazepu Ta miacwiioBadi ONTUYHOrO BUIpPOMiHIOBaHHS. (Po3nin 2y
MoHorpadii  «Bzaemomiss  QI3UMYHMX TOJIB 3  HAHOCTPYKTYPOBAaHUMHU
Mmarepianamu» / B.II'puropykx, B.B.3aropoaniii, A.B.IBaHuyk Ta 1iH. —
K:Kapasema, 2018. — 382 c.), c. 62-128.

2. I.LB.Ceppuera, B.I.I'puropyxk, I'.C.®@enincpkuii. CIEKTPOCKOIIYHI 0COOIUBOCTI
npodinie BKP migcuneHHs B 0IHOMOJIOBUX BOJIOKHAX Ha OCHOBI KBaplIOBOTO
ckna // YOX, 1. 63, Ne§, c. 681-699, 2018.
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VJIK 681.321

PO3IIOAIJIEHA BOJTJOKOHHO-OIITUYHA MEPEXKA JIJ15
KEPYBAHHSA NTPOMUCJIOBUMHA OB’EKTAMUA

Hairok €.0.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

Posnoaineni BOJIOKOHHO-ONTUYHI1 TEXHOJIOT11 € HaWOLIbIII
MEPCIIEKTUBHUMU JUIsI CUCTEM Iepeiayul, 0COOIMBO B MPOMHUCIOBOCTI, OCKUIbKH
3a0€3Meuyl0Th MaKCHUMAaJIbHY TIPOIMYCKHY 3JaTHICTh 1 JaldbHICTh 3B’SI3KY,
3aBaJIOCTIMKICTh Ta OTPUMAHHS JAHUX B peajJbHOMY 4aci. BUKOHAHHS Cy4acHUX
CTaHJApTIB Tepeaadl JJIs BOJOKOHHMX MEpEX HakjiIajgae HOBI OOMEXEHHS Ha
EHEepPreTUYHUN OallaHC (3MEHIIyE MaKCHUMalbHYy NalbHICTh 3B’sI3Ky). PO3BUTOK
iH(popMaliiiHUX TEeXHOJOri mnoTpeOye yAOCKOHaJeHHs 3aco0iB opraHizaiii
BOJIOKOHHO-ONTUYHOTO 3B’SI3Ky 3 ypaxyBaHHSM HOBUX CTaHIApTIB 1
oOJiaHaHHsl, IKE 37]aTHE MPAIIOBATH HA BEJIUKUX MIBUAKOCTAX Mepeayl JaHuX.
Icnye 3HauHa KIABKICTh PAKTOPIB 1 GI3UYHUX SBHUIIIL, IKI OOMEKYIOTh IPOITYCKHY
3IaTHICTh TAaKUX BOJIOKOHHO-ONTHYHUX MEPEX (IUCIEpCisi, 3aracaHHs, BTPATH
Ha 3’€qHAHHSX). MiHIMi3alis iX BIUIMBY JO3BOJUTH PO3POOUTH CUCTEMH 13
ONTUMAJBHOIO JANBHICTIO 1 IIBHAKICTIO NEepeAadl 3 ypaxXyBaHHSIM MOXKJIUBOI
KUIBKOCTI BY3JIIB 1 apXITEKTypH Mepexi. Takum 4uHOM, po3poOKa po3MnoaiaeHOT
BOJIOKOHHO-ONTUYHOI MEpPEXi i1 KEpyBaHHSA MPOMHUCIOBUMH OO0’ €KTamMu 13
MIJIBUIIICHOI0 MPOMYCKHOI 3JaTHICTIO € aKTyaJlbHOI HayKOBO-TEXHIYHOIO
3a/1a4€r0 CbOrOJICHHS.

JlicTaB MOAANbBIIOr0 PO3BUTKY METOJ OpraHizaili BOJOKOHHO-ONTUYHOIO
3B’SI3KY JJIsI By3J11B BOJIOKOHHO-OIITUYHOT MEPEXK1, AKUN 0a3yeThCsl HA MTPOTOKOII
Industrial Ethernet 3 BHKOpHUCTaHHSM SIKOTO MOXYTh OYTH CHOJIy4EH1 1
3abe3neuyBatu iH(GOpMaLIHY B3a€MOJIII0 3acO0M aBTOMATH3AIll NI PI3HUX
€TaIliB TEXHOJIOTIYHOTO MPOLIECY Ta aHalli31 eHEPreTUYHOIro OAIAHCY CUCTEMH 13
ypaxyBaHHSIM pecypcy 1HQopMaIliiHOi €MHOCTI (UMHHUKIB (PyHIaMEHTaIbHUX
oOMe)XeHb BOJIOKHA, J1a3epiB 1 (oronpuiiMadiB), 10 AO3BOJIUIO MiJBUILUTH
e(heKTUBHICTh BUKOPUCTAHHS aKTUBHOTO MEPEXKEBOT0 OOJIaJIHAHHS 1 PECYpCIB
ONTUYHOTO Kabeno (3a paXxyHOK MiHIMI3alil MOTPIOHOI KITBKOCTI ONTHUYHHUX
BOJIOKOH) 3 ypaxyBaHHSIM 3aracy Jyisi TOTEHIIMHOrO 30IbIIEHHS MPOIMYCKHOI
3IaTHOCT1 CIPOEKTOBAHOI BOJIOKOHHO-ONTUYHOI Mepexi. [IpakTuuHe 3HaYEHHS
OJICp’KaHUX pe3yJbTaTIB TOJIITa€ B TOMY, II0 HAa OCHOBI OTPUMAHHUX
TEOPETUYHUX MOJI0KEHb PO3POOJIECHO CTPYKTYPHY OpraHi3alliio i BAOCKOHAIEHO
poOOTY BOJOKOHHO-ONTHYHOI MEpPEXl JJii KEpPyBaHHA MPOMHUCIOBUMHU
00’€KTaMu, 30KpeMa pO3pO0JICHO CTPYKTYpHY CXEMY OpraHizaili BOJOKOHHO-
ONTUYHOI MEPEeXkKi1 JJisl KEpyBaHHS MPOMUCIOBUMHU 00’ €KTaMU 13 ONTHUMAaIbHUM
BUOOPOM €JIEMEHTIB, SKa BpaxoBYy€ TMOMEPEIHI TEOPETUUYHHI aHami3
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1HpOpMaIIIiTHOT €MHOCTI ONTHYHOrO KaOelro Ta MEePCHEKTUBH IiIBHUIICHHSI
MPOITYCKHOI 3JaTHOCTI B MalilOyTHHOMY;

MeauakoHeeprep OnTeeonoxHo | ONTUYECKHUIA MyAbTHNACKCOP

lanbBaHHYECKan PasBA3Ka
1

1]
: ONTOBONOKHO
CurHane: ot AUn e Cucrema 06paboTku
\\ BATHUKOE O AIHHBIX
BbICOKOE HanpRKeHue

1
1

. HHU3KOE HanpAKeHHe

'

i

1

'

Pucynok 1 CTpykTypHa cxema BOJIOKOHHO-ONTHYHOI MEPEK1 KEPYBaHHS
MIPOMHUCIIOBUMH 00’ €KTaMH
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YK 621.373.826

JIBOXYACTOTHUI BOJIOKOHHUI BKP JIA3ZEP JIJISI TEHEPAIIIL
BUITPOMIHIOBAHHSA TEPAI'EPIHOBOI'O JIAITA3OHY

Tapamyk I., Pe3nikoB M., kana. TexH. HayK, 1o11., Demincekuii I'., qokT. di3.-
Mart. HayK, J101l., JpyxuHid B., 10KT. TexXH. HayK, npod.
KwuiBcbkuii HarlioHanpHuM yHiBepcuTeT iMeHi Tapaca I1leBuenka

Bukopucranus TE€parepuoBOro Jliarna3ony €JIEKTPOMArHiTHOTO
BUMNPOMIHIOBaHHS J03BOJISIE 3HAYHO PO3IIUTU MPOIYCKHY 3JaTHICTh KaHaly
3B’s13Ky 3a Mexi 10 ['6it/c. [Ins momonaHHsi cepilo3HUX MPOOJIEM 3 OCBOEHHSIM
bOr0 [1ama30Hy, OCKIUIBKM BTpPaTH B BUIBHOMY MPOCTOpPI 30UIBIIYIOTHCA 3
KBaJpaTOM YacTOTH-HOCIS, 3apa3 pO3IISIaloThesl KOMOIHOBaHI  (POTOHHI
CUCTEMH, B SKHX TMOEIHYIOTbCS TIepeBaru sK O€3apOTOBOr0  3B’SI3KY
TEeparepiioBOro Jiamna3oHy, TaK 1 BOJIOKOHHO-ONTHUYHOTO 3B 3Ky Ha JalieKki
nuctaniii [1]. Kpim Toro, npoBeneHi TOCHIIKEHHS CB114aTh, 1[0 3aCTOCYBaHHS
OKpEMHUX ONTHUYHHUX Iepe/laBavyiB Ha OCHOBI HAMIBIPOBIAHUKOBUX JIA3€pPHUX
J10/IIB BUKJIMKAE Psia MpoOjeM, 0 MOB’s3aHl 13 cTadimizalliero iX 4acToTH Ta
3a0€3IMEeUEHHSIM 1X B3aEMHOT KOTE€PEHTHOCTI [2].

Y pob6oTi OOTpYHTOBYETHCS MOXIHMBICTb BUKOPUCTAHHS BOJIOKOHHHUX
Ja3zepiB, B SKUX TEHEPAIl0 OTPUMYIOTh 3a PaxyHOK e(EeKTy BHMYIIEHOTO
komOinamiiHoro po3cissHas (BKP) cBitna [3]. Ha puc. 1 300paxkena cxema
JIBOXYACTOTHOTO Jaszepa, sikuil BukopuctoBye edexkr BKP, Ta emtopu, mio
XapaKTepU3yTh HAIMOPOTOBE MiACUICHHS.

oif;%&,é};r” BEL» @ BBP') Bl?)l;n

(a -

>

A B A
A, = 1450 BKP ¢onoxno ~20 % GeO, fgeetmaﬁé
P.>100
BB — g¢onoxkonna opeziecoka rpamka
6 P P..

. . . . 20

BKP BoioKHO
3 20 % GeO»

2 I I ~|10

FT M=he— | M=pgtar2 A
3 0.=0.7 ;

1 = RN 4 05 4

L /0,3' 20

W

.

1.5 I 1.I5 I 1.5 I 1.I5 I 1.51
ko .
Puc. 1. Cxema n1BoX4acTOTHOTO Ja3epa (a) Ta HaAMOPOroBe MiJCUIIECHHS (6)
y GeO, erosanoMy BOJOKHI 32 yMOBH A, = 1450 am 1 P, = 100 MBT
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IToBHicTiO BoslokoHHE BukoHaHHS BKP nazepis (puc. 1, a) € 6e3cyMHIBHOIO
MepeBarol0 y TMOpIBHSAHHI 3 JazepHumu jgiogamu. llle Ounbin BaxiIMBUM €
BUPIIICHHS MPOOJEM 4YacTOTHOI cTaOuLmi3aiii JBOX KOTEPEHTHUX JIKEpen
BUIPOMIHIOBaHHS, OCKUIBKU iX OTPUMYIOTh BiJ] CIIBHO1 JIa3€pHOT HAKAUKHU.

Cmyra na3zepHoi reHepailii BU3HAYAETHCS 3a JOMOMOTOI0 3alieKHOCTEU
MOPOTOBOI MOTYKHOCTI MOMITYBaHHS, 1[0 3a0€3MeUy€e PEeKUM MOBHOT MTPO30POCTI
BOJIOKHA:

P (@)=,
gr(®)
ne «, — KOoe(IIEHT BTPaT Ha CTOKCOBIM 4acToTi, g,(®) — npodins BKP

M1JICUJICHHS], SIKU BUBHAYEHUHN B aHAIITUYHOMY BUTJIAI B [3].
Kpusi 3anexxHocTi P}jh(a)) i1 GeO, J1eroBaHoro BOJIOKHA 3 HAaKaydKOIO

A, = 1450 HM 300paxeHo Ha puc. 1, 6, AKI JO3BOJIAIOTH OLIHUTH NapaMeTpu
MiICHJICHHS y BOJIOKHI 38 yMOBH P, > Pp”’ HAa 33JIaHUX YaCTOTaX CTOKCOBOTO 3CYBY.

) -1
[a, =0,5 0b/km; g, =6,38 (Bm-xm) ]
napaMeTpiB JIa3epHOTr0 pe3oHaTopa Ta KOE(DIIIEHTY MIJCUIICHHS 3a CXEMOIO,

300paxeHo0 Ha puc. l,a nus cmyr nposopocti 0,84; 0,6 ta 0,42 TTy [1],
HaBeJIeH1 B TaOJHIIi.

PesynbTaTn  po3paxyHKIB

TeparepiioBi cMyTu IpoO30pOCTi

0,84 TTy 0,6 TTy 0,42 TTy
M, MEM A2, MEM M, MEM A2, MKEM M, MEM A2, MEM
1,5466 1,5534 1,5476 1,5524 1,5483 1,5517
P, mBm 18,1 19,2 18,1 18,9 18,2 18,8
K, 0B/xm 2,26 2,11 2,26 2,14 2,25 2,16
(k™ (0,521) (0,485) (0,520) (0,493) (0,518) (0,498)

“niocunenns 00UHUYI O0BICUHU AKMUEHO20 80110KkHA Midc BBy ma BBI, (P,=100 mBm)

OTpuMaHi OIIIHKH JO3BOJIAIOTH 3POOUTH BHCHOBOK IIOJ0 MOXIUBOCTI
npakTU4HOi peanizamii gBoxdactorHoro BKP nazepa na GeO, neroBanomy
BOJIOKHI 3 ONTMMAaJbHMM IOMITyBaHHAM Ha JIOBXKHHI XBHIl A, = 1450 HM Ta
MOTY>KHICTIO P, >100 mMBrT. Came e 3abe3rneuye reHepalio
€JIEKTPOMArHITHOIO BUIIPOMIHIOBAaHHS TEParepiioBoro Aiana3oHy B YCiX TPhOX
CMyTrax Mpo30pOCTI HABKOJIUIITHBOTO CEPEIOBUILIA.

Cnucok nocuiaaHb
1. A.J. Seeds et al. Terahertz photonics for wireless communications // J. Lightwave Technol.
33, 2015.
2. I.Tarashchuk, G. Felinskyi , M. Reznikov. Dual-frequency fiber Raman laser for terahertz
and radio-over-fiber applications. Proc. XVIII Int. young scientists’ conference on Applied
physics, May, 22-26, 2018, Kyiv, Ukraine, P. 122-123.
3. .B. Cepnera,, B.I. I'puropyk, I'.C. ®enincpkuii. CieKTpoCcKomiuHi 0coOIMBOCTI MpodimiB
BKP mifcuneHHs B OTHOMOJIOBUX BOJIOKHAX Ha OCHOBI KBapuoBoro ckia // YD, 1. 63, Ne§,
C. 681-699, 2018.
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BJIOK PEECTPAIIIl CUTHAJIB BOJIOKOHHO-OIITUYHOI'O
I'TPOCKOIIA I3 ITPOCTOPOBOIO IHTEP®EPEHIICIO

Tyxancekuit C.€., noi., k.T.H., CaxHo A.M.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

I'ipockonu € HEBIJI’€EMHOIO YACTUHOIO CydacHOi HaBirailii. [lepcnekTuBHUM
Ta 3aTpeOyBaHMM HANpPsIMKOM PO3BHUTKY 3ac001B TIpOCKOMii € BOJOKOHHO-
ontuuHuii. Cdepa 3acTocyBaHHS BOJOKOHHO-ONTHYHUX TripockoniB (BOI')
MOCTIMHO PO3LIUPIOETHCS 3aBISKH MOXJIMBOCTI BHOOPY JAiama3oHy TOYHOCTI,
gyTnuBocTi Ta nperdy Hyns. IlepeBaroro BOI' mopiBHSIHO 3 MEXaHIYHUMH Ta
Ja3epHUMU TIPOCKONAMU € E€KOHOMIYHICTh 1 rabaputu (ONTHUYHI Ta ONTHKO-
€JIEKTPOHHI BY3JIM CKJIQJJal0ThCS 3 €JIEMEHTIB BOJIOKOHHOI ONTUKK) [1].

Y pobGotri [2] 3ampomoHoBaHO KOHCTpykmito BOI' 13 peecTpaiii€ro
MPOCTOPOBOI iHTEep(dEpeHIlii, B SIKOMY KyTOBa IIBUAKICTh 00’ €KTa BU3HAYAETHCSA
Ha BIAMIHY BIiJ KIJIAaCHYHOI CXEMHU [MpPU peecTpalii 3CyBy MeEpioJiiB
iHTep(dEepeHIiiHOT KapTUHU 13 MOJAJbLIO MpOrpaMHOI0 00poOkoro. Takwmii
MiAX11 Hajga€ OUIbIIE MOXKJIHWBOCTEH IMOJ0 KOHTPOIIO HYJIHOBOI BIAMITKH, a
TaKO0X MOKpPAIIy€e MOXKJIUBOCTI (DUIbTpaIlil KOPUCHOTO CUTHAILY. 3alpONOHOBAHY
CXEMYy €JIEKTpPOHHOTO Oyioky peectpauii cur"amniea BOI' 13 mpocTopoBoro
iHTep(dEepeHIIiEI0 MPECTAaBICHO Ha puc. 1.

WIF]
nnic <): ALIM <):l nas

5B
58 > DC/DC
BNOK
XWBNEHHA
- E— OPAMBEP » NABEP

Pucynok 1 — @yHkirioHanbHa cxema 0510ky peectparii BOI'

OcHoBHuMu enemeHTamu cxeMu € [133-miHiliHuMi  doronmpuiimMau
TCD2905CF (Toshiba), 16-6itauit ALIIl AD9220 (4Analog Device) ta IIJIIC
Cyclone IV.

VY cumynstopi LTspice po3poOaeHO MOAENl BIAMOBIIHUX MOJIYJIB OJIOKY
peectparii curHanis BOT', 3aranpHuil BUTJISAI SKUX HaBEJICHO Ha PHC. 2.
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Pucynoxk 2 — Monyni 610Ky peectpaii curaanis BOI' (mogens LTspice):
a) portoneperBoproray; 0) ALIL; B) IIJIIC

Ha ocHOBI peanizoBaHUX MOJENE BUTOTOBJIEHO APYKOBAHI IUIATH MOJYJIIB
Ta MaKeTHUM 3pa3ok OJ0Ky peecTparlii curnanis BOT'.

[Ipoxo/xeHHsI BUMIPIOBAJILHOTO CcHUTHay B Osoui peectpamii BOI
BiIOyBAa€ThCS TakUM YUHOM: aHanmoroBuit curdan 3 [133-doTomniniiiku
MIJICUITIOEThC  Ta TnoTpamuisie Ha 16-0itHuit  ALIIL.  Ilicns  uudpooro
neperBopeHHst curHan HaaxoauTs Ao IIJIC, nme BinOyBaeThbcs mMoONepeHs
¢utbTpanis Ta yepe3 Wi-Fi BiH BiampasisieTbes 10 komi toTepa Ha IIK 3a
gonomoror  crnenianizoBanoro I3 BuKOHyeTbcs moganbiia  0O0poOka
pe3yNbTaTiB BUMIPIOBaHb Ta 3HAXOJHKEHHS BIAMOBIIHOT KYTOBOi IIBHJKOCTI
00’€KTa HaBiraruii.

[Toganpmii  excrnepuMeHTadbHI  JOCHIKEHHS Ha MAaKEeTHOMY pIBHI
J03BOJISITh ~ peaji3yBaTU  3alpONOHOBAHUM BUMIPIOBAJbHUM  MiAXIA IS
CTBOPEHHS KOHKYypeHTHOo3AaTHOTO BOI' BITYM3HSHOTO BUPOOHMIITBA, SIKUM
MpaIoe 3a MPUHIIMIIOM PEECTpallli MPOCTOPOBOi 1HTEP(DEPEHIIIITHOT KapTUHH 13
MOKpaIeHUMU (HYHKI[IOHATbHUMH MOKJIUBOCTSIMU.

Jlitepatypa

1. Koxemsiko B.I1. BOJIOKOHHO-ONTHYECKHUI THPOCKOI HA OCHOBE PETHCTPaliU
npoctpancTBeHHoit uHTepdeporpammbl / B.II. Koxemsako, C.E. TyxaHckui,
A.H. Caxno // Ontuko-enexkTpoHH1 iHGOPMAaIIMHO-eHePreTUYH1 TEeXHOJIOT1l. —
2013. Ne1(25). — C.129-133.

2. Tuzhanskyi S. Fiber Optic Gyroscope Based on the Registration of the Spatial
Interference Pattern / S. Tuzhanskyi, A. Sakhno // Frontiers in Optics 2015, 18—
22 October 2015, San Jose, California, US — OSA, 2015. — P. JW2A.22
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CUCTEMHU COHAYHOI'O OCBITJIEHHA NPUMIIIIEHD 11O
BOJTOKOHHO-OIITUYHUM KABEJIAM

ITasnoB C.B., Xoasakos €.0., Mapues M.I1.
Binauipkuii HalloHAIBHUN TeXHIYHUN YHIBepcuTeT (BHTY)

CucteMu COHSIYHOTO OCBITJICHHSI MPUMIIIEHb MO BOJOKOHHO-ONTUYHUM
kabensim (BOK) n103BosisitoTh BUPIIUTH OpOOIEMY TOCTaBKU COHSYHOIO CBITJIA
y BHYTpIIIHI TPUMIIIEHHS OyAiBeNb 1 CHOPYJ, B SKUX BIJICYTHS MOXJIHUBICTb
HAJIXOJI>)KEHHS] COHSTYHOTO CBITJIAa Yyepe3 BiKHA a00 CKIISTHI KOHCTPYKIIi.

IcHye 6e3niy aprymMeHTiB Ha KOPUCTh BUOOPY MPUPOJHOrO CBITIIA, TaK SIK
JI0/IMHA HaWKpallle PUCTOCOBAaHA /10 HbOTO:

- BCl BHUPOOHMYI NPUMINIEHHS, a TaKOX MPUMINICHHS 3 TMOCTIHHUM
nepeOyBaHHSIM  JIIOJIeM TOBHMHHI  MaTW  MNPUPOJAHE  OCBITICHHS,  SIKE
3a0e3MeuyeThcs O1YHUM, BEPXHIM, 200 KOMOIHOBAaHUM CBITIIOM;

- CBITJIO HE TUIBKM HEOOX1JHE JJIS BUKOHAHHS BI3yaJIbHUX 3aBJaHb, ajie
TaKO0X BIUTMBA€E Ha 010J10T14HI PYHKIIII OpraHi3My JIIOJAUHU;

- Ui JII0AeH B IEHHUHM Yac JUIsl ®KUTTA 1 TPYJIOBOI TISUIBHOCTI IPUPOJIHE
CBITJIO € OUIBII CIPUSITIIMBUM, HIXK IITYyYHE.

PamionanbHe OCBITIEHHS MPUMINIEHb 1 POOOYMX MICIb - OJIHA 3 HANOUIBII
BXKJIMBUX BHUMOT CTBOPEHHSI CHPHUSTIMBHUX 1 OE3MEUHUX YMOB JKHUTTS 1 Mpari
JIOJTUHU.

Texnonoris mnepenauyi coHsyHoro cpimia no BOK - me cykynHicTh
CBITJIOTEXHIYHUX 3aC001B, SIKI KOHLIIEHTPYIOTh JE€HHE CBITJIO, EpEIaloTh HOro Ha
BizicTanb Mo BOK 1 po3citoi0Th y BHYTPIIIHIX NPUMIIIEHHSAX Oy TIBIi.

CucteMu COHSIYHOTO OCBITJICHHSI MPUMIIIEHh MO BOJOKOHHO-ONTHYHUM
KaOeJIsIM CKJIaJIal0ThCs 3 HACTYTHUX CKJIAJIOBUX €JIEMEHTIB:

1. KoH1IeHTpaTOp COHSIMHOTO BUMPOMIHIOBAHHS;

2. BOK;

3. Po3ciroBay cBiTia.

KoHiieHTpaTop COHSYHOrO BUIIPOMIHIOBAHHS SIBJISIE COOOI0 MOAYJb, IIO
CKJIaJIa€Thes 3 OJIOKY 3 HabopoM JiH3 DpeHens, sIKUid MOCTIHHO OpPlEHTOBAHUIMA
Ha COHIIE, 1 TPEKepa, PIBHOMIPHO CIIIIyIOUOT0 MPOTATOM JHS 32 COHIIEM.

BOK cknagaeTbcs 3 MEBHOI KUTBKOCTI ONTUYHUX BOJOKOH, PIBHUX 3a
KUIBKICTIO JIIH3 B KOHIEHTpartopi, ki 3i0pani y BOK, mo mepenae consiune
BUINPOMIHIOBaHHS Ha B1JCTaHb.

Po3scitoBay cBiTia 3/1iICHIOE TPUITMAHHS COHSIYHOTO BUIPOMIHIOBAHHS Bij
BOK 1 po3citoe 1oro B mpuUMIIIEHHI.

Cuctemu mnepenadi coHsSYHOTO BuUmpoMiHiOBaHHS 1mo BOK Bce Ounbi
JOCIIKYIOTBCS 1 3HAXOIsATh 3acTocyBaHHA. Lli cucremMu 103BOJSIOTH
MaKCUMaJIbHO 30UIBIIMTH KUIBKICTh COHSIMHOIO CBITJIa y  BHYTPILIHIX
MPUMIILICHHSX, JI€ BIICYTHE HAAXOXKEHHS MPUPOJTHOTO CBITIIA.
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Jlani cucteMu MarOTh BIACTMBOCTI ONTUYHUX (QUIBTPIB, MEpENaroyu B
MNPUMIIICHHS TIIbKKM BHJAMMY CKJIAJOBY YacCTUHY CIEKTPY COHSIYHOTO
BunpoMiHioBanHa (0e3 Y® ta [Y ckiamoBux), 3MEHIIYIOUH MPH IHOMY,
nepeavyy TEIIOBOi €Heprii B MPUMIIIEHHS, IO J03BOJISIE€ 3MEHIIUTH BUTPATH
eHeprii Ha KoHauilitoBaHHsA. [lepeBaru 3acTOCyBaHHsS CUCTEM Iepefadl CBITIIA
no BOK 103BoJsiI0Th BITHECTH iX JO €HEpro30epiralouux i €KOJOT1YHO YUCTUX
TEXHOJOT1H.

218



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

VJIK 536.241

TEPMOIHTEP®ENC HA OCHOBI HITPUIY AJTIOMIHIIO JJ151
HOTYKHUX HAIIIBITPOBI/THUKOBUX LED CTPYKTYP

Pynenko E.M., Koporam I.B., KpakoBuuii A.O., [Iaxin M.B., ITonouskuii [.1O.
[HcTuTyT Metanodizuku imeHi I'.B. KypniomoBa HAH VYkpainu

OCHOBHOIO NEPENIKOO0I0 ISl 3MEHIIIEHHSI PO3MIpIB 0a30BUX KOMIIOHEHTIB
€JIEKTPOHHOI TEXHIKM Ta MOTY>KHUX cBiTioAionu (light-emitting diode - LED),
MIABUIICHHS e(PEeKTUBHOCTI iX poOOTHM Ta 3MEHIIEHHS CIIOKHWBAHHS
€JIEKTPOEHEPTil € BEeIMKa KUIbKICTh TeIla, SKa BUAUISETHCA MijJ] 4ac pOOOTH.
BupimuTu 110 npobiemMy MoKHa 32 paXyHOK 3MEHIIEHHS TEIUIOBOTO OMOpYy Ha
MEXI1 MOAUTY JDKEpesia TEIIOBUICHHS 1 MIIKIAJKU-pajiaTopa, a came, Npu
BUKOPHUCTAHHI CHElIallbHUX TepMoiHTepdelichnx matepianiB (thermal interface
material - TIM).

VY naniit pobOTI MpeACTaBlIeH] PE3yIbTaTU JOCIHIIKEHHS BUKOPUCTAHHS B
axocTi TIM mIiBOK MEpCHeKTUBHOTO maTepiany - HiTpunay amomiHiio (AIN),
AKUWA TIOE€HY€E€ B cOOl BHUCOKY TEIUIONPOBiAHICTH (moHan 180 Brm K U1
KBa31MOHOKPHUCTANIIYHUX IUJIIBOK), BIIMIHHI 130JISIL1MHI BIACTUBOCTI, MEXaHIYHY
MIIHICTh 1 HU3bKUM KOE(PIIIEHT TEIJIOBOTO PO3IITUPEHHS.

JInsi CTBOpEHHSI BHUCOKOSIKICHUX HAHOCTPYKTYPOBAHHMX IUIIBOK HITPUAY
TIOMIHII0O Ha aJIOMIHIEBUX TIJAKIaakax Oyna po3poOiieHa 1 peasi3oBaHa
opuriHajibHa MeTojauka. Bona mnonsirae B Tomy, mo QopmyBanus TIM
B1I0YBA€THCS B €MHOMY BaKyyMHO-TEXHOJIOTIYHOMY LMKl 3 BUKOPUCTAHHSIM
paHiilie po3poOJEHUX 1 CTBOPEHUX aBTOPAMH YHIKAJIbHUX 10HHO- ILJIa3MOBUX
oKepen GopMyBaHHS ITIBKOBUX 10HHO-TIJIA3MOBHUX KOHJICHCATIB.

[TotyxHi cBiTnogionn (noryxkHictio 3 Bt White 280 Lm BIN1 BupoOHUK
Epistar) monTyBanucsa Ha O0araromapoBy MiJIKJIAAKy-paaiaTop, Mo cKiaaanacs 3
3anpornoHoBaHoro Hooro TIM (TUiiBKH HITpUAY allOMiHIIO 3 — 5 MKM),
chopMoOBaHOro Ha arOMiHIEBIH ocHOBI (mwtomiero 200-260 MM’ i TOBIIMHOW 1,5
MMm). s nopiBusHHS eextuBHOCTI AIN sik HOBoro TIM, Taki  cBiTIOAI0AM
MOHTYBAJIHCS Ha CTaHAAPTHI TEIUIONpPOBiAHI ApykoBaHi uatu T-101-G, B skux,
B sikocTi TIM, BukopucTaHa mosiamMijiHa rmiiBKa TOBIIUHOK 100 MKM.

TennonpoBiAHI BIACTUBOCTI JOCHIKYBaHUX 3pa3KiB aHaJ13yBalduCs
IUISIXOM BUMIPIOBaHHS BOJbT-aMrepHUX XapakTepuctuk (BAX) cBitnoaionis 3a
3aIIPpONIOHOBAHOI0 HIKYE METOAMKOI. JIIs IIbOro, CIOYaTKy CBITJIOMIOMHI
300pKH 3a3HAYCHUX JBOX THUIIIB PO3MIilllyBaJikd B Tepmoinadi i 3anucyBanu BAX
npu temmneparypax Bix 25°C go 120°C. Yac posropTtku ckiagaB 0,5 cexyHI.
Jani, opu KIMHATHIA TeMmepaTypi, 4epe3 KpHUCTaad CBITIOAI0/A MPOIYCKaIH
MOCTIHHUI pobouunii ctpym HaBaHTaxeHHs (200 MA 1 550 MA) npotsarom 120
cek. 3a 1el uac TeMmmeparypa cCBiTIoAuoAa cradumizyBainacs. Ilicms uporo,
Bipady * mpoBojauiu 3anuc BAX mpu mojaadi iIMIyJbCy CTPyMy TPHUBAJICTIO
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0,5 cek. Hacrymuum xkpokoM Oyno mnopiBHsHHA BAX, oTpumanux mnpu
npoTikaHHi iMmyascHOro crpymy 200 MA 1 550 MA, 1 BAX, BumMipstHux mnpu
pi3HUX Temmeparypax B TepMomadi. TakuM YMHOM BH3Hauajacs peajbHa
TeMmrepaTrypa KpucTaia Imija yac ioro poooTH.

BcranoBneno, mo s CBITJIOMIONIB, 3MOHTOBAaHMX Ha CTaHAApTHIN
JIpYKOBaHIM MJaTi, MmiJ AI€l0 CTyMy HaBaHTaxkeHHs 550 MA cmocrtepiraerbcs
CWJIBHUN pO3IrpiB KpucTana i rTemmneparypa 3pocrtae a0 60 - 70°C. Y Toii ke yac,
Takui K€ CTPyM HABAaHTaXXEHHs pO3IrpiBa€ CBITIOII0/A, BCTAaHOBJICHUU Ha
miakaani 3 TIM mokputtsam AIN, mgume qo 23°C.

Takum 4MHOM, OTpUMaH1 Pe3yJabTaTU CBIAYATh PO CYTTEBO €PEKTUBHIIIIEC
BIIBEJICHHS TEIJIa BIJl MOTY>KHOTO CBITJIOBUIIPOMIHIOBAJILHOIO [107a MpH
BukopuctanHi AIN B saxocti TIM, nopiBHsHO 3 npomucioBum TIM.

Otxe, TepmoinTepdeiic Ha OCHOB1 HITPUAY AJIOMIHIIO € MEPCIEKTUBHUM
JUTSl 3aCTOCYBAHHS B MOTYKHUX HamiBOpoBigHukoBux LED cTpykTypax.
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ILLUMINATION LED SYSTEM

Averin D., Borovytsky V.

Igor Sikorsky Kyiv Polytechnic Institute, Optical Engineering Department

The paper describes the mathematical apparatus for design of the
illumination LED system that forms the user-defined composition of optical
beams. This system contains a LED array and a solid optical component that
performs inclinations and focusing of the beams coming from the LED array

(Fig. 1).

Fig.1 Illumination LED
system.

First, we identify the necessary focusing of a

beam using the known Gauss formula:
11,1

=t (1)
where f' — the focal length; a, a' — the distance
between a LED and its projection (image) which
defines the beam divergence and an optical
component, respectively.
It helps to calculate the radius of the second
surface curvature because the first surface is the

plane one:
_ (n—Dxaxar

r=m-Dsf =0 Q)

where r — the radius of second surface, n — the
refractive index of the optical component.

Then we define the angle of the first plane
surface inclination for the given beam inclination
using the formula for an optical prism:

a=w-(n—1) (3)

where a— the angle of beam inclination, w —

angle of the inclined component plane surface.

The formulas (1)-(3) can be applied

individually to each LED. As a result, this system can from the set of beams
with the user-defined focusing and inclination.
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YK 621.328

3ACTOCYBAHHSA TEOPII ABCTPAKTHUX ABTOMATIB JJIs
PEAJIIBAIIII MATPIUHUX BIIEOEKPAHIB

Hopomenkos I'ennaniit Jimutposuy, Oproscbkuit Onekciit AnatoniiioBuy
BinHULIbKYI HAITIOHATBHUN TEXHIYHUN YHIBEPCUTET. 95 XMenbHUIbKE 1I0ce,
Binnuus, Ykpaina. 067-493-30-54. dorman67@ukr.net

Iness BBeACHHS KEpyrwouoi CXEMH 3 HEOOXITHMM 00’eMOM TiaMm’sTi
0e3nocepelHbO B KOMIPKY BiJIOOpakeHHs1 Brepiiie 3’siBujiach me B 70 poku
MUHYJIOTO cTopiuusi. [l CHHTE3y KOMIPKM BiIOOpaKE€HHS MAaTPUYHOTO
BiZieoekpaHa 3 (OpMyBaHHSIM Tpajiailiil sICKpaBOCTI Ha OCHOBI JIOT1KO-4aCOBUX
(GyHKIIIH 3py4HO 3aCTOCYBATH arapar Teopii aOCTpaKTHUX aBTOMATIB B YACTHHI
aBTOMATIB 3 <(OKOPCTKOIO» JIOTiKOK0. Buxigna QyHKmis 1€l  KOMIPKH
B1100pakeHHs € IHTETpajoM J00yTKY CTaHy aBTOMAaTa Ta BX1JHUX CUTHAIB:

Y= [ A.x,d

Je 3HaueHHS po3psamiB craHy aBtomata A4; = (0;1), a BXigHI CUTHAIU
yTBOp1o€ JIHD.
dopmyBaHHA I'pajalliil sICKPaBOCTI HA OCHOBI JIOT1KO-4aCOBUX (YHKIIHN 3
nBoMa 3HaueHHsMU ("'noriyHoro 0" a6o "noriuHoi 1") BU3HAYa€ThCs IHTETPAIOM
JIU® 1 3Bogutbea 1o QopmyBanHa 1; 3a mepion Tkx. Inmrerpan JIU®D
BU3HAYAETHCS (DOPMYJIOIO:
[Ftpt, T, T )= (T 4.+ T, )+ C,

a BeJIMYMHA KOXKHO1 I'pajdallii ICKpaBOCT1 TOPIBHIOE:

Lmax N
L= Tszf

j=l
ne T; — TpUBaNCTh ICHYBaHHA j—Toi "moriyHoi 1" i—Toi JOriko-4acoBoi
byHkii 3a nepion 7.
B nanomy Bunazaxy Biapi3ku icHyBaHHS JIY® moBUMHHI MAaTH TPUBAJIOCTI,

<n 11JI€ YUCJIO.

[IpakTHyHO MaTpPUYHUN BiJICOCKpaH MOXe OyTH peani30BaHuil 3a
HaBEJCHUM MPHUHIIMIIOM Ha OCHOBI OyAb-SIKOi €JIEMEHTHO1 0a3u, HampuKIa,
pLOIKOKpUCTANIYHOI abo0 cBiTIOAIOAHOI. PinkokpucraniyHa enemeHTHa O0asa
JTUCKPETHUX TMpUiaiB 0e3mocepeaHbOr0 BiIOOpaKEHHS HE Ma€ KOHKYPEHTIB
cepel TEXHIKM 1HJIMBIAYaJIbHOTO KOPUCTYBaHHS (TENEBi3iiHI mpuiiMmaui,
KOMIT'IOT€pH, COTOBHMI 3B'A30K Ta iHIN). BUKOpucTaHHS NaHUX NOpPUIANIB B
MPUCTPOSIX 3 OLIbIIMM 1H(QOpPMALITHUM TIOJIEM MOTpeldye po3poOKU MOAYTIB 3
0€31I0BHOIO CTUKOBKOIO.
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MOJEJIOBAHHS ®OTOBOJAbBTAIYHUX IEPETBOPIOBAYIB HA
OCHOBI IIUPOTHO-IMITYJIbCHOI MOJIYJISIIII

['otpa 3.1YO., n-p TexH. Hayk, npod., ['onsika P.JL., n-p TexH. Hayk, npod.,
bapuno I'.1., xana. TexH. Hayk, goi., Bipt B.B., acc.
HY"JIIT", JIpBiB

OCHOBHOIO  3aJa4€l0 B  TPOIECI  MOJEIIOBAHHS  MIKPOMOTY>KHHUX
(OTOBOIBTATYHUX CUCTEM € BU3HAUYEHHS MApaMeTPiB MPHU SKUX 3a0€3MeuyeThCs
pexuM ix pobOTH B MeXaxX JAMHAMIYHOI TOYKM  MaKCHMAaJbHOI
noty>xHocTi(TMIT).

3a0e3MeueHHs] bOr0 PEeXUMY 3HAIMCHIOETHCS PI3HOMAHITHUMU METOAaMU
Ta MIiJIX0JaMHu, OCOOJMBOI yBaru 3aciyroBye wmeton KepyBaHHs TMII 3
nonomoroto [IIIM neperBoproBaua [1,2].

Onnak, BukopuctanHsi IIIIM neperBopeHHs 1 (POTOBOJIBTATUHHX
MepEeTBOPIOBAYIB IIOB’sI3aHE 3 MEBHUMH OOMEXKEHHSIMH, SIKI BUHUKAIOTh 4yepe3
3HAYHUN JAMHAMIYHHUIA [diana3oH BXIJAHOI HANpPYrd Ta CTpymMy (POTOEIeMEHTA.
Bunukae norpeda y ctBopeni edextuBHux I[IIIM mneperBoproBauiB 3aaTHUX
MpaIoBaTU B MIKPOIMOTYKHOMY PEXHUMI, 3 JOIMOMOIOI0 SIKOTO 3a0€3MeuyeThCs
KepyBaHHSI HaBaHTaXEHHSM BiJnoBiaHo 10 TMII[3].

3HayHa yBara B mnpolieci moOyJJOBU MPUCTPOIB TAKOTO TUIY HPUALISETHCS
MporpaMHUM  3aco0aM  MOJICNIIOBaHHS, fKI 3a0€3Me4Yyi0Th  MOXKJIUBICTH
MPOBEJICHHS CTPYKTYpHO—TIapaMeTPUYHO1 ONTUMI3allli (yHKI[IOHAIBHUX BY3JIiB
nepeTBoproBayiB. TOMy OCTIKEHHS Ta CTBOPEHHS HOBUX MOJEJCH €JIeMEHTIB
Ta BY3JIIB [IEPETBOPIOBAYIB € BAXXJIMBOIO Ta aKTyaJIbHOIO 3aJ]a4€I0 JJIsl PO3BUTKY
(hOTOBOJIBTAIKH.

JI1st mpoBeIeHHS KOMIUIEKCHOTO MOJIEIBHOTO JOCIII)KEHHSI BUKOPUCTAHO
BHINE 3a3Ha4YeHEe MporpaMHe 3abesnedyeHHss MicroCap. BaxiauBuMm eramom B
MPOIIEC MOJICTIOBAHHS € BU3HAYEHHS MapaMmeTpiB (POTOBOJIBTAICHOI CTPYKTYpH
Ta nmoOyAo0Ba BIAMOBIAHOI cXxeMHU 3aMillleHHs. Ha OCHOB1 pe3ynbTaTiB aHami3y
3arajJlbHUX MIAXOJIB JO CHUHTE3Y MAaTEMAaTHYHHX MOJENIEM — CXEeM 3aMIlIECHHS
YaCTOTHO — 3ajJie)KHUX JBOIOJIOCHUKIB Ta aHali3y IXHIX IMIEJaHCHUX
xapakTepucTuk Hamu 3ampomoHoBaHo SPICE wmopens  ¢oToBoabTaidHOT
koMmipku Ta monenb IIM 3 BuUKOpHCTaHHSM JABOHANPSIMICHUX KIIOYIB Ta
JoKepena iMmynbcHOT Hampyru tumy Pulse Source cxemy 3amillieHHSI SKUX
MPEJICTABICHO HA pHuC.1.

Cxema 3amilleHHS BUXOJY HABAaHTAXKEHHS KIIOYIB peali3oBaHa 3
nonomororo 1HAYKTUBHOCTI Lc Ta RC kona na enementax Cld ta Rld. Bubip
3HAYeHb IapaMeTpiB IIMX  C€JIEMEHTIB JIa€ MOXJHUBICTh  3MIHIOBATH
XapaKTepUCTUKYy HABAaHTAXKEHHS BIAMOBIAHO 10 BuOpaHoro tumy. [IpoBeneHi
MOJEIbHI  JIOCHIDKEHHA  mapameTpiB  (OTOBOJITAIYHOTO  €JIEMEHTA,
Mo0y/I0BAaHOTO HA OCHOB1 PO3pOOJIEHOT CXEMHU 3aMIIlICHHS, JO3BOJIUIN OI[IHUTH
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edexTuBHICT, (QyHKIioHyBaHHa [IIIM mneperBoproBaua Ta MOMKIMUBICTD
MPOBEJICHHS HOTO CTPYKTYpPHO-IIapaMeTpUIHOI MOaUDiKaIlii.
1E9
V1 Rs
| /
J_ 1 W\/l
B S3 =
+ 1
Cs _1_ Lc 1m
Ip Dp Rpp  Rps |4g-10 '
’ y AN Vs
m 3K 50
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C) T cp T o 1E-9 ] 1E3
1E-10 -, - 1.- .
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Puc. 1. SPICE monens q)OTdBoana'quo'i koMmipku Ta [IIIM neperBoproBaua

ITix yac mpoBeneHHS JOCTIKEHh BUKOPUCTAHO CUTHAJIN CKJIaAHO1 (OpMHU,
Kl MaKCUMaJlbHO HAOMMKEHI /0 peajlbHUX 1 OTPUMAHI HUISIXOM BCTAHOBJICHHS
(YHKI[IOHATBHUX 3aJIeKHOCTEH 1X TMapaMeTpiB BiJl 30BHINIHIX BIUIMBIB.
OTpumMani pe3yibTaTu BUKOPUCTAHO B mpoiiect peanizaiii [IIIM nepeTBoproBaua
(OTOBONBTATYHOTO  €IEMEHTa, 3  BHUKOPHUCTAaHHAM  MIKPOIPOILIECOPHOIO
KOoMIUIeKTy Arduino nano. Po3poGneHuil makeT mepeTBOproBava IMiATBEP/IUB
BUCOKY edekTuBHICTh, BukopucTanHs IIIIM mneperBoproBaua isi >KUBJICHHS
MIKPOMOTYXHUX MPUCTPOIB CEHCOPHOT TEXHIKH.

Cnucok Jgireparypu:
1. MICRO-CAP. Electronic Circuit Analysis Program. Spectrum Software. —
2014. — 8 p. [Online]. Available: http://www.spectrum-soft.com.
2. Nabil K. Maximum Power Point Tracking With Reactant Flow Optimization
of Proton Exchange Membrane Fuel Cell / K. Nabil, O. Rachid, M. Nazih. //
Journal of Fuel Cell Science and Technology. —2013. — Nel10. —p. 14.
3. HocnimkenHs mapameTpiB (poTOBOJIbTaidHOTO eneMeHTa Ha ocHOBl SPICE
mogeni /I". I.bapuno, B. B. Bipt, ®. ®. Besup, P. JI. I'onsaka. — Yepnisii, 9-11
mucronana 2017p. — 86-87 c. — (Marepianu VI MixHapogHOi HAyKOBO -
npakTU4HOi KoH(pepeHilii). — (D 503).
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YK 004.925.8:628.921](043.2)

OCOBJIMBOCTI BITPOBA/KEHHSA CBITJIOAIOAHOI'O
OCBITJ/IEHHA B HABYAJIBHUX AYIUTOPIAX

Cxkoprokosa f.I"., Mapkos C.M.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

B nam uwac pocuth akTyalnbHOIO € mpoOjeMa 3a0e3MeueHHs! SKICHOTO
OCBITJICHHSI MPUMIIIICHb B HaBYAJIbHUX 3akiajax. Bimomo, 110 CBITJIO BILIMBAE
HE TUIbKM Ha (PYHKUII 30py JIOJAMHU aje i Ha JISJIbHICTh BCHOTO OpPraHi3MYy.
Hesikicue (nuckomMdopTHE) CBITIOBE CEPEIOBUIIE MPU3BOJUTH 10 IMEepeadacHOl
BTOMH, 1 SIK HACJIJIOK, 3SMEHITYETHCS KOHIIEHTpPAIlisl YBarv 1 piBeHb 3aCBOIOBAHHS
y4uboBoro marepiany. lle miATBEpIKYIOTh OCTaHHI JOCHIIKEHHS B 00JacTi
MCUXO0JIOri cnpuiHATTS 1H(GopMmarii. [Ipu 1bOMy, HE OCTaHHIO POJIb B Cy4YaCHUX
€KOHOMIYHHMX YMOBAaxX MparHeHHs €HEePreTUYHO! HE3aJIeKHOCTI BiAirpae (Gaxrop
eHepro30epeKeHHs.

B HaBuanbHMX 3aknagax YKpaiHM Ha JaHUNW MOMEHT ICHY€ 3HayHa
KUIbKICTh HaBYAJIBHUX NPUMIIIEHb, 00JIaJHAHUX 3aCTapUIMMU CBITUJILHUKAMH 3
JIOMIHECIICHTHUMU JIAMITaMHU, SIK1 IOCTYTOBO MiHSIFOTh HA Cy4acH1 CBITJIOMIOAHI.

TexHooris iX BUTOTOBJIEHHS JOCSATIA PIBHS MAacOBOIO BIIPOBAKEHHS 1
Mae CyTTEBI MepeBaru nepej iCHyI0YMMH TUIaMU JTIOMIHECIIEHTHUX JIaMIl (2 TUM
OUIBII JIaMI PO3KAPIOBAHHS), a came:

- EHEproCIOXXUBAaHHS y MOPIBHSAHHI 13 JIOMIHECHEHTHUMH CBITHJIBHUKaMU
3MEHIIYEThCS B 3-5 pa3iB MpU OJHAKOBOMY CBITJIOBOMY MOTOKY;

- peaJbHUM TEepMIH  E€KCIUTyaTallii  BUIPOMIHIOBAJILHUX  €JIEMEHTIB
301UbIIYyETHCS B 4-7 pa3iB;

- BIJICYTHICTh HEOOXIJTHOCTI B yTHJII3aIlli;

- piBEHb MyJibCalliii CBITIIOBOrO MOTOKY MEHIIIE B MOPIBHSIHHI 3 APOCEITbHUM
KUBJICHHSIM JtoMmiHeciieHTHUX Jiamil (0,5-10% mpotu 40-70%).

BpaxoByrouu Te, 10 TEpMIH €KCIUTyaTallii JIOMIHECIEHTHUX JIaMII CKJIaa€e
He Ounbmie 10 Tuc. roauH, a piBeHb aerpanauii - 30-40% B pik, TO cTae
OUYEBMJIHUM, 110 iX 3aMiHa Ma€ B1AOyBaTHCA KOXKHI 2-3 POKH.

[Ipy uboMy, mpu MOYATKOBOMY MPOEKTYBaHHI T'€OMETPii PO3TallyBaHHS
JDKEpesl CBITJIa HE 3aBXau OyJo BpaxOBaHO PIBHOMIPHE PO3MOJIJICHHS
CBITJIOBOI'O MOTOKY Ha pOOOUYUX MOBEPXHSIX.

[Ipu npoekTyBaHH1 OCBITJICHHS SIK B HOBUX HaBUYaJbHUX MPUMIIICHHAX, TaK
1 mpu MOJAEpHi3alii BXE ICHYIYMX MIPUMIIIEHb NUISIXOM 3aMIHHA CTapuXx
OCBITJIOBAJILHUX TMPUJIAJIB Ha HOBI, BUHUKAE HEOOXIJAHICTH BUPIIICHHA
OCHOBHUX MUTaHb K1 CBITHIILHUKHA BCTAHOBIIIOBATH, CKIJIBKH, ¢ caMme?

Ha nanuit MOMEHT Ha pUHKY IIpEeACTaBIC€HA BEIUKA KUIbKICTh PI3HUX THUIIIB
CBITJIOJIOAHUX CBITWJIbHUKIB. BOHM pO3pI3HAIOTHCS 3a TUIIOM KOHCTPYKIIii,
MOTY>KHICTIO CIIOKUBAHHS, BEJIMYMHOIO CBITJIIOBOTO MOTOKY, KIJIBKICTIO Ta TUIIOM
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CBITJIOMIOMIB, IIIHOIO Ta IHIIUMH XapaKTEPUCTUKAMU. 3TiAHO 3 OCTAaHHBOIO

penakiiero JIBH Vkpainn HaWOIMbIl OpUAATHUMHU I BCTAHOBJCHHS Ta

BUKOPHUCTAHHS B HABYAIBHUX MPUMIMICHHSAX € CBITUIBHHUKH, IO BiAMOBIIAIOTH

TaKuM KpUTEPISIM:

- piBEHb MyJibcallli CBITIOBOTO MOTOKY — 1-5%;

- KyT pO3CIIOBaHHA (XapaKTEepUCTHUKA KPUBOI PO3MOAUICHHS CBITJIA) Mae
OyTH TakuM, 10O CTBOPUTH PIBHOMIPHE OCBITIICHHS MO BC1H IUIONIUHI;

- KoJsipHa Temneparypa — 3500-4000K;

- iHaekc konsopornepenadi (CRI) — ne meni 80;

IIpu BHOOpPI ONMTHMAaNbHOI KUIBKOCTI CBITIOMIOAHUX CBITHJIBHUKIB Ta

reoMEeTpil iX po3TallyBaHHS HEOOX1THO BpaXOBYBaTH:

® TEeOMETPUYHI XapaKTEPUCTUKU MPUMIIICHHS;

® HAsBHICTh MPUPOJHOTO OCBITJIEHHS (KUIBKICTHh BIKOH, IX pPO3MIpU Ta
OpIEHTAIIi}0 HA CTOPOHU CBITY);

® KUIBKICTh Ta PO3TalllyBaHHS POOOYUX MICIb, IO NOTPEOYIOTh OCBITICHHS,

® cCaHITapHI HOPMHU OCBITJIICHHS B 3aJ€XKHOCTI BIJ BHJIIB POOIT, WO
BUKOHYIOTHCS B IIPUMIILICHH];

® BHCOTY CTell;

® KOJIp Ta MaTepiai CTiH;

® BIJOUBHY BJIACTUBICTh IOBEPXOHb.

[Ipu BuOOpI HPOrpaMHOrO CEpPeNOBUILA JJIsi MOJEIIOBAHHS MPOIIECY
PO3MOIICHHS CBITJIa B MpUMIllIeHHI Oyn0 oOpaHo nporpamuuii naketr DIALux,
AKAA TpU3HAYEHUM I pO3paxyHKy Ta Ju3ailHy ocBiTIHeHHs. [Jlns
MOJIEIOBaHHs OyJia 0OpaHa TUIOBA HaBYaJIbHA ayAUTOPIs, B SKI MPOBOASATHCS
MpaKTAYHI Ta JIEKIIHHI 3aHATTS 3 JUCHUIUTIHK «[HKeHepHa rpadikay.
CdopmoBaHO OCHOBHI BUMOTH 111010 OCBITJICHHSI Ay IUTOPIA TAKOTO TUITY 3T1AHO
JIBH. Bka3zani mapameTpu Ta BUMOru Oyno 3amaHo B mporpami DIALux. B
pe3yabTari OyJ0 OTPUMAHO MOJIEIb MPUMIIICHHS 3 PO3MOJIJIEHUM CBITIOM. 3a
pe3yibTaTaMu OTPUMAHHUX MOJENe B yuOOBOMY IMPHUMILIEHH] Iuiomero 48 KB. M
€ JOPEYHUM BUKOPHUCTAHHS CBITJIOMI0HUX CBITUIBbHUKIB A66-33XX-XXO 220-
24, mo npu3HaveH1 711 OCBITIAEHHS 0(ICHUX, KUTIOBUX, TOPTOBUX MPUMIIICHb
Ta KopuaopiB. Taki CBITUIBHUKU MOXYTh OyTH BOYJOBaHI B MIABICHY CTEIIO
turmy "ApmcTpoHr" 3 komipkamu 595x595 mm. KokeHn 3 HuX 00yaniHaHuit
po3ciroBaueM, 10 3a0e3nedyye BIACYTHICTh ciuimydoro edexry. Ilutoma
CIIOKHMBaHa MOTYXHICTH ckianae 4,50 Br/m?, mo cranosuts 1,15 Bt/m? /100 JIk.

Otxe, cymapHUil CBITJIOBUU MOTIK JUIsl BCIX CBITWJIBHUKIB - 29700 Jlm,
3arajibHa MOTYXHICTh crioxkuBaHHs - 216,0 B, ciTinoBigmaga - 137,5 JIm/Br.
OcaiTioBaHicTh poOounx noBepxoHb — Biag 300 go 500 JIk, mo BiamoBigae
CaHITapHUM HOpMaM. Pe3ynbTaTi MO/IENIIOBAHHS MOXKYTh OYTH BUKOPUCTAHI1 JJIsI
CKJIaJlaHHs Ta OQOPMJIECHHS TEXHIYHOI JOKYMEHTalli Jyisi mnepeoOaagHaHHs
OCBITJICHHS MIPUMIIIICHb.
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CUCTEMHU CAMOPEI'OJIIOBAHHA OCBITJIEHHAM

Xonak K.A., TapaoBcekuii M.I'.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUM YHIBEPCUTET

Ha cpborogHimHii JeHb €KOJOTIYHUN CTaH HAIIOl IUIAHETH B HEBTIIIHOMY
ctaHi. [loripuieHHs ctany OUTBIIOCTI eKocucTeM O1ochepu, iICTOTHE 3MEHIIIEHHS
010MpPOTyKTUBHOCTI i 010p13HOMAHITHOCTI, KaTacTpo(iuHe BUCHAXKEHHS IPYHTIB
1 MiHEpaJbHUX pecypciB 3a HebadeHOl 3a0pyIHEHOCTI MOBEpPXHI 3emili;
rigpocdepu i atMocdepu MOB’si3aHi 3 IHTEHCUBHUM 3pPOCTAaHHSAM YHCEIBHOCTI
HACEJICHHSI TUIAHETH Ta PO3BUTKOM HAYyKOBO-TEXHIYHOI'O MPOTPECy MPOTIrOM
octaHHix 50 poOKiB.

OnHol0O 3 MPUYMH € HE pallloOHAIbHE BHUKOPUCTAHHA EHEPreTHUYHHX
pecypciB. Ha Moo nymky, BOpoBajpKeHHs B cepu MoOyTy Ta BUPOOHHUIITBA
«PO3YMHHMX» CUCTEM € HaWKpalluM BUXOJIOM JJI MPaBUILHOTO BUKOPUCTAHHS
pecypciB. st ogHiel OyiBiIl — 1€ TPUEMHA €KOHOMIs, a B TJI00aJbHOMY IUIaH1
— 3HAYMME 3MEHIIICHHS BUKHUIIB Ta 3a0pyIHEHHS CEPEIOBHIIIA.

[lin «po3yMHUM» OYyAMHKOM CIIii PO3YMITH CHUCTEMy, sika 3a0e3rneuye
koMpopt (y TOMy dyuCal Oe3meky ), 1 pecypco30epekeHHs s BCiX
KOpPUCTYBauiB. Y HaWMPOCTINIOMY BUIAJKy BOHA MMOBUHHA BMITH PO3MI3HABATH
KOHKPETHI CHUTYallil, 0 BiAOYBalOThCSA B OYJIHUHKY, 1 BIAMOBIAHUM YHMHOM Ha
HUX pearyBaTH: OJHA 3 CHUCTEM MOXE YINPABISITH MOBEAIHKOI IHIIMX 3a
3a37aJ1€eriib BUPOOICHUM alTrOPUTMaM.

BropoBamxkenus cucremu «Po3ymHUI AiM» T03BOJISIE 3MEHIIUTH BUTPaTH
Ha KOMYHaJIbHI IJIATEXI.

3rilHO JaHUM CTaTUCTUKHU, TEXHOJOTii PO3YMHOrO JOMY Jal0Th 3MOTY
3HU3UTH:
eKcIuTyaTamiitai Butpatu — 10 30%;
maaTexi 3a Bogy — 10 41%;

TJ1aTeXl1 3a eeKkTpoeHepriro — a0 30%;
Iu1aTexl 3a Termio — a0 50%;

OCBITJICHHSI € OJHOIO 3 HaWBaXJIMBIMIUX (YHKIIH «PO3YMHHX)» CHUCTEM.
HonatkoBe BcTaHoBieHHS «Dimmable LED Driver» B cykymnocti 3 Wi-fi-
MOJyJIEeM Ta BIPpHUM HPOTpaMHUM 3a0€3MEUCHHSIM Ja€ 3MOry aBTOMATHUYHO
3MIHIOBATU 1THTEHCHUBHICTH CBITJIa B MPUMIIIEHHI B 3aJI€KHOCTI BiJ] OCBITJICHHS 3
HAaBKOJIMIIHBOTO CEPENOBUIIA Ta MOTOYHOrO0 dYacy. Moayib 3 CEHCOpOM
yabTpadi0JIE€TOBOIO BUIIPOMIHIOBAHHS Ta JATUYUK OCBITICHOCTI JIalOTh 3MOTY
aHaJ13yBaTU CTaH OCBITJICHHS 3 MPUPOJHUX JHKEPEI 1 3MIHIOBATH OCBITJICHHS Y
MPUMIILICHHI.
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INNOVATIVE HIGH ENERGY BATTERIES IS IMPORTANT FACTOR
OF EFFECTIVE IMPLEMENTATION OF OPTOELECTRONIC
DEVICES

Elena M. Shembel, Sergii V. Pavlov, Piotr Kasejko, Arman Abenov
Ukrainian State University of Chemical Technology, Scientific research
laboratory of chemical power sources. Dnipro. Ukraine. eshembel@enerize.com
Vinnitsa National Technical University. Vinnitsa, Ukraine. psv@vntu.edu.ua
Lubelska Politehnika, Poland

Introduction. The goal of high-energy batteries are to ensuring the
requirements of autonomous operation of innovative optoelectronic devices: high
energy and power, a wide range of operating temperatures, safety, low self-
discharge, low cost.

Progress in the technology of modern portable electronic devices generates the
need in innovating electrodes system for batteries that are based on the innovative
materials science and engineering.

Technology. High-energy lithium batteries with non-aqueous electrolyte are
widely used in various fields of electronics. However high energy Lithium batteries
remain relatively expensive and dangerous, especially during the conditions of the
charge / discharge. To solving these problems high-energy batteries with anode
based on magnesium (Mg) and non-aqueous electrolyte have high prospective
characteristics and a wide potential market.

The use of the Ukrainian and Poland raw material base for the production of
electrode materials on the basis of magnesium and the manganese oxides is the
basis for creating a commercially attractive energy source of current suitable for
feeding various types of electrical equipment, both civil and special purpose.
Replacing Li with Mg in batteries with a non-aqueous electrolyte will significantly
increase the level of safety of both the batteries and the devices themselves.

Despite the scientific interest in the Mg-MnO2 system, there is still no
industrial release of such current sources in the world. The development of a high-
energy and safe batteries on the basis of domestic raw materials to replace Li of the
batteries substantiates the novelty and the importance of these studies

Summary. We are conducting the research and development in these
directions, including technologies of electrodes, electrolytes and the batteries
design. Results that are obtained confirm the important perspective of magnesium
batteries.

The team of Scientific research laboratory of chemical power sources of
USUCT, Dnipro includes the following scientists: Markevych A.V., Kolomoiets
O.V., Maksyuta,l. M., Zaderey N.D., Polishchuk Y.V., Kirsanova 1.V.,
Apostolova R.D., Bondar D.V., Artamonov V.G.

The team of VNTU and Lubelska Politechnica includes the following
scientists: Kasejko Piotr, Pavlov S.V., Abenov Arman.
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OINTUMIZALISA EKCILTYATAIIHHUX IOKA3HUKIB POBOTU
EJEKTPOIIPUBOAIB 3 ACUHXPOHHUMMU [IBUI'YHAMU

Ononscbkuii . B., Bacropa A.C.

BinHuIbKH HAIlIOHATBHUN TEXHIYHUN YHIBEPCUTET,
E-mail: opolsky.yarik@gmail.com

JleBoBa vacTka yci€i BUpOOIEHOT CBITOBOI €EKTPOCHEPrii Ha ChOT0JIHI
CIIO’KMBAETHCS €JIICKTPOJABUTYHAMHU, CEPE/ SKUX HAWOLIbII BUKOPUCTOBYBAHUM
3aBJSIKM, HacaMIepe/1, BUCOKIM HAIHHOCTI B pOOOTI, MPOCTOTI BUTOTOBJIEHHS Ta
HU3BKIN 1iH1 € acuHXpoHH1 nBUryHu (AJl). BoHu 3acTOCOBYIOTHCS MPAKTUYHO B
yCIX rainy3sX IPOMHCIOBOCTI, CUILCHKOIO TOCIOaPCTBA, BUPOOHUIITBA, TOIIO, 1
caMe BOHU 3HAYHOIO MIpOI0 BU3HAYAIOTh PIBEHb EHEPro30epeKEHHS.

Mix tum, AJ] maroTh 1 meBHI Hemomiku. Jlo HHUX MOXKHA BITHECTH:
HEJIOCTaTHIM MYyCKOBUM MOMEHT; 3HAUHUN MYCKOBHI CTPYyM; HEY3TOJKEHICTbH
MEXaHIYHOT'O MOMEHTY 3 HaBaHTAXEHHSIM, 1110 PU3BOAUTH J0 JIJABUHOMOA10HOTO
MIJIBUIIIEHHSI CTPYMY, MTOMITHOTO 3HMKEHHS Koedirienta kopucHoi Aii (KK/) B
MepioAu MOHMKEHOTO HaBaHTaXKEHHs TOIIO. Taki pakTopu 3HAYHO MOHUKYIOTh
edextuBHICTh poboTu AJI[1]. OnTUMI3alia eKcIyaTaliiHuX MOKa3HUKIB A/l
Ta MiABUILIEHHS €()EKTUBHOCTI iX BUKOPUCTAHHS JO3BOJISE 3a0€3MECUUTH CYTTERY
ekoHoMito eHeproButpar, miaBuineHHs KKJ[, nHamiitHocTi Ta TepMiHy
eKCIUTyaTallii ABUryHa.

B poGoTi mpoBeeHnit aHam3 MOKIMBHUX IUISIXIB TOCSITHEHHS ITOCTABICHOT
Metu. Ilpu 1bOMY, BaXJIMBO BpaxoOBYBaTHM TaKi YMHHUKH, K IACHOPTHI
HOMIHAJIBHY TMOTYXHICTb Ta IIBUJAKICTb OOEpPTaHHS JBUIYHA, BIIXUJICHHS
HaIpyTy >KUBJICHHS BiJi HOMIHAJIBHOTO 3HAYEHHS, CTYMIHb 3aBaHTaKeHHS AJl,
TOJIOBHI MapaMeTpu KOHCTPYKTUBY MOJIEN, CTYIIHb 3HOCY JIBUTYHA TOIIO.

Hocnimxennss matmozaeni AJl Ta aHami3 OKpeMHX CKJIQJIOBUX KOMILIEKCY
€HEepProBUTpaT (EJEKTPUYHUX, MATHITHUX 1 MEXaHIYHUX) Ta, B KIHIIEBOMY
paxyHKy, koeQillieHTa KOPHUCHOI [ii JBUryHa, MIAKAa3y€e MOXJIUBI HUISXU
MiJBUIIICHHS €()EKTUBHOCTI JABUTYHIB, HacamImepea, 3a PaXyHOK 3HUKEHHS
BUTpaT eHeprii.  OCKUIbKH, MOTYXHICTh €JIEKTPUYHUX BHUTPAT y pOTOPI
MpOMOpIIiifHa KOB3aHHIO, TO OYEBUJIHO, 10 pOOOTAa ACHUHXPOHHOTO JABUTYHA
OUIbII €KOHOMIYHA MPU MajJoMy KOB3aHHI. B poTopi NBHUryHa TakoX MaroTh
MiCIl€ Mar”iTHI BUTPATH, ajie¢ Yepe3 HU3bKY YacTOTy CTPyMy B OOMOTIII poTopa
(f2 = f15) Taki BUTpATH HACTILIbKM HE3HA4HI, IO HA MNPAKTHIl, O€3 CyTTEBOI
MOXUOKH, HUMH MOKHA HEXTYBaTH.

JonatkoBi BuTpaTd B AJ] BU3HA4yalOTbCs HAsBHICTIO y JBUTYHI IIOJdIB
pPO3CiIOBaHHSI Ta MyJbCallld MOJisI B 3yOIsIX ocepib poTopa 1 craropa. Tomy,
poboTa Haja 3MIHOKO reoMeTpii 3yOIiB ocepis JBUTYHAa 3 METOK 30UIbIICHHS
KOHIIEHTpAI[li MarHiTHOTO TOJIs Ta 3HUKEHHS BUTPAT HAa PO3CIIOBAHHS €HEPrii €
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0e3yMOBHO TepcrneKTUBHOW0. [lokpallleHHsl eKCIulyaTalliiiHuX XapaKTepUCTHK
AJl, He B OCTaHHIO Yepry, IOCATAETHCS 3aB/ASIKU 3aCTOCYBAHHIO OLIBII SKICHUX
MaTtepialliB Ta yJIOCKOHAJIEHHIO Ta ONTHUMI3allli KOHCTPYKTUBY JBUTYHA 3aBSIKU
3MiHI reoMeTpii cratopa Ta poropa. Takuii miaxia Jae 3HaAYHUN €(eKT, ABUTYH
MaTUME Kpallll eHEPTeTUYHI Ta JUHaMi4H1 xapaktepucTuku. OnHak, (piHaHCOBI
BUTPATH Ha MOJEPHI3AIIIIO Ta MepeoOIaJHaHH BUPOOHUIITBA JI MOTO BUITYCKY
CKJIaJTyTh 3Ha4H1 CyMHU. [2]

ITlingumenus KKJ[ AJl mocsraerbcs NUIIXOM TMIABHUINEHHS PoO0YOi
Hanpyru. Yum BUIlE HAMpyra, TUM HUXKYE CTPYM 1, BIMOBITHO HUKYE BUTPATH
B Mepexi. OpHak, BUCOKa Hampyra poOUTh EKCIUTyaTallll0 JABUTYHA OUIbII
HEeOE3MEYHOI Ta MPU3BOAUTH 1O 3POCTaHHS IIHM YaCTOTO-PETYJIbOBAHOTO
npuBoay. BoueBuap, AJl 3 BEIMKOI HOMIHAJIBHOK MOTYKHICTIO MPaIlOOTh 3
OUTbIIO €(QEeKTUBHICTIO, HIX JBUTYHM 3 MEHIIOW NOTYXKHICTIO. Jlid
MmiBUIICHHST e(eKTUBHOCTI poboTu AJl, cyTTeBe 3HAYEHHA MAa€ TaKOX
3a0€3MeUeHHs 10r0 3aBaHTa)KEHHsS Ha PIBHI He MeHIIe 75% BiJ HOMIHAY Ta
MIJIBUIICHHST KOe(DIl[l€EHTa MOTYXHOCTI 32 PaxXyHOK PETyJIOBaHHS HANpyrud Ta
YacTOTH CTPYMY >KHUBJICHHSI 3 BUKOPUCTAHHSIM MPUCTPOIB MOBLILHOIO IMYCKYy Ta
4acTOTHUX mepeTBoproBadiB. KoedillieHT mnOoTyKHOCTI Oe3mocepeiHbO He
BiuinBae Ha KK/ nBuryna, mpoTe BiH BIUIMBA€ Ha BXIAHY MOTY>KHICTh JBUTYHA,
a BIJITaK, HA BUTPATU B Mepexki. 3aCTOCYBaHHA IMyCKOBUX KOHJeHcaTopiB A/l €
OHMUM 3 HaWOUIBII MOMMPEHUX CHOcO0IB  30UIbIIEHHS KoedilieHTa
MOTY>KHOCTI.

Onrtumizaiiss €(pEeKTUBHOCTI BHKOPUCTAHHS JABUTYHIB Ta MOKpaIleHHs
BAXKJIMBUX EKCIUTyaTallliHUX TOKAa3HUKIB pPOOOTHU eJeKTponpuBoaiB 3 AJl
3a0€3MeUnTh pealbHy CYTTEBY €KOHOMIIO BapTOCTI poOOYOro MUKIY Ha MPOTs3i
BCHOTO TEPMiHY €KCIuTyartallii ABuryHa. [Ipote, nuiine mpoBeAeHHS KOMILIEKCY
HEOOXIJTHUX 3aXOJ1B HA OCHOBI EKOHOMIYHOI OI[IHKH Ta aHaJ13y yCiX YMHHUKIB,
[0 BIUIMBAIOTh HAa EKCIUTyaTalliliHI mapamMeTpu ABUTYHIB 1 €(pEeKTUBHICTH iX
BUKOPUCTAHHA, JI03BOJISIE 3IMCHUTH ONTUMAaJbHUII BuUOIp BapiaHTy IS
BUPIIICHHS BU3HAYEHOT 3a/1ayl.

Cnucox BUKOPUCTAHOI JITepaTypu

1. KII/] smekTpoaBUraTesel U 4TO BIMUSET HA €ro 3HadeHue [EnexTpoHHun
pecypc] — Pexum noctymy: https://cable.ru/articles/id-1322.php - Haszpa 3
EKpaHy.

2. Muravlev O.P., Muravleva O.0., Vekhter E.V. Energetic Parameters of
Induction Motors as the Basis of Energy

3.Saving in a Variable Speed Drive // The 4™ Intern. Workshop
Compatibility in Power Electronics CP 2005. — June 1- 3, 2005, Gdynia, Poland,
2005. - P.61-63.
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SESSION 10
NANO-OPTICS TECHNOLOGIES AND
OPTICAL SPECTROSCOPY
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MOJEJIOBAHHS JIIi ONTUYHUX CUJ TA OBEPTAJILHUX B
ABOITPOMEHE3AJIOMJIIOIOYOMY CEPEJOBHIII 3A YMOBHA
IIBB

3enkoBa K.1O., [Bancekuit /1 1.
UepHiBelbKUM HAIlIOHATBHUN YHIBEPCUTET, By KoItoOMHCHKOTO 2,
M. YepHisi, 58012

[IpoBOaUTHCS aHali3 MEXAHIYHOTO BIUIMBY ONTHUYHHUX CUJI Ta 00€pTATbHUX
MOMEHTIB Ha JABOIPOMEHE3IOMIIOIY1 MikporutacTuHku [IET® (n, = 1.54, n, =
1.62), ToBmmMHOW 7 MKM Ta dmdiHIAHHUMEU po3Mmipamu 200x200 MxM, 110
BUHUKAIOTh MpHU JIHIMHINA mossipu3aiii OpoOHOro IMmyyka, 3a YMOBU IOBHOTO
BHYTpPIIIHBOTO BiIOMBaHHA Ha TpaHUlll MOy «IJIACTUHKA-MOBITps». [lpu
bOMY, Ha BEJIMYMHY Ta HANpsIM il ONTUYHUX CUJI Ta 00EepTaTbHUX MOMEHTIB
aHaJI3Y€ThCs BIUIMB TAaKUX IMapaMETpiB, SIK KyT MaJiHHA Ha MEPIIy MOBEPXHIO
IJIACTUHKU I/, a3UMyT MOJspu3allii mpoOHOro mydyka ¢ Ta KyT MOBOPOTY
ONTUYHOI OCi MIacTUHKU . JlaHuil aHami3 J03BOJIIE BU3HAYUTH YMOBH
KOMIIEHCAallli BINIMBY ONTUYHUX CHUJI Ta 00EpTAIIbHUX MOMEHTIB, 1110 BUHUKAIOTh
BCEpE/IMHI TJIACTUHKH, 3 (OPMYBAHHSIM JiHIMHOI MOJsIpU3allii 3 a3uMyToM +45°
JUISL XBWJIl, MaJal0yoi Ha TPaHULIO MOAUTY «IUIACTMHKA-MOBITPS, IO 3a/Ja€
YMOBY BUHUKHEHHS BEPTUKAJIBHOIO CIIHY €BaHECUEHTHOro mnois [l], 3
MOXJIMBICTIO TOAANIBIIOTO TOCTIKEHHS MEXaHIYHOTO BIUIMBY HA IJIACTUHKY.

B 3zaranpHOoMy BumNangky, I TUIOCKOI — €NIINTUYHO  MOJIAPU30BAHOL
€JIEKTPOMArHIiTHOI XBUJIi, 3HAYEHHS ONTHYHOI CUJIM MOKHA PO3paxyBaTd IUIIXOM
IHTErpyBaHHSI MO BCHOMY MPOCTOPOBOMY €JEMEHTY 3 YpaxyBaHHSIM amnepTypu
my4ka 7, K:

F=[<T>nd*r, (1)
a 3HaYeHHs 00€pTaILHOTO MOMEHTY, BIJIITOBITHO, SIK:
r=[(Fx<T>)-nd’r, )

JIe yCepelHEeHUM B 4Yaci TEH30p HarpykeHHss MakcBena <7 > Moxe OyTu
3a/1aHuM, SIK [2]:
- T N T 21 502
<T; >=[,E, ®E; +—B; ® B} ——(5,|E|” +—|B 1. 3)
ij i J i i
Ho Ho
Tyt i, j = x, y, z; @ 3amae TeH30pHUNA 100YTOK, / — OMMHUYHA MATPHLIS, /1 —
BEKTOP HOpPMaJIi 10 OBEPXHI, B = /&5, £ — BEKTOP IHAYKIII MArHITHOT'O IIOJIL.
BpaxoByroun TiTbKH y- Ta Z- KOMIIOHCHTH EJIEKTPHUYHOTO Ta MAarHITHOTO
TIOJIiB, PO3PAaXOBYBAIKMCH 3HAYCHHS ONTHYHOI CHJIM Ta 00€PTATLHOTO MOMEHTY JIJIS
npsimoro (F'pp, Typ), 3BOPOTHBOTO (F3;, Tp;) HANpPSIMKY TONIMPEHHS ITy4YKa, Ta
3arajibHl 3Ha4eHHA, K F = F, + F,,, 7 =7, + 7,,, BIIIOBIJHO.

Ha puc.l HaBonaTbCs pe3yiabTaTh pO3paxyHKy OOEpTaIbHOIO MOMEHTY JUIs
npsimoro (kpuBa 1), 3BOPOTHROrO (KpvBa 2) HaAMpsIMKY MOUIMPEHHS ITy4YKa, Ta
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3araJibHOr0 OOEpTaIbHOrO MOMEHTY (KpuBa 3) B 3aJ€KHOCTI BiJl 3MIHU KyTa
najiHHsA (2) Ta KyTa MOBOPOTY ONTUYHOI oci rmiacThHkH (0). [Ipu npomy, 3HaueHHS
a3uMyTa TMOJIpU3allli XBWII, MaJlalouoi Ha TNEpIly MOBEPXHIO IUIACTUHKH, €
¢ikcoBaHuM @ =62°. SIKk NOKa3ylOTh pE3yJbTaTH PO3PAXyHKIB, IPH HEBHUX

Habopax BXimHux mapametpis (y = {64°,74°,79°} npu 6 =45° (puc.l (a)) Ta
60 =21°,45°,73° npu y =79°(puc.1 (6))) nocsraeTbcst KOMIEHCALlis 3aralbHOTO

00epTaIbHOTO MOMEHTY, TIPU LIbOMY MOJISIpU3allis XBUII1, AJal040i Ha MOBEPXHIO
MOJUTY «IJIACTUHKA-TIOBITPs», Oyjae NiHilHOIO, 3 azumyToM 45°. [lpu npomy,
BEJIMYMHA ONTHYHOI CHIM F', TIOB’A3aHa 13 BHYTPIIIHIM CIIIHOBUM MOMEHTOM,

[0 BUHUKAE MPU MOMIMPEHH] €MINTUYHO MOJSIPU30BAHOI XBWII B IUIACTUHIIL, €
3HAYHO MEHIIO0, HIXkK Ta, III0 OTPUMYETHCS 32 PAXYHOK JBOIPOMEHE3ATIOMIICHHS

F,, ,tak, mo F /F, ~107'°. Takum 9nHOM, MOKHA BBaXKAaTH, IO MpU JTaHUX
YMOBaxX, BIUIMB Ha IUIACTUHKY ONTHYHUX CHUJ Ta OOEpTAJbHUX MOMEHTIB,
CIIPUYUHEHUX JBOMPOMEHE3aIOMJIEHHSIM, € CKOMIICHCOBAHHMM, a MEPEeMIICHHS
IJJACTUHKKM MOKHA pPO3MVISIAATH  SK pe3ylbTaT Jii ONTHYHUX CHJI, W10
nepealoThCs MIACTUHIN 3 00Ky eBaHeCcIleHTHOro moJs [1-3].

7, pN'm

" T, pN‘m 112 21
Ry ’ Ny

0.4}
;

2.2 : ; :
0 oo e e
3

Puc.1. 3anexHicTh BeIMUUHU 00EPTATLHOIO MOMEHTY ISt J1st ipsimoro (1),
3BOPOTHBOTO (2) HANPSAMKY HMOIIMPEHHS My4Ka, Ta 3arajibHOr0 00epTaIbHOTO
MOMEHTY (3) B 3aJIe’KHOCTI BiJl 3MIHM KyTa MaJiHHS () Ta KyTa OBOPOTY
ONTHUYHOI OC1 TIaCTUHKH (0).

Jlireparypa
1. O. V. Angelsky, S. G. Hanson, P. P. Maksimyak, A. P. Maksimyak, C. Yu.
Zenkova, D. I. Ivanskyi, “Influence of evanescent wave on birefringent
microplates,” Optics Express, 25 (3), 2299-2311 (2017).
2. C. Yu. Zenkova, D. L. Ivanskyi, T. V. Kiyashchuk, “Optical torques and
forces in birefringent microplate,” Optica Applicata, 47 (3), 483-493 (2017).
3. C. Yu. Zenkova, D. 1. Ivanskyi, “Non-trivial structure of optical momentum
and optical forces inherent in evanescent waves,” Proc. SPIE 10612, 8p (2018).
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MEXAHIYHUM BIIJIUB EBAHECHEHTHOI XBWJII HA
ABOITPOMEHE3AJIOMJIIOIOYI MIKPOIIJIACTUHKHA

IBancekuit [1.1.
UepHiBelbKUM HAI[lIOHATBHUN YHIBEPCUTET, BYJ. Ko1toOUHCHKOTO 2,
M. YepHisi, 58012

PosrnsparoTecs MEXaHi3MHU i Ha JIBOITPOMEHE3aI0MITIOI0Y1
MIKPOIUIACTUHKHA ONTUYHUX CHUJI, OB’ SA3aHUX 3 PO3MOALIOM I'yCTUHU CIIHOBOTO
Ta OpOITaILHOIO MOMEHTIB €BAHECIIEHTHOIO MOJIs, Ta 00EPTaTIbHOIO MOMEHTY,
MOB’A3aHOT0 3 BEPTUKAIBHUM CHIHOM, IO BUHUKAIOTh y BHUMAAKY J1HIHHOI
MOJISIpU3alliil Majlaloyoro Mmy4yka 3 a3uMyToM 45°, mpu MOBHOMY BHYTPIIIHBOMY
BiIOMBaHHI1 BiJ TPaHUIIl MOUTY «IIJIACTHHKA-TIOBITPS.

Bektop Hampy»KeHOCT1 €JIEKTPUYHOTO TOJIsl €BAaHECIEHTHOI XBWJL IO
BUHUKAE€ HaJ TPAHUIICI0 TOAULY «IUIACTUHKA-TIOBITPS», MOXKEe OyTH
HpeILCTaBJIeHI/HZ y BI/IFJI}II[i [1—2]'

. 1 K\ ik i
—E X Z(—Z)—2— elkZZ Kxe m)t, (1)
1/1+‘m 1+‘m k 1+‘m‘ k.
e k — TMOB3JOBXHS KOMIOHEHTA XBWJIBOBOIO 4YHCJIA, K —

z

EKCIOHEHIIMHUI TOKAa3HUK 3aTyXaHHS, M — KOMIUIEKCHUU MOJspU3aliiiHuii
napameTp, 110 OMUCYE CTaH MOJSPU3Allll €BAHECIIEHTHOI XBUJII.

I'yctuHa oOpOITaIbBHOTO MOMEHTY €BaHECUEHTHOTO TOJISI MOXe OyTu
npejcTaBiieHa y BUrisiai [ 1-2]:
2,2 2
k +IZ— exp(—2kxx). (2)

z z

['yctThHa CHIHOBOTO MOMEHTY €BAHECIICHTHOTO IIOJS  BOJIOJITHME

IIOB3/IOBJKHBOIO KOMIIOHEHTOKO p , IIO HAmpsAMJICHAa HPOTHIEKHO 10 z-

P, =p, = A}k, + =

HaMpsSMKY:
2

=24 I;—exp(—2l<x) , 3)

z

Ta NOIICPECUHOIO KOMIIOHCHTOLIO psy B y-HAIIpsIMKY:

kx
Py 24> k—Immexp(—2loc). 4)

Tonl B z-HampsIMKy MOXHa BUAUIMTH A0 ONTUYHOI CHUJIM, OOYMOBIIEHY
THCKOM CBITJIa, TOOTO, IIOB3/IOBKHBOIO CKJIAI0BOI0 OPOITabHOTO MOMEHTY p,

Ta IOB3/I0BXHBOIO KOMIIOHEHTOIO CIIIHOBOTO MOMEHTY p _, @ B IIOIIEPEYHOMY
HampsIMKy — »-KOMIIOHEHTOIO CITIHOBOT'O MOMEHTY p,- Beprukanbhuii CITIH

€BAHECIIEHTHOI XBWJ, IO 30YyIKY€ThCS HaA TpaHUIl MOJUTY «IUIaCTUHKa-
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MOBITPS», 3aJaBaTUME TaKOX OOEpTalbHUM MOMEHT, SKUU MepeaaeThCs
MJIACTHHII Ta BUKJIUWKae ooepTaHHs B oyl Y OZ.

PosrnsanaioTecs  HACTYNHI MIAXOAM Tepeladl  ONTUYHOTO MOMEHTY
€BAaHECIIEHTHOTIO MOJIs MJIACTUHII:

1) depe3 B3aEMO/IiI0 3 HEOAHOPIHICTIO (IIIOPCTKICTIO) MOBEPXHI,

2) yepe3 B3aEMOJII0 3 HAHOYACTMHKAMHU 30J10Ta, JOKaJli30BaHUMH Ha

MOBEPXHI MJIACTHHKH.

B nepmomy migxoni, mo nependayae B3a€MOIII0 €BAaHECIIEHTHOTO TOJIS 3
HIOPCTKICTIO TMOBEPXHI IJIACTUHKHU, PO3TIANAETHCS TPUKYTHUN mOpodiib
MOBEpXHI, 3 mapameTpoM R, = 10 HM, IO BIAMOBIJA€ ONTHYHIA SKOCTI
MOBEepXOHb. Pe3ynbTaTé poO3paxyHKiB MOKa3ylOTh, IO B JaHOMY BHMAJKY,
KOE(]IIIEHTH MPOIMYCKAaHHS HAa OKPEMHUX IUIOMIAJKaX € JOCUTh MaJUMH, TOMY
BEJIMYMHA ONTUYHUX CHUJI, OB’ SI3aHUX 3 MEPE/Iaueto CIHOBOTO Ta OpOITATIbHOTO
MOMEHTY €BAHECLIEHTHOTO TIOJII MOKE€ BHUSBUTUCH JOCUTh CIA0KOI0 s
EKCIEPUMEHTAIILHOTO AOCTIKEHHS. TOMY HACTYITHUM M1JIXOJ0M HPOMOHYETHCS
nepegaya ONTUYHOTO MOMEHTY HANWJICHHMM Ha TOBEPXHIO IUIACTUHKH
OJIHOPIJTHO PO3TAIlIOBAaHUM CPEPUUHUM YACTUHKAM 30J10Ta, AiameTpoM 60 HM.

Pe3ynbTaT po3paxyHKy 3aJIeKHOCTI BEJIMYMH MOB3JIOBXKHBOI, MOMEPEUHOL
CKJIQJIOBO1 ONTHUYHOI CHJIM Ta iX BIJHOIICHHS BiJ KyTa IMaJiHHS MPU B3aEMO/II1
€BAHECIIEHTHOI XBWII 3 YaCTMHKAMHU 30JI0Ta HaBOAUTHCA Ha puc.l. Jlnsg kyrta
naJ{iHHs OIU3bKO 58° MOCATAETHCS CHIBPO3MIPHICTh BEIUYUH ONTUYHUX CUJI B Z-

P ks, Ta y-HANPIMKaX, TAKUM YHHOM, IO
* F,/F,~32. [Jlna naHoro KyTta

MajiHHSA, TPU TEBHUX YMOBaX,
BIUTUB Ha TJIACTUHKY O0EpTaTbHUX
s MOMEHTIB, CIIPUYMHEHUX

JTBOTIPOMCHE3IOMJICHHSIM,  MOXE
° OyTH CKOMIIEHCOBaHUM. ToMy pyx

1 TUIACTUHKH B HaIPSMKY,

) BIZIMIHHOMY BiJi TOB3/I0BKHbBOTO,

» ®© o oo MOXHa BBaXKATH SIK PE3yJbTaT il

Puc. 1. 3aJIeKHICTh BeIUYUHN  onryyHoi  CHJIM,  OHICKO 3

IIOB3/I0BXHBOI, TONEPEYHOI  CKIATO0BOI  [oMIOHEHT SKOI € cHIa

OITUYHOI CHJIM Ta iX BIIHOIICHHS BiJl KyTa CIPHYNHEHA IOTIePEUHIM
1T {IHH?. CITIHOBHM MOMECHTOM.

Jlitreparypa

1. O. V. Angelsky, S. G. Hanson, P. P. Maksimyak, A. P. Maksimyak, C. Yu.
Zenkova, D. I. Ivanskyi, “Influence of evanescent wave on birefringent
microplates,” Optics Express, 25 (3), 2299-2311 (2017).

2. C. Yu. Zenkova, D. I. Ivanskyi, “Non-trivial structure of optical momentum
and optical forces inherent in evanescent waves,” Proc. SPIE 10612, 8p (2018).
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KEPYBAHHSA PYXOM HAHOYACTHUHOK 30JI0TA 3A
JOHHOMOI'OIO ITOITEPEYHOI'O CIITHOBOI'O MOMEHTY
EBAHECIHEHTHOI XBWJII B BIOMEJUYHUX 3ACTOCYBAHHSAX

Anrenscekuit O.B., IBancekuit 1.1
UYepHiBelbKUM HAI[IOHATBHUNA YHIBEPCUTET , BYJI. KoitoOuHcbKkoro 2,
M. YepHisi, 58012

HaBoautbcst TeopeTUUHUM aHali3 MEXaH13MIB BUHUKHEHHS] BEPTHUKAIBHOTO
CIIHY €BaHECLIEHTHOIO MOJIsl Ha/l IOBEPXHEIO JBOIMPOMEHE3ATOMIIIOIOUOTO 3pi3y
O0l0oTKaHMHU. J|eMOHCTPYETbCS ~ MOKJHUBICTH  KEPOBAHOTO  MEPEMIIICHHSA
HAaHOYACTMHOK 30JI0Ta B TMPUIIOBEPXHEBOMY IIapl TKAHWHHOI pPIAUHU, B
HaIpsMKY, BIIMIHHOMY BiJ MOB3JOBXXHBOTO, M1l AI€I0 ONEPEYHOr0 CHIHOBOIO
MOMEHTY €BaHECIIEHTHOI XBHII1, 1110 MOKE OYTH 3aCTOCOBAHO B TE€pPANEBTUUHUX
[UISX B 3a/1a9aX HAHOMEIUITMHH [1].

B sxocTi 3pa3ka BHOHMpAETHCS ABOMPOMEHE3ATIOMIIIOIOYE CEPEIOBUIIE, B
AKOMY MAaKpOCKOIIYHA aHi30Tporisi o0yMoBieHa (iOpUIISPHOIO CTPYKTYpPOIO
IIIJIbHO YMAaKOBAHUX BOJIOKOH, HAMpUKIAZ, AepMa. [[ms M’S430BOro BOJIOKHA,
30KpemMa, TOBIIMHA JE€pMHM CKIagae BeauunHy nopsanky 100-300 wmkwm.
Bubuparoun AOBXUHY XBWII JIA3€pHOTO BHUIIPOMIHIOBAHHS B MEXax «BIKHA
npo3opocti» ansg  Olonoriynux TkaHuH (800-1500 HM) cTae MOXIMBUM
OTpUMAaTH MOBHE BHYTpIIIHE BIJOMBAaHHSA Ha TPaHULl NOAUTY «O10TKaHMHA—
plauHa», 3 MOMJIMBICTIO pealli3allii BEpTUKAIBHOIO CIIHY €BAaHECIIEHTHOI XBUIII
[2] Ta momanpIMM TPAHCHOPTYBAHHSAM HAHOYACTMHOK 30JI0Ta Yy 33aJaHOMY
HaIpsMKY B CEpEIOBUIII TKAHUHHOI P1UHHU.

PosrnsnaioTecs  yMOBH, — KOJIH

ff’-gzj onTHM4YHa cuwna  F, ., CIPUYUHEHA
' eNNTUYHO TONSAPU30BAHUM IIyYKOM, IIO
: ¥ IOIIMPIOETBCS 10 TPaAHMI  IOMILIY
| 170 «JIBOIPOMEHE3ATIOMITIOI0YU T 3pi3—

‘o TKaHMHHA pIOMHa» Ta cunma F,
5o XapakTepHa A BIAOWMTOrO ITydyKa, HIO
30 HOIIMPIOETHCS B 3BOPOTHBOMY
HampsMKy, € CKOMIIeHcoBaHi (puc. 1).
3MIHIOIOUH KYT MaJIHHS TPOOHOr0 MyyKa
W IN8  PpI3HUX TOBIIMH 3pi3y d,
Puc.1. Ticrorpama mo6ymoBana 3a  MIJAOMPAETLCS a3UMYT MOJISAPU3AIIi IyuKa
YMOBH KOMIIEHCAI[ll ONTUYHUX CUi  Ha BXO/l ¢, KOJW Taka KOMIIEHCAIlisA
(F,.,.F ), pu HNOUIMPEHH]  CTae MOXKJIUBOIO. 30KpeMa, e
STINTUYHO TOJIIPU30BAHOrO Myuka MAOCATAEThCA, HANpHUKIaA  Old  KyTa
710 30BHIIIHBOT MOBEPXHi 3pi3y Ta B MaliHHSA 60° JIHIAHO MOJSIPU30BAHOTO
HaNpsMKY, IO 33Ja€ThCs YMOBOIO IPOOHOrO myd4ka 3 asumytoM 79° s
IIBB
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toBiUHM 3p13y 100 Mkm. [Ipu ubomy, 11 popMyBaHHS BEPTHUKAIBLHOTO CIIHY
€BAHECIIEHTHOI XBWJII Ta TMONEPEYHOI MOJSAPU3AI[IHHO-3aJIE)KHOI  CHIIH,
BBAXKAETHCA, 1110 MOJISPU3ALIIS MyUYKa, MaJal0u0r0 Ha 30BHIIIHIO MIOBEPXHIO 3pi3y
€ JIIHIAHOIO 3 a3UMYyTOM 45°.

[Ipu BuIIE3a3HAYEHUX YMOBAaX PO3TIANAETHCS il KOMIIOHEHT ONTHYHHX
CUJI, TIOB’A3aHUX 3 PO3IMOJIJIOM T'YCTUHU CHIHOBOTO Ta OpOITAIILHOTO MOMEHTY
€BAHECIIEHTHOI XBWJIl, HAa HAHOYACTUHKHU 30JI0Ta, AiamerpoMm 50 HM, B
NOB3JI0BKHbOMY (F,) Ta B momepeyHomy (F,) Hanpsmkax. Hampsamok

: F,
NEPCMIIMICHHA HAHOYAaCTHHOK BH3HAYA€TBCA KYTOM a:arctg—} a0

JE2+F?

Sk TOKa3ylTh pe3yJabTaTH
MOJICTIOBaHHS, 1CHYE MOXJIMBICTb
KepyBaHHSI  HANpsIMKOM  pPyXy
HaHOYACTHHOK 3a pPaxyHOK
nig0opy KyTa TaJiHHS TPOOHOIO
My4YKa Ha MEpILy MOBEPXHIO 3pi3y
(puc. 2). Tak, njist BUOpaHOro KyTa
nafiHHa 60°, KyT a, 110 BU3HA4YaEe
HalpsIMOK  PyXy HAaHOYaCTHHOK
CKJaJa€e BeIWYUHY Onu3pko 11°.

MOB3/I0BKHBOTO Z-HANPAMKY (puc. 2).
Q,

12

16

Puc.2. 3alexHicTh HampaMKy pyxy 1aKuM THHOM, SMIHIOKOYH
JaCTHHOK 30JI0Ta B MPHUIOBEepXHeBOoMy TapaMCTpH npoOHOro  IyuKa,
rapi TKAaHUHHOI PiAMHU B 3ajexkHocTi MOKHA KOHTPOJIIOBATH

Bil 3MiHM KyTa majaiHHS mnpoOHoro TMCPCMIINICHHI — HAHOYACTHHOK B

My4Ka Mpu ToBIIMHI 3pi3y 100 MkM HaZIMOBEPXHCBOMY iap1
010J10TIYHOTO 00’EKTY, THM CaMUM

PO3ILIMPIOIOYU MOMIJIMBOCTI TPAHCIIOPTYBAHHS J1030BaHUX MOPIIiH JIIKIB B IIIAX
00pOoOJICHHS TATONOTIYHUX O10CTPYKTYP.

Jlitreparypa

1. O. V. Angelsky, C. Yu. Zenkova, D. L. Ivanskyi, “Mechanical action of the
transverse spin momentum of an evanescent wave on gold nanoparticles in
biological objects media,” Journal of Optoelectronics and Advanced Materials,
20 (5-6), 217-223 (2018).

2. O. V. Angelsky, S. G. Hanson, P. P. Maksimyak, A. P. Maksimyak, C. Yu.
Zenkova, D. I. Ivanskyi, “Influence of evanescent wave on birefringent
microplates,” Optics Express, 25 (3), 2299-2311 (2017).
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MOLECULAR DIAGNOSTICS AND CONTRAST IMAGING OF CELL
COMPONENTS WITH NANOSTRUCTURAL GOLD SUPPORT

Dovbeshko G.1.', Polovyi 1.0.', Karakhim S.0.?
' Department of Physics of Biological Systems,
Institute of Physics, NAS of Ukraine, 46, Nauky avenue, 03028, Kyiv, Ukraine
? Department of Muscular Biochemistry,
Palladin Institute of Biochemistry, NAS of Ukraine, 9, Leontovycha str., 01601,
Kyiv, Ukraine

Contrast image of living cells and its components is of great importance for
medical and biological analysis. However, optical transparency and weak
fluorescence of biological objects restricts microscopic imaging. Therefore,
various markers such as dyes, quantum dots, nanoparticles are applied for
improvement of cell imaging. E.g., dye molecules of green fluorescent protein
(GNP) are used to mark a cytoskeleton, molecules of DAPI — to stain nuclei in
the cell etc. At the same time, development of the free-label method is attractive
for non-destructive cell analysis and has grown recently. Here we discuss our
results on application gold nanostructured support for imaging of living cells,
namely, cancer cells, stem cells, apoptotic cells and fibroblasts.

It is well-known that weak fluorescence appears in some types of living
cells under biological processes such as metabolite activity, oxidation, proton
transfer, aging etc. Earlier we have registered weak emission from unstained
living cells under confocal microscopy. So, the questions arise — what cellar
components and cell process are responsible for it. What physical processes are
involved in the enhancement of fluorescence. We suppose that light scattering
on spherical and cylindrical objects of nanometer size may serve a reason of
light enhancement like light nanolens and nano-jets. Other reason of it could be
parametric scattering effects or parametric luminescence on biological
structures. Both suppositions should be studied in future. Raman spectra were
used for determination of cell components and BN particles were applied as
enhancers of vibrational markers.

Acknowledgement. This work has been supported by NATO 5291,
690853-assymcurv-H2020-MSCA-RISE-2015/H2020-MSCA-RISE2015,
Nol1/1-2018 NASU “Development of 2D materials for smart sensors of
biomedical application” projects.
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BILIMB COPBIIII KOMIIOHEHTIB IIOBITPS TA BOJIHIO HA
CTPYKTYPHI BJIACTUBOCTI MOHOKPUCTAJIIB FeTey 5S¢ 35

Menemxko B.B., [IpoxBartinos A.l., bougapenko C.1., Koseps B.I1.
Di3UKO-TeXHIYHUN IHCTUTYT HU3bKUX Temiepatyp iM. b.1I. Bepkina
HamionanbHoi akanemii Hayk YKkpainu
e-mail: meleshko@ilt.kharkov.ua

FeTe,; Se, sBmsge coboro KepaMmiky, IO HE A0 KIHIA BHUBYEHA, 1 Mae
HAJIMIPOBITHUKOBI BJIAcTUBOCTI. Kpucraaum MawTh TeTparoHaldbHy TIpPaTKy
cuMeTpii P4/nmm 3 mapamerpamu a = 3,799 A, ¢ = 6,093 A, V=87,9 A’ [1].

[IpoBeleHO PEHTIeHIBChbKE MOCHIIKEHHSI BIULIMBY MOJICKYJISIPHUX TOMIIIOK
MOBITPSI, MOJIEKYJI 1 aTOMIB BOJHIO Ha CTPYKTYpHi 1 (pi3UuHiI BJIACTHUBOCTI
MoHOKpucTaliB cnoiiyku FeTe;,Se, mpu KIMHaTHIN Ta BUCOKUX TeMIEpaTypax.
[{i moHOKpHuCTanu OyJI0O BUPOIIECHO 3 po3IuiaBy MetoaoMm bpimxmena. bymno
OTPUMAaHO 3pa3Ku JOCUTh BUCOKOI SIKOCTI MPHU MBUAKOCTI pocTy 1MM/TOS.

3pa3ky TpUBAIMNA Yac 3HAXOJAWUIUCA TPU KIMHATHUX YyMOBax Ta
HAaCUYyBAJIUCSI KOMIIOHEHTaMU MOBITPsSI A0 MPOBEACHHS HEOOXITHUX JOCIIJIB.
Jlani iX mOMICTWIIA B €KCIIEPUMEHTAJIbHY KOMIPKY JIJIsl Jera3allii Ta HaCUYeHHS.
BakyyMyBaHHs Kepamiku (3 TrokHi) mia THckoM 107 MM.PT.CT. Jao Bigomocri,
10 KOMIIOHEHTH TOBITPS NMPU KIMHATHIN TeMMepaTypl HECYTTEBO BIIMBAIOTh HA
MapaMeTpHy TPaTKH JOCTIKYBaHUX 3pa3kiB. OJHAK, MICJI [IbOTO PEHTTECHIBCHKI
BIIOUTKU 3JBUHYJUCA B CTOPOHY MEHIIUX KyTiB. Takoxk OylOo IOCHIIKEHO
BILUIUB COPOIIT MOJEKYISPHOTO Ta30Mo/{I0HOr0 BOAHIO IMiJ TUCKOM 2 Ta 5 aTMm.
Ha PEHTIeHIBChKY KapTUHY. Butpumka y atmocdepi MOJEKYISIPHOTO BOJHIO
Npyu KIMHATHIM TeMmmepaTypi MNPU3BOAUTHL 1O HE3HAYHOTO 3HUKEHHS
IHTEHCUBHOCTI BiAOUTKIB BiJl rtomuHu 3koiy (001) Ta Mamomy 3cyBYy B CTOPOHY
oubmmx KyTiB. lle sBume oOyMmoBlieHEe 1HTepKaisiieo wmoyekyn H, y
MiKIUTOmMHARH 1poctip (edexT Qiscop6uii). Bussieno, mo mpu T > 200 °C
B110yBa€THCS CTPYKTYPHHI dazoBuit nepexij, 3yMOBJICHUI
TEPMOKATATITUYHOI Aucoliamiero Mojekyn H,. Ilim gac mepexomy mpoxoje
XIMIYHa B3a€EMOJIISI aTOMIB BOJHIO 3 aTOMaMU Oa3MCHHMX IUIOIIMH CIIOJYKH.
BcTranoBneHo, 110 HAasIBHICTh aTOMApHOTO BOJHIO CYTTEBO BIUJIMBAE Ha
MDKaTOMHY B3a€EMOJIII0, MIJBUINYE 1ii aHI30TPOIII0 Ta 3HHXKYE CHMETPIIO
CTPYKTYpH KPHUCTAIIB BiJ TETparoHaJbHOI 10 opTtopomOiyHOi. [lpu mpomy
pi3HUIL 00’€MIB TETParoHaJbHOI Ta OPTOPOMOIYHOI T'PAaTOK MOXKE JOcCsraTh
maitke 15%.

1. A.G.Sivakov, S.I.Bondarenko, A.I.Prokhvatilov, V.P.Timofeev, A.S.Pokhila, V.P.Koverya,
[.S.Dudar, S.L.Link, I[.V.Legchenkova, A.N.Bludov, V.Yu.Monarcha, D.G.Gawryluk,
J.Poetosa, M.Berkowski, R.Deduszko, R.Puzniak, and A.Wisniewski, Microstructural and

transport properties of superconducting FeTegesSeoss crystals, Supercond. Sci. Technology
30, 015018 (2017)
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LOCAL TRAPPING AND RECOMBINATION OF CHARGE CARRIERS
IN HETEROSTRUCTURES WITH Ge NANOCLUSTERS

Mykytiuk A.0."?, Kondratenko S.V.'
' Physics Faculty, Taras Shevchenko National University of Kyiv,
64/13, Volodymyrska Str., 01601 Kyiv, Ukraine
> State enterprise of a special instrumentation “Arsenal”,
8, Moskovska Str., 01010 Kyiv, Ukraine

Low-dimensional Si-Ge heterostuctures have been extensively studied
focusing on many different aspects ranging from growth and characterization of
nanoclusters (NCs) to the prospects of their application in novel electronic and
optoelectronic devices [1-3]. The transport properties of a lattice mismatched
system are to a large degree governed by the presence of quantum states, strain
fields, and interface defects created during epitaxial growth. These features can
cause nanometer scale variations in the electrostatic potential, which have a
significant impact on the recombination processes in the generation and
transport of charge carriers. An efficient tool capable of resolving nanomter-
scale potential variations is the atomic-force microscopy (AFM) based Kelvin
probe force microscopy (KPFM) technique [4].

The Ge NC structures resulted from Stranski-Krastanov growth [5] during
Ge MBE on boron doped (N,~10" cm™) Si(001) substrates with resistivity of
7.5 Q-cm. Ge was deposited at a deposition rate of ~0.05 A/s and a substrate
temperature of 600°C resulting in a strain driven formation of faceted Ge NCs
with lateral extensions between 60 and 450 nm, and heights between 60 and
450 nm. For electrical characterization an AuSi eutectic contact was fabricated
at the back of the Si wafer pieces by melting at 370°C. In order to quantify the
Ge content and strain values, micro-Raman spectra were measured at room
temperature. Excitation was performed using the 488 nm line of a Ar-Kr ion
laser having a power of 3 mW and a spot diameter of 0.50 mm.

Topographic and surface potential measurements of Ge-Si heterostructure
were performed simultaneously under normal ambient conditions. Silicon probe-
tips with conductive diamond coating doped with nitrogen were used to measure
the contact potential difference (CPD) between the tip and the surface. These
probes have a typical tip radius of 35 nm. The cantilever’s force constant and the
resonance frequency were in the range of 5.5-22.5 N/m and 190-325 kHz,
respectively. The area under investigation was 1x1 pm®, which was scanned at
1Hz scan rate and 1 V peak-to-peak AC voltage applied to the tip.

The observation of a surface potential distribution with maxima at the Ge
NC location and lowest values at the NC’s surrounding is indicative for trapping
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of positive charges within the NCs. A clear linear decrease of the potential from
the top of the Ge NCs to their bases is observed. This manifests that the number
of holes stored in the individual Ge NCs is higher as compared to holes captured
by other traps of the substrate surface.

Electrons or holes were injected into the isolated Ge NC on top of the Si
layer using a conductive AFM tip. After charging of a single nanocluster,
significant changes in the surface potential and charge redistribution were
observed. After electron injection, the CPD map exhibits higher contrasts due to
electron-hole recombination and a decrease of positive charges trapped by Ge
NCs and surface states. On the other hand, holes injected into a single Ge
nanocluster can spread out into the surrounding region when biasing of the n-
tip/i-Ge NC/p-Si junction in the reverse direction. As a consequence, the CPD
map exhibits the highest value and becomes practically equipotential between
NC and surrounding.

The role of Ge NCs and surface (WL) states in recombination of excess of
charge carriers on the nanometer scale could be evaluated by analyzing the time
evolution of the CPD after hole injection. The surface or WL states were found
to be more efficient Shockley-Read-Hall recombination centers as compared to
the Ge NCs. The observed temporal evolution of the CPD map confirms the
ability of NCs to retain the holes during a long time after injection.

1. K. Bruner, Rep. Prog. Phys. 65, 27 (2002).

2. D. Bimberg, M. Grundmann, N. Ledentsov, “Quantum dot heterostructures”,
(John Wiley & Sons, Ltd., Chichester, 1999).

3. Y. Kozyrev, S. Kondratenko, C. Teichert, and C. Hofer, “Nanomaterials and
Supramolecular Structure Physics, Chemistry and Applications”, (Springer ,
Berlin, 2010), p. 235.

4. M. Nonnenmacher, M.P. O’Boyle, and H.K. Wickramasinghe, Appl. Phys.
Lett. 58, 2921 (1991).

5. D. J. Eaglesham, M. Cerullo, Phys. Rev. Lett. 64, 1943 (1990).
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YIAK 621.315.592

WMOBIPHICHO-®I3UYHE MOJEJIIOBAHHS TOBI'OTPUBAJINX
HPOLECIB IEPEBYIOBU JAE®EKTHOI INIIICUCTEMMH CIIOJIYK
GaN TA GaAs BHACJIIJJOK MIKPOXBHUJIBOBOI OBPOBKH

Penpko P.A.l’z, MiuneHin F.B.l, Penpko CcM.!

' TacturyT Gisukn HamiBnpoBiguukis iM. B.€. Jamkapsosa HAH Ykpainu
Kuis, Ykpaina, [Ip. Hayku 45, 03680, milenin.gv(@gmail.com,
redko.rom@gmail.com
2 Jlep>kaBHUM YHIBEPCUTET TEICKOMYHIKAIIIi
KwuiB, Ykpaina, Bys. Conom’sitaebka 7, 03110

OO0'ektamu gociikeHHs: Oynu CTpykTypu n-n + -GaAs 3 TOBUIMHOIO
eniTakciiiHoro n-mapy ~ 3 MkM 1 nt+ miakiaagkamu 300 Mkwm, seroBani Te.
KoninenTpaiiii BUIBHUX HOCIIB 3apsiay B CMITAKCIMHINA IUTIBII Ta MIAKIAALI
cknagamt ~ 5-10'° em™ ta ~ 1-10'® oM™, BimmoBimHo. A Takok emiTakciiiui
miBku GaN, BupoieHi Ha migkiaaakax Al,Os, 3aBToBmKu ~ 430 MKM, METOOM
MOCVD, neroani KpeMHIeM 10 KOHIIeHTpartlii 1,6 10" e, ToBiIMHA IJIIBKA
ckiamana Big 2 g0 2,5 MrMm. @otomominecueHTHi (DJI) mochimxeHHs
MIPOBOAMIKCH MIPU KIMHATHIN TeMiepatypi Ha ciektpomeTpi Perkin-Elmer LS55
3 po3auibHOIO 3xaTtHicTio 0,5 HM. OOpoOka 3pa3kiB 3AiliCHIOBajIach MpH
KIMHaTHIi Temnepatypi Ha 4yactoTi 2,45 ITn. 3aranpHa TpuUBaNiCTh
onpoMiHtoBaHHs 60 ¢ (12 iMIIyIbCIB MO 5 ¢ 3 May3aMu MK IMITyJIbcaMu 3 XB).

BBeneMo Taki BUMaAKOBI MOJAIl: BUIAJKOBA MOJIisl MEpEMIlICHHS AePEKTY
(mucnokaiii, BakaHCIi Taliio, TOI[0) 3 MPHUIOBEPXHEBOI 00JACTI 10 MOBEPXHI
(Mex1) 1 BUMAJAKOBA MOJIs MepeMillieHHs Je(eKTy B MPUIIOBEPXHEBY 00JacTh 3
eniTakCIMHOrO mapy (Jkepena), MO MPUMHUKAE O MPUIIOBEPXHEBOI 00JACTI 1
Mae po3MIpU MOPSAKY pO3MipiB ocTaHHbOI. [lil mpUMOBEpXHEBOIO OOJACTIO
OyZleMO pO3YMITH TOBIIHMHY IIapy, B AKOMY T'€HEPYIOThCS €IEKTPOHHO-IIPKOBI
napu mig Jiero cBiTia 30ykeHHa (doTonroMiHecteHmii. Toal BumagkoBa
BEJIMUMHA — II€ Yac A0 BHIaAKoBOI moxli. BigmosigHO, E(z) - yHKIA
PO3MOLTY Yacy A0 NepeMillieHHs AedeKTy 3 MPUIOBEPXHEBOT 00JACTI O MEXI1
(IMOBIpHICTh TEpPEMINICHHS 3 NPUIOBEPXHEBOI O00OJACTI JO MEXKi); Fz(t) -
(GyHKIIIS pO3MOALTY Yacy J10 MepeMilieHHs 1eeKkTy B IpUNOBEpXHEBY 00JaCTh
3 JKepena (MMOBIPHICTh EPEMIIEHHS B TPUIIOBEPXHEBY 00J1aCTh 3 JHKEPEIa.

PosrnsHemMo BUIAIKOBY MO0 — BIJICYTHICTh A€(PEKTY B MPUIOBEPXHEBIM
obmacti. [lama mopis € CKIAQgHOK 1 CKIAQZA€ThCS 3 BHUIIAAKOBOI IOMIL -
nepeminieHHs 1eekTy 3 MpUImoBEepXHEeBOI1 001aCTl 10 MEXK1 1 BUMIAIKOBOI MOIIT -
BIICYTHICTh TEpEMIIIECHHS Ae(PEeKTy B MPUIIOBEPXHEBY OO0JacCTh 3 JiKepea.
Bbynemo BBakaTu i moaii He3ajdeKHUMHU. Toal MMOBIPHICTH JaHOI CKIJIQJAHOT
MOA11 JOPIBHIOE TIOOYTKY MMOBIPHOCTEN CKJIaJ0BUX MO/TINA:
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R (0)=F(0)[1-F(r)]. (M

Js F(¢) i F,(t) 6ynemo BuxopuctoByBat posnoin Beiibymna-I'nesenxo:
4L

Fi(t):l—e(r‘jml, 2)
5

F(t)=1-e /™, 3)

A€ 7, Ta 7, — IIOCTI}HI Yacy BUMAIKOBUX MOMIN; m, Ta m, — GopM-(pakTopu
(GyHKIT po3MoALTy Yyacy A0 BIAMOBIIHOI BUMAAKOBOI Moii. ToOTO:

Pl—2 ( t) =|1= e_[;ljml e_[ftzj’nz , 4)

Binnosinno, 1M Ginbie (a6o Menme) sHauenus P, (¢), Tam Ginbie (a6o
MeHIe) Mae OyTH 3HAYeHHs {HTEHCHBHOCTI cMmyru dortomominecuenwii (),
106710 /(f) Mae GyTm mponopuiitanm 1o P, (¢):

I(f)=1, +1, 1—e_[ftll“l e_[ftzl"z , (5)

ne I, — MOYaTKOBE 3HAYEHHS IHTEHCHUBHOCTI CMYTU (DOTOIFOMIHECLECHIIT;
I,- xoedimient npomnopuiHocti. s QyHKIisS Mae ekcTpeMyM (MakCUMyM Y
BUMAJKY «+» 1 MIHIMYM Y BUIIQJIKy MAaKCUMYM Y BUIMAJKY «-»).

Amnpokcumaliisi 3a METOJIOM HalMEHIIMX KBaApaTiB BUpa3zoM (5) dacoBoi
3MIHM 1HTEHCUBHOCTI iHTerpanbHoi PJI 18 HOMIIIKOBHX CMYT €MITaKCiiHOI
crpykrypu n-GaAs i GaN/ALOs, ¢ mapamerpamu r, =5.8 1i0, 7, =90.08 xi0,
m =151, m,=1.10, I, =1, I,=246; 7,=699 mb, 7,=805 mb, m =5.02,
m,=7.08, I,=1, I,=622 nmna GaAs 1 GaN, BIONOBIOHO, A€ XOPOILy
Y3rO/KEHICTh EKCIEPUMEHTATIbHUX 1 TEOPETUYHHUX pe3ynbTaTiB. MoxHa
BI3HAYMTH, Ta TaKOXX TOW (PakT, 10 B 3aJIEKHOCTI BiJ KUJIBKOCTI BBEICHHUX
BUMAJKOBUX MO 4YUCIO MakCUMyMiB (200 MIHIMyMIB) MOKE BapilOBaTHCS.
Jlnst  oOrpyHTYyBaHHS NPUYMH €BOMIOLII JA€PEKTHOI MIJCUCTEMH MOXKHA
3aIIpONIOHOBAHI  MEXaHI3MH  BIAKPIIJICHHS 1 TEpPeMIIICHHS JHUCJIOKaIlii,
00yMOBJIEHI PE30HAHCHUMU KOJIMBAaHHAMH JTUCIOKaIlii, 1 po3maay JOMIIIKOBO-
Ne(EeKTHUX KOMIUJIEKCIB, BUKJIMKAHI CIIBHOAJAaHHSIM YacTOT 10HHO-IIJIa3MOBUX
KOJMBaHb JOMIIIKOBUX aTOMIB 3 YacTOTOI 30BHIIIHBOI BUMYULIYIOYOi CHJIH,
POJIb SIKOI BiAIrpa€e eIeKTpUUHA CKIaJ0Ba MIKPOXBHILOBOTO BUIIPOMIHIOBAHHS.

Bapto 3a3HaunTH, MO 3amNpONOHOBAHI MEXaHI3MU MAalOTh AaTEPMIUYHY
npupoay, TOOTO He mnepeadadaroTh MOMITHOTO HarpiBaHHS JOCIIIKYBaHUX
3pa3KiB, IO camMeé MO €00l € BarOMMM BHECKOM y CTBOPEHHS J€TajbHOI Ta
MMOCJIIOBHOT KapTUHU B3aEMO/I11 HBY - BUITPOMIHIOBaHHS 3
HaIiBIPOBITHUKOBUM MaTEPiaioM.
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INVESTIGATION OF ORIENTATIONAL ORDER IN MOLECULAR
CRYOCRYSTALS BY THE DIFFRACTION METHOD.

Mysko-Krutik Nataliia, Solodovnik Angelina
B.Verkin Institute for Low Temperature Physics and Engineering of NAS of
Ukraine, 47 Nauky Ave., Kharkiv, 61103, Ukraine
e-mail: misko@ilt.kharkov.ua

Using the transmission electron diffraction technique we studied the
structure of condensed N,-Ar, CO-Ar films with the aim to understand how the
introduction of impurity particles affects the orientational order of the N,, CO
linear molecules in the solutions. [1] In molecular cryocrystals the contribution
of non-central component of the interparticle interaction forces due to multipole
moments of molecules is rather appreciable. This component determines the
character of the orientational order of molecules at low temperatures.

Observations were carried out in a standard electron-diffraction technique
equipped with a helium cryostat (THEED). The deposition regime was chosen in
order to obtain random distributions. [2 The samples were grown in situ by
depositing gaseous mixtures on polycrystal Al or amorphous C substrate at
T=20 K. Measurements were made at temperatures from 5 K to the sublimation
temperature of argon. The error in the lattice parameter measurements was
usually 0.1%. The effective thickness of the deposits varied from a few to
several hundreds of Angstroms.

Information about orientational order was obtained from the analysis of the
concentration dependence of the intensity of diffraction peaks. Based on a
comparison between measured and calculated intensity of diffraction patterns
the orientational order factor # was determined.

1. V. G. Manzhelii, A. 1. Prokhvatilov, V. G. Gavrilko, and A. P. Isakina,
Structure and Thermodynamic Properties of Cryocrystals, Begell House, inc.,
New York (1998).

2. A. A. Solodovnik, V. V. Danchuk, N. S. Mysko, Fiz.Nizk.Temp. 39, 5, 586
(2013). [Low Temp. Phys., 39, 456 (2013)];
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CARBON NANOTUBES FOR APPLICATION IN THE GAS SENSORS
AND SEPARATION OF HYDROGEN ISOTOPES

Barabashko M.S.
B.Verkin Institute for Low Temperature Physics and Engineering
of the National Academy of Sciences of Ukraine
47 Nauky Ave., Kharkov, 61103, Ukraine
barabaschko@ilt.kharkov.ua

One of the promising applications of carbon nanotube bundles is the
separation of hydrogen isotopes. The separation of hydrogen isotopes is a
difficult and energy intensive process. The chemical properties of these isotopes
are almost the same. The difference in mass of isotopes gives rise to differences
in thermophysical properties such as vapor pressures or molecular diffusion
rates. These differences have been used for the separation of hydrogen isotopes
using thermal diffusion, cryogenic distillation and other techniques. However,
most of these techniques have low selectivity for separating hydrogen isotopes.
Recently, a novel separation technique called quantum sieving was predicted to
be particularly efficient for nanotubes.

Quantum sieving can be implemented when the adsorbate is effectively
confined to a 1D channel or a 2D surface. The unique structure of bundles of
single-walled carbon nanotubes (SWNTs) permits obtaining quasi-1D, -2D and -
3D structures formed by adsorbates. The studies of the adsorption isotherms,
heat capacity, thermal expansion, and other physical properties of SWNT with
different gas adsorbates are important for selection and gas storage by using the
nanotubes. The present investigation is aimed to the study of the heat capacity of
carbon nanotubes and 1D structures formed by adsorbates on the outer surface
of carbon nanotubes.
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EFFECT OF GRAPHENE OXIDE ARMORING ON MECHANICAL
PROPERTIES OF POLYMER NANOCOMPOSITES

Basnukaeva R.M.', Rusakova H.V.!, Fomenko L.S.!, Lubenets S.V.',
Dolbin A.V.', Vinnikov N.A.", Khlistyuck M.V.", Blyznyuk A.V.
'B.Verkin Institute for Low Temperature Physics and Engineering of NAS of
Ukraine, 47 Nauky Ave., Kharkiv, 61103, Ukraine
E-mail: razeta9556(@gmail.com
*National Technical University "Kharkiv Polytechnic Institute",2 Kyrpychova
Str., Kharkiv 61102, Ukraine

The development of modern technologies exposes high demands on
materials of a wide range of applications that can successfully function in
extreme conditions of high or low temperature, corrosive environment, extreme
mechanical stresses and pressures. Such structures are extremely necessary in
aviation, space technology, and medicine. From this point of view, using of
high-tech nanocomposite materials armored with carbon nanostructures
(graphene and its oxide with unique strength and Young modulus) is very
perspective. The main goal of this study was to synthesize the polystyrene-
graphene oxide and polyester resin-graphene oxide nanocomposites and to
measure Vickers microhardness of the nanocomposites and the matrix polymers
for the purpose of revealing of the filler strengthening role.
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Fig.1. The temperature dependence of microhardness of polyester resin-
graphene oxide nanocomposite in the temperature range 77-295 K

Graphene oxide was prepared by exfoliation of graphite oxide produced by
the modified Hummers method. The structure, morphology and elemental
composition of the produced graphene oxide were investigated by scanning and
transmission electron microscopy and energy-dispersive X-ray spectroscopy.
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The nanocomposites were produced by ultrasonic dispersion of graphene oxide
in the liquid polymer.

It was shown that the introduction of 0.3 wt. % graphene oxide in
polystyrene increased the microhardness value by 38-45 %. Qualitative
difference of mechanical properties of the polyester resin-graphene oxide
nanocomposite and pure polymer was that at room temperature pure polyester
resin behaved like elastomer (microhardness impressions were fully recovered
after unloading), whereas the nanocomposite showed the glassy properties
(impressions were retained).
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THE CONDITION FOR THE FORMATION OF A STABLE METALLIC
POLYCRYSTALLINE STRUCTURE AT SEVERE PLASTIC
DEFORMATION

Daria Troshchenko, PhD
Sumy State University

The application of the methods of severe plastic deformation (SPD) allows
to obtain the bulk metallic samples with almost pore-free submicrocrystal
(SMC) or nanocrystal (NC) structure, which is rather important for modern
nanotechnological process. Such structure is formed because of the external
mechanical effect in rather low temperature conditions. The optical investigation
of the obtained polycrystalline metallic samples shows the high physical and
mechanical properties.

Since the physical processes occurring in the metal during the SPD are
rather complex, the construction of the theoretical approaches allowing to
describe qualitatively all internal changes is carried out recently. Thus, the
special approach within nonequilibrium evolutional thermodynamics based on a
combination of the concepts of classical non-equilibrium thermodynamics and
Landau evolutionary equations is developed. Theory describes the evolution of
defects subsystem of polycrystalline material and the formation of stationary
SMC or NC structure. The densities of dislocations and grain boundaries are
considered as major structural defects, which are responsible for the formation
of fine-grained structure and the limit of plastic flow.

In the framework of adiabatic approach, which determines the nature of the
evolution of non-equilibrium variables, the conditions for the formation of
simultaneously both two and one stationary SMC or NC structures are found
depending on the extent of mechanical action at SPD. Using the phase plane
method, the phase portraits are built which explicitly reflect the system behavior
according to the possible four fragmentation modes. It is established that two
defects system can function in three steady states. The obtained general
relationship for Lyapunov indexes, which characterize the stability of steady
states and the behavior of dynamic system in phase space, allows us to construct
the stability diagram. Received diagram clearly demonstrates the conditions for
the formation of stationary states of different types. Thus, it is possible to
establish the requirement values for the elastic strain enable us to obtain the
steady SMC or NC structure with required defects density and stable physical
and mechanical properties. The results are useful for nano-optics investigation
of metal’s fragmented structure.
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CYUYACHI TEHJAEHIIII PO3BUTKY CEHCOPIB HA OCHOBI
ABUIIA IIJIASMOHHOI'O PE3OHAHCY

Hopoxunceka ['.B.,
HamionanbHuii TeXHIYHUN YHIBEPCUTET Y KpaiHU
«KuiBchkull momiTexHIYHUHN 1HCTUTYT iIMeH1 [ropst CiKopchKOTro

PO3BUTOK aHANITHYHUX MPUCTPOIB MOTPEOYIOTH BIPOBAKEHHS HOBHUX
(13UYHUX METOIB JJIsl BAMIPIOBAHb, K1 0a3ylOThCS HA Cy4aCHUX JIOCATHEHHSIX
B Hayll Ta TexHiui. OJHUM 3 NEPCHEKTUBHUX ONTHUYHUX METOMIB ISl aHAII3y
pI3HUX CMONYK Ta 01000'€KTIB, a TAKOX MPOIIECIB Ha MOJEKYJISPHOMY PIBHI €
pedpakTOMETpUYHUN METOJ, 10 ©0a3yeTbCss Ha SBUII [OBEPXHEBOIO
ma3MonHoro pe3oHancy (IIITP). Tlpuctpoi Ha ocHoBi siBuma [P mupoxo
BUKOPHUCTOBYIOThCSI B HAYKOBUX JOCIIJKEHHSIX, MEAUIMHI, (papmakosorii Ta
€KOJIOTTYHOMY MOHITOpPHUHTY [1].

B Toit ke wyac ceHcopHl nOpUCTpoi Ha 0a3l cMapTPOHIB NIBUIKO
3aBOMOBYIOTh CBO€ BH3HAHHS HAa PUHKY 32 PaXyHOK MOXIJIMBOCTI 3MEHIICHHS
[UX CEHCOPHUX TMPHUCTPOIB 1 CTBOPEHHS CHEI1ai30BaHOTO MPUCTPOIO JIs
BUPIIICHHS KOHKPETHUX 3a/Ja4 KOHTpoato. HalOinbil 1[ikaBUMH € CEHCOPH Ha
0a3i cmapTdoHIB, SIKI BUKOPUCTOBYIOTH ONTUYHUN (PEHOMEH, BIJIOMHH SIK
MOBEPXHEBUI IJIa3MOHHUN pe3oHaHc. [lpuctpiii, po3pobiieHuii aBTOpaMu
pobotu [2], mae U-noaibHy ¢opmy 1 KOMIAKTHI PO3MIPH: JlaMEeTp ONTHYHOTO
BOJIOKHA TpUCTPor0 ckiagae Bcboro 400 mikpomerpiB. UyTnuBUN eleMEHT
MPUCTPOIO MOKPUTHI CpiOHOIO TUTiBKOIO. st 30y mkenus [P ta netekTyBaHHS
3MIH y CEHCOpHIH cuctemi OyliM BUKOPUCTaHI CBITIOAION, IO 3a0e3meuye
criajax, Ta Kamepa Ha 3aJHii cTOpoH1 cMmapT@oHy BiamnoBiaHo. Ha mepenHiit
MaHesll KaMepu BUKOPUCTOBYEThCS AudpakiliiiHa TIpaTka, L0 JI03BOJISIE
BiIcTeXXyBaTu 3MiHy nAoBxuHU XxBuial [I[IP BHacnmiiok 3MiHM TOKa3HUKA
3aJIOMJICHHS JOCHTIKYBaHOT PEYOBHHU. [TTP-ipucTpiit MOYKHA
BUKOPHUCTOBYBATU [IJIi BUMIPIOBAHHS KOHLEHTpALll pPIAMHHUX PO3YMUHIB. Y
po6oTi [3] NpOAEMOHCTPOBAHO BUKOPUCTAHHS cMapTdoHa y sIKOCTI OioceHcopa
Ha OCHOBI (POTOHHOTO KpHUCTaldy. BiOCEHCOp pPE30HAHCHO BIIOOpa)kae JHIIE
BY3bKY CMYTY JOBXHWH XBUJIb. ®OTOHHOKPHUCTAIBHUN O10CEHCOP BUTOTOBJICHUIM
y IUIaCTMacoOBOMY KOpITyCi Ta MpUKpirsieHud Ao cMmaptdony. Cucrema 31aTHa
BUSIBUTH MOHOIIAp 1MMOOUTI30BAaHOTO OlIKa Ta KOHIIEHTPAIliHO-3aJIeKHE
3B'A3yBaHHS aHTUTLIA 10 (YHKIIOHAIBHOI TOBEpXHI. ABTOpuU poboTu [4]
BUKOPHUCTAIM MOOUIbHUI TenepoH 3 ceHcopHUM crekTpomerpoM I[IIIP nans
BUSIBJICHHSI O10MOJIEKYJISIDHUX PEUOBHUH Ta BUMIPIOBAHHS PO3MIPY METAIEBUX
HAaHOYACTUHOK. Y poboti [5] po3pobieHo OioceHcOopHy maTdopMy s
cmaptdoHniB Ha ocHoBi IITIP, sika He moTpebye MmiTok. CucTeMa YyTIUBHUX
€JIEMEHTIB CKJIAJa€ThCs 3 OJHOPA30BOI CEHCOPHOI MIKPOCXEMH 3 30JI0TOIO
TU(PpakIiiHOI  PENINTKOK, MOAU(PIKOBAHOI CHHTCTHYHUM  MEHTHIHUM
pPELENnTOPOM Ta JUCTIEPCIMHUM CTIEKTPAIbHUM OJIOKOM Y (hOpM1 KOMIAKT-UCKA.

250



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

Cencop OyB 3IaTHMIl BHUSBUTH JINOMNOJICAXapUAM 3 MEXKEI BUIBICHHS
32,5 Hr/mna y BoJIl.

BumiproBanHs (pi3MUHUX BEIUYHUH 32 JIONMIOMOIOI0 CEHCOPIB B MOEAHAHHI 31
cMapTdoHaMH Ma€ HACTyIHI I[epeBarv, a came IIBUJAKE Ta Oe3ApOoTOBE
MIJIKJIIOYEHHS JI0 1HIIMX MPUCTPOIB, MPOCTOTA B €KCIUTyaTallli B MOPIBHSHHI 3
tpaguuiitaumu [I[MP-npunanamu. B moganbmiomMy po3BUTKY LBOTO HAMPSIMKY
aKTyaJlbHUM € 3MEHIICHHS MOXUOKHU Ta 301nbieHHs yytiuBocTi [ITTP-npunanis
Ha OCHOBI CMapT(OHIB NMPHU BUPIIICHH] CIEL1aII30BaHUX 3a7a4 KOHTPOJIIO.

Cnucok JiTepaTypHHX J2KepeJt:
1. . . BoutoBuy, B. M. KopcyHckuid, CeHCOpbl Ha OCHOBE IJIa3MOHHOIO
pe30HaHCA: TPUHLMIBI, TEXHOJOTHH, NpuMeHeHusa. KueB, Ykpawmna: Cranb,
2011, 534 c.
2. K. Bremer, J. Walter, M. Rahlves, T. Scheper, and B. Roth, “Optical SPR
sensor designed for Smartphones”, in European Conference on Lasers and
Electro-Optics and European Quantum Electronics Conference, Optical Society
of America, 2017, paper CL P 7.
3. D. Gallegos, K.D. Long, H.Yu, P.P. Clark, Y. Lin, S. George, P. Nath, and
B.T. Cunningham, “Label-free biodetection using a smartphone”, Lab Chip, vol.
13, no. 11, pp. 2124-2132. 2013.
4. S. Dutta, K. Saikia, and P. Nath, “Smartphone based LSPR sensing platform
forbio-conjugation detection and quantification”, RSC, vol. 6, 21871. 2016.
5.J. Zhang, 1. Khan, Q. Zhang, X. Liu, J. Dostalek, B. Liedberg, and Y. Wang,
“Lipopolysaccharides detection on a grating-coupled surface plasmon resonance
smartphone biosensor”, Biosensors & Bioelectronics, vol. 99, pp. 312-317.
2018.

251



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

LOW-TEMPERATURE DEFORMATION OF POLYIMIDE FILM PM-A

Geidarov V.G., Braude 1.S., Gal'tsov N.N., Pohribnaya Y.M.
B.Verkin Institute for Low Temperature Physics and Engineering of NAS of
Ukraine,47 Nauky Ave., Kharkiv, 61103, Ukraine
E-mail: geydarov@ilt.kharkov.ua

Polyimide is a molecular substance (MS), which has a strong interaction
within the molecules and the weak (van der Waals) interaction between
molecules [1,2]. Such objects are randomly distributed molecules. On X-ray
patterns MS appear as a diffuse halo which indicates on short-range order.

The purpose of the present work was to study the effect of low-temperature
deformation on the structure and mechanical properties of polyimide PM-A
films.

Samples for the experiments took the form of strips dimensions 70x5x0,08
mm’. Mechanical tests were hold by uniaxial deformation. The deformation was
carried out in the creep regime by step loading. X-ray diffraction studies were
performed on a DRON-2.0. Measurements were carried out over a wide range of
angles.

As a result of deformation the temperature of liquid nitrogen in the films
two regions with different densities were formed. It was found that the
deformation of films at liquid-helium temperatures, does not lead to significant
changes in the structure of the film. Assuming that the film consists of quasi-
linear chain molecules, two "mechanism" has been proposed. These
"mechanisms" are qualitatively describe the processes taking place in the
polyimide films PM-A after deformation at low temperatures.

1. A.I. Prokhvatilov, Plasticity and Elasticity of Cryocrystals // Begell House,
USA, New York (2001).

2. V.G. Manzhelii and Yu.A. Freiman, Physics of Cryocrystals // AIP Press,
Woodbury, New York (1996).
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NUMERICAL INVESTIGATION OF NONLOCAL RESPONSE
INFLUENCE ON EELS SPECTRA OF PLASMONIC NANOPARTICLES

Lopushenko I.V.
M.V. Lomonosov Moscow State University, Faculty of Physics

One of the challenging problems of modern nanoplasmonics is known to be
nonlocal effects occurring in metals due to quantum behaviour of electrons [1].
Maxwell equations do not allow to properly account for those in these effects in
the classic local response approximation (LRA) with material dielectric
permittivity depending solely on electromagnetic field frequency. However,
introduction of dielectric permittivity dependent on the distance between
adjacent unit cells in a material makes it possible to effectively predict some of
these effects without appealing to pure quantum-based numerical models [2].

For example, plasmon-induced charge densities are known to be actually
pushed inside the material instead of being strictly confined to surfaces in local
response case. As a result, such nonlocal screening greatly impacts the
properties of plasmon resonances in metal nanoparticles with diameter length
scales of less than the mean-free path of electrons (i.e., a few nanometers):
resonance frequency is blue-shifted with respect to the wavelengths predicted by
the LRA model and the electric field enhancement is reduced. These properties
could be accurately simulated with methods implementing nonlocal
hydrodynamic theory or Generalized Nonlocal Optical Response (GNOR)
model [3].

Semi-analytical numerical techniques seem to be most appropriate to
resolve various computational issues emerging with implementation of GNOR.
In this work we employ an efficient Discrete Sources Method (DSM) to solve
nonlocal scattering problems of electron energy loss spectroscopy (EELS) on
single particles [4,5]. EELS is selected particularly due to its high resolution and
the ability to resolve nonlocal effects experimentally.

References
1. G. Toscano et al. / Nat. Commun. 6, 7132 (2015).
2. S. Raza et al. //J. Phys.: Condens. Matter 27, 183204 (2015).
3. Y. Eremin, A. Doicu, T. Wriedt //Journal of Quantitative Spectroscopy and
Radiative Transfer 217, 35-44 (2018)
4. Yu. A. Eremin, 1. V. Lopushenko // Moscow Univ. Comput. Math. Cybern.
41(4), 165-172 (2017).
5. 1. V. Lopushenko //Memoirs of the Faculty of Physics 4 (2018)
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NANOSTRUCTURE WITH PERIODIC POSITION DEPENDENT
ELECTRON EFFECTIVE MASS

Burdeynyy V.M. associated professor, PhD in Physics and Mathematics
Vinnytsia National Technical University, Vinnytsia, Hmelnytsky street,95,
e-mail: brdnvldmr@ukr.net.

For a long time yet semiconductors superlattices turned out the main
subjects of a lot of nanoelectronics devices such as pillar lasers structures or
light emmiting diodes et.cet. Technological progress based on molecular beam
epitaxy methods or STM and AFM technologies allows to create nanosystems
with demanded spectral properties. As a rule, electron energetic spectrum
consisted of narrow minibands, is formed due to the periodic modulation of the
basic properties of supperlattice components such as the conduct band bottom
and the valency band top.

In this communication will be considered electron energy eugenvalues of
an alternative layered system composed of layers with position dependent
electron effective mass. Dynamics of a particle with effective mass dependent of
coordinates reveals in detail discussed[1] peculiarities. One of them relates to
search of models which admits existence of exact solutions. General approach to
finding exact results has been proposed in reference [2] for polynomial and
exponential dependence mass on coordinates. However, neither eigenvalues or
eigenfuntions have been presented. Therefore some exactly soluble model is
trated here.

Inside of a layer the electron effective mass depends on coordinate x
directed along the supperlattice axis accordingly to the expression proposed by
von Ross[3]:

m(x) = m, f(x) (D
where f(x)is periodic function given as follows:
f@9=59§¥@lﬂ;xepm4n+nm;nez )

Here L is the period of the layered structure and « is the coefficient of the
linear function slop.
Wave equation after separation of variables has being made assumed its
usual form, namely
2
h 5. 1
2my, "~ f(x)
In the Schrodinger equation (3) Wis dependent only on x component of
wave function responsible for a movement along supperlattice axis and F is the
energy taken from the bottom of 2dimensional band corresponding to the free
translations of electron along the layer.

oY =E¥Y 3)
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Due to the coefficients of Schrodinger equation (2) are periodical functions
with the period L its solutions have to satisfy to certain boundary conditions.
Having recourse to Fluquet theorem one can write the first boundary condition
as follows:

Pl =" Y, “)

Concerning the second one it comes up of probabilitie’s flux density
continuity, that is:

iqgL

1 =e 1 0. \¥(x)
mo.f (x) 0 my.f (x) -

Here g is the wave vector which runs quase continuous values into the first

0, (x) )

Brilluene zone —% <g< i

L
One can verify that equation (3) has exact solution expressed as linear

combination of Bessel and Neumann functions with fractional indices, that is:
3/2 3/2
KX 2 (&x KX 2 ([ kx
\P(X):A(T+ljjz/3|:§Q(T+lj j|+B(T+1jNZ/3|:§Q(T+1j }(6)

2
with no dimensional wave number @ determined by formula O = ZZSE (é) .
K

Substitution (6) into the boundary conditions (4) and (5) leads to the system
of linear homogeneous equations refered to the coefficients 4 and B. By
equaling to zero the determinant of this system one can find the dispersion law
given as follows:

2 2 2
E (q)= f 33’/{2 zn+ arcCos % (7)
2m0 2L(yL _1) Y.ty

where y, =x+1land ne Z.

Accordingly to the obtained result (7) the electron spectrum shows features
correspondent to the supperlattice structure that is it consists of subbands
separated by forbidden zons with energetic gaps

2h2 1 1
E, = d 33/12 n+—+ —afccos% ®)
my \ 2L(y;"—1) 2 7 R

Consequently periodic modulation of position dependent effective mass as
well as the modulation of crystal potential allows to create supperlattice whose
demanded spectral properties can be achieved by fitting of parameters L and «.

References
1. Levy-Leblond J.M.,Phys.Rev. A 52 (1995) 1845
2. Kog¢ R.,Saym S.,J.Phys.A: Math.Theor.43(2010) 455203
3. Von Roos O., Mavromatis H., Phys. Rev. B31 (1985), 2294.
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OCOBJMBOCTI HEJIHIHHOI EJIEKTPOIIPOBIJJHOCTI
TOUYKOBHUX KOHTAKTIB SHCOHA HA OCHOBI CIIJIABY W-Mo-Co
I BIINIMBOM I'A30BOI'O CEPEJOBHUIIIA

Macrisens M.A., Bbodanona M.B.%, ['yaumenko B.O.!, TTocmenos O.I1.2
Caxuenxo M.J1.%, Bexs M.B.%, Kamapuyk I'.B.'
' ®isuKo-TexHIYHMIA iIHCTUTYT HU3bKUX TeMmepatyp iM. Bb.I. Bepkina,
npocriekT Hayku, 47, Xapkis, 61103, Vkpaina
* HarioHanpHui TeXHIYHMI yHIBepeuTeT «XapKiBCHKMI MOTITEXHIYHMIH
1HCTUTYT», ByJ. Kupnuyona, 2, Xapkis, 61002, Ykpaina

OnHuM 3 pEBOIOLINHUX Ta MEPCIEKTUBHUX HAMPSIMKIB PO3BUTKY HAyKHU Ta
TEXHOJIOTIA € BHWBYEHHS TMPUPOAW SBHUI] Ha aTtomapHoMy piBHI. Cepen
MPOBITHUX HAYKOBO-T€XHOJOTIYHUX IHCTPYMEHTIB, 5IKi 3aCTOCOBYIOTHCS 3 III€I0
METOI0, 3HAXOAWThCSI MikpokoHTakTHa crekTpockoniss (MKC) Sucona [1].
ToukoBuii koHTakt, y Mexax MKC SHcoHa, € BomHo4Yac 1 00’€KTOM
JOCIIIKEHHS, 1 IHCTPYMEHTOM, IO J03BOJIsI€E OTPUMYyBaTH iH(OpMALIIO PO
(dbyHIaMeHTaIbHI BIACTUBOCTI MaTepiamy. J[o Toro X ciif BIA3HAYUTH, IO
TOYKOB1 KOHTaKTH SIHCOHA € HAHOCTPYKTYPHUMHU YTBOPEHHSMH, TOMY cepa ix
BUKOPUCTAHHS HAJICKUTH JI0 TaTy31 HAHOTEXHOJIOT1H.

B poGoTi pociimkeHo eNeKTPONpPOBIAHICTh TOYKOBUX KOHTAKTIB SIHCOHA
Ha OCHOBI TepHapHoro cmiaBy W-Mo-Co miag BIJIMBOM CKJIAJHOTO Ta
OJTHOKOMIIOHEHTHOI'O0 Ta30BUX cepeoBUIl. TOYKOBI KOHTAaKTH MOKa3aJIH
JOCTaTHIO CTIMKICTh A0 Jl1i 30BHINIHIX MEXaHIYHUX YUHHHUKIB 1 TPUBAIHUI 4ac
30epiranu cBoi (hi3WUHI BIACTUBOCTI. JlOCIIPKEHHS MTPOBOIUINCH B CIEHIATBHO
PO3p00JIeHI KOMIpIIi, O A03BOJISIIO KOHTPOIIOBATHU MOAavy rasy.

Sk 0araTOKOMIIOHEHTHE cepelloBUIlle Oyso oOpaHO BUIMXYBaHHUM ra3
JTIOIUHY, 10 € CKJIAJHOI CYMINIIII0 PEUYOBUH PI3HOTO MOXOJKEHHs [2]. Pi3Hi
KOMIIOHEHTH Ta30BOi CyMIIlll BUJUXYBAHOTO T'a3y € MapKepaMu NEBHHUX CTaHIB
OpraHi3My JIOJMHHU, TOMY OTPUMAaHI pe3yJbTaTU CTOCOBHO 3MIHHU €JIEKTPUYHOI
MPOBITHOCTI TOYKOBUX KOHTAKTIB SIHCOHA TMiJ BIUJIMBOM I[bOI'O Ta30BOIO
CepeloBUIIla MAaTUMyTh BEJIMKY I[IHHICTh MpPU MOAANbIIIA  po3poOii
MOPTATUBHUX J[IaTHOCTUYHUX MPUCTPOIB Ta 3aCTOCYBAHHI X Y MEIUIIUHI.

Sk OTHOKOMIIOHEHTHE cepeioBuUIlle OyJI0 3aCTOCOBAHO BOJIeHb. Llel ra3 e
JIOCUTh PO3MOBCIO/KCHUM y TPUPOJII, Ta OJJHUM 3 OCHOBHUX KOMITOHEHTIB BCIX
MPUPOJHUX OPTraHIYHUX CHONYK. Bylb-sKi 00’€KTH MPOMUCIOBOTO Maciitady,
7€ MOXXE BHUHUKATH 3arpo3a IMOsSBU HEOE3MEeUYHOi KOHIEHTpallii BOJHIO,
MoTpeOyI0Th PETEABLHOTO KOHTPOJt0. [IpoBeneni B gaHii poOOTI JOCTIIKEHHS
BIUIMBY BOJHIO Ha MIKPOKOHTAKT SIHCOHAa MOXYTb, IpPH JTOBEJICHHI iX [0
TEXHOJOTIYHOT  PO3pOOKH, BUPIMIMUTH  OpoOJIeMU, WO TMOB’S3aHl 3
HEKOHTPOJIHLOBAHMMU BUTOKaAMU BOJIHIO HA TPOMUCIIOBUX 00’ €KTaX.
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Sk mnokazanu TPOBEIAEHI JOCHIIKEHHS, TOYKOBI KOHTaKkTH SHCOHa
JEMOHCTPYIOTh CUTHAN BIATYKY CHEKTPAJIbHOTO THUITY Ha JIII0 CKJIAJHOI ra3oBOl
cymimni (Puc. 1a) Ta HEMOHOTOHHY CXOJMHKOIIOAIOHY YacoOBY 3aJIEKHICTb
€JIEKTPUYHOro omnopy mif BminBoM BoaHio (Puc. 16). Ili pesynpTatu mo6pe
MOTOJKYIOTHCSL 3 TOBEAIHKOIO E€JIEKTPOMPOBITHOCTI TOYKOBUX KOHTAKTIB
SlHcoHa, SKI MOPOABISIOTH MIKPOKOHTAKTHUNM ra3zouyTiuBuil  edexr [3].
OTpuMaHi JaHi CBIIYUTH, 110 CTBOPEHI 3a CIEeNU(PIYHOIO METOJAUKOI0 CEHCOPHI
MPUCTPOI HA OCHOBI TOYKOBUX KOHTAKTIB SIHCOHA, NPOSIBISIOTH BHCOKY
YYTIUBICTh SIK IO PI3HUX XIMIYHUX PEYOBUH CKJIAJHOI ra30BOi CyMillli, TaK i J0
OJIHOKOMIIOHEHTHOI'0 BOJHEBOTO cepenoBuiiia. Lle € nepeayMoBO0 M0AaNbIIOrO
PO3BUTKY JOCIIX)KEHb B IbOMY HAIPSMKY Ta JOBEJCHHS iX JO CTaHy PO3pPOOKH
MIPOMUCIIOBUX PEECTPYIOUHX MPUIIAJIB MOHITOPUHTY JOBKIJLIA.

S 100}
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x X sgof
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40}
100
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Puc. 1. KpuBi 3MiHU e1eKTpoonopy TOUKoBUX KOHTakTIB W-Mo-Co 3 yacom
I11]1 BIUTMBOM Ta3y, 10 BUAMXYE JIIOAUHA (a), Ta B BOJHEBOMY CEpPEIOBHIII
(0). CrpinkamMu 1oKa3aHO MOMEHT 3aHYPEHHSI TOYKOBOT'O KOHTAKTY B
JIOCJI/I)KYBaHE Ta30B€ CEPEIOBUILIE.

1. A.V.Khotkevich and IK. Yanson, Atlas of Point Contact Spectra of
Electron-Phonon Interactions in Metals. 1995, Boston/Dordrecht/London:
Kluwer Academic Publishers. 168.

2. A. Amann and D. Smith, eds. Volatile biomarkers: non-invasive diagnosis in
physiology and medicine. 2013, Elsevier: Amsterdam. 570.

3. G.V. Kamarchuk, A.P. Pospelov, L.V. Kamarchuk, and 1.G. Kushch, Point-
Contact Sensors and Their Medical Applications for Breath Analysis: A Review,
in Nanobiophysics: Fundamentals and Applications, V.A. Karachevtsev, Editor,
2015, Pan Stanford Publishing Pte. Ltd. Chapter 11, p. 327-379.
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FAR IR SPECTROSCOPY STUDY OF LOW ENERGY EXCITATIONS
IN KEI’(MOO4)2

Sergii Poperezhai', Khrystyna Kutko', Bernath B.?, Dmytro Kamenskyi*’
' B.Verkin Institute for Low Temperature Physics and Engineering of NAS of
Ukraine, Prospekt Nauky, 47, Kharkiv 61103, Ukraine
* Radboud University, Institute for Molecules and Materials, High Field Magnet
Laboratory, 6525 ED, Nijmegen, the Netherlands
3 FELIX Laboratory, Radboud University, Toernooiveld 7c, NL-6525 AJ
Nijmegen, the Netherlands

Here we report the systematic investigation of excitation spectra in crystal
KEr(MoQO,),. The characteristic feature of rare-earth compounds KR(MoO,),
(R*" is a rare-earth ion) is the strong coupling between the electronic excitations
of the R** ions and phonons. Previous investigations show that the strength of
electron-phonon coupling in KR(MoQ,), can be tuned by a magnetic field. In
KEr(MoO,), a magnetic field induced structural phase transition has been found
at H~4T, T=1.4K.

We investigate KEr(MoQOy), by means of far-infrared (FIR) spectroscopy
using a commercial Fourier-transform infrared spectrometer (Bruker IFS113v)
combined with a continuous-field 33-Tesla Bitter magnet. The low temperature
FIR study performed in the magnetic fields allowed us to determine energies of
electronic excitations as well as lattice vibrations. The obtained frequency-field
dependences of electronic excitations show that in this material the phonon
energies may coincide with electronic excitations in certain magnetic fields.
Also we found complex structure of electronic spectrum in area of CJTE type
phase transition.
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CTPYKTYPA I OIITUYHA CIHEKTPOCKOIIIA TOHKOIIVIIBKOBHUX
EJEMEHTIB HA OCHOBI Cd; xMnxTe

Crpebexe B.M., nouent, k.¢.-M.H., Kiiero I'.1., ®ouyk I1.M., npodecop,
n.x.H., CtpebexeB B.B., k.1.H., IOpiituyk .M., nouenr, k.¢.-m.H., Tkauyk B.I.
UepHiBelbKU HaIllOHATBHUN yHIBEpCcUTET IMeHi 0. DenpkoBuya

IlepcnekTUBHI ONTHUYHI Ta MAarHiTOONITUYHI BJIACTUBOCTI TOHKHMX IIJIIBOK Ha
OCHOBI HamiBMarHiTHoro HamiBnpoBigHuka Cd; Mn,Te MOXyTh OyTH OCHOBOIO
JUISL 3aCTOCYBaHb y TMPUIIAJaX ONTOEJIEKTPOHIKM Ta HAHOENEKTPOHIKU. TOHKI
miiBkun Cd; Mn,Te nammmoBanucs merogoM BY-kaTogHOro po3MOpOIEHHS,
AKAW J103BOJIsiE 30€pertd CKJIaJd KOHACHCATy BIAMOBIAHO IO MIillIEH,
BUTOTOBJIEHO1 3 MOHOKpHCcTaity Cdj7sMng sTe. HanuinroBaHHSIM Ha MiAKIAAKH 3
mapyBaTux kpuctamiB InsSe;, siki ckontoBanucs mo momuHi crnaitHocTi (100),
otpuMmano octpiBiii Cd;(Mn,Te, 1110 TOSACHIOETHCS TETEPOETITAKCIEIO 3 BEIUKOIO
po30KHICTIO rpaTok (puc. 1, a). Cxonunku ckony IngSe; akTUBYIOTH MeXaH13MU
3pOCTaHHsSI HAHOKJIACTEPIB, HA HUX JIOKATI3YIOThCA CHUCTEMHU OCTPIBIIIB, IIKaBi
JUTSl 3aCTOCYBAHHSI B HAHOEJIEKTPOHIIII.

20.5um x 20.5um x 437 1nm [256 x 256] 2, nm

)
N

-
-

.
"\?‘ J
Ll

Puc. 1. ITniBku Cd;\Mn,Te: a) Ha InySe; (ACM); 6) Ha ckii (PEM).

CyuineHi umBku Cdy75sMng s Te, Topmunoro 0,3-0,94 Mkm Oynu oTpuMaHi
Ha migkiaaakax 31 ckiaa (puc. 1, 0). JlochimkeHHS ONTHUYHUX CIIEKTPIB
MPOMYCKaHHS MOKa3aJio, 10 JUisi OUTbII TOHKHUX IUIIBOK B 00JAcTi MPO30pOCTi
XapakTepHO YTBOPEHHS IHTEpPEPEHUINHOI KapTUHU, 3 SKOI BU3HAYaBCA
MOKAa3HUK 3aJOMJIEHHS IUTIBKH, 110 JopiBHIOBaB n=3,1-3,2 (A~0,9 Mxm). s
mwiiBok Cd; Mn,Te Takox crocTepiraBcsi 3CyB Kpar0 BJIACHOTO MOTJIMHAHHS B
Jliarna3oH KOPOTKUX JIOBKUH XBWJIb Ta 3pOCTAHHSI KPYTU3HU KParo I OLIbIINX
TOBIIUH IiBOK. [IIuprHa 3a00pOHEHOT 30HU TUIIBOK BHM3HAYauacs MO CHEKTpax
Koe(]illieHTa MOTJIMHAHHS 1 CKJIajana 3HaueHHs nopsiaky ~1,95 eB.
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IDENTIFICATION OF GASEOUS MEDIA THROUGH THE QUANTUM
ELECTRIC CONDUCTIVITY OF POINT CONTACTS

Herus A.O.', Savytskyi AV, Pospelov A.P.%, Doronin Yu.S.!, Vakula V.L.!,
Kamarchuk G.V.'

' Department of Spectroscopy of Molecular Systems and Nanostructured
Materials, B. Verkin Institute for Low Temperature Physics & Engineering,
47 Nauky Ave., Kharkiv, 61103, Ukraine
? Department of Physical Chemistry, National Technical University “Kharkiv
Polytechnic Institute”, 2 Kyrpychov Str., Kharkiv, 61002, Ukraine

Nanotechnologies are developing rapidly, suggesting new methods for
studying the nature of substances at the atomic level. One of the perspective
trends in this activity is development of sensors based on different nanoobjects.
Taking this into account we proposed a novel approach [1] in this field based on
the application of Yanson point-contact spectroscopy [2] to sensor techniques.
The original basic properties of Yanson point contacts ensure discovery of new
sensoric effects followed by development of innovative sensor technologies.
One of such finding is the method for quantum detection of liquid and gaseous
media proposed by us.

The method is based on the characterization of the energy of interaction of
point-contact structures with gas and liquid media through quantum conductivity
parameters of point contacts. Due to quantum nature of their electric properties
point contacts are able to record minor changes of superficial states of the point
contact conductivity channel which are caused by different kinds of analyte
interactions with the surface of the point contact. Recently we discovered a
strong nonlinear dependence of conductance G of synthesized dendritic point
contacts on ions concentration in the electrolyte [3]. The variation of electrolyte
composition leads to the change of electric synthesis process and can be used in
analytical purposes by tuning the conductivity of the nanostructures created
during the self-oscillatory process [3] of dendrite point contacts growth. For
example, if a dendritic point electrode system is immersed in the electrolyte,
which is put in contact with a gas medium one can detect the gas molecules
during the nanostructure synthesis. Solvated gas molecules diffuse into the
crystallization zone area and affect the electrochemical synthesis of the dendrite
point-contact structure. This leads to appearance of new transition collateral
processes in the growing dendrite point-contact structure. The conductivity
histogram is a fingerprint of the process of point-contact interaction with the gas
analyte. Different gas agent will lead to different conductivity histogram; 1. e.
each histogram corresponds to a peculiar gas. Thus, each gas under definite
conditions is characterized by a unique conductivity histogram of a grown
dendrite point-contact structure.
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Dendritic point contacts were formed in the “needle-anvil” geometry [1-3].
Using a professional flask, the test gas was started using a tap. We investigated
the time dependence of the electrical resistance R(¢) of the electrode system and
the point contacts under influence of gas media. When current flows through the
needle-electrolyte-anvil system, dendrites start to grow in the electrode-active
areas of the needle surface having the highest density of electric field lines. The
stages are repeated many times, accounting for the cyclic changes in the
quantum physical and chemical properties of the object [3]. The conductivity
histograms for the grown dendritic point-contact system differ from each other,
so in argon, for example, we observe a less rich picture of peaks, and in the air
(which are rich in different components), the picture is much complicated. These
allow one to selectively differentiate among objects under investigation. The
obtained results justify in favour of the reliable operation of the method
proposed.

1. G.V. Kamarchuk, A.P. Pospelov, L.V. Kamarchuk, and 1.G. Kushch, “Point-
Contact Sensors and Their Medical Applications for Breath Analysis: A
Review”, in Nanobiophysics: Fundamentals and Applications, V.A.
Karachevtsev, ed. (Pan Stanford Publishing, Singapore, 2015).

2. Yu.G. Naidyuk and [.K. Yanson, Point-contact spectroscopy (Springer, 2005).
A.P. Pospelov, A.L. Pilipenko, G.V. Kamarchuk, V.V. Fisun, I.K. Yanson, and
E. Faulques, “A new method for controlling the quantized growth of dendritic
nanoscale point contacts via switchover and shell effects”, J. Phys. Chem. C

119, 632-639 (2015).
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FIRST-PRINCIPLES CALCULATIONS OF OPTICAL FUNCTIONS IN
Cu,GeSsI SUPERIONIC CRYSTAL

Bletskan D.I., Vakulchak V.V., Yamkovy O.0., Studenyak I.P.
Uzhhorod National University, Uzhhorod, Ukraine

Cu;GeSsl belongs to the family of compounds with argyrodite structure,
which is characterized by high ionic conductivity. Here we presents the results
of calculations of the band structure, the state density distribution of the electron
density and such optical functions as real ¢ and imaginary &, part of the
dielectric permittivity, reflectivity R, absorption coefficient ¢, refractive index »
and optical conductivity ¢ = gw/4n (o 1s the frequency of light) of Cu;GeSsl
crystal. Calculations of the band spectrum are performed in the local electron
density approximation taking into account the strong electron correlations in the
3d shell of the copper ion (LDA+U method).

The total valence band with width of 13.41 eV for Cu;GeSsl consists from
four subbands separated by forbidding intervals. The analysis of partial
contributions into the density of electronic states allowed to i1dentify the genetic
origin of different subbands of the valence band. The most important feature of
the electronic spectrum of the Cu;GeSsl crystal is the presence of an intense
peak in the density of states N(E) formed by Cu3d-like zone, characteristic of
the binary Cu,S compound.

According to the performed calculations, Cu;GeSsI is the direct-gap crystal
with the calculated band gap width of 2.134 eV. The calculated spectral
dependences of the absorption and reflection coefficients show the main features
of the &,(£) dependence, and the maxima of the energy distribution of the
refractive index practically coincide in position with the centers of gravity of the
bands of the real part of the complex permittivity. The observed features of the
optical functions of Cu;GeSsl are identified taking into account the nature of the
electronic states. Thus, the maxima in the spectra of optical functions in the
region up to 10 eV are determined by the transitions from the upper part of the
valence band formed by Cu3d states to the lower unoccupied zone formed by
mixing of the free p- and s-states of Cu, Ge, and S.

The electron density p(r) is calculated as well as the maps of the spatial
distribution of charge of the valence electrons in the tetrahedron [GeS,], triangle
[CuS;5] and bipyramid [Cu,S;I;] are plotted. Analysis of the distribution of
electron density indicates that a mixed ion-covalent type of chemical bond is
realized in this compound. The ion component is due to the transfer of the
charge density between cations and anions due to the difference in their
electronegativities.
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YK 666.1.056
IHTEPEH®EPEHIIAHI CUCTEMMU SIK ®OTOHHI KPUCTAJIA

- 1 1 2
binozepuena B.1.°, /Ipsikonenko H.JI.", OBuapenko O.II.
1 . o . o . . o . . o
HanionanbHuii TeXHIYHUNA YHIBEPCUTET " XapKIBCbKUU MOJITEXHIYHUN
1HCTUTYT"
2 : . : .o : ,
XapkiBCbKHM HanloHanbHUM yYHIBepcuTeT 1M. B.H. Kapa3ina

Benuky posib y cydacHiid ONTHUIIl BIIITPalOTh Tak 3BaHl (P)OTOHHI KPUCTAIH -
IITY4YHO CTBOPEHI 0araToliapoBi CTPYKTYpH, Y SKHUX T'€OMETPHUUYHI PO3MIPHU Ta
JEJEKTPUYHA TPOHUKHICTh 3MIHIOIOTHCS 3 IEPI0IOM, SIKUH MOKHA TTOPIBHSTH 3
JOBXKUHOIO XBWJl. 3MiHa MapaMeTpiB IIapiB Ja€ MOXKJIUBICTh YIPaBIATH
BJIACTUBOCTSIMU  (OTOHHUX KpHUCTaliB. BlacTUBOCTI TakuX CEpEIOBHII
oOyMoOBIIeHI  (pOpMyBaHHSIM  JO3BOJEHHUX Ta 3a00pOHEHHMX 30H A
€JIEKTPOMArHITHOIO BUIIPOMIHIOBAHHS, IIO0 HAJAa€ BEIUKI MOXJIHUBOCTI JJIs
CTBOPEHHS  ONTHUYHUX  130JATOPIB, (POTOENEKTPUUYHUX [EPETBOPIOBAYIB
COHSTYHOTO BUIIPOMIHIOBAHHS Ta 1HIINX OMNTOEIEKTPOHHUX MPUCTPOIB.

[ToBeninka 3a00pOHEHUX 1 1I03BOJICHUX 30H (00J1acTe BUCOKOTO BIIOUTTA 1
BHCOKOTO TMPOMYCKAaHHS) OMHUCYEThCS MLUISXOM PO3PaXyHKYy 1HTepdepeHiii
CBITJIa B 3a/1aHiil OararomapoBiii cuctemi. OOUKCIEHHS 3HAYHO MOJETIIYIOThCA
3aBISIKM PO3pOOJIEHUMH mMporpamaM. Po3paxyHKH, MpOBEAEHI 3a JOMOMOTOIO
MaTpUYHOTO METOJY, JIO3BOJIAIOTh OTPUMATH 3a/IaHl ONTHYHI XapaKTEPUCTUKU
(koedirieHTH BIAOUTTSA, ONPOMYCKaHHSA 1 T.M.) IJs OyJb-IKUX OaraToIIapOBHX
MOKPUTTIB.

Y nmaniii poGOTI MOCHIIPKEHO CIEKTpaldbHI 3alIeKHOCTI KoedilieHTa
BIIOUTTS MOKPUTTIB MPHU 3HAYEHHSX MIHIMAJIbHOTO MOKa3HUKA 3aJOMJICHHS Ta
3MiHI KyTa MaJiHHA CBITJIa Ha 0araromapoBy CHUCTEMY Yy UIIUPOKOMY
CHEKTpalibHOMY piana3oHi. OCHOBHA yBara NPUIUISETHCS BIUIUBY Je(EKTIB,
MOB'SI3aHUX 3 MOPYILICHHSIM NEPIOAMYHOCTI IapiB HA KUIbKICTh 1 PO3TallyBaHHS
JI03BOJICHUX 1 3a00POHEHUX 30H B LIMPOKOMY CIEKTpajdbHOMY Jiama3oHi. Ha
rpadikax BiIOOpaKeH1 CHEKTpasibHI 3aleXHOCTI KoedimieHta BiAOUTTS R (Vv),
apryMeHty mnojiHoma YeOumiea A(V) 1 MOAYJS apryMeHTy MOJIHOMA
Yeoumena | A (v) |. Y Bcix po3paxyHkax mapu a i b nependavanucs po3MipoM B
OJHY 4BEPTh JTOBKHMHU XBHII (g = 1) ¢ MOKa3sHUKaMM 3aJIOMIIEHHA n, = 4 11, =1.
CepenoBuinia, mo oOpamisiid OaraToliapoBy cucremy Sp 1 S Opamucsa 3
MOKA3HUKAMHU 3aJIOMJICHHS Ny = n = 1. Po3paxyHOK ONTUYHHUX XAPaAKTEPUCTUK
0aratomapoBUX TMOKPUTTIB 3a JOMOMOTOI MATPUYHOTO METOAY JIO3BOJISE
BU3HAYUTU HASBHICTh 30H 3arOpOJKEHHS IS NEPIOAMYHHX Ta AePEKTHUX
CUCTEM 1 3alpPONOHYBATH iX 3aCTOCYBAHHS B SKOCTI KOHTPACTHOTO a00 BY3bKO
CMYTOBOT0 1HTep(depeHIiiiHoro PpinbTpa.
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YK 537.867
M'€30MATHITOEJIEKTPUUHUI ED®EKT B LiCoPO4

Konogsmxkaa M.II., binua 1.B., XKekos K.P., 3sarina I'.A., @116 B. /1.
D13UKO-TeXHIYHUN IHCTUTYT HU3bKUX Temmepatyp im. b.I. Bepkuna HAH
Ykpainu

[Tin n'ezomarnitoenekrpuunum (IIME) edexkrom y 11p0My MOBiIOMIICHHI
pPO3YMI€TbCS  BUHHUKHEHHS  M'€30€JIEKTPUYHOrO  BIATYKY, CTHUMYJIbOBaHE
MarHiTHUM TIOJIEM, SIKE€ JIIHIAHO 3pocTae 3 Horo 30uIbIIeHHAM. Ha MOXIUBICTD
iCHyBaHHSI Takoro edexTy Oyjo BKa3aHO Ha MiJCTaBl CUMETPIMHUX MIPKyBaHb
me B WIICTAECATHX pPOKax MUHyjdoro cropiuus B [1]. ¥V wmiil ke poboti
noBiioMysiiocss mpo OesycmimHy cnpoOy BusiienHss [IME B Cr203
CTAaHJAPTHUM METOJOM JOCHIPKEHHSI MarHiToeJeKTpuyHux edekriB. Ili3Hime
nomyk [IME metonom m'e3oenekTpuyHoro pezoHancy npoBoauscs B LiCoPO4
[2], onHAK 1 Il €KCIEPUMEHTH BUABUIUCS Oe3pe3yabTaTHUMU. TOMY, OUEBUHO,
B HayKOBOMY CEpENIOBHIII CKjanacs AymKa, 1o iHTeHcuBHICTh [IME 3ananto
cnabka JUisi EeKCIEPUMEHTAIbHOTO CIIOCTEPEKEHHS, 1, HACKUIBKH aBTOpaM
B1JJOMO, MOJAJIBIIIUX CIPOO MOro BHSABICHHS HE poOMiocs. Y maHiit poOOTi e
HEJIOJIIK JIIKBIAY€EThCS W MOBIIOMIIsi€ThCs TIpo BUsiBIeHHS B LiCoPO4 HacTuibku
«HEBJIOBUMOT0» €(EKTY.

s MOLIYKY I[IME BUKOPHUCTAHO METO HEPE30HAHCHOI1
aKyCTOENeKTpUuUHOi TpaHchopMailii [3] — peecTpyeThbCsl €NEKTPUYHUN BIATYK
(moteHIian), MO0 BUHUKAE HA TPAHMUII I'€30aKTUBHOTO CEPEOBUINA Mif €0
yJIbTPa3BYKOBOTO 30y/JKE€HHS JTOCUTh BUCOKOI 1HTeHCUBHOCTI (~ 10 B1/cm2).
OtpuMaHni aaHi OAHO3HAYHO M 0€3 YCSKMX CYMHIBIB CBIIYaTh MPO YCIIIIHUM
pe3yiabTarT I1UX eKcrnepuMeHTiB. Ilpu meBHUX KOMOIHALISIX HAMpPSMKIB
MOIIMPEHHSI ¥ Modspu3aiii 3BYKYy Ta 30BHIIIHBIO MArHITHOTO TMOJs, SIKi
JIOMYCKAIOThCA CUMETPIEI0, 3aPEECTPOBAHO E€IEKTPUUYHUHN BIATYK HA aKyCTUUYHY
nedopmariiro, MO JIHIKHO 3aJEXKUTh B1J BEIUYMHH MarHiTHoro mojs. Llei
BIITYK 3HUKAE y TapaMarHiTHOMY CTaHi 3a 3aKOHOM, 1110 Harajaye TeMIepaTypHy
3aJICKHICTh TTapaMeTpa MOpsAKY aHTU(PEepOMarHeTHkKa.

Ouinky xoedimienta [IME 3B'si3ky 3A1liCHEHO TOPIBHAHHSAM I'€30BIATYKY
B1JI JOCJIII)KYBAHOTO 3pa3ka 3 M'€30BIATYKOM Bij o-kBapuy. [lykanuii 3B's130k
BUSIBUBCS MTOPIBHSIHO HEBEIUMKUM — MakcuManbHa BennunHa [IME koedinienta
He nepesuiye 1.7-10—3 Kyn/m2Tn. Taka mana BeauunHa epeKkTy MOKIUBO i
MOSICHIOE TPUYMHU KOJUIITHIX HEBJIAIUX CIIPOO MOTr0 BUSIBIICHHS.

1. G.T. Rado, Phys.Rev. 128, 2546 (1962)

2. J.P. Rivera, H. Schmid, Ferroelectrics, 161, 91, (1994).

3. T.N. Gaydamak, I.A.Gudim, G.A.Zvyagina, [.V.Bilych, N.G.Burma,
K.R. Zhekov, and V.D. Fil, Phys.Rev. B 92, 214428 (2015).
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YIAK 621.315.592

CHUHTE3 TA JOCIIIKEHHA OIITUYHUX 1 JIIOMIHECHETHHUX
BJIACTUBOCTEM HAHOKPUCTAJIIB ZnSe:Al

Termsikosa I.
Onecbkuii HallioHANIbHUM yHIBepcuteT iM. .I. MeunukoBa
dakynbpTeT MaTeMaTUkKH, (P13UKHU Ta 1HHOPMaLIITHUX TEXHOJOT1i

HamiBnpoBinuukoBi cnoiyku A,Bg, cepen sikux 1 ZnSe, — maTtepianu, 110
AKTUBHO BUKOPHCTOBYIOTHCS B Taiy3l (DOTOBUMPOMIHIOIYUX MpUiaiB. ZnSe €
NEPCIEKTUBHUM HETOKCUYHHMM MaTepiajioM, TOMY OCOOJIMBY 3alllKaBJICHICTb
BHUKJIMKAE JTOCIIKEHHS HAHOYACTHHOK, OCKUIBKM KBAHTOBO-PO3MIpHHUH €(eKT
CYTT€BO BIUIMBA€E HA ONTHYHI Ta JIOMIHECIIEHTHI BJIACTUBOCTI HAITIBIIPOBIHHUKA,
10 3HAYHO PO3IIMPIOE MOXKIIMBI 00JIaCT1 OT0 3aCTOCYBaHHS.

Y npanHiit poOOTI BUKOPUCTOBYETHCS METOJAMKA KOJOIZHOTO CHHTE3Y
HAaHOKpHUCTAIIB ZnSe y MaTpUIsIX MOBEpXHEBO akTuBHUX pedyoBuH (ITAP).
JlxepenoMm 1uHKy ming vac cuHTedy Buctynaimu ZnCl,, ZnCOOH, ZnSO,,
ceneny — Na,SeSO;. JleryBanHs anmtoMmiHieM BiJIOyBajiocsi B MPOIECI XIMIYHOL
peaxiii.

JlocnipKeH1 CHEeKTPU ONTHUYHOI TYCTUHH. Y BCIX EKCHEPUMEHTAIbHUX
3pa3kax Kpail ONTUYHOrO TOTJIMHAHHS 3MINIYETHCS B KOPOTKOXBUJIHOBY
00J1acTh, MOPIBHSIHO 3 KPA€M MOTJIMHAHHS MOHOKpHUCTaiB ZnSe, 1110 BKa3y€e Ha
HasBHICTb KBAHTOBO-pO3MIpHUX e(dekTiB. Takok OyB BCTAaHOBJICHHMI BILIUB
MacOBHMX KOHIICHTpAIill MPeKypcopiB Zn Ta Se Ha MOJOKEHHS KPato ONMTHYHOTO
MOTJIMHAHHS.

CepenHiil paglyc DOCHII)KyBaHUX HAHOYACTUHOK ZnSe po3paxoBYBaBCA Y
HaOMMKEeHH1 e(peKTUBHUX Mac 3a (popMyIIo0:

R=—"_, (1)
SUAE,

e h — nocriitna [lnauka; u = ((mes) ' + (my)~) ™", me my «= 0,17m,, my* =
0,6m, — epeKTHBHI Macu €JIEeKTPOHA Ta NIpKU B ZnSe; AE, — pi3HULA IIUPHUHU
3a00pOHEHO1 30HU B HAHO- Ta MOHOKpHUcTanax ZnSe (2,68eB). Po3mip yacTuHOk
BapioBaBcs Big 5 10 60 HM.

JleryBanusa Al mpu3BoaAWIIO A0 3MIIIEHHS KPal ONTUYHOTO MOTJIMHAHHS B
JIOBFOXBUJIbOBY 00/1aCTh, MOPIBHAHO 3 HaHOYacTMHKamMu ZnSe. 3MilIeHHS
3aJICKUTh B1Jl KOHIIEHTPAIllT JIOMIIIKH, 110 MOSICHIOETHCS HASIBHICTIO JTOMIIITKOBOT
KYJIOHIBChKOI B3aeMo/11i. KopuCTy0UUCh CIIBBIIHOIICHHSIM:

3 1/3
AE. =2-10° (3) eN” | ()
¢ ) 4nee,

. . -3

7e: e — 3apsaj eJeKTpoHa, N — KOHIICHTpalis JAOMIIIOK (cM ), &= 8.66 —

CTaTUYHA JieJIeKTpUYHA TIOCTIMHA CeJeHIay LHWHK, OyJIu BHU3HAuYECHI
KOHIIeHTpallii Al B 1ochiKyBaHUX HAaHOKpHUCTANAX.
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Hocnimxkenns crektpiB (oromtominecueniii (PJI) nanokpucraniB ZnSe
MOKa3aJId HasiBHICTh IHpokux cMyT DJI, nokanizoBanux B obnacti 550-850 HM.
3MmiHa Temmepatypu HaHokpucTaiiB Big 300 mo 430 K He BUKIMKaIa 3MIIIEHHS
JOCIIIKYBaHUX CIEeKTpiB. He3aMiHHUM X MOJIOKEHHS 3aMIIAIOCA 1 MPpU 3MiH1
IIUPUHU 3a00pOHEHOT 30HM HaHOKpHUCTaniB. HasBHICTH psay NEpPEeruHiB i
Benuka (~ 150 HM) miBIIMpUHA CMYT CBIAYUTH MOPO iX HEEJIEMEHTAPHICTh.
Po3knananHsa Ha elleMEeHTapH1 TayCcoBl CKJIQJ0BI BUSIBUIIO CEPil0 €IeMEHTapHUX
JIIHI BUIIPOMIHIOBaHHS, JIokaiizoBanux Ha 580, 600, 630, 680, 700, 750 1 800
HM. BunpomintioBanHs Ha 580 HM MOB'SI3y€TbCSA 3 ACOLIATUBHUMU BIIACHUMH
nedexramu (Vz,Vse). Jlinis BumpomiHioBanHsS Ha 600 HM MOB'SI3yeTbCs 3
acomiatuBHuMu nedexrtamu (Vz,Dse), e noHopom Buctynae abo Vs., abo
HEKOHTPOJbOBaHA JIOHOPHA AoMmimika - eneMeHT VII rpynu, nanpukinan Cl, Br, L.
Pemrra niHil BUNPOMiHIOBaHHS NOB’s13y€eThes 3 Aedekramu (Vz,Dz,) 3 pisHuMH
BIICTAaHSIMU MIX JIOHOpaMHU 1 akuentopamu. TyT JOHOPOM BHUCTYHalOTh
HEKOHTpOIbOBaH1 gomimku Al, In, Ga.

JleryBanusa Al B mporeci pocTy HAaHOKPHUCTAIIB MPU3BOAUTH 10 3pOCTAHHS
1HTeHCUBHOCTI BUunpomiHtoBaHHs B 001acti 500-1000 um. [Togansiie 3pocTaHHs
IHTCHCHBHOCTI BHUIIPOMIHIOBAaHHS 31 301dblIeHHAM KoHueHTpamii Al,Cl;
MOSICHIOETHCA ~ 30UIBLICHHSM  KOHIIGHTpAIlii ~ JOHOPHOI  JOMIIIKKA B
HaHOKpHCTaNIAX.

B cnekTtpax BUIpOMIHIOBAaHHS HaHOKpUCTaliB ZnSe:Al BUIUIAIOTHCS
ejleMeHTapH1 JiHii BunpoMiHioBanHs Ha 580, 600, 630, 680 1 700 uM. Taki x
JiHIi BUITPOMIHIOBaHHS OyJiM BUsBIIEHI B 00'eMHUX KpucTanax ZnSe: Al.

Cnextp ®JI nHanokpuctaniB ZnSe:Al cxoxuil Ha CHEKTP MOHOKPHUCTAIIB,
OCHOBHA BIJIMIHHICTh TIOJISITA€ Y 3MINIEHHI MaKCUMYMY B JOBTOXBHJIbOBY
obOnactb. Po3kiialaHHs Ha e€JIeMEHTapHI CKJIaJ0Bl MOKa3aiao, M0 B CIEKTpax
HAaHOKPUCTAIIB MPUCYTHI T1 X caml JIiHIi BUINPOMIHIOBAHHS, 110 ¥ B CIIEKTpax
MOHOKpHUCTaNiB. BuHuKae nume nepepo3nojiyl KOHUEHTpAIll BIACHUX
nedexris.

3mina kouuenrtpamii Al,Cl;, BuOip TuUmy MaTpulll HE NPU3BOIATH 0
3MIIIEHHSA CMYT BUIPOMIHIOBaHHA. 3MiHA TE€XHOJOTTYHUX YMOB MPU3BOIUTH J0
3MIHU IHTEHCUBHOCTI €JIEMEHTAPHUX JIIHIA BUMPOMIHIOBaHHS, IO MOSCHIOETHCS
Mepepo3MNoAIIOM KOHIIGHTpAIlli BJIACHUX 1 JIOMIIIKOBUX Je(EKTiB. 3CYB
IHTErpaJIbHOTO MaKCUMyMYy BUIIPOMIHIOBAaHHS B KOPOTKOXBUJILOBY 00JacCTh MpPH
30inpimenHi koHneHTpaiii ALCl; 3 2 1o 10% MoXHa MOSCHUTH 3POCTaHHSIM
IHTEHCUBHOCTI €JIeMEHTapHoi JiHii BunpomiHioBaHHs Ha 600 HM, 3yMOBJIEHOI
acoriatuBHuMU nedexramu (Vz,Clse).

Panime B 00’emHux kpucranax ZnSe:Al Oyio BHUSBIEHO KOPEISIIIO
cuekTpiB ®JI Ta QoTOmpoBIAHOCTI, TOMY MNPOBEICHI TOCHIAN aKTyali3yIOTh
nojanbline GOTOCICKTPUUHE AOCIIKEHHS HaHOKpuUcTaliB ZnSe: Al.

266



Abstracts of International Conference
on Optoelectronic Information Technologies “PHOTONICS - ODS 2018”

VJIK 543.42

PEHTFEHIBUCBKI/II?'I ®JTYOPECHEHTHUI AHAJII3 SIK
HEPCIIEKTUBHUU METO/I BUBHAUYEHHSA XIMIYHOI'O CKUIAAY
PEYOBHUHH

Mopwmitko O.M., TapHoBchkuit M.T.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

@d1yopecleHTHUI aHalli3 € OJTHUM 3 HAaWJOCTYIHIIINX Ta 3pyYHUX METOIB
BUSIBJICHHSI Ta 17eHTU(IKAIll pPEeYOBUH, BU3HAYEHHS 11 KUIBKICHOTO CKJIAJTy.
OcHOBOW0O uisi HOro 3acTOCyBaHHS € Te, IO CHEKTp (IyopecueHIli €
XapaKTEepHUM [JI1 JAaHOI PEYOBHMHU 1 HE 3aJICKUTh B JOBXHHHU XBHIIL
30yKyrouoro cBitia. [lepeBaroro ¢hiayopeclieHTHOroO aHalily 3a MOPIBHSHHSM 3
IHIIUMH METOJIaMH € HE JIMIIE BHCOKA YYTJIMBICTh, a ¥ BIIHOCHA MPOCTOTa Ta
BHCOKA WIBUJKICTh OTPUMaHHS pE3yJbTaTiB BUMIPIOBaHHSA. BilmoBigHO [0
bOTr0 (PIIyOpPECUEHTHHI aHal13 3HAaXOIUTh 3aCTOCYBaHHS y 0aratbox cdepax.

Kpim QuyopecuentHoro anaimizdy, IO TPYHTYEThCA Ha JOCIIJKEHHI
criekTpiB (iyopeciieHiii, 30ymKyBaHOi YJIbTpadiosieTOBUM, BUIAUMHUM, a0o
1H(ppauepBOHUM BUIPOMIHIOBAHHSIM, ChOTOJIHI B aHAJITUYHIN MPAKTUII ITUPOKO
BUKOPHUCTOBYIOTHCSI PEHTTEHIBChKa (PIyOpecleHIlisl, 3aCHOBaHa Ha 30YyKEHHI
(bayopecueHIii PEHTIeHIBChKUMU MIPOMEHSIMH. Meroau
PEHTIreHO(DITYOPECIICHTHOTO aHaNi3y BIIPI3HAIOTHCS BHCOKOKO CEJIEKTHBHICTIO,
[0 TMOB'SI3aHO 3 XAPAKTEPUCTUYHICTIO JIHIHYATUX CIEKTPIB aTOMIB, OCKLIBKH
KOXXHUW €JIEMEHT Ma€ CBOIO CUCTEMY EHEPreTUYHUX DPiBHIB, a 3HAUYMUTh 1 CBiil
HaO1p JIHIN y CIEKTPI.

Baxnusoro 0COOJIUBICTIO PEHTIE€HIBCHKOTO bayopecueHTHOro
BUINPOMIHIOBaHHS € T€, 1[0 KOXKEH €JIEMEHT Jla€ CBIA CHEKTP HE3aJekKHO Bij
TOro, 30yJIKYETHCS YU 1IEH €IEMEHT Y BUIbHOMY CTaHl a00 B CKJIaJll XIMIYHOTO
3'eqHanHs. KpiM TOro, peHTreHIBChbKl CIIEKTPU MICTSITh MEHIIY KUIBKICTh JIHIM
3a TOPIBHAHHSAM 3 ONTUYHUMH, IO CIPOUIYE aHAMI3 1 JO3BOJSE€ BU3HAYATH
ONM3bKI 32 BIACTUBOCTSAMM €JIEMEHTU. 3a TMOPIBHSAHHAM 3  1HIIUMHU
(ayopeclieHTHUMHU  METOJIaMH  JIOCTIJKEHHSI  XIMIYHOTO  CKJIaay METOJ
PEHTreHO(ITyOPECIICHTHOTO aHalli3y BIIPI3HAETHCS BHUCOKOK TOYHICTIO Ta
MPOAYKTUBHICTIO, € JIOCTaTHbOIO MPOCTUM Ta JO3BOJIE€ BU3HAYATH XIMIYHUM
CKJIaJl MaTepiaiiB, $KI MOXYTh 3HAXOJWUTHCS Yy TBEpPJAOMY, pIIKOMY abo
MOPOIIKOMNOIIOHOMY BUTJISI. 3 BpaXyBaHHSIM BUKIJIQJICHOTO BHIIE aKTyaJbHUM
3aBJAHHSAM CTa€ MOIIYK TEXHIYHUX PillIeHb, COPSIMOBAHUX HAa BJOCKOHAJICHHS
oOnaHaHHs I PEHTreHO(MIyOPECIIEHTHOTO aHali3y 3 METOK PO3LIMPEHHS
MOXJIMBOCTEN Ta cpep MOro BUKOPUCTAHHS.
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YK 616-7
CBITJIOAIOJHUN CTOMATOJOITYHUNA ®OTOMOJIMEPU3ATOP

Onsaany M.O., TapHoBcekuiit M.I'.
BinHULIbKUN HAITIOHATBHUN TEXHIYHUNA YHIBEPCUTET

Coorogni st miaOMOYBaHHS Ta pecTaBpaiii 3y0iB  HaHOLIbIIONO
MOMYJISIPHICTIO  KOPUCTYIOTBCS ~ PI3HOMAHITHI ~ CBITJIOYYTJMBI  KOMIIO3HUTHI
Marepiaid, 10 OOYMOBIIEHO BHCOKOIO SIKICTIO KIHIIEBOTO PE3yJbTary,
3pYYHICTIO Ta IIMPOKUM CHEKTPOM iX BUKOPUCTAHHS,. 3aCTOCYBaHHSI TaKUX
KOMIIO3UTIB ~ BHMara€ HasBHOCTI  CHEIIAIBHUX  JDKEpeNl  CBITIOBOTO
BUMNPOMIHIOBaHHA — (DOTOMOJIMEPU3ATOPIB, 10 JO3BOJISIOTH (HOpMyBaTH
CBITJIOBUM MOTIK 3aJaHOT0 CHEKTPAJIbHOrO Jlama3oHy, 3 HEOOXIJHOIO
MNOTYXKHICTIO Ta BHU3HAYEHOK TPHUBAIICTIO. TOYHICT, 3 AKOKWO OYyIyTh
JOTPpUMYBATHUCA 11 TapaMeTpu y mpoiieci (horononimepusailii, Oyie BUSHAUUTH
AKICTh MJIOMOU, & 3HAYUTh 1 KIHIIEBUM pe3yJIbTaT JIIKyBaHHS.

[lepeBakHa OUIBIIICT Cy4YacHUX (POTOMOTIMEPU3ATOPIB OYIy€ETHCS Ha
OCHOBl TOTYXXHHMX CBITJIOJIIOZIB CHHBOTO KOJBOPY CBITIHHA. CHekTp
BUIIPOMIHIOBAaHHS CBITJIOJZIOJIa JOBOJI BY3bKHH 1 BH3HAYAETHCS XIMIYHUM
CKJIaJOM HaIMiBIPOBITHUKOBOTO KpUCTAIY. Tomy CBITJIOZI10IHI
¢dboTononiMepu3aTopu Ha BiIMIHY Bil (OTOMOJIMEPHU3ATOPIB HA TaJOT€HHHX
JaMIax He MOTpPeOYIOTh BUKOPUCTAHHS (UIBTPIB, 1[0 HE MNPU3BOJUTH [0
JIOIATKOBOT'O TOCJIA0JIEHHSI CBITJIOBOTO TMOTOKY, HE TEHEpPYIOTh BEJIHUKOT
KUIBKOCTI TeIla, yCE€ CBITJIO, BUIIPOMIHIOBAHE CBITJIONIOJ0M, IPUHMAE y4acTh y
mporect nomimepusarii. Kpim TOoro, cBiTnoaionu 3a TOPIBHAHHSAM 3
raJJOrOHEHHUMH JlaMIaMd MarTh HabaraTo MEHIIE EHEeProcrnoXUBaHHS,
Habarato Outbmmii KKJI, TepmiH cayxOu CBITIOAIONIB Y KUIbKa pa3iB
MEPEBUIIYE TEPMiH CIykO0u raigoreHHuX jgami. OCKUIbKH YyC€ CBITIO, W10
BUIPOMIHIOETHCSL  CBITJIOJIIONOM, TMpuUHMae y4yacTb y  MOJIMEpH3allii,
IHTEHCUBHICTh BHUXIJHOTO CBITJIOBOIO IOTOKY MOXe OyTu 3MmeHiieHa. lle
JI03BOJISIE 3HAYHO TNOCIAOUTH TEPMIYHUN yJap Ha KOMIIO3UT Ta YCYHYTH
HEJIOMyCTUME M1JIBUIICHHS TEMIEPATYPH MyIbIIN.

[TokpaiienHs: OCHOBHUX (DYHKI[IOHATBHUX Ta €KCIUTyaTalllTHUX XapaKTEPUCTUK
CBITJIOA10AHOTO (hOTOMOIIMEPU3ATOPA AOCITAETHCS 32 PAXyHOK 3MEHIIICHHS
BTpAT BUIIPOMIHIOBAHHS CBITJI0/110/1a TPX HOTO BBEJIEHHI Y CBITJIOBO/I,
MIITPUMAHHS PEXUMY “M’SIKOTO CTapTy”, IPU AKOMY IHTEHCUBHICTh BUX1THOTO
CBITJIOBOT'O MOTOKY 3POCTA€ MOCTYIMOBO, IO JO3BOJISE€ 3MEHIIIUTH HAMPYKEHHS
nojiiMepu3allii y mo4aTkoBl MOMEHTH ONPOMIHEHHS, 3a0e3MeueHHs cTadimizanil
CTPYMY CBITJIO/110/1a, CIIPOILIEHHS 1HTep(deiicy kepyBaHHs Mpu 30epekeHH1 HOTO
BHCOKOT 1H(POPMATUBHOCTI.
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