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IIVIEHAPHI TOIIOBIAI

Meltzer David', Luengo David'

EVALUATION OF THE FEASIBILITY OF ECG-BASED
BIOMETRIC IDENTIFICATION OF HEALTHY SUBJECTS

Biometric identification refers to the process of identifying an individual
based on physical and/or behavioral human characteristics using some set of ob-
served data. Many human characteristics (a.k.a. fraits) have been proposed to date
in the biometrics area for identification or authentication purposes. The electro-
cardiogram (ECG) is a physical trait that has been used in health-related areas for
a long time, and its recording and characterization are mature to date. Given the
fact that the ECG reflects unique physical characteristics, it has been proposed as
a biometric trait with positive results. This paper describes the ECG processing
stages needed to implement a working biometric identification schema that uses
this single trait, as well as the achieved performance.

Biometric identification is a two-step process: one or more traits are first
recorded from the individual during enrollment, and the identification is then at-
tained by comparing the observed data with the recorded trait samples of each
enrolled individual. A class belonging criterion for classification is defined to
assign the most likely individual identification given the available enrollment
data. The ECG of each individual has to be recorded as the first step, both for
enrollment and identification actions. In this paper, we have used the control
group from the PTB database [1], composed of 52 signals sampled at f = 1000
Hz and with a duration up to 2 minutes approximately (115200 samples), for the
experiments. In order to minimize the undesired effects of wandering baseline and
other common ECG artifacts, a band-pass filter (with cut-off frequencies f;; =1
Hz and £: = 40 Hz) is applied as a preprocessing stage.

After the preprocessing, specific information is extracted from the
clean signals in order to perform the identification. Two different approaches
can be taken at this stage: extraction of fiducial or non-fiducial data. Fiducial
data refers to a group of time dependent and normalized indicators obtained
from each QRS complex (the main waveform in ECG signals), while non-
fiducial data relates to the process of obtaining a small number of specific
features from a group of segments of the time-dependent signal without tak-
ing into account QRS complexes. Both approaches have been tested. On the
one hand, 15 fiducial measures [2] have been obtained from each QRS com-
plex after segmentation using the Pan-Tompkins algorithm [3]. On the other
hand, non-fiducial feature extraction has been attained using the Autocorrela-

! Universidad Politécnica de Madrid (Spain)

15



tion/Discrete Cosine Transform (AC/DCT) method [4]. Once a sequence
group of fiducial/non-fiducial data has been obtained from each individual, it
is split into two sets: the enrollment (E) and the test (T) sets. Jackknife classi-
fication of individuals is achieved by assigning every available group of fidu-
cial/non-fiducial data to either E or T on a random basis for every individual.
The best identification results were obtained empirically when the T set con-
tained between 60% and 65% of the available observations.

Each group of fiducial/non-fiducial data from an individual is a collec-
tion of g variables ¥j. ¥..... ¥,. It has been found out by existing works that
a non-negligible correlation exists between fiducial variables[5]. Hence, di-
mensionality reduction can be applied in order to describe the system using a
smaller number of factors. Our work has approached this reduction with two
techniques: Principal Component Analysis (PCA) and stepwise Canonical
Correlation Analysis (CCA), resulting in two reduced dimensionality sets, T"
and E', which are then used for training and testing the classifier. Assuming
that each sequence of derived factors from each individual follows a Gaussian
distribution, it is possible to determine a discriminant analysis classifier using
the biometric enrollment set E' as the training set. Experiments have been
performed with different discriminant analysis classifier models: linear, quad-
ratic and pseudo-quadratic. Once the classifier has been trained, it can be used
to predict the identities of the derived factors contained in the T" set.

Considering a linear discriminant classifier over the unreduced fiducial
data, a correct identification mean rate of 92% is achieved. Using a pseudo-
quadratic discriminant technique, this rate rises to more than 93%. The best
identification rates with fiducial data were obtained using selected variables by
means of a stepwise CCA using the Wilkes’ lambda divergence criterion and a
quadratic classifier, which allowed us to attain a correct identification mean rate
slightly above 98%. Finally, using non-fiducial data with a linear discriminant
classifier, an identification mean rate higher than 99% is achieved.
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VIIK .519.8:336
Baxpymus B.€.'

BATATOKPUTEPIAJIbHI 3ATAUI IPUMAHATTS
PIINEHB B OCBITI B YMOBAX HEBU3HAYEHOCTI

bararokpurepiayibHi 3a/1a4i IPUHHATTS PillIeHh B yMOBaX HEBHU3HAYEHOCTI
HaJIeXaTh JI0 HAHOIIBIN CKIaTHUX 3a7a4 Teopii MPUIHATTS pillleHb. IX mpuKia-
JlAMH B OCBITI € 3a[a4i MPUAHATTSA 3aKOHOJABYHMX JOKYMEHTIB, PO3HOALTY Ofo-
JUKeTHOTO (DiHAaHCYBaHHS 3aKJAJIB OCBITH 1 JEpKaBHOTO 3aMOBJICHHS Ha TiATrO-
TOBKY (haxiBI[iB, YMOB TPHHOMY Ha HAaBYAHHS JIO 3aKJIaMiB OCBITH TOIIO. Taki
3aj1a4i 4acTo MOXKYTh OyTH TIONIICHI HA JICKUTbKA BiJHOCHO CAMOCTIHHUX 3a7ad,
SIKi 4aCTO TAKOXK € 3ala4aMH IIPUHHATTA PillieHb B YMOBaX HeBU3HAYCHOCTI.

Bupi3HAIOTE pi3HI BUAM HEBM3HAYEHOCTI, Cepell SKUX HEBH3HAYCHICTH
BUMOT, HeBU3HAUCHICTh YMOB, HEBH3HAYEHICTh JaHMX Ta iH. [1py npuifnsTTi pi-
IIEHb B OCBITI 9acTO MPUCYTHI JEKiTbKa YU BCi MOMKIIMBI BHIW HEBH3HAYCHOCTI.
[pukmamom Takoi mpobiemu € BuOip Gopmynn po3moainy OromkeTHoro (hiHaH-
CYBaHHS MK 3aKJIalaMH BHIIIOI OCBITH, sIKa Tiepen0adeHa bromkeTHIM KoIekcoM
VYkpainu. 3 norsiay Teopil MPUIHATTS PillieHb LISk PO3MOiI Ma€e 3a0e3meuyBaTu
MaKCHMyM II€BHOI LJIboBOI (DYHKIIT 3a/a4i OaraToKpuTepialbHOI ONTHMI3aLlii.
Are cama 1iboBa (yHKIIS y IIbOMY BHIaJKy HE MOXe OyTH 4iTKO BH3HA4eHA.
Tomy muist OyIb-SIKOTO PO3B’SI3KY MOXKHA CTBEPJDKYBATH JIMILE T€, IO BiH 3a70-
BOJIBHSIE YW HE 33JI0BOJIGHSIE TIEBHI BUMOTH, SIKI, SIK TIepe0avacThCsl, HOBUHEH MaTh
ONTHMAIBHUN PO3B’SI30K. AJie 1 caMi 11l BUMOTH Ha ChOTOJIHI HE € YiTKO BH3HaYe-
HUMH. Tak, MO>KHA TOBOPHTH TPO 3a0e3MEUCHHS SIKOCTI BUILO] OCBITH, e)eKTHBHO-
CTi Ta KOHKYPEHTO3JJATHOCTI 3aKJIa/(iB BHIIIOi OCBITH i CHCTEMH Y IIJIOMY, aje ic-
HYIOTb Pi3HI PO3YMiHHS TIOHSTH SIKOCTI, €(peKTUBHOCTI, KOHKYPEHTO3AATHOCTI TO-
0. | e GibIne BiMIHHOCTEH Y MOMKIIMBUX CIOC00ax (popMati3oBaHOTO TIOTAHHS
LMX 3apakTepucTuK. Llle omH THIT HEBM3HAYEHOCTI OB’ I3aHHH 3 THM, IO HEMA€e
JIOCTOBIpHOI iH(OpMaLil PO Te, SK 1HIUKATOPH, SIKI MOXKYTh OyTH BKJIFOUEHI JIO
(opMyy, BILIMBarOTh Ha 00paHi kputepii. Camuii BUOIp 1IMX IHAUKATOPIB TAKOXK
CHJILHO OOME)XEHHI1 uepe3 BIICYTHICTh HaiiiHUX 1aHuX. ToMy pillieHHs MoaiOHIX
3a/1a4 BapTO LIyKaTH MiHIMAKCHUMH (MAaKCUMIHHAMH) MeToamu abo uepe3 MiHi-
Mi3aIiF0 KIIFOYOBHUX PHU3UKIB. J[JIs 1bOTO 3aCTOCOBYIOTh MOJICITIOBAHHS MOYKITUBHX
HACIIZKIB JUI PI3HUX BapiaHTIB PIIlIeHb i TIPU PI3HHUX CLEHAPISX MOBEIHKK 30BHI-
IIHBOTO CepeIOBHIIA, (haKTOPH, IO ITi/IBUILYIOTh IHEPIIHHICTh CHCTEMH, PE3EPBY-
BaHHSI KOIITIB Ta iHIII IHCTPYMEHTH.

B meskux BUIAaAKax NpH PO3B’sI3aHHI 3a]a4 NPUHHATTS PillieHb B YMO-
Bax HEBM3HAYEHOCTI HAMAralOThCSl OTPUMATH HAOJIMKEHUI PO3B’A30K JeTep-
MiHOBAHOI 3a/1a4i, a TOTIM CKOPETyBaTH HOTO 3 ypaxyBaHHSAM JOJAaTKOBHX

1 . .
H.¢.-m.H., mpodecop kadeapu cucTeMHOTo aHai3y Ta BuIoi Maremaruku 3SHTY
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oOcraBuH. [Ipuknagamu peanizamii 1bOTO MiAXOJY € TOPSIOK PO3MOJLTY
JIep)KaBHOTO 3aMOBJICHHS, 10 0a3ye€ThCsl Ha JIETEPMIHOBAHOMY aJrOPHTMI
Iefina-1llemuti, a TakoX MOPSAAOK 3apaxyBaHHS AiTeil O MOYaTKOBOI MIKOJIH.
OcHOBHMMHU (haKTOpaMH HEBHU3HAYEHOCTI B MEPIIOMY BHUIIAJKY € HECTIHKICTh
nepeBar abiTypi€HTIB, HEOBHA 31CTaBHICTh KOHKYPCHUX OailiB OTPHMaHHX 3a
pisaumu ceptudikatamu 3HO i 3 BUKOPHUCTaHHSM pi3HUX BaroBux Koediiie-
HTIB, 3aJIC)KHICTb YCIIITHOCTI CTYAEHTIB He jume Bix pe3ynsraTie 3HO, ane i
BiJl iIHIIUX (paKTOPiB TOMIO. BTiM HasiBHI MEXaHI3MH KOMITCHCAIlii HEBU3HAYE-
HOCTEH aloTh 3MOTY MiHIMI3yBaTH iX BIUIMB. MEHII BAAJINM € MEpIIHN J0-
CBiJ] 3aCTOCYBaHHS aJTOPUTMY IPUHOMY 0 IMOYATKOBOI mIKomu. HeBu3Haue-
HICTh y KUJIBKOCTI MIOTCHIIHHIX MEPIIOKIACHUKIB Yepe3 HEeBiAMOBIIHICTD Mi-
CIISl peecTparlii MiCIIo 1X peaabHOI0 MPOXKUBAHHS MPU3BENa Y ILOMY POIIi 10
ICTOTHUX TPOOJIEM B OKPEMUX MICIISIX.

YK 519.87
Kosun M.B.", Capnax B.1.?

I3BOJJIIOIIMUOHHBIE METASBPUCTUKHU B
JACKPETHOM ONITUMHU3AILIUU

MHOXECTBO KJIaCCOB 3a/]a4 TUCKPETHOW ONTUMHU3AIMU OTHOCSTCS K pas-
psiny NP-Tpy[HBIX, JUIsl HUX HEM3BECTHBI aTOPUTMBI TOJMHOMHAIBHON TPYHO-
€MKOCTH JIJIs OTBICKaHHSI TOUHOTO pelenus. K TakuM 3a7adyaM OTHOCSTCSI MHO-
THe MacCOBBIE 33/1a4l MaplIPYTU3aLMH, TEOPUH PACIMCAHUM, YIaKOBKH U T.JI.
OnHako BBUY BaXXHOCTH 3THX 337ad JUIsl IPUJIOKESHUH MPEJICTAaBISIIOT HHTEPEC
OBbICTpbIE AITOPUTMBI TIOMCKa HPHOIMDKEHHBIX (CYyOONTUMANIBHBIX) pEIeHHH
nono0HbIX 3a7ad. Ha ceronmHs y)ke M3BECTHBI M UCHOJNB3YIOTCS JECSTKHA THIIOB
AJITOPUTMOB, KOTOPBIE OTHOCSTCS K KJIACCYy METa’BPHUCTHUK| 1] 1 1o3BoIstoT 1oc-
TATOYHO OBICTPO MOJIYYUTH IPUEMIIEMOE PEIeHHe MPUKIAIHOM 3a1auu. OxHaKo
BOIIPOC OLICHKH Ka4yecTBa STUX AJTOPUTMOB OCTAeTCs OTKPBITBIM. Kitaccrueckue
CBOHCTBA IPUOJIIKCHHBIX AITOPUTMOB TaKHe KaK OLEHKA TOYHOCTH, CXOJUMOCTh
M CKOPOCTB CXOIMMOCTH K METaBPHCTUKAM HEPUMEHHUMBL.

Tem He MeHee ecTb psiJi 0COOEHHOCTEN, KOTOPBIE XOTSI U HE FAPaHTUPYIOT
CXOAMMOCTH AJITOPUTMOB, TEM HE MEHEe B KaKOH-TO CTENEHH OOOCHOBBIBAIOT
BO3MOXKHOCTH IPUMEHEHHUs anroputMoB. K unciry Takux ocoOeHHOCTEH MOXKHO
OTHECTH THUIIOTE3Yy «TJTyOOKOI JAOJIMHBI» U psiJi FEOMETPHYECKUX CBOMCTB MeTa-

' okTOp (H3.-MaT. Hayk, mpodeccop Kaheapsl IKOHOMHUECKOH KHOCPHETHKH 3aro-
POXCKOTO HallMOHaNbHOTO YHUBepcureTa (3HY)
2 acupaHT Kadeapsl npukiIagHoi MaremMatuku 3HY
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OBPUCTUYECKHX AJITOPUTMOB. B 4YacTHOCTH, WCCIEOBaHUE T'€OMETPHUYECKUX
CBOWCTB TPOBOJIJIOCH B MpEbIAyIINe rofpl B padotax A. Moparmuo [2], uTo
TMIO3BOJIIJIO TOBOPUTH O HOBOM TEOPHM T€OMETPUUYECKHX JBOJIIOIMOHHBIX ATo-
PHUTMOB.

OnHako a1 3a/ay TUCKPETHOW ONTHUMU3ALMHU KJIACCUYECKHE IBOJIOIH-
OHHBIC MOJIEIM HE TPHMEHHMBI. [103TOMYy METa’BPHCTHKM JUIS TAKUX 3a/ad
MMEIOT WHIMBHUAYITBHBIA XapakTep IS Pa3IMYHBIX KIIACCOB 3a/iad M CYIIECT-
BEHHO 3aBHCAT OT OTpaHMYCHHH 3aqa4d. [ MOCTPOCHUsSI YHUBEPCABHOTO all-
roputMa Jyis OONBIIOro Habopa KIaccoB 3a1a4 AWCKPETHOM ONTHMU3AIINA TIPe-
JIaraeTcsi MOZIeNb, OCHOBaHHAS Ha TIOHATHN (DparMEeHTapHOH CTPYKTYPHI.

@paemenmapnon cmpykmypoii[3] (X, E) Ha KOHCUHOM MHOXeCTBEe X

Ha3BIBACTCS CEMEHMCTBO €ro IMOJIMHOXKECTB £ = {E By E, }, rne £, HX

Takoe, 4To
"E,OFE, E,NeX S$eOE, E,\ £}OE.

OneMeHTH MHOXKeCTBa E Ha3bIBatoTcst hparmMeHTamu. MakcumanbHbIM (par-
MeHTOM OyJieM Ha3blBaTh ()ParMeHT, KOTOPBIH HE SBJISETCS COOCTBEHHBIM
MTOJJMHO>KECTBOM HHKAKOTO IPyroro pparMeHTa.

[ycth 3amana Qparmentapnas crtpykrypa E = {E£,E,,....E, }na
KoHeuHOM MHokecTBe X. IlycTh ompeseneHa MOHOTOHHAsI 1O BKIIOUEHHUIO
dynxims - kputepuit f:E ® R', KoTOpas KaxkI0My AOIYCTHMOMY (par-
MEHTY CTaBUT B COOTBETCTBHE HEKOTOPOE BEIIECTBEHHOE YHCIIO, TO €CTh
"E,E OE w3 ycnosus E HE,  cuenyer, uro f(E)J f(E,) (mm
f(E)i f(E,)). 3anaua omTnMmsamun Ha (parMeHTapHOH CTPYKType 3a-
KJIFOYaeTcsl B OTBICKAHUM JIOIYCTUMOTo (hparMeHTa ¢ MakCHMAalbHBIM (WX
MUHUMAJIBHBIM) 3HadeHHeM Kpurepus. O4eBUIHO, ONTHMAIBHBIM pEILCHUEM
9TOH 3amaum OyzeT OIMH W3 MakcMMaibHbBIX (parmMeHToB. [To kpaiiHell mepe,
MaKCHMaJIbHBIA (pparMeHT Beer/ja MpUCyTCTBYET CPEAN ONTUMAIIBHBIX PEIICHHUH.

IlokazaHo, YTO psAA AMCKPETHBIX ONTHMH3ALMOHHBIX 33/1a4 MOXHO
paccmaTpuBaTh Kak 33724l ONTHMH3AIMK Ha (hparMEeHTapHOW CTPYKType.
DTO TO3BOJISIET ONMUCATh YHUBEPCAIHHBIA T€OMETPUUYECKUH IBOJIOIMOHHBIN
QITOPUTM, KOTOPBII MO3BOJIAET 32 pa3yMHOE BpeMs MOJydaTb NpHEMIIEMbIE
pereHus 0OJIBLIOTO YHCIIa IIPUKIIAIHBIX 3a/1a4.

Ilepeyens ccblIOK

1. O. A. Illepbuna MeTtasBpucTrHUeCcKre aJITOPUTMBI JUTS 3314 KOMOMHATOPHOM ONTUMH-
3auuu // TaBpuueckuii BeCTHUK HHpOpMaTHKK 1 Matematuku 1(24) 2014 r. ctp 3-5.

2. A. Moraglio, Inbreeding Properties of Geometric Crossover and Non-geometric
Recombinations / A. Moraglio, R. Poli /Foundations of Genetic Algorithms, 2007, P 1-14.
3. Kosun U.B. O cBoiicTBax (parMeHTapHBIX CTPYKTYyp // BicHUK 3amopi3pkoro Harfi-
OHAJBHOTO YHiBepcHTEeTY: 30ipHUK HayKOBHX cTaTed. Pi3uKo MaTeMaTH4Hi HayKH. —
2012.—Ne 1. - C. 99-106.
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1 CEKIIIA «PAJIOTEXHIYHI, TA TEJJEKOMYKAIIIMHI
CUCTEMMH TA ITIPUCTPOI»

UDC 621.396.67
Bugrova T.I. ', Polyarush D.A. * , Misiuk O.M.*

SPECTRAL PROPERTIES OF 3D FRACTAL HYBRID ANTENNAS
BASED ON METAMATERIALS FOR ANTENNA ARRAYS

The basic requirements for single radiator of array antenna ensuring
the continuity of the radio channel in all the spatial evolution of the eguip-
ment carrier and multifrequency, as different in functional purpose channels
have different carrier frequencies. It must be compact, lightweight and dura-
ble. Previous researchers used multiple antennas concurrently.

We propose a new type of antennas for digital antenna arrays — hybrid
3D fractal antennas of a pyramid form with the use of metamaterials [1].
Similar structures have not yet been explored by other authors [2]. The analy-
sis of frequency properties for reflection coefficients S11, standing wave ratio
(SWR), spatial magnitude distribution and radiation pattern (RP). Novelty
consists in construction of antennas, the study of the characteristics of devel-
oped specifically for use in antenna arrays which have a small weight and
overall dimensions, high technical characteristics due to metamaterials are
used in antenna technology.The HFSS software was used as a simulation tool
for 3-D full-wave electromagnetic field simulation. The theoretical and prac-
tical results confirm the possibility of hybrid 3D fractal antennas of a pyramid
form with the use of metamaterials as multiband matching drone antennas. It
is shown that the proposed antenna has a multifrequency properties, small
sizes and weight with good matching at the same time.

The antenna has a multifrequency properties due to the scaling effect.
A weak directivity in all frequency ranges of our interest provides a proove
connection for all spatial positions of drone. Such type antennas can be ap-
plied as the illuminators of the mirror systems or as the array elements in
multifrequency radar systems and communication systems.

Metastructure presence on the surface of the substrate increases multi-
resonance nature of antenna that allows to use it in several frequency
bands.Antenna itself thus becomes a high-frequency resonators and set their
reduced size. This reduction of size of the entire antenna is important for an-
tenna arrays.

"Ph.D., Docent of Radio Engineering and Telecommunication (RET) dept. ZNTU
2 MSc student of RET dept. ZNTU, RT-914m
3 MSc student of RET dept. ZNTU, RT-213m
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Obtained were the results of umbrella trihedral pyramidal and tetrahe-
dral antennas research for both on-board accommodation (with sizes A/8) and
for terrestrial mobile control unit (A/4) in the car. Every facet of the pyramid
is designed as a modified Sierpinski triangle on one side of the dielectric sub-
strate and metamaterials — on the other side of it. The considered geometry is
rather far from the classical Sierpinski triangle. It is a 3D hybrid antenna with
metamaterials as a four-sided pyramid (Fig. 1).

a) b)
Figure 1 — Four-sided pyramid with an external power connection point
through the washer

a — design a metamaterial with facets; b — 3D antenna.

Reflection coefficient takes values range —25 ... 11.9 dB, correspond-
ing to it SWR is in the range of 1.1 ... 1.68 (Tabl.1).
Table 1 — Summary of the simulation results in HFSS (SWR, S11)

Frequency, GHz SWR S11,dB
0.9 1.11 —25.38
1.1 1.68 —-11.90
24 1.46 -14.42
5.7 1.27 —-18.34

It is shown that the proposed antenna has a multifrequency properties,
small sizes and weight with good matching at the same time due to the inherent
fractal antennas scaling effect. A quasi-isotropic spatial properties in all frequency
ranges of our interest provides a confident connection for all spatial positions of
drone. The unique designed properties indicate hidden potential as the 3D fractal
antennas of a pyramid form with metamaterials give the possibility to be used in
other areas of microwave technology and other frequencies. In particular, such
type antennas can be applied as the illuminators of the mirror systems or as the
array elements in multifrequency radar and communication systems.

References

1. Metamaterials: Physics and Engineering Explorations/ [Edited by N. Engheta and
R.W. Ziolkowski].—Wiley - IEEE Press, 2006.— 876pp..

2. Potapov, A.A. Fractals and Chaos as the Basis of New Perspective Technologies in
Modern Radio Systems in Supplement to Book R. M. Crownover, Introduction to
Fractals and Chaos, Ed. by T.E. Krenkel (Tekhnosphera, Moscow, 2006), PP.
374—479 [in Russian].
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VK 621.372.542.29
Logacheva L.M. ', Chudesnova O. E

THE STRUCTURE OF THE FILTER FOR SUPPRESSING THE
FREQUENCY HARMONICS OF HIGH-POWER MICROWAVE
TRANSMITTERS

The development of radioelectronic facilities and radio engineering
systems has led to a large overload of the used spectrum of ultrahigh frequen-
cies. Along with their growth, the emitted power of the transmitters also in-
creased. Powerful radar transmitters emit, in addition to the main radio emis-
sion within the frequency band, also considerable power beyond its limits.
Solving the problem of electromagnetic compatibility of radio electronic
equipment can be achieved with the help of special filters for high power,
switched on at the output of powerful transmitters [1]. The analysis of the
absorbing-type filters showed that the known filters poorly satisfy this re-
quirement. Therefore, the design of an absorbing filter uniformly bent in the
H plane is proposed. The principle of operation is described in [2]. The design
of the filter is two rigidly fastened parts (Fig. 1), each of which is made of
oxygen-free copper by milling.

Secondary waveguides are drilled in the thickness of narrow walls and
have the following series of diameters: 15, 17, 19, 21, 23 mm. The absorber is
an alsiphero. It is applied to the surface of the inner wall of round waveguides
in accordance with OSTN.054.030-74. the thickness of the absorber layer is
0.3 mm. A cooling channel extends along the wide walls of the main
waveguide. The filter is cooled with distilled water at a pressure of 9 kg/cm”.
The water temperature at the entrance is not more than 60°C. Water is sup-
plied and discharged through the union.

The radius of the bend of
the main waveguide must be
large enough so that the desired
number of secondary waveguides
can be located on narrow walls.
The radius of bending in this con-
struction is 170 mm. The
waveguide is selected as the main
waveguide, with a cross section
48x24
arms,

Figure 1 — The structure of the absorbing
filter at a high power level

! Senior lecturer of Radio Engineering and Telecommunication (RET) dept. of ZNTU
2 MSe student of RET dept. of ZNTU
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Since the water resistance in the cooling channel is sufficiently small (this is
due to the simple shape of the channel), it is possible to connect the upper and
lower channels in series. This makes it easier to feed and drain water.The
fittings are soldered into the plate, which is one of the walls of the cooling
channel. Soldering is carried out in 20 g silver according to TU 48-1-303-74.
Plates with soldered into them fittings are soldered to the cooling channel.
Two parts of the filter are welded in the middle of the wide wall of the main
waveguide 27 g. silver in accordance with GOST 19738-74. The seam is
made in the middle of the wide wall of the main waveguide, since the currents
in this part of the waveguide are zero. Therefore, even poorly executed seams
on the wide wall of the waveguide will not affect the operation of the filter.
To increase the electrical strength of the filter, a high pressure (5-6 atmos-
pheres) is applied in the working path, which makes it necessary to ensure
high tightness of the structure. This is achieved as follows: the outputs of the
secondary waveguides are covered by plates that are soldered to the outer
surface of the narrow walls of the main waveguide. The cavity of the
waveguide is tested for strength with a nitrogen pressure of 9 kgf/cm?® for 10
minutes, and then the pressure is reduced to 6 kgf/cm? and a leak test is per-
formed. The channel of the cooling system is tested for strength with a hy-
draulic pressure of 12 kgf/cm” for 10 minutes. Then the pressure drops to 9
kgf/cm” and the test is not tight. Throttle flange is soldered to the input of the
filter, and to the output - the contact flange. To increase the attenuation intro-
duced by the filter, several described structures can be connected in series.

References
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Osharovska O.V.!

METADATA ABOUT AUDIOVISUAL OBJECTS IN
TELEVISION BROADCASTING

Using metadata or data about data allows you to pick up the various
services and content of the new digital TV platform. However, the use of
metadata to broadcast multimedia should not be considered as a tool for solv-
ing problems related to a complex network multimedia environment. On the
contrary, it creates new opportunities for the development of new innovative
services.

In multimedia broadcasts, metadata covers both service descriptions
and multimedia controls. Metadata is integrated into the transmission cost
chain, taking into account all stages of the development of digital television
broadcasting. Any metadata is integrated into standards relating to the life
cycle of digital broadcasting. The concept is the company’s idea of under-
standing syntactically and semantically complex data by improving their es-
sence in a set of simple descriptors.

MPEG-7 descriptors (DS) are designed to describe the following types
of information: low-level audiovisual characteristics, such as color, texture,
movement, sound level, etc. High-level semantic objects, events and abstract
principles; material management processes; information about the memory
system, etc. It is expected that most descriptors corresponding to low-level
characteristics will be extracted automatically, while human intervention will
be necessary for the formation of high-level descriptors.

MPEG-7 DS are converted into descriptors by combining individual
descriptors as well as other DSs within more complex structures and deter-
mining the relationship between the component descriptors and the DS. In
MPEG-7, the DS is categorized in relation to audio or video areas, or with
respect to the description of multimedia. For example, characteristic DSs cor-
respond to unchanged metadata associated with the formation, production,
use and management of multimedia, as well as a description of the material.
Typically, multimedia DS refers to all types of multimedia, in particular au-
dio, video, and text data, while area-specific descriptors such as color, texture,
shape, melody, etc., refer exclusively to audio or video areas. As in the case
of descriptors, the implementation of the DS may be based, in some cases, on
automatic means, but often requires human intervention, scheme for organiz-
ing multimedia DS MPEG-7 in the following areas: basic elements, material
description, material management, material organization, navigation and ac-

! PhD., associate professor O.S. Popov ONAT
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cess, user interaction. The MPEG-7 multimedia DS specification also defines
a number of base elements that are reused as a fundamental design in the
definition of MPEG-7 DS. Many basic elements provide specific data types
and mathematical structures, such as vectors and matrices, which are impor-
tant for describing audiovisual material. They are also included as elements
for linking media files and localizing segments, areas, etc. Many basic ele-
ments are designed for special needs of describing audiovisual material, such
as description of time, places, people, individuals, groups, organizations, and
other text annotations, because of their importance for describing audiovisual
material.

Time information: DS for time description is based on the ISO 8601
standard, which was perceived by the XML schema language.

Text annotation: text annotation is also an important component of
many DS. MPEG-7 provides a number of basic constructs for text annotation,
including free text (words, phrases), structured text (text plus word assign-
ment), and a dependent structured annotation (structured text plus reciprocal
links), in order to support a wide range of text descriptions. MPEG-7 also
provides DS for material management. These elements describe various as-
pects of media creation, media coding, recording, file formats and material
usage.

Creation of information: describes the formation of audiovisual mate-
rial. This information describes the creation and classification of audiovisual
material and other data that are associated with it. The formation information
produces a header (which can be a text or fragment of an audiovisual mate-
rial), a text annotation, as well as information about the creators, the place of
formation and the date. Classification information describes how audiovisual
material is classified in categories such as genre, theme, purpose, language,
etc. It also provides an overview and management information such as age
classification, a thematic review, creators’ recommendations, etc. Finally, the
information associated with the material describes whether there is another
material, which is associated thematically with this material.
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MIIBUILEHHS 3ABAJJOCTIIKOCTI IPOTPAMHO
PEAJII3OBAHOI'O IPUCTPOIO ®A30BOI'O ABTOMATUYHOI'O
MIJICTPOIOBAHHSI YACTOTH

301IBIINTH MICTKICTh cUcTeMU 3B 513Ky (C3) MOXKHA HE JIAIIE BUKOPH-
CTOBYIOYH JIOCKOHANIII BUAM MOIYJIAIII, a 1 3MEHIIEHHSIM MTOPOTOBOTO Bif-
HomenHs curHan/myMm (BCIII), 3a sxoro cucrema mie 30epirae mparie3aar-
HicTh [1]. st nboro CIiji MiABUIIUTH TPaHUYHY 3aBaIOCTIHKICTh MPHUCTPOIO
DAIIY, skuii € CKIIaJ0BOIO i€l CHCTEMH.

Meroro wiel pobOTH € po3poOKa BIOCKOHAJIEHOTO MPOrPaMHO-
araparTHoro npucTporo (hazoBoi CHHXpOHi3alil, SKMi 31aTHUI 30epiratu npa-
nesznatHicTh 3a MeHux BCIII i BogHOwac 30epiraTté CBOi BUCOKI AMHAMIiYHI
MTOKAa3HUKH. 3aBJaHHAM POOOTH € MOPIBHSAHHS ITYMOBHX HOPOTiB KIACHYHOTO
Ta MojudikoBanoro npuctpoiB @AIIY i X TUHAMIYHUX BIaCTHBOCTEH.

Monndikosanmii npuctpiit @AITY Biapi3HsA€ThCS BiJl KIACHYHOTO Ha-
SIBHICTIO JIOJIaTKOBOTO OJIOKY By3bkocMmyroBoro ¢inerpa (BCO, puc.l), mpu-
3HAYCHUH I MaKCHUMaJIbHOI (pUThTparlii BUaAKOBOI 3aBay, sSKa Iomaja Ha
Bxix mpuctporo. [licas dasoBoro nerexropa (O/I) mpucyTHilt GiIETp BEpXHIX
yactoT (PBY), 1100 KoMIeHCyBaTH NPUAYIICHHS IMHAMIKA 3MIHU KOPHUCHO-
ro cur"any, cnpuunHenoro BC®. Onopuuii reHepatop (OI') renepye kBaj-
paTypHi CUTHAJIH, 110 MOCTYNatTh Ha riiku BCO. [TeTns0Bi GiIbTpu HIKHIX
gactot (OGHY) i reneparopu, keposani Harpyrowo (I'KH) B 000x mpucTposix
1IEHTUYHI.
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Pucynok 1 — CtpykrypHa cxema moaugikoBanoro mpuctporo GAIY

Knacuunmii Ta MmoaudixkoBanuii Bapiantu npuctpoiB GAIIY peaizo-
BaHi Ha 0a3i mporpamMoBaHoi JioriyHoi iHTerpanproi cxemu (I[IJIIC) [2]. dona-

1 . . .
J.1.1., mpodecop, HY «JIpBiBChKa MOMITEXHIKAY»

2 . . . .
Acnipant, HY «JIbBiBcbKa MosiTexHiKa»

3 o . . .
K.1.1., crapmmii Buknanay, HY «JIbBiBChbKa MOMITEXHIKaA»
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TKOBO Oysi0 cTBOpeHO iHTepdeiic ooMiny nanumu Mix 1K ta TIIIC y cepe-
nouili MATLAB, 1110 1aJi0 MOKJIMBICTh 3MiHIOBATH MMapaMeTPU MPHUCTPOIO,
3aJaBaTH TUI JIOCIIPKyBaHOTO MPHUCTPOIO (KJIACHYHUHA YM MOJU(IKOBaHMIA)
Ta MEepeNiK CUTHAJIB JUIs X CIIOCTEPEKeHHs Ha ocuuiorpadi.

EdexruBHicTs MOAN(DIKOBAHOTO NPUCTPOIO MIATBEPIWIN iMiTalliliHe
MOJICTIIOBAHHS Ta HAaTYPHHH EKCIIepUMEHT. MoJeroBaHHs BHSBWIO, IO B
Mou(]ikoBaHOMY MPUCTPOI OaraTopazoBi 3pHBH CTEXEHHS 332 KOPOTKHH dac
CIIOCTEPIratoThCs 3a OUIBIIUX PiBHIB MIyMy, HIXK Ui KiacuaHoro. Excrepu-
MEHTaJIbHE TOCIIKEeHHS MoKa3aio Burpam y moporosomy BCII mo 2,5 nb
3anexHo Binm pisHEX mapamerpiB BC® (puc. 2). bimpm Toro, nuHamidHi
BJIACTUBOCTI MOAM(]IKOBAHOTO MPUCTPOIO BUABIINCH KpaIIUMH, HIK y KIa-
CHUYHOT0, a/Ke TPUBAIICTh MEPEXIJHOTO MPOLEeCy Ha BUXOI NPUCTPOIO MPH
cTpuOKax a3y BXiJHOTO KOJIMBAHHS € MEHIIOIO.
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Pucynok 2 — [epexiani npouecH y KIacHuHOMY (&) Ta MO (iKOBAHOMY MPHCTPOT
(6) mpu cTpubKomoAiOHIM 3MiHI (a3u BXinHOTO curHaiy i Burpam y BCILI
moaudixoBanoro @AIIY amns pisaux napamerpis my BCD (8)

VY mid po0oTi po3B’sI3aHO aKTyallbHE HAYKOBE 3aBJaHHS — 3MCHIICHHS
mopory 3aBagocTiikocTi mpuctporo @AITY mist 301LTBIICHHS MICTKOCTI iCHY-
tounx C3, 4acTHHOIO SIKUX BiH €. Lli pe3ysipTaTé JeMOHCTPYIOTH MTOTEHIIHHI
MOXJIMBOCTI ekcruryararii C3 B yMOBaxX BUIIMX PIiBHIB 3aBaj Ta 30UThIICHHS
KUTBKOCTI KOPHUCTYBAUiB, SIKi OTHOYACHO KOPHUCTYIOTHCS CHCTEMOIO.

Iepenik nocunanb

1. Becomnosckuii K. Crucremsr moasrkHO# paanocssizu / [lep. 3 nonbeskoi U.J1. Pymu-
Hekoro mix pen. AWM. JlemoBckoro — M.: Iopsigas muamsa. — Temexom, 2006. —
c. 536. 2. Xilinx «7 Series FPGAs Data Sheet: Overview» [Enexrponnuii pecypc] /
Pexxum JIOCTYILy:
2. https://www xilinx.com/support/documentation/data_sheets/ds180 7Series Overvie
w.pdf. —2018. —18 p.
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VK 621.372
Bonmapes A.II. ', Top6arnii I.B.', Maxcumis LIT.

AHAJII3 BIIJINBY TAPAMETPIB IETEKTOPA HA SAKICTb
MPUMMAHHS 8-QAM CUT'HAJIIB

OCHOBOIO I€TEKTOpa Cy4acHOTO pajionpuiiMada € mpucTpii ¢pazoBoro
apromigctpotoBaHHsa yactotu (DAITY). IIpuctpoi GAITY maroTh nekiigbKa
3aCTOCYBaHb, 30KpEeMa, iX BHKOPHCTOBYIOTH [UISI YacTOTHOI (imbTparii,
YaCTOTHOI MOAYIIALIT Ta IEMOAYJIALIi, MHOXKEHHS Ta MEPETBOPEHHS YacTOTH
CHUTHAJIy, BUJIIJICHHS OIOPHOI'O KOJIMBAHHS JJIsi KOTEPEHTHOTO JICTEKTYBaHHSI.
[Mpunuun podoru GAITY nonsrae y Tomy, 0 BiH NOPiBHIOE a3y BXiJHOTO
Ta OMOPHOI'0 CHUTHATIB I BHIAE CUTHA MOXUOKH, BIAMOBIIHO 10 PI3HUII MiXK
My (azamu. UyTIMBICTH TaKoi CXEMH 3aJIeXKUTh Bl mapamerpiB ¢iibTpa
NeTiIi 3BOPOTHOTO 3B’s13Ky. BpaxoByroun akryanbHicts ®AITY, y wiii podori
OyJI0 TOCIIPKEHO BIUTUB TTapaMeTpiB ibTpa MeTiii Ha 3aBaJOCTIHKICTb Ipo-
LleCy JICTeKTYBaHHS CHTHAJIB 31 CKJIaJHOIO (Pa30BOI0 MOAYJIAII€0. Y SKOCTI
JIOCTIIKYBaHOTO CHUTHAIy oOpaHo curHal 3 8-QAM Momymsmiero, sIKUA Ha-
OyB MOMYJISIPHOCTI cepel PO3POOHMKIB CHCTEM paiio3B’s3Ky 3aBISKU CBOIH
CHEKTpaNbHIN e)eKTHBHOCTI.

Haii6inpiroro mommpeHHsT y CydacHId pajioeiekTpoHini Halyma cxema
u¢posoi GAITY, 3anpornioHoBana B podori [1]. Ll cxema HaOyna mmpokoro
BIPOBAKEHHSI, 3aB/ISIKH MIPOCTOTI Ta JIOCTYMHOCTI T (hi3nuHol peaizarii.

VY pob6orti [2] 3anmponoOHOBaHO KOHIICIIII ONTHMAaIbHO-Y3rOIKEHOTO
¢inpTpa mpuiiMaua panpiocurHaimiB 3 QaszoBoro Moayisidieo. Ha 6asi
MaTeMaTu4HOi Mozesi 1poro ¢impTpa cuHTe30BaHo mpuctpiii ®AITY [3],
0COOJIMBICTIO SIKOTO € 3MEHIIECHHS! BEIWYMHH BIAXWJICHHS (a3u CUTHAIY 3a
JIOTIOMOTOI0 TIPOIOPLIiHO-IHTErpyI0UYnX (HLIBTPIB.

KBagparyphy ammiityHy Monyisinito 8-QAM 3acTocOBYIOTE y -
poBHUX cxemax GopMyBaHHA pagiocurHanis. [Ipu 1 BUKOpHUCTaHHI ITepeaaoTh
IBa OHAQPOBI MOTOKK OITiB 32 JOMOMOTOO 3MIiHH aMIUTITYZ ABOX CHTHAIIB-
HOCIiiB, 3 BHKOPHCTaHHSIM aMIDITYyIHOI MAHIITyNAil SK CXeMH IH(PPOBOI
Moxysmii. Monymsmist 8-QAM e onHi€ro 3 MOKIMBHX Bapialliii KBaxparyp-
HO-aMIUTITYJHOT MOJYJISAIIN, IO Ma€ 3MOry IMepelaBaTH BiCIM MOMKIMBHUX
cuMBoliiB (THOITIB). da3za curHany BHpaKeHa 3HAYCHHSMH CUH(A3HOI Ta
KBaJIpaTypHOi KOMIIOHEHTH.

Jnst mobynoBn 8-QAM curnairy BUKOPHCTaHO MPOTpaMHE CepeioBH-
me Matlab. 3HaueHHs KyTa, amILTiTY] cUH(a3HOI Ta KBaJpaTypHOi KOMIIO-
HEHT curHaiy Oyio copMoBaHO 3a JIONOMOTOI0 iH(pOpMaIiifHOro nnuppoBo-

1 . . .
J.1.1., mpodecop, HY «JIpBiBChKa MOMITEXHIKAY»
K.1.H., cTapmmii Bukinagad, HY «JIbBiBChbKa MOTITEXHIKAY
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ro CUI' Hally, SKHH MPEACTaBIsAE€ COOOK MOCIHIIOBHICTh OITIB, chopMoBaHy
NporpamMHO y BUDIAA MacuBy. Llfo mociigoBHICTE Oynno po3aiieHo Ha
TpuOiTH, Ta chopMOBaHO (Pa3y Ta aMILTITYAy CHH(pA3HOI Ta KBaapaTypHOI
KOMIIOHEHTH MopysiboBaHoro curHamy. CdopmoBanuii curHan Oyio
HaJ[iC/IaHO y KaHaJ 3B’S3Ky Ui MOJAJBIIOrO JOCIIKEHHS MOXKIMBOCTEH
HOT0 MeTeKTyBaHHS AeTekTopoM Ha 06a3i DAITY.

JocinimkeHHs 0yio MpoBeIeHO 3a HACTYITHOIO METOANKOO: 3MIHIOIOUH
3HAYEHHS ITOTYKHOCTI aJUTUBHOTO IIyMy B KaHAJIi 3B’s3Ky NP 3aJaHUX I1a-
pamerpax ¢inprpa mertmi PAITY 3HAXOAMIOCH Take 3HAYEHHS IMOTY>KHOCTI
IIyMYy, 3a SIKOTO HACTYIaB TIOPOTOBUH e(eKT y KaHalli 3B 3Ky, TOOTO Mia Jac
JIETEKTYBaHHS BiIOYBA€TbCS 3pHB CTEXKEHHS 3a (pa3oio curHamy, a came: y
JIeSIKMX BHIAJIKaX HEMOXIIMBO OyJ0 BU3HAYMTH 3HauyeHHs ¢Ga3u yepes
aHOMaJIbHI CTPUOKHM, a y IHIIUX 3Ha4eHHs (a3u CHrHany HaOyBayuo MpPOTH-
JISKHOTO 3HaueHHs. [loBTOpHI JociimkeHHs Oyjo MPOBENEHO 3a IHIIUX
napaMeTpiB (QiIbTpa i TAKAM YUHOM OYJIO OTPUMAHO BiAIOBINHI 3HAYCHHS
MOTYXXHOCTI I[IyMy, 3a SIKOTO HAacTynaB MOPOTroBHH e(deKT sl pi3HHX
KoHpirypauiit napamerpiB Ginbrpa nerini GAITY.

Otpumani 3HaueHHs Oyno chopmMoBaHO y BHUINSAAI Tabuuii Ta
niarpamu (puc. 1), Ha OCHOBI SKHX OyII0 IPOBEICHO aHAI3.

SNR, dBm

9.2
9.1
80
89

Ty, sec
01 0.2 03 0.4 05 0.6 o7

Pucynok 1 — 3anexHicTh HOPOrOBOTO BiHOIICHHS CUTHAJI-IIYM BiJ|
inepuiitnocti ¢inprpa nerni GAITY

3 pe3ynbTaTiB MOAETIOBAaHHA MOXKHA 3pOOMTH BHCHOBOK, IO HaMOLIBII
CTIHKOI0 [0 3aBajgu € KOHQirypaiis QiibTpa 3 mapameTpamu iHEepHiiHOCTI
Ty = 0,1 cex Ta Koedimienta npomopmiaocti m = 0,1. Takox mpu
BUKOPHCTaHHI PEKOMEHJOBAHUX MapaMeTpiB OyJi0 JOCATHYTO BHUIrpAll
3aBajocTiiikocTi Ounbi Hixk 1,3 nb y nopiBusHHI 3 kiacuayauM OATTY.

Iepenik nocuinanb
1. BestRoland E. «Phase-LockedLoops: Design, Simulation, andApplications,
SixthEdition» // Roland E. Best -McGraw-HillEducationNewYork, 2007.
2. Tuxonos B.1. Mapkosckue npoueccet // B.W. Tuxonos, M.A. Muponos — Mocksa,
Cos. Paagwo, 1977.
3. bougapes A.IL IIpuctpiii Gpa3oBOro aBTOMACTPOIOBaHHS YacTOTH. [laTeHT YKpainu
Ha BuHaxig Ne 66435 // A.I1. borgapes, M.C. MaptuHiB — bronerens No5, 2004.
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VK 621.391
Bopryns O.B.!, Tausun B.€.2

MOIEJIOBAHHS HAIIIBCMYT'OBOI'O ®UIBTPY

[Ipu BUpilIeHH] 3aBaHb CHHTE3Y Ta aHATi3y CHCTEM Pi3HOTO MpH3Ha-
YeHHsI Bce OUTBIIy pousb Bixirpae imitamiiiHe mozemroBaHHs. CydacHuWd pi-
BEHb PO3BUTKY arapaTHOTO 1 MPOrpaMHOTrO 3a0e3NeUeHHs 103BOJISIE BUKOHY-
BaTH MOZETIOBAaHHS poOOTH Ha PI3HHUX PIBHAX POOOTH amapaTypH - Binm imei
poboTH cUCTEMH, BUPaKEHOIO B MaTeMaTH4dHii (opMi 1o 1i peamizamii. Camo
1o co0i MOJIENIOBaHHS B JIaHOMY BHIIQJIKy HE € OCTATOYHOK METOI0 JaHOi
pobOTH, a € IHCTPYMEHTOM B XO/Ii TPOSKTYBAHHSI 1 03BOJISIE 3pYUHO, 3 PI3HUX
TOYOK 30pY, OLIIHUTH SIKICTh poOOTH cucTemu [1].

OO0’eKTOM JTOCHIJPKEHHS! € HaMiBCMYTOBHH (QijbTp, M0 PO3po0IIsieThes
B 1poBomMy Burisii. Takuid GiUIBTp KOPUCHHUHN /ISl pO3POOHUKA, OCKIIBKH €
0a30BHM €JIEMEHTOM /ISl BUKOHAHHS BEJIMKOI KUIBKOCTI omepaniii Haj curHa-
JIOM - MIEPEHECEHHS CUTHAJIB 32 YacTOTOK, MOAYJISLIT, IeMOYJIALii. 3pydHO
BUKOPUCTOBYBATH MOJEINb (IIBTPY TAKOXK THM, LIO 1Ie J03BOJISIE BUKOHYBATH
MEePEeBipKy SKOCTiI poOOTH SK 32 YACTOTHHMH TaK i 32 YaCOBHMH XapaKTEpHC-
THKaMH, a TaKOX 3a KJIIOYOBUMHU NapaMeTpaMH, iCTOTHUMH JJIsS IIOTOYHOTO
3aBJaHHS JOCHIAHUKA, HAIPUKIIAJ, YUCEIbHICTh BEHTUIIIB, 3HAUCHHS 3aTPHM-
KM TOIIIO.

OCKiJIbKH (DIIBTP € UPPOBUM, TO 3@ TOMOMOI'OK MPOrPAMHOI0 KOM-
mwiekcy Matlab i Simulink Mo)kHAa BHUKOHATH MOJCITIOBAHHS, MOYMHAIOYH Bif
3aBIaHHS TapaMmeTpiB (UIBTPa 1 3aKIHUYIOYM HOr0 peaizalli€ro, 1o JIyxKe
3pY4HO , ICIIEBO 1 MoTpedye AIMCHO MIHIMYM Yacy.

Matlab no3Bossie oTpuMaTé CTPYKTYpy (GigbTpa 3aJaHOTO BHUIY, HOTO
Koe(illieHTH 3 ypaxyBaHHAM a0o 0e3 ypaxyBaHHS OKPYIJIEHHS, a TaKOX B
3py4Hill OpMi NpeACTaBUTH MOBHUI HAOIp XapaKTepHCTHK (inbTpa y Hail-
KOpOTIIUH TepMmiH Ta sikicHO [2]. Ha »xamb, mns amamoroBoro QimpTpa 3a-
BIaHHS BUPILIY€ETHCS CKIIAIHIIIE.

Ane s peamizanii ¢pinerpa B [IJIIC HeoOXimHMi 3pydHuil mepexia B
obpane cepemoBuie onucy udposoi amaparypu - VHDL, Verilog, System
Verilog. TakuM 4uHOM, MPOCKTYBaHHsI TPHBAE BXKE B CIELialli30BaHiil mpo-
rpami (Quartus II a6o ISE) i uinkom HaOimKeHe 10 anapaTypHOrO CHHTE3y
[3, 4]. Taxwuii nepexin n03BoJsie BUKOHYBaTH Matlab B HariBaBTOMaTHuyHOMY
pexxumi. Lle momae rHydyKkocTi mpolecy NpOEKTYBaHHS 1 J03BOJISIE 3HH3UTH
BUTpATH Ha MPOCKTYBaHHSI.

! K.T.H., joi. XHYPE, Xapkis
% Maricrpasr XHYPE, Xapkis
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[Tpu MozenoBaHHI BUKOPHCTOBYBAJACs PO3PSAAHICTh — HE MEHII HIXK
16 GiT Ha kpucTanax Spartan 6 1 Artix 7.

1. Spartan 6. OOMexeHHsI Ha PO3PSIHICTH AOCHTH po3IuIMBYacTi. Ha
KpHCTaJll peaii3oBaHi MIBUIKICHI arapaTHi moMHoxyBaui 18x18 6ir i akymy-
nsitop 48 0it, IO ICTOTHO, ajle He MOBHICTIO 0OMEXYe po3psaHicTb. B npuH-
LI, 30UTBITYBAaTH PO3PSIHICTE MOXKHA. HaBaHTa)keHHS Ha KpHUCTal, 3BHU-
YalHO 5K, 3pOCTaE, ale MO’KHA BUKOPHCTOBYBATH B HABYAJIBHUX IIIJISX.

2. Artix 7. Y mopiBHsHHI 3 HUM, Spartan Burisaae npoctuM. Kpim Toro,
10 MOXe 3arporoHyBati Xilinx Ha mpukiani Spartan 6 s TOYATKOBOTO PiB-
HS 3HaOMCTBa 3 MOXUTMBOCTSIMU cydacHuX [1JIIC 3 00poOku curHaiB, € MOX-
JMBICTh OCBOITH 1HTEp(QEWcH, SKi IMMPOKO BHUKOPHUCTOBYIOTHECS B TaHWH dHac.
Bracue, s podotu 3 inTepdericamu i onTuMizoBanuii Artix 7. Lle Taki iHTEp-
¢eiicu sk PCI Express Base Spec 2.1 Genl (2.5 Gb /s) i Gen2 (5 Gb / s). Mak-
CHMaJIbHa IIBHAKICTH poboTr 10 6.25 Gb / s. € MOKIUBICTE EPETBOPEHHS
MOCJTIZIOBHOTO KOy B Mapayie/IbHHNA CIIOBaMH TOBXHHOK0 16, 20, 32, abo 40 OiT
B IpuiiMaueBi Ta BUKOHAHHS 3BOPOTHOI OIlepallii nepeaBaiem.

Po3pobneno B Matlab npoekr HamiBcmyroBoro ¢inerpy 32-ro i 128-ro
nopsinky. JocmimmpkeHo xapakrepuctuku ¢inerpa. [Ipu nepexoni mo mporpa-
MHoro cepenosuina ISE MaeMo MOXIIMBICTh ONEpaTUBHO OTPUMATH CTPYKTY-
Py ®inpTpa i JOCTIIKYBaTH XapaKTEpPUCTHKU II(PPOBOT CUCTEMH.

Posrnsmaroun Takuid NPOCTHI MPHKIAA, MPOJEMOHCTPOBAHO MOJXKIH-
BOCTI pPOOOTH Pi3HUX IMPOTPaMHUX 3acO0iB y B3a€MO3B’s3Ky. I[loTy>KHOCTI
HaUTIpOCTIMMX KpHUcTaliB Spartan 6 1 Artix 7, mo MaioTh moHaimMene 3840
enemenTiB (Logic Cells), Bucradae s peaxisamii HaBiTH HE ONITUMI30BaHOTO
anroputMy: mpubmmzHo 1100 enementiB (instances) Ta 320 By3miB (DFlops).

IepeJik nocunanb

1. Moucees H.H. MatemaTnueckue 3ajaud CUCTEMHOTr0 aHanu3a: [ Yue0. mocodue s
By30B 10 crell. «[Ipuki. matemaTtuka»] / H. H. Moucees. — M.: Hayxka, 1981. —487 ¢
2. Hudposas obpadotka curHanoB 1 MATLAB: yue6. nocodue / A. 1. CononuHa,
J.M. Kimnonckuid, T. B. Mepkyuesa, C. H. [lepos. — CII6.: BXB-IlerepOypr, 2013. —
512 c.: un. — (YueOHas auTepaTypa Ijst By30B).

3. Cemenen B. B. IIpoektupoBanue HHUMPOBBIX CHCTEM C HCIOJB30BAHUEM SI3BIKA
VHDL : yue6. nocobue / B. B. Cemenen, 1. B. Xaxanopa, B. . Xaxanos ; MOH
Yxpaunsl, XHYPD. — Xapskos : XHYPD, 2003. — 492 c.

4. Cemener B. B. TexHo0rust Me)KCOSMHEHUI IIEKTPOHHOM anmapaTypsl: yuel. st
By30B / B. B. Cemenen, /[xon Kparu, U. 111. Hesnromos, B. A. IManarun. — X. : u3m.
«CMUT», 2005. — 432 c. [Semenets V. V., Kratts Dzh., Nevlyudov I. Sh.,
Palagin V. A].
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VK 621.39
Top6aruii I.B. !, Yopwiit M.B.*
MIABUINEHHA TEXHIYHOI ECEKTUBHOCTI
TEJEKOMYHIKAIIMHOI CHCTEMM ITPH BUKOPUCTAHHI
AMILIITY THOI MOJIYJISIIIE BATATHOX CKJIAJIJOBUX

AKTyaTbHUM THUTAHHSM Yy Halll Yac 3aJUIIA€ThCS HEOOXiTHICTH Mia-
BHUIIICHHS TEXHIYHOI €(EKTHBHOCTI TEIEKOMYHIKAiHHUX CHCTEM IIPH Tepe-
nmaBaHHI iH(QopMarii. OqHUM 31 NUIAXIB TiABHIICHHS €(pEKTHBHOCTI € 3aCTO-
CYBaHHSI HOBHX BHCOKOC()EKTHMBHMX PI3HOBHJIB MOAYJIALII CUTHAILYy 3aMiCTh
Bizomux [1]. MeToro i€l poOOTH € IOCHIPKEHHS BiIOMUX 1 HOBUX Pi3HOBH-
JUB MOIYJIALIT CUTHAY 1 BUSIBJIIGHHS Cepe]] HUX THX, IO 3a0e3neuyoTh Mil-
BUILIEHHS TEXHIYHOI €()eKTUBHOCTI TEJIEKOMYHIKalifHOT CHCTEMH.

Jlo MOKa3HUKIB TEXHIYHOI e(DEKTUBHOCTI TEJICKOMYHIKAI[IIHOI CHUCTe-
MU HaJle)XaTh €HepreTHYHa, 9acToTHa Ta iHdopmaniiina epexTuBHicTh. EHep-
reTudHa eeKTUBHICTD B,,,) € 00EPHEHOIO BEMMIMHOIO IO BiJHOIICHHS CHe-
prii ogHoro OiTa iH(popManii E; 10 CIEKTpaIbHOI I'yCTHHH MOTYXKHOCTI N
Oioro mrymy B cucTeMi:

Bioo = Eg/ No- M

EneprernuHa e(heKTHBHICTh MOXKE HaOyBaTH 3HaYeHb Y Mexax Bif 0 10
rpanuni [llennona. [l oOuMCIeHHS €HEPreTHYHOI S(EKTUBHOCTI 3aal0Th
NIeBHE 3HAYCHHS WMOBIPHOCTI MOMUJIKH, TIPH SIKOMY i3 BIIOMHX 3aJI€)KHOCTEH
IMOBIpHOCTI TIOMMJIKM BiJi BiJJHOLIEHHsI eHeprii ojHoro Oita iHpopmauii Bix
CIEKTPaJIbHOI TYCTHHH TTOTYXHOCTI OLJIOro myMy BH3HAYAIOTh 3HAYEHHS IbO-
IO BiIHOLIIEHHS, 0OepHEeHa BEJINYHMHA 10 SIKOTO 1 JOPIBHIOE B, -

YacroTHa e(EKTUBHICTD 7 ,,,y IPAMO MpONOpLiiiHa MIBUIKOCTI Nepe-
naBaHHA iHpopmanii v; Ta 00epHEHO NPONOpPIiiHA MMPUHI CIIEKTpa CUTHa-
Iy AF, B cucteMmi:

Y00 = Vo | AFe. (2)

Sxuo BpaxyBarTH, 11 () JUTST U(PPOBOTO aAMILTITYTHO-
(hazoMaHinmyILOBAHOTO CHTHANY 3 andaBiToM i3 M CHMBOIIB

Ve :logZ(M)/TcuM , AF =1/Te,,,
Tozi opmyiny (2) MOKHA CIIPOCTUTH A0 HACTYITHOTO BUTIISLY:
Y moo = 10g2(M) : 3)

1 . L . . .
JI.T.H., mpodecop, Hamionansuuit yniBepcuteT «JIbBiBChbKa HOMITEXHIKAY.
2 . o . . . .
Cryzent, HanionansHuii yHiBepcuTeT «JIbBIBChKA MOIITEXHIKaY.
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YacTtoTHa eeKTUBHICTh MOXKE HaOyBaTH 3HaueHb Y Mexax BijJ HyJ
JI0 HECKIHUEHOCT!I.
Indopmaniitna epexTUBHICTE M ,,,y IOKa3ye, HACKIIBKH IIBHIKICTH

mepenaBaHHs iHGoOpMamii MeHIIa 3a MPOITyCKHY 3AaTHICTh CHCTEMH. SIKIIo
MUUANHATH, IO CMyTa NPOITYCKaHHS CHCTEMH PiBHA IIMPHHI CIIEKTPa CHTHAIY,
iHpopMamiliHy e(eKTUBHICTD PO3PAXOBYIOTH 32 HACTYIMHOIO (POPMYIIOIO:
Moo =Y moo /1082 (( Y w00/ Baoo )+1)' “4)
IHdopmarmiiina edekTHBHICTE HaOyBa€e 3HAYEHB Bi HYJIS 10 OJUHHUIII.
JIis minBUIMIEHHS TEXHIYHOI e()eKTUBHOCTI TENCKOMYHIKAIIIHHOT CHC-
TEMH 3aIPOIIOHOBAHO 3aCTOCOBYBATH HOBHUi Pi3HOBUJ LIH(PPOBOT MOAYJIALIT —
aMIUTITYOHY Monyismifo Oaratbox ckinamoBux (AMBC) [2, 3]. Pesynsratn
JOCTIKCHHS ITOKa3HUKIB TEXHIYHO! e()eKTUBHOCTI TEICKOMYHIKAIiiHHOI CHC-
TEMH 3 BUKOPHCTAHHSAM BigoMOi 8-TO3WMIIHHOI KBaApaTypHOI aMIUTITYIHOI
moaymsuii (8-KAM) ta 8 nozumiiinoi AMBC (8-AMBC) npu #imoBipHOCTI

CHUMBOJIBHOI IOMWIIKU P, = 10~ HaBeaeHo B TaGmuI.

Tabmuus — Eneprernyna, yacrorHa Ta iHdopManiiiHa eeKTHBHICTh
8-KAM i 8-AMBC

Mony nsiutis BMO() ab Y oo AB N w00
8-KAM -12,90 4,78 0,509
8-AMBC -11,86 4,78 0,540

Ha ocHoBi oTpuMmaHux pe3yneTatiB BuaHO, mo 8-AMBC 3abe3neuye
BUIIY CHEpPreTH4YHy Ta iH(QOpMaliiiHy e(eKTHBHICTh TeIeKOMYyHIKaIliitHO1
cucremu mopiBasHO 3 8-KAM, ToMy Taka MOIYJSALIS PEKOMEHAY€EThCS LISt
3aCTOCYBaHHA B HOBHUX TeHeKOMyHiKaHiﬁHPIX CUCTEMAX Jid TEpEaaBaHHA
iHpopMarii.

Mepeaik nocuianb

1. ITU-T Recommendation G.992.3. Asymmetric digital subscriber line transceivers 2
(ADSL2). — Geneva : ITU, 2010. — 404 p.

2.Top6arwmii I. B. AmrutitynHa momyisiuisi 6aratbox ckiagoBux / 1. B. Topbatuit //
30ipHUK HAyKOBHX TMpanb IHCTHTYTYy mpoOJeM MOAETIOBaHHS B EHEPreTHli
im. I'. €.ITyxoBa HAH VYkpainu. — K. : IIIME im. I'. €.11lyxoBa HAH Ykpainu, 2009. —
Bum. 50. — C. 186-190.

3. Gorbatyy I. V. Optimization of signal-code constructions using the maximum
efficiency criterion / I. V. Gorbatyy // Radioelectronics and communications systems,
2013, Vol. 56, Issue 12, P. 560-567.
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VJIK 53.2 (07)
I'poxombebkumii SLM. ', Cycs B.A.%, Cych B.B.”

®I3BUYHUM 3MICT HNOHATH I TPAIUIIMHUX
TEPMIHIB PAJIOTEXHIKH

Hayka HEeBNMMHHO pO3BMBAETHCS 1 HAIlll YSBICHHS MPO CBIT BJOCKOHA-
JIOIOTHCS. YSIBIEHHS (OPMYIOTHCS B TOHSTTA, SKi BUPaXKEHI BiOBIIHUMH
CIOBaMH — TepMiHaMH. 3aBISKH TEPMIHOJIOTIi JIFOOM OJHAKOBO YSBISIOTH
MpeaMeT, KU € 00’ €KToM ixX 3arikaBieHocTi. OHaK 3 yacoM Ha3Ba IpeaMe-
Ta IepecTae BiJIOBIIaTH HOTO CHpPaBKXHbOMY (Di3UYHOMY 3MICTY i JOBOJIUTh-
Csl CIJIKYBATHCS MOBOIO YKaproHy, KOJHM T'OBOPHUTBCS OJIHE, & PO3YMIEThCS
iHie. Take TparseThCs B Haylli, y TOMY YHCII 1 B paJiOTEXHilll, sKa KOpHUC-
TY€TbCS IaBHIMU (QI3MYHUMH TEPMiHAMH, TAKUMH SIK «EIEKTPUYHUH 3apsiy,
«EJIEKTPUYHE I10JIe», «MArHiTHE I0JIe», «ENEeKTPpU4HUH cTpym». [Tinmina mo-
HATDH TEPEIIKO/DKAE IPEIMETHOMY MUCICHHIO, POOUTH HOro aOCTpakTHHUM i
BigcropoHeHNM. ToMmy MOTiIOHO 3BepTaTH yBary Ha CIPaBXHiM 3MICT THX YU
IHIIAX TEePMiHiB 1 opMyBaTH iX amekBaTHICTE. B poOOTi aHami3yeThCcs po3-
BUTOK TaKHX 3araJbHOBKHMBAHUX 1 Ay)Ke MOIIMPEHNX B PATIOTEXHIIll TOHATH 1
BIINOBITHUX IM TEPMIHIB K «EICKTPUUHHUH 3apsmy» 1 «eIeKTpHIHe MoJey, ix
BiNOBITHICTH peasibHOMY (hi3MYHOMY 3MICTy y Haml gac. [ToHATTS «3apsamy i
«mone» GopMyBasics ICTOPHYHO HA OCHOBI PO3BUTKY E€MITIPHYHUX YSBJICHb,
OJTHAaK 1 B HAIll Yac iCHye mpoOjemMa pO3yMiHHS CyTi IUX IOHATh. «3apsany
MaroTh OJIHY Ha/I3BUYaiiHy OCOOJHMBICTH — BOHH OKpEMO He OyBalOTh, a 3aB-
XKIU 3 pedoBuHOW0. KpiM TOro, «3apsiim» MaroTh e OJHY OCOOJIMBICTH —
abo BimmroBxyBaHHs. Lli TpamuuiiiHi MpoOIeMHI MUTaHHS MOTPEOYIOTH TO-
sicHeHHsI. HuHI Mu 3HaeMo, 0 HaiiMeHIIMii Bix €MHHN 3aps y €IeKTPOHA
SK HalMEHIIOi YaCTWHKK PEYOBHHH. Y MOBHO PEUOBHHY E€JIEKTPOHA MOXKEMO
Ha3BaTH «eJeKTPOHHOI0» PeYOBMHOI. A HaiiMeHIIWH NONaTHIN 3apsg y
[IPOTOHA — HAWMEHIIOI YACTUHKH Pe4OBHHHU «IIPOTOHHO». Baxxnuso 3a3Ha-
YUTH, IO B €JeKTPOHA i mpoToHa peyoBuHH pi3Hi. [Ipudomy, Bin’emHi 3a-
psIIU 3aBXKIM 3 €IEKTPOHAMH, a JOJaTHI — 3 mpoToHamu. B wacu Kyrnona ta-
KOro HE 3HaJIH 1 TOAI MOKHA OyJIO [yMaTH, I[0 PEYOBHHA OJHAKOBA, a CTAE
JOJAaTHbOIO YW BIJI’EMHOI0 TOMY, WIO B HIiif B pe3ynbTari 3apsiaKu
3’SIBJIAIOTHCA Pi3HI 3apsau. TyT MPOCcTO BUXOIUTH IO/BiMiHA Ha3Ba OJHOTO i
TOTO  — T0/BiiiHA TepMiHooris. HacripaBai pedoBnHa mMpoToHHA (YMOBHO

! K.T.H., nonieHT. BilicbKOBHUI IHCTUTYT TEJICKOMYyHiKalii Ta iHpopMaTH3aIlii.

% JloxT. mex.Hayk ((isuka), mpodecop Kad. MATEMATHKH i (Bi3HKH, BificCbKOBHIl {HCTH-
TYT TeJICKOMYHIKaIii Ta iHpopMaTH3awii.

3 Kann. ¢is.-mar. Hayk, BUKmazad kadeIpH HaHOBISHKH KOHICHCOBAHHX CHCTEM,
KuiBcpkuii HamioHanbpHUH yHiBepcuTeT iMeHi Tapaca LlleBuenka
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«IOMATHs») Ma€ JOJATHIN 3apsij, a PeYOBHMHA CIICKTPOHHA («BiI €MHA») —
BiJ’€MHHIA. ATOMH Tijla CKJIaJAI0ThCS 13 TIO3UTHBHO «3apsKEHUX» IPOTOHIB
(simep) 1 HETaTUBHUX €JIEKTPOHIB HaBKOJIO HUX. KiBbKIiCTh TPOTOHIB AOPIBHIOE
KIJIBKOCTI €JIEKTPOHIB 1 3arajioM aToM elleKTpOHeHTpanbHUH. SKIo Bij aToma
BiZIipBaTH €NEKTPOH — aTOM i0HI3yeThcs. Toi i KaKyTh, 110 TIJIO 3apsKaeT-
cs. OTxe, «3apsii» Tijla 03HAYAE NMepeBaKaHHS Y HbOMY NPOTOHHOI («10-
JaTHBOI») 200 eJIeKTPOHOI («BiA’€MHOD») pe4oBHHM. TakuM YMHOM, Ha3BU
«IOIATHIN 3apsiy 1 «BJ’€MHHH 3apsa» € YMOBHUMH, 1€ CHHOHIMH «EJIEKTpPO-
HHO1» 1 «<TIPOTOHHOT» PEYOBHH, K1 € PI3HAMHU.

BaxxnrBoro 0COONMBICTIO «3apsAIiB» € Te, IO BOHH B3a€MOJIIOTH Ha
BIJICTaHI, OJTHAK MeXaHi3M B3a€MOAil TpaaWmiiHO 3aTUIIAEThCA Oe3 Mmosc-
HEHHSI — IPOCTO KOHCTATYETHCS, IO Ha 3aps/KESHE TiJI0 JIi€ cuiia 3 OOKY elle-
KTPUYHOTO «IOJIsh». 3BHUYAHO, MOXXKHA TIOSICHIOBATH a0CTPakTHO, IO
B3a€EMOJIisl BiIOYBAETHCS Uepe3 «eJIEKTPUYHI MOJIs», He BHUKAIOYH B CYTh I10-
HATTS «TOJie». AJile MK TiIaMH ICHYE «IIOCh» pealbHE 1 came dYepe3 Te
«II0CH» BOHM B3a€MOJIIOTH. | 11 B3aemomisi BiiOYBaeThCsl HE aOCTPAKTHO, a
peansHo | Tomy Tpeba BiANOBICTH NPEAMETHO, HIO SIBJISIE COOOI0 «II0NIe» ?
B maTtemaTuIii CyTh TEpMiHY « ITOJIe» 3p0O3yMiJIa — CHHOHIMOM LIbOTO CJIOBA €
«posmnozimy. Harmpukian, Bupa3 «moJie BeKTOPiB» 03Ha4Yae Po3MoiJl BeKTO-
PiB y TIpoCTOpi YK Ha IUIONIMHI. B maHOMYy X BHITagKy €JIEKTPOHHA Y TIPO-
TOHHA PEYOBHHA CTBOPIOE HABKOJIO ce0€ «I0JIe» SIK PO3MOALT YOTOCh TaKOro,
10 BOHA BIITy4aE i 4epe3 Mo BinOyBaeThes B3aeMoisa. Hampukiaz, SKmo Ha
BO/JIi 3HAXOJATHCS TIOPSA] B2 YOBHH, BOHH MOXYTh B3aEMOJIISITH Yepe3 uepes3
OOMiH YacTHMHKaMH. SIKIIO 3 YOBHA HAa YOBEH KHJATHU Tijla, TO BOHU OyayTh
PO3XOAMTHCH. Y BUMAIKY €JNEKTPOHIB 1 MPOTOHIB TaKOX BiOyBAa€ThCS B3ae-
MoOJiisl uepe3 oOMiH yacTMHKaMH. Lle MoXyTh OyTH «moss» (PO3HOAiN) SKHU-
XOCh peaJbHUX YaCTHHOK, sIKi BUIIPOMIHIOE €JIEKTPOHHA UM MPOTOHHA pPevo-
BuHa. [IpryoMy, MO3UTHBHI 3apsKeHi TiJIa BUIIPOMIHIOIOTh YaCTHHKH OJTHO-
TO THITy, @ HETATUBHO 3aps/DKEH] — iHImoro Tumy. Came Iii YacTHHKH 1 CIIpH-
YUHSIOTH B3a€MOJIiI0 Ha BiJICTaHI — OJHAKOBI YAaCTHHKH BiJIITOBXYIOTHCS, a
Ppi3Hi (EMeKTPOH 1 MPOTOH) — MPHUTATYIOTECSA. OTXKe, SAKIIO B3aEMOIis BinOyBa-
€TbCA 4Yepe3 OOMiH YacCTHHKaMH, TO BUXOIUTH, IO €JIEKTPOHH 1 MPOTOHH,
Oyiyud pi3HUMH peYOBHHAMHU, IIe i camMi BHJIYYalOTh SKICh «4YaCTHHKHU
B3a€EMOii», MPUUOMY YaCTHHKH Pi3HI — «I0JaTHI» 1 «Bia eMHi». | came 3aB-
JSIKH LIOMY MO>KHA MTOSICHUTH BiJIIITOBXYBAaHHS Y PUTSATYBaHHS.
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YK 629.735.05.621.3 (045)
3yes O.B.!

MATEMATHUYHA MOJEJIb ITPOLNECIB ®OPMYBAHHA
PIIEHB I3 BACTOCYBAHHSIM BATATOAJIbTEPHATUBHOI
KJIACU®IKAILIL TEXHIYHOI'O CTAHY
PATIOHABITAIIIMHUX CUCTEM

IMpouec kmacudikawii Oynp-sxoi pamionasiraniiinoi cucremu (PHC)
CKJIaZIa€ThCsl 3 CYKYMHOCTI eneMeHTapHux ornepatiii (EO), npuzHaueHnx s
BUKOHAHHS NMEBHUX (PYHKILIN y MEBHIN ITOCIIIOBHOCTI Y BiJIOBIHOCTI 3 00-
paHuM anroputMoM kiacudikanii[l, 2]. Jns moGynoBu mateMaTHyHOT Moie-
ni mporiecy GhopMyBaHHs pileHb npo TexHiuHui ctan PHC, HeoOXiqHO omm-
caTy 3aJIEXHICTh BUXIIHUX XapaKTEPUCTHUK IOCIIKYBaHOI CHCTEMH Bij BIla-
CTHBOCTEH 00’€KTa KOHTPOJIIO 1 CHCTEMH KOHTPOJIIO. 3 IIi€l0 METOI0 MOJENb
nependavyae NpeACTaBICHHS HpoLeciB GOPMYBaHHS PIillleHb Y BUTILII CIUTb-
Hoi mii cykymHocti EO. Otxe, sikicts BukoHaHHS kiacupikamii PHC Bu3Ha-
Ya€eTHCS SIKICTIO BUKOHAHHSA KOXHOI 3 mociimkyBanoi EO. Tomy 3ampomnoHo-
BaHA MaTeMaTHYHa Mozens (opMyBaHHS pimeHHs npu kinacudikamii PHC
OyIe rpyHTyBaTHCs Ha MaTeMatuuHiid Mozesni EO.

TexHIuHMIA cTaH paJioMasKiB CUCTEMH TIOCA[IKH OLIIHIOETHCSI TPhOMA BH-
JTaMH KOHTPOJTIO (BIIALITOBAaHWH, BUHOCHHUH, anepTypHuit). IIpu npoMy psii KoH-
TPOJILOBAHHX IMAapamMeTpiB («30Ha», «KPYTH3HA») MOXYTh 3HAXOIUTHCS B TPHOX
SKICHMX CTaHax («HOpPMay», IOTIPLICHHS», «aBapis»). TakuM YMHOM BHHHKA€E
3a/1a4a aHaJli3y MpOIeciB NPUHHATTS pillleHb NpH Kiacu(ikallii TEXHIYHOTO cTa-
Hy 3ac00iB, SIKi XapaKTepU3YIOThCS TPhOMa CTaHAMH SKOCTi. [To3HaunMo & — KOH-
TPOJILOBAHHH MapaMeTp pajioMaska, g’ _;_‘fzu v = PE3YJIBTATH HOTO MIEPETBOPEH-

HA cykynHicTIo n EO KOHTpOM0, BUKOHAHMX MOCTiIOBHO. OCKUTBKH y TIpoIieci
KOHTPOJIIO PO3IVISIHYTHH HapaMeTp MO)Ke IepeOyBaTH TUIBKH B OJHOMY 3 TPBOX
kiacupikoannx crafiB (KC) («HOpMay, «IoTipimeHHs» abo «aBapis»), TO iMo-
BIPHOCTI CTaHIB apameTpa repe;| o4aTKoM KOHTPOJIIO:
p°(E; )=p(E €E,).
p°(E; )=p(S €E;).
p(E; )=p(E € E3).
ne Eq, E;, E; — BIAMOBIIHO CTaHH «HOpPMay, «IOTIPIICHHS», «aBapis», 3a UM
napametpom; p(E;), p°(E»), p’(E3) — iMOBIpHOCT] 3HAXOPKEHHS MTApaMeTpiB y
3a3HauEHMX CTaHaX Iepes] MOYaTKOM KOHTPOJIIO.
PosrissHemMo n0BUTBHY (k-y B HOCIHIZOBHOCTI BUKOHAHHS AITOPUTMY
knacudikanii) EO. Bynp-sxa k-a EO npu KoHTpoJIi cTaHy «HOpMay IO J1aHO-

1 C e . .
KaHJ. TEXH. HayK, JOLEHT Kadeapu aBialliiHUX paliOeNeKTPOHHHUX KOMILICKCIB
HarmionansHOTO aBiaIliifHOTO YHIBEpCUTETY
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My HapaMmeTpy Moxke OyTH ONHCaHa CYyKYITHICTIO 0e3yMOBHHX IMOBIpHOCTEMH
nepen moyatkowm ii aii [1]:

PI;’I‘:E1)=P( H;E;?{A)

=

1"1=:E11=P (Fras).
Ham(-),

ne ;th :_[‘kzul il — BIAIOBIOHO CTaHM «HOpMay, ((HOFipHIeHHSI», «aBapi;[»

MIepEeTBOPEHOTO NapaMeTpa miciist 3aBepieHHs k-1 EO.
Hdus omucy k-i EO HeoOXifmHO pO3MISSHYTH TakKOX MAaTPHIIO
TIepeXiIHNX IMOBIPHOCTEH:
of; of; of
W% mgl W%ﬂ W%z -
of, of of
AHaNOTiYHI BHpa3W MOXYTh OYTH OTPHMaHI IPU PO3TJIIII IPOIECIB
KOHTPOJIIO CTaHIB MapaMeTpiB «IOTipIIEHHs», «aBapis». IMoBipHicHHN Tpad
MIPUHHATTS pillieHb B pe3ynbTaTi 3aiicaeHHs k-1 EO mpu koHTpodi npares3na-
THOCTI 00’€KTa, SIKUI1 3HAXOAUTHCS y TPHOX KIacH(PiKOBaHMX CTAHAX PO3TII-
HYTHIA y podori [2].
VY BIINOBIAHOCTI 3 3alIPOMIOHOBAHOID MOJICIUTIO 3/IHCHIOETHCS T10/1a-
Jbllle 00YKCIIeHHs 0e3yMOBHUX iMoBipHOCTel 3HaxopkenHss PHC B meBHHX
KC nHa mincTaBi OIIHKK IMOBIPHOCTEH MOMKIIMBHX CITIBBIJHOIIEHb KOHTPO-
npoBaHoro mapamerpa PHC na Bxoxi EO Ta mepexigHux iMoBipHOCTEil B
mporeci ii BUKOHaHHS.

IepeJik nocunanb

1. Zuiev O.V. «Ground Radio Navigation Systems Maintenance Processes
Improvement». Electronics and Control Systems. — Ne 4(50), 2016. — P.78-83.
2. Zuiev O.V. «Instrument Landing Systems’ Control Processes Investigation». Signal
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YK 621.39
Uxcauos IILM." Jlpsixonos A.C.!

HNCIIOJIb30BAHUE NPUEMHHUKOB RTL-SDR B YYEBHOM
IMPOLECCE ITPU UCCJIIEJOBAHUU CUT'HAJIOB BO3AYIIHbIX
CYJEH B TEXHOJIOI'MA ADS-B

C mosiBIeHHEM BIIOJIHE AOCTYHHBIX MO IieHe mpueMHHKoB RTL-SDR
(Real Time Desktop Software Defined Radio) mosiBuiach BO3MOXHOCTH B
yueOHOM TIpoliecce HCHOJIb30BaTh BMECTO HU(POBBIX MoOJeNei peanbHble
CHUTHAJIBI pa3JInYHbIX HHPOPMAMOHHBIX cucTeM. [Ipuemuuk cteikyetcs ¢ [1K
mo USB nopry u undopmanus nepenaercs B nmaket MATLAB B peanbHOM
BpeMeHU. DTO 00ecreuyrBaeT IUPOKHE BO3MOKHOCTH UCCIIEJOBAHHS Pa3IIHy-
HBIX BapHaHTOB aJTOPUTMOB OOPaOOTKM CHUTHAJIOB M OLEHKY MX 3(QeKTHB-
HOCTH. B 1okmane paccmarprBaroTcss 3TH BO3MOXXHOCTH Ha IpHMeEpe HCClie-
JIOBaHHWS CHTHAJIOB BO3AYIIHEIX CyJeH B TexHomorun ADS-B (automatic de-
pendent surveillance-broadcast).

Wudopmanus Bcemu camoneramu nepenaercs Ha gactore 1090 Ml ¢
WCTIONB30BaHNEM aMIUINTYAHOW MOAyJisiuu. Bpemst mepemaun ogHOTO WH-
(dhopmammonHoro 6urta cocrapuseT 1 Mkc. OgHa OCBHUIKA COCTOUT M3 56 WK
112 out gauubix. [Tochlika HAYMHAETCS C CHHXPOUMITYJIbCA TUTEIBHOCTHIO
8 MKc u 3atem ciemyer uHpopMaroHHas dacTh. COOOIIEHUE 3aKPhIBACTCS
24 outrabiM komoM CRC. KopoTkoe coOOIICHHE CONEPIKUT TOJNBKO HOMEP
cymHa B cootBeTcTBHU ¢ peructparuein ICAO. [nuHHOE cooOIeHne Kpome
60pTOBOrO HOMEpA B 3aBUCHMOCTH OT THIA COOOIIEHHUS MOXET COJIEp)KaTb
nH(pOpMaLNIO O PacIoI0KEHUH CyIHA OTHOCHTENBHO IOBEPXHOCTH 3EMIIH,
CKOpPOCTHBIE XapaKTEPUCTUKU WU HOMep peiica [2].

UccrnenoBanne curaanoB ADS-B u anroputMoB ux 00paboTKH TpoBe-
meHo Ha ocHoBe MATLAB mporpaMMbl ¢ OTKPHITBIM — KOIOM
ADSBAirplaneTrackingwithRTLSDR, koTopas mpuBOguTCS B TPHIOXKE-
HuM K KHUre |[1] (aBTopckue mpaBa Ha IMpoTrpaMMy IpHHAIEKAT KOPIopa-
uun MathWorks). [IpuBenen ananu3z anropurma o0paboOTKH TOH NPOrpaMMBI
¢ 0003HaYEHHUEM MECT, KOTOpBIC IEeJIeCO00pPa3HO HCCIIEeIOBaTh HA BO3MOXK-
HOCTb JIOTIOJTHUTENBHON onTuMu3anud. [IpoBeaeHo okomo 10 cyTok ceaHcoB
[0 MpHUEMY CUTHAJIOB BO3IYIIHBIX CYJE€H, IPOJIETAIOIUX B OKPECTHOCTAX
HukonaeBa Ha mTaTHyro 15 CM IITBIpEBYIO aHTEHHY, pPacHOJaraBIIyOCS
BHYTpH mnomenieHus. Paguyc mpuema cursaioB cocraBumil okono 100 kwm.
EsxecyTodHO B 30HE KOHTPOJISI OKA3bIBAIOTCS 2—3 JECSTKA CaMOJIETOB, OT KO-
TopbIX (ukcupyetcs cBeie 6000 coobmenuii ¢ coBnmagenuem koxa CRC.

1
K.T.H., JOLICHT HannonansHoro YHUBCPCUTETA KOpa6JICCTpOCHI/ISI

M. aiM. MakapoBa
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Hanpumep, B ceance Habmonenus ¢ 11 gacoB 12 suBapst 1o 9 yacos 13 sHBa-
ps 2018 roma Bcero mosyueHo 6218 cooOuieHui 0T 26 pelicoB BO3IYIIIHBIX
cyzeH. V3 HuX B 6 ciydasix CUTHAJIBI ITOJTYYEeHBI OT TIPSIMOTO M 0OpaTHOTO peii-
coB. Haunbonee mmrensHbIi HHTEpBa HaOMIOIEHUS 3a(MKCUPOBaH it OopTa
50816F, eimonnsBiuero peiic Xepcon-Kues (10 munyt 28 cexkynn). HanGouns-
mee KosmdecTBo coobuieHnit (820) momyueno ot 6opra 4B906C, BHITONHSB-
mero peric PGT429 (PC429) Xappkos-CramOyi. Bee nonmydeHHsle pe3ysibTa-
THI TIOATBEPKIAFOTCS TaHHBIME caiita www.flightradar24.com [3].

ITokazaHo, 9TO CHMKEHHE MOPOTa 0 KOIPPHUIIMEHTY KOPPEISLUN TIPH
TTOVICKE CHHXPOUMITYJIbca co 3HaueHus (.68, ycTaHOBICHHOTO aBTOpaMH TIPO-
rpammel, 10 0.60 yBenn4ymBaeT KOJIMYECTBO BRIACIICHHBIX cooOmeHui Ha 20—
25%.

B cootBercTBUM co cTpykTypoii coobiennit ADS-B B pexxume Mode-
S nBa mepBbIX MOyOaiTa sl KOPOTKMX COOOLIEHWI MOTYT NMpPUHHMATh
ToNbKO 3HaueHus SD wim SF. B skcriepuMeHTaIbHOM pPeXUME pabOThI MPO-
IpaMMBI C OTKJIIOYEHHEM TIOMCKa CHHXPOHMMITYJbca ObUIM OOHapy»KeHBI KO-
potkue coobmienus ¢ npaBwibHbIM KojoM CRC, Haunnaronuecs ¢ BA wiun
BE. YcraHoBneHO, 4TO B COOOLICHUSIX HCIOJB3YETCSl NPYrod CHHXPOHM-
ITyJIbC, KOTOPBIA OBLI OIIpeeNeH 3KcnepuMeHTanbHo. CeaHchl HabMoAeHHH C
HOBBIM CHHXPOUMITYJILCOM ITOKa3ajH, YTO B TEUCHHE CYTOK KOJMYECTBO He-
CTaHJAPTHBIX COOOMIEHMH cocTaBisieT okoido 500 OT OZHOTO-IBYX IECATKOB
BO3/YIIHBIX CyZCH. 3HAYUTENbHAsE 9acTh OOPTOBBIX HOMEPOB IIPH 3TOM OT-
cyrctByer B B]] flightradar24, yacte HoMepoB unentuduuupyrorcs no bJ1,
HO JIaHHbIE 110 OOPTY OTCYTCTBYIOT. Jlenaercsi BBIBOJ, YTO, CKOpee BCEro, 3TO
CaMOJIEThl MaJIOM aBUAIIUU.

Hepe‘-leﬂl) CCBIJIOK

1. Robert W. Stewart, Kenneth W. Barlee, Dale S.W. Atkinson, Louise H. Crockett.
Software Defined Radio using MATLAB & Simulink and the RTL-SDR. // University
of Strathclyde, Glasgow, Scotland, UK, 2015, 674p.

2. Junzi Sun. ADS-B Decoding Guide. Release. 2018, 49 p.

3. Ixcanos L. M., Pa6enrkuit B. M., Ipsikonos O.C. JlociKeHHs CUTHAIIIB peajb-
HUX iH(OopMaIiiHUX cucTeM 3 BUKOpUcTaHHIM npuiiMadiB RTL-SDR : naBu. noci6. /
. M. Ixcanos, B. M. Psa6enbkuii, O.C. /IpsikoHoB. — Mukonais, 2018. — 175 c.
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Kopwiitayk B.1.", IIlexotuxin O.B.2

METOJUKA BUMIPIOBAHHS ITAPAMETPIB
OIITUYHUX PO3I'AJTIYKYBAUYIB

B poboti HaBenena mertoanka BUMipy oCHOBHUX mapamerpiB OP Ta
pe3yapTaTd 1l 3aCTOCYBaHHS  JJIs  JOCHIKeHHS  cepidHoro  OP
FBT-tuny (Fused Biconic Taper — cruiaBHuit OiKOHIUHMIA pO3rasly)KyBay).

CTpyKTypHI cXeMH MakeTy Juisi BUMiptoBaHHs napamerpiB OP Hase-
JieHi Ha puc. 1, a, 6, 6. O0’€KT NOCIIIKEHHS — CEpIHHUIA 0JJHOMOIOBHI ONTH-
4yHUi posramyxyBad 1 x 3 Nel228/21/03 kommanii «OnTen». BumiproBanus
MPOBOIMIIKCS 3a JonoMoro ontuuHoro Tecrepa JDSU, mo Bkirovae crabdii-
30BaHe keperna BunpomintoBanHs (CJIB) 3 po6odoro qosxunOIO XBroti 1310
HM, BUMipIoBay ontu4dHOi notykHocTi (BOII), ITK — «marakopa» — mpoTtec-
TOBAHWM CTAHIINHAN ONTUYHNI KaOelb.

cIB BOTI

¥ F e ¥ ¥ [

Pucynok 1 — CTpyKTypHi cXeMn MakeTy I BuMipioBass napametpis OP (N = 3)

BuMipBaHHA mapaMeTpiB po3TanyKyBada B pedcumi po30ileHHs no-
mysicHocmi CBITIIA TPOBOAMIIOCS 33 CXEMOIO Ha puc. 1, 6. Pesynbraru BUMipiB
B LbOMY pexuMi HaBeneHi B Tabia. 1. KoediumienTn mepenadi motyxHOCTI
(BTparu nepenadi) Mix nomocamu 0 ita /, 2 Ta 3 JOpiBHIOIOTH

Gnep 0-1(AB) = po(IBM) — p1(aBM), @pep 0-2(1B) = po(abM) — pa(1bm),
Qnep 0—3()15) = ZPO(HBM) _P3(ﬂBM)'

KoedirieHTH po3ramyXeHHs MOTYKHOCTI MK BHXITHUMH TOJTIOCAMHA

OP 1, 2, 3 po3paxoByOThCs 32 GOpMyJIaMu:

! K.1.H., nonent kadenpu TenexomyHikamiitaux cucrem OHA3 im. O.C.Ilonoga.
2 K.1.H., nonent kadenpu Pagiorexniku ta tenekomyHnikamiit SHTVY.
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Ro—1 = [P1(MxBT)/Pg(MxBT)]"100 %, Ro— = [P2(MKkBT)/Ps(MKBT)]" 100 %,
Ro—3 = [Pp(MxBT)/Pg(MKBT)]" 100 %,
ne Ps(MxBt)|= P, + P, + P;=60,6 + 58,6 + 57,3 = 176,5-MkBr.
BHeceHi BTpaTy B pexuMi pO3/IiJICHHS IOTY>KHOCTI
A posa(AB) = 101g[Po/(Py + Py + ... + Py)] ==7—(7,5) = 0,5 nb.
HeomHopigHICTE 32 BUXITHIMH MOPTaMH PO3PAXOBYETHCS 32 (POPMYIIO0
Ap(ab) = |p{nbm) — pi(nbm)|, ne i = 1, 2, 3ta cknanae 0,5 nb.

Tabmun 1 — Pesynpratu B peskuMi po3AISICHHS MOTYKHOCTL

IToTy:HOCTI -Ta-iX-piBHI-Ha -BHXITHHX TIOMTFOCaX -/, -2, -3-32-YMOBH -

) . : Pe3yIbTaTH PO3PAXyHKIBD
1101a41-CBIT.1a Ha ‘BX1THHI TI0/1r0C - 0
Py Pia Pa Psa Ro-1= Ro20l Ro-3t
aby-d MBTd| abMm¥ | MxBTo| gBMmc | MKBTS|  gBM-m | MKBTS %o %o o %o
—7.50] 164 | -12,60 60,60 | —12,3c) 538,60 —12.40] 57

()

ol 340 | 33m

()
(9]
C

KoeohimieHTH Tepeayi— BHMIPAHI/IACIOPTHIS

gsp 0-15 | Qaep 0-29 | Cgsp 0-35 - - -
5.1/4,94 | 4,8/4,70 | 4,9/4.65 E E -
L=

BuMipu mapaMeTpiB posranykyBada B pedicumi niOCyMO8Y8aHHs NO-
myoicHocmi CBITJIa BUKOHYBAJIOCS 32 CXEMOI0 puc. 1, 6. 3mo0yTi mapameTpu
OP B Takomy pexumi nojani B Ta0n. 2. [lpu Bumipax Py ;, Py, Py ; ACB
MOCJIIIOBHO MIAKIIOYAETHCS 10 BXigHux noirocis /, 2, 3, a BOII — no Buxizg-
HoOTo noJjtocy 0.

Koedinientn nepenadi moTy>KHOCTI (BTpaTH nepenadi) B pekKuMi mia-
CyMOBYBaHHS TIOTYHOCTI Mix moirtocami /, 2, 3 ta () BiATIOBiTHO

nep 1-0(aB) = p1(ABM) — po(ABM), anep 2-0(1B) = p2(abM) — po(aBM), anep 3-0
(1B) = = p3(ubm) — po(nbm).
Breceni BTpatu B pexXuMi IiICyMOBYBaHHS TOTYXHOCT1
gy nincyM(ﬂB) = 1Olg[})O/(PO—l + P0—2 +..F PO—N)]'

Tabmuus 2 — Pe3ynpraTé B peskuMi MMiICYMOBYBaHHS ITOTYXHOCTI

TloTy:KHOCTL Ta TX pIBHT HA BHXUIHOMY HOTROCT (7 PeayneTarH
3a YMOEH NOCTJIOBHOI ToJatli cBiTia Ha BXigHI momocn 4, 7, 3 PO3PAXYHEY
Foy FPoa Foa Py =Py ~ Poa T Fos
abum | MxBT abm | wmxBT abM | mKBT abm MKBT
—123[ 59 —12.6 [ 55 —12.7 | 53 —7.5 176
KoedirienTn nepedadi (a1b) -
Fzepl O Fuep20 ] i
4.8 5.1 | 5.2 -

BucnoBku. Bumipsiai Ta macnoptHi koedirientu nepenadi OP 6mm3pki 3a
3HaueHHsAM (Tabi. 1). Koedimientn nepemaui OP, mo BuMIpsHI y 3yCTpidHHX
HaNPAMKAX (@rep 0-3 1 pep 3-0) BIAPI3HATECA Ha 0,3 1b (Tabm. 11 T1abm. 2).
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YK 621.395
Kocrenko B.O. !, Cmerannn . H. >

OPI'AHM3AIIMA BUBJIMOTEKHU ATTPAKTOPOB JIJIA
MOJIEJIMPOBAHUS IOTOKA ABOHEHTOB MOBHWJIBHOM
CBs3U HA PEAJIBHBIX MAPIIIPYTAX

B Hacrosiee BpeMs po01eMoii MOJIETTMPOBaHUS TOTOKOB a0OHEHTOB
3aHAJIOCH 3HAUNTENIFHOE KOJMUECTBO HccienoBareneid. Kpome moneneit cioy-
YaHOW M IICEBIOCIYYalHOW MOOMJIBHOCTH, TAKUX KaK CIydaiHoe Oyxia-
Hue (RW), cnyuaitnas touka nmytu (RWP), rpymnma KOHTPOJIBHBIX TOYEK
(RPG), Manxatrenckas mozeins (Manhattan), Mmoaens noxsmxHocTH ["aycca-
MapxkoBa, MOSIBUJIUCh MOJICJIU C YUYETOM COLHAJIbHOTO TOBEAEHUS MOJIb30Ba-
terneit [1], a Takxke omyOIMKOBaHBI pe3yIbTaThbl MOICIUPOBAHUS TIOTOKa abo-
HEHTOB Yepe3 MPOCTPAHCTBEHHYIO IUIOTHOCTh IOJBIKHBIX y3JIOB Ha OCHOBE
«1yTeBol Toukm» [2—-3]. OqHaKo, OONBIIMHCTBO 3TUX MOJIENICH PEAIIONaracT
PaBHOMEPHOE PACIOJIOKEHUE Y37I0B KaK B IMOTOKE, TaK ¥ IIABHOE PaBHOMEp-
HOE «TEYEHHE)» CaMOoT0 ITOTOKA.

B nelicTBUTENBHOCTH K€ TPH IBHKEHWM B TTOTOKE JIFOAM OOIIAOTCS
JPYT C IPYroM, UMEIOT JIMYHbIE U IPYNIOBbIe HHTepechl. [Ipu nBrkeHHnu Jto-
Jiel B CTOPOHY TJIaBHOTO aTTpaKkTopa (HampuMep, Iepesl HayajioM KOHLepTa Ha
OJTHOM U3 IUIOIIAJIEH TOPOa) UM IO ITyTH BCTPEUYAIOTCS aTTPAKTOPBI, KOTOPBIE
MMEIOT MEHBILYIO CTEIeHb NMPHUBJIEKATENbHOCTH (HalpHMep, KHOCKH C HaIlHT-
KaMH WM MOPOXKCHBIM, anTeka 0o Kade), HO peajbHO OTBIICKAOT YacTh
aOOHEHTOB U3 MTOTOKA U 33aEP>KUBAIOT UX Ha HEKOTOpoe BpeMs (puc. 1).

Y4er Takux MOMyTHBIX aTTPAKTOPOB BEAET K Oosiee peanbHOMY Moje-
JMPOBAHMIO TTOTOKOB a0OHEHTOB. ABTOpHI OOpaTHIM BHHMaHHE Ha OrpaHH-
YEHHOE YHCJIO OTBIIEKAIOUINX aTTPAKTOPOB B TOPOJCKHUX yCIOBHUSX. TaKkoBBbI-
MU SIBIISIOTCS: KHOCKM C HallMTKaMHM, TOIKOPHOM, MOPOKEHBIM; TaCTPOHOM,
JOTKH C CyBEHHpaMu H Jp. Ecnm npuBieKaTensHOCTh TNIABHOTO aTTPakTopa
IpUHATH 3a 1, KOTOpo# cooTBeTCTBYeT, Hampumep, 1000 cioymareneit KoH-
LepTa, TO MPUBJIEKATEIHHOCTh MOMYTHBIX aTTPAKTOPOB (MX €MKOCTh, HAIPU-
Mep, 60 yemoBeK) OyIeT COCTABIATH COTBIC, MOXKET OBITh JECATHIC TOJIU IPH-
BJIEKaTEIbHOCTH [NIABHOTO aTrTpakTopa. OJHAKO MO MyTH K IIaBHOMY aTTpak-
TOPY TaKMX OTBJIEKAIOLIMX 3aBEJCHUH HECKOJIBKO M NpeHeOperaTb uX BIMs-
HHUEM Ha TeYeHHUe MOTOKa JIIOJIEH He clenyerT.

! KaHJ. TeXH. HayK, nom. 3HTY
2 er. npenogasarens SHTY
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Pucynok 1 — ATTpakTopsl, BCTpEeUarouIuecs Ha IyTH a0OHEHTOB K
IJIABHOMY aTTPaKTopy

Ha puc. 2 OTPaKCHbI Ha6J'IIO)IeHI/IH 3a HECKOJIbKMMH aTTPaKTOpaMMU:
(bl/IKCI/IPOBaJ'IOCL KOJIMYECTBO IOCETUTEIIECH Pa3HbIX 3aBeI[eHHﬁ B Teuenue 80
MUH. 10 Ha4YaJla KOHLICPTA B INIABHOM aTTPAKTOPC.

KonuyecTBo aGOHEHTOB NOCETUBILMX NONYTHbIE aTTPAKTOPbI
3a 80 MMH. 0o HaYana KoHLUepTa B rMlaBHOM aTTpakTope
70

Yucno aboHeHTOB

25 30 35 40 45 =) 55 60 65 70 75 a0
3 — Kuock ¢ HanuTkamm = —Knock ¢ nonkopHom A—TacTpoHOM Bpems
@ —floTox ¢ cyvenupaun @ —Knock ¢ MopoxeHHLM (MuH.)

Pucynok 2 — I'paduku n3MeHeHns KoJiMuecTBa abOHEHTOB B 5-TH aTTpakTopax Ha
npoTshKeHUH 80 MHH. 10 Hayaja KOHILEPTAa B IJIaBHOM aTTPaKTOpe
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Wmest uHbOpMaLIMIO O HAIMIOJIHEHHOCTH TIOMYTHBIX aTTPaKTOPOB B JIO-
00if MOMEHT BpeMEHH, HETPY/IHO COCTABUTh TUCTOTPaMMY 3aIep>KKH abOHEH-
TOB B COOTBETCTBYIOUIMX aTTpakTopax (puc. 3). EcrecTtBeHHo, uTO Takue 3a-
JICP’KKH ONPEJISISIIOT ITyJIbCALUH IIOTOKA Aa0OHEHTOB K INIABHOMY aTTPaKTopy.

MMcTorpaMma nynbcauui NAOTHOCTHA NOTOKa
Y pasHbIX NONYTHbIX aTTPAKTOPOB

5 Ha

Pa3HocTe KONW4ecTBa aBOHEHTOB

0-10 10 -20 20-30 30 —40 EPEMH

MUWH.
F — Kinock ¢ HanuTkamn = — Knock ¢ nankopHom A—TacTpoHom ¢ )

@ — ook ¢ cysennpamn & —KHDCK € MOPOSKEHHbIM
Pucynok 3 — I'ucrorpamma 3aaepikek aODOHEHTOB y pa3HbIX aTTPAKTOPOB

Jlnst MaTeMaTHYeCKOTo 1 anredpandecKkoro npeacTaBiIeH s IIPOLecCcoB
PaboTHl KaKIOro U3 aTTPAKTOPOB OBUIM HCIIOIB30BAHBI MPEIOKEHUS, OIH-
caHHbIe B pabote [3] 1 OCHOBaHHBIE Ha OOBIYHBIX TU(PepeHIIHATHHBIX ypaB-
HeHnsx (ODE). PacxoxneHus ¢ mpakTukoi He npeBsiciin 18%.

B IIPOJOJIKCHUEC llaHHOﬁ TEMATUKN aBTOPbI HAMEPEHBI PCAIN30BaATh
OMMCAHHBIN MPOIIECC, CO3AaB PCATUCTUIHYIO MO MOOMILHOCTH ISl HMH-
TAIMOHHOTO MOJIEIMPOBAHHS B IporpaMMHoM nakere Riverbed” Modeler.

Hepeqeﬂb CCBIJIOK

1. H. Costantini, S. Boumerdassi. «Social Mobility Models Realism versus Real
Traces», 2012 IEEE Wireless Communications and Networking Conference: Mobile
and Wireless Networks (IEEE WCNC 2012 Track 3 Mobile and Wireless), April
2012, pp.10-20.

2. 1. Stepanov, J. Haehner, C. Becker, J. Tian, K. Rothermel, «<A Meta-Model and
Framework for User Mobility in Mobile Networks», in Proceedings of 11th IEEE
International Conference on Networks 2003 (ICON’2003), Sydney, Australia, October
2003.

3. B.A.A. Nunes, K.Obraczka. «A framework for modeling spatial node density in
waypoint-based mobility». Wireless networks Vol.20(4), pp.775-786.
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YK 621.372.852.1
Kyrak C.B.'

HABJWXEHUM PO3PAXYHOK IOTJIMHAIOYOI'O
OLIbTPA TAPMOHIK

Cepen XBHJICBIIHUX MOTJIMHAIOYNX (DIIBTPIB TSI BETMKOTO PiBHA IMO-
TYXHOCTI HaWOUIBII NOMYJISIPHI (QINBTPU THITY «aHTEHHA PEIiTKa» — CKIIa IHi
3’€IHAHHS TPSIMOKYTHHX XBUIIEBOIB, 200 MPSIMOKYTHHX 1 KPYIJIUX XBHJIEBO-
JIiB uepe3 OTBOPH 3B’sI3Ky pi3HOT Gopmu [1, 2].

Crporuii eneKTpoJMHaAMIYHUH pO3paxyHOK TaKHX XBHJIEBIIHHUX CTpPY-
KTYpP € JOCHUTb TPYJOMICTKHM, TaK SIK BUMarae 4ucesbHOI peanizamii rpomiz -
kux qudpakuiiaux 3agad. Tomy icHye nmorpeba B po3poOui BiHOCHO Hpoc-
THX METOJIMK PO3PAaXyHKY (UIBTPYIOUHX HPHCTPOIB.

VY naHiif poOOTI MPUBOIUTHCS PO3PaXyHOK XapaKTEPUCTHK (inbTpa 3
JIOJATKOBUMU OiYHMMH XBHIIeBomamu (puc. 1). Po3mipu GiyHHX XBHIICBOIIB
BHOHMPAIOTHCS 3 TAKIM PO3paxyHKOM, 00 poOoua dactoTa QimeTpa fy Oyna
JUTA HUX KPUTHYHOIO YacTOTO0. Bci OidHI XBHIIEBOIM HaBaHTaXEHI Ha IO-
TJIMHAI0Y] HABAaHTaXKESHHS.

Biuni xsracsoan OcHOBHHIT XBHACEI

r—r—r—r—r—r—r——r—r [MoranHaoue HABAHTAMKCHHA

Pucynok 1 — KoHeTpyKIist HOTTHHAIOYOTO QinbTpa

BBOmSTBCSA HACTYIHI MPHITYIIECHHS, IO CHPOILYIOTh pPO3PaXyHOK:
BBaXKA€TKCSI, 110 IIUIMHA HE BHOCATH BiZOUTTS (B CMY3i IPOIYCKaHHS 1 3ara-
CaHHS); CTIHKHM BCIX XBHWJICBOJIB — 1JI€aJbHO MPOBIiJIHI; BILTMBOM IIIJIMH Ha
CTPYKTYPY IIOJII B OCHOBHOMY XBHJICBOJII MOKHA 3HEXTYBATH.

Byno mpoBeneHO ekcriepuMEHTaIbHE OCTIKCHHS (iIbTpa APYroi
TapMOHIKH, MOOYMOBaHOTO Ha 0a3i XBWJICEBOAY 3 IONECPEYHUM IEpepi3oM
48x24 MM 1 6iuHMME XBuieBogaMu — 15x2,5 mm. Po6oua gactora dinprpa fo
ctanoBUTh 5 ['T11, KimbKicTh map 6iuHuX XBHiIeBOAiB — O = 20.

Ha puc. 2 mpexacraBieHi pe3yiabTaTH EKCIIEPUMEHTAIBHOTO OCHi-
JDKeHHS (QinbTpa (BeMMYMHA 3aracaHHs, IMOKa3aHa 3ipOoYKaMu, i KoedilieHT

! crapur. Bukmanau xadenpu «3axucr indopmarii», SHTY
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crostaoi xBwii (KCX) — mTpuxnyHKTUpHA KpuBa). [ MOPIBHSHHS TaM e
noOysoBaHuil Tpadik YUCETBHOIO PO3PaXyHKY 3aracaHHs (GinbTpa (CyliibHa
KpHBa) 3a BUBeJeHUMH (opmynamu [3].

o, oF KCX

20 foii

16 il

ot
ra

2,05 2,1 215 %
Pucynok 2 — Pe3ynbTaTit JOCIIKSHD

3amporoHoBaHa B po0OOTi HaOMIMKEHa METOAWKAa PO3PaxyHKY
H-10myHHOT0 MOTIMHAIYOTo (iTbTpa TAPMOHIK BiJ3HAYAETHCS TPOCTOTOIO
MaTEeMaTHYHUX BUKJIAOK, SKi HE MOTPEOYIOTh BUPIIICHHS CKIAAHUX TU(pa-
KUIMHUX 3a/1a4, JO3BOJISIE TPOBECTH NOCIHIKEHHS B 0araToMoJOBOMY Ha-
OmmKeHHI (3 ypaxyBaHHSIM BHUIIKAX MOJ JOTIOMDKHHX XBHJICBOJIB), HE BHMa-
rae BeJIMKUX 00YHCITIOBAILHUX BUTpAT.

Iepenik nocuiianb

1. Marreti JIJ1., Sur JI., ikonc E.M.T. @unbsrpel CBY, cornacyromye nenu u nenu
cs3u: [lep. ¢ anr./ Ilox pen. JI.B. Anekceesa, @.B. Kymnupa. M.: Ceszp, 1971. T.1.
439c¢.;1972.T.2.493 c.

2. Katok B.b., Lleiitnun E.A.., [e6anmua J.}O. Mouasle mornomaromnye GUIbTphI
no6ounoro u3nyuenuss CBY nuamaszona // Dnextpocsszb. 1997. Ne 5. C. 33-37.

3. Kynak C.B., Jloragesa JI.M. Onenka mapameTpoB H-ITOCKOCTHOTO MOTIIOMIArOIIIE-
ro ¢uisTpa rapmonuk // PagnoTtexnuka: Beeykp. Mexsen. Hayd.-TexH. ¢0. 2014. Bem.
179. C. 69-75.
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YK 621.396.967
JlaBpenthes B.H.", Tapmam EH?

MOBWJIBHASA PJIC METPOBOI'O IUAITA3OHA BOJIH MP-18

Mob6unsHas PJIC metpoBoro muama3oHa BONH ¢ HHU(GPOBONA aKTUBHOMH
(asupoBaHHOil aHTeHHOH pemeTkol (ADAP) B TBepAOTETHFHOM HCIIOTHEHUH
— MP-18 npeanasHayueHa i JaJbHET0 OOHAPY)KEHUS BO3MYIIHBIX 00BEKTOB,
BKITIOYas MaJio3aMETHBIE, BBIOJHEHHBIE [0 TEXHOIOrHH «Stealth», u n3me-
PEHUA UX KOOpAUHAT.

Corpemennas PJIC MP-18 coueraeT B ceOe TOCTOMHCTBA, CBA3aHHBIC
C MCIIOJIb30BaHNEM METPOBOIO JMaIia30Ha JUIMH BOJIH, C BBICOKOW MOOMIBHO-
CTBIO, 00JIaJiaeT MOBBIIIEHHON MOMEXO3aIIMIIEHHOCTBIO OT aKTHBHBIX, ac-
CHBHBIX, CHHXPOHHBIX 1 HECHHXPOHHBIX HMITYJIBCHBIX TIOMEX, PEIIaeT 3a1a4n
OOHapy)XEHHs M CONPOBOXKACHHS LieJie B aBTOMaruieckoM pexxume. PJIC
MOJKeT padoTaTh aBTOHOMHO MJIM B COCTaBE HAIlMOHAJIBHBIX aBTOMATH3HPO-
BaHHBIX cucteM ynpasieHus (ACY) B cocrase PTB, A u 3PB Bo3aymHbix
Cun u I1BO CB ans KOHTPOJIS BO3AYIITHOTO IPOCTPAHCTBA KakK AEKYPHOE
cpenctso. B PJIC MP-18 peannzoBansl GyHKIMH, 00ecTieYUBAIOMINE BBICO-
Kyto 3G (GEeKTHBHOCTh €¢ MPUMEHEHUS B YCIOBUAX O0eBOW oOcraHOBKH. Ta-
KUMH (QYyHKLIUSIMH SIBIISTEOTCS:

— aBTOMAaTHYECKOe OOHAPY)KEHNUE U aBTOMATHYECKHH CheM KOOPIHHAT
0OHapPYKEHHBIX ICJICH;

— aBTOMAaTHYeCKas 3aBs3Ka Tpacc M aBTOMAaTHYECKOE COIPOBOXKICHHE
00OHapy>KEHHBIX LeJIeH;

— aBTOMAaTHYECKOE JOKYMEHTHpPOBaHHE MH()OPMALMHM O HENSIX M pe-
xumax pabotsl PJIC miast obecriedeHus: BOCIPOU3BEACHHS M aHAIN3a Pe3yJib-
TaTOB 0OEBBIX AECHCTBUIA;

— aBTOMAaTH3HPOBAHHBINA (DYHKIIMOHAIBHBIN KOHTPOJb, 00ECIEUNBAIO-
I HeTpephIBHBIN aHanmu3 ucipaBHOCcTH anmaparypsl PJIC u unentuduka-
LU0 HEUCIIPABHBIX YCTPOMCTB;

— HCIOJIBb30BaHME LU(POBOH ammapaTypbl IpueMa M IMeperadd JlaH-
HBIX;

— obecriedeHue BBOJIa LUPPOBOH KapThl MECTHOCTH;

— NPUMEHEHHE CITyTHUKOBOH HaBUTAIIMOHHOW CHCTEMBI JUIs OBICTPOTO
opuentupoBanus PJIC;

— aBTOMATU3UPOBAHHBIN ITPOIIECC TOPU30HTUPOBAHUS M CBEPTHIBAHHS-
pasBepthiBanus PJIC.

1
K.1.1., HauanpHUK HayuHO-UccnenoBarenbekoro oraenenus KII « HITK «Mckpay
2 o
Beyluil HHXeHep-KoHCTpyKTop TeMaTuueckoro otaena KII «HIIK «Hckpa»
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B PJIC MP-18 peanuzoBanb! GpyHKIHH, o0ecreunBaroiiye 3G dekTus-
HOCTb €€ IPUMEHEHHsI B YCIIOBHSX 00EBOM 00CTaHOBKH: aBTOMATHUeCKOe OOHa-
pYXeHHe, CbeM KOOpIWHAT W 3aBsi3Ka Tpacc, JTOKYMEHTHpOBaHHE HH(OpMAaIu
JUIsl aHam3a pe3ysbTaroB bJl, HenpephIBHBIA (DYHKIMOHAIBHBIA KOHTPOJb ar-
Haparypsl, aBTOMaTU3UPOBAaHHOE CBEpThIBaHUE-pa3BepThiBanue PJIC.

Amnrennas cucrema PJIC MP-18 mocTpoeHa 1O cXeMe MpPHEMO-
nepenatouieid ADAP. Kaxplii 13 KaHaJIOB aHTEHHON CHUCTEMBI MPECTABISAET
coboii ymHelHyI0 ADAP, 00pasyromyro mpueMo-Tiepearonyio cTpoky. dop-
MHPOBaHHE MapIHATBHEIX 00beMHBIX JJHA Ha npuem v M3MeHEHHE UX TIOJIOXKe-
HUS B BEPTUKAIBHON IIOCKOCTH OOECIEUMBACTCS C MTOMOIIBIO PACTIPEICTICHHOM
1rhpoBOIT pHEEMHON CHCTEMBI M IU(PPOBOI AUArpaMMO0Opa3yIoIe CHCTEMBL,
KoTopast BekTopHO cymmupyeT J{H Ha priem Bcex cTpox ADAP.

Pacnipenenennas mepeparomias CUCTEMa OCYIIECTBIISIET MHOTOKAaHANb-
HOE KOT'€pPEHTHOE yCHJIEHHE 10 HEOOXOIUMOM BBIXOJHOW MOIIHOCTH pagHo-
UMITYJIbCHBIX CUTHAJIOB, OPMHUPYEMBIX 3a/Iat0IEH CHCTEMO.

B kxaxpom mpreMHOM MOyJe paclpesielieHHOH NMPHUEMHON CHCTEMBI
npousBoanTcs ouu¢poBka mnpuHAToro curHaita Ha ITY c dopmupoBannem
AYX npreMHOTO TpakTa ¢ MOMOMIIBIO IIM(POBBIX (HILTPOB.

Cucrema nudposoii o6padorku curnanos PJIC MP-18 nocrpoena na
IU(POBBIX CHUTHAIBHBIX MpoOILEccOpax M IMPOrPaMMHPYEMBIX JIOTHYECKHX
uHTerpanbHbIX cxemax (IIJIMC) u ocymecTBiuser:

— AIII npuHATBIX CUTHAJIOB, UX BHYTPUIIEPUOAHYIO U MEXKIEPUOJ-
HY0 00paboTKY;

— (opMHpOBaHHE TMAKETOB W BBIYHCICHHE KOOPAWHAT BO3IYLIHBIX
00BEKTOB;

— (opMHEpOBaHKE MEIEHIOB Ha TOCTAHOBIIMKH aKTHBHBIX IIOMEX;

— (popmupOBaHKE KapT MAaCCUBHBIX ITOMEX;

— TPaeKTOpHYIO0 00paboTKy M oToxaecTBieHHe nHpopmanuu PJIC c
JTAHHBIMH CONPSTAeMbIX 3aIIPOCYMKOB, BBICOTOMEPOB MJIM JIOKATOPOB IPYTHX
JIMaIia30HOB BOJIH;

— TIpUEM M TIepefavy JaHHBIX Ha YCTPOWCTBA MOTpeduTenel mo mpo-
BOJIHOH JIMHUHY CBSI3U WM PaJHOKaHAIY.

Bces ammapatypa PJIC pasmemaercst Ha maccu aBromoomins KpA3, a B
kabmae KpA3a pacnomaraercs pabodee mecto omeparopa. PJIC MP-18 oc-
HaIlleHa CUCTeMOW KOHIUIIMOHHMPOBAHHUS BO3AyXa, aBTOMAaTHYECKOM CcHCTe-
MO TMOXKapHOH CHTHANM3alMK M TI0XKAPOTYIICHUS, JAPYTUMH CEPBHCHBIMH
ycrporictBamu. meercs onunounsiii 3UIT-0 B coctase xaxknoit PJIC, mpeny-
cmotper 3UII rpynmnosoil.
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VIIK 621.39
Menens M.B.!, Kosyns B.1.2

METO/I OIITHKY E®EKTUBHOCTI KOMILIEKCHOI CHCTEMHA
KOHTPOJIIO ITPABHUJIBHOCTI @ YHKIIIOHYBAHHS
TEJEKOMYHIKAINIMHUX CUCTEM BE3JIPOTOBOI'O 3B’SI3KY

OyHKIIOHYBaHHS BHCOKOHAIIMHUX TEJNEKOMYHIKAlliHHUX CHCTEM 3
KOMIUTIEKCHOI0 cucteMoro koHTpomo (KCK) B yaci HOCUTh BUIAAKOBUIi CTO-
XaCTHYHHUH XapakTep 1 Moxke OyTH ONMCAHO TPAEKTOPISIMU AESKOTO PO3PUB-
HOro (cTprOKONOAIOHOT0) BHUIAAKOBOIO mpolecy. Y IbOMY BHUIAJIKy BHB-
yenHs edexruBHocTi KCK po3risiayBaHoi cucreMu 3BOJUTHCS 10 BUBYEHHS
abCTpPaKTHOTO MpOLECy MEPEXOiB HOTro i3 OAHOTO CTaHy B JAPYIHid B MeXax
TIOBHOT MHO>KHHY BUIJICHUX CTaHIB, KM MAaTEMaTHYHO MOXKe OyTH omuca-
HUH 3 I0TIOMOT0I0 TeOpii MApPKOBCHKHX 1 HaIliBMApKOBCHKHUX ITPOIIECIB.

[Tpn ananizi ocobnmBocTel (QyHKIIOHYBaHHS JaHOI CHCTEMH IOKa3a-
HO, IO PsII BUIAJIKOBUX BENMYWH (IHTEHCHBHOCTI BiIMOB i 3001B, TPHUBAIICTh
1 TIepiol TECTOBOTO KOHTPOIIO, Yac BiTHOBJICHHS TOIIO), sIKi OEPyTh yd4acTh
mpu ¢opmaiizaiii KOHTPOIHOBAHOI CHCTEMH, MAalOTh PO3IOALI, BiIMiHHUI
BiJl eKc-MOHEHIiasbHOro. L[ 0O0CTaBMHA CYTTEBO OOMEKYE 3aCTOCYBaHHS
JIOCTaTHBO J100pe PO3BUHYTOTO0 MAaTEMAaTH4HOI'O alIapaTry Teopii MapKOBCh-
KUX MPOLECIB JUIsi ONMKCaHHs (YHKIIOHYBaHHS po3rsiayBanoi cucremu. To-
My 3aj/laua sKa CTaBUTHCS B LIl poOoTi, Moxe OyTH chopMysIbOBaHa HACTYII-
HUM YUHOM: PO3pOOUTH NPUHHSATHUI B IH)KEHEPHIM MPaKTHII METOJ OLIHKH
edpexruBHocTi KCK nanoi cuctemu, He anenmooun 10 anpiopHoi iHpopmarii
PO KOHKPETHUH THII (PYHKLIT pO3MO/ALTY BKA3aHHX BUMAKOBUX BEIIMYUH.

Binoma HeBenmuka KiTbKicTh poOiT [1, 2], y SKUX HaBeICHI aHATITHYHI Me-
TOIM OIIHKU e(peKTHBHOCTI 3ac00iB KOHTPOIIIO TEXHIYHHUX MPUCTPOIB 1 CHCTEM.
HemomikoMm 1ix poOiT € Te, M0 B HUX PSI NPHAHITHX JOIYIIEHb PIKO BUKOHY-
FOTBCS Ha TIPAKTHII (yCl BUITAJKOBI BEMYUHH, SKi OEpyTh y4acTh mpu (opmalti-
3allii KOHTPOJILOBAHOT CUCTEMHU, MAIOTh €KCIIOHEHIIANbHMI po3oain). OCKUIbKU
MOJIYJI, IO BXOJTh B CKJIaJ CUCTEMH O€3JpOTOBOIrO 3B’SI3KY, (YHKIIOHYIOTh
(BIIMOBIISIFOTh, KOHTPOJIIOIOTHCS, BIJHOBJIOIOTHCS TOIIO) HE3AJIEKHO OJHMH Bij
JIpyroro, a 3ajaHa e()eKTUBHICTh KOHTPOJIO KOXKHOTO i3 HUX MOXE JIOCATaTUCS
PI3HHMH METOJIaMH, TO BUpa3 IS 3araJIbHOTO MOKa3HUKA eEKTUBHOCTI CHCTEMHU
6€3/1pOTOBOTO 3B’13Ky MOYKHA 3aITHCaTH SIK:

E@) =]]E @,

i=1

1 . o . . . .
Mernens M.B., k.T.H., nonent, Harionansuuit yHiBepcuteT «JIbBIBChbKa MOJIITEXHIKAY,

2 . - . . . .
Ko3zyns B.1., crynentka, Hanionansuuii yHiBepcuTeT «JIbBIBCbKa MOMITEXHIKA

49



ne Ei(t) — moka3HUK e(eKTHBHOCTI KOHTPOJIO i-TOT0 MOJYJSI CUCTEMH 0e3-
JIPOTOBOTO 3B’S3KY, @ N — KUIbKICTh MOZYJTIB CHCTEMHU.

3rizHo HaBeneHO! (GOPMYIIM JOLIJIBHUM € BHUPIIIUTH IIOCTaBJIEHY 3a-
Jlaqy CTOCOBHO JI0 IOBIJIBHOTO KOHTPOJIFOEMOT'O MOJTYJIS JITAaHOT CHCTEMH.

B po0oTi ¢yHKIIOHYBaHHS PO3IJIIyBaHOTO MOJYJISL B 4aci ONMUCAHO
BUIIaJJKOBUM JWCKPETHUM HPOLECOM, CTAHU SKOTO XapaKTEPH3YIOTh BiJIOBI-
nHi Qi3ugHi cTaHM gaHOTO MOAYS. J{JIs BUpIMICHHS TMOCTAaBICHOI 3a1adi s
JIOBUTEHOTO KOHTPOIOEMOTO MOJYJISI PO3pOOJICHO HANPBICHHUH rpad) CTaHiB i
nepexoxiB. Crmix BigzHaumtH, mo BukopuctanHi KCK B posrmsigyBaniit
CHCTEMI MPU3BOIUTH A0 POSMIUPEHHSI MHOXWHU ii ()a30BUX CTaHIB, B SKi ITe-
pexXonuTh cucTeMa B mporieci 11 pyHKuioHyBaHHs. [l Mo10IaHHs CKIIaIHOC-
Ti aHAII3y OTPUMaHOI MOEI O0YA0BAaHO OLIBII MPOCTY YKPYITHEHY MOICIH
[3]. IIpu 11pbOMY BCEO MHOXKHHY CTaHIB JOBUILHOI'O KOHTPOJIKOEMOTO MOMYJIS
PO30HTO Ha MiIMHOKUHU TAKMM YHHOM, 1100 YacTiCTh NEPEXOiB MiX CTaHa-
MU KOXKHOTO 13 HUX 3HaYHO MEPEBHIIYBaJIa YaCTICTh IIEPEXO/1iB Mi>K HUMH.

[posiBmy aHaii3 0COOIMBOCTEH BHUIIICHUX CTAHIB JIOBUIBHOTO KOHT-
POJIIOEMOTO MOJYJIS 1 HampaBJeHHS MEPEXOo/iB i3 CTaHy B CTaH HEBAKKO MO-
MITHTH, 10 TEPEXOJU MK BUAUJICHAMH CTaHAMH 3IIHCHIOIOTHCS 3 PI3HOIO
IHTEHCHUBHICTIO, a caMe: MpoLec, KU OMUCY€e MOBEAIHKY JaHOrO MOIYJIS B
4aci, SBISETbCSA pereHepyrouuM. [Ipu mpomy i3 rpady CTaHIB i mepexofiB
pEreHepyroyoro mpouecy He BaXKKO MOOAYHTH, IO MOJEIb PO3IIISIyBaHOTO
MOJYJIsl OITUCYETHCS IBOMa HE3aICKHUMH IpoLiecaMy BiHOBIeHH. [leprmmii
i3 HUX BIJIMOBIJIA€ BiJHOBJICHHIO MOJIYJIS ITICIIsl BUSIBJICHHSI BIIMOB, a IPYTHA
— BIZIMIOBIIa€ BITHOBJICHHIO MOJIYJIS Bil HACIIKIB 300iB.

B pesynbrari BKa3aHHX MEPETBOPEHb MU MPHUXOIMMO 10 MOJEI, BCi
CTaHW SIKOT BOJIOAIIOTh HANiBMapKOBCHKOIO BIIACTHBICTIO, 11O JIO3BOJISIE CKO-
pucTaTucs piBHSIHHAM MapKOBCHKOT'O BiJHOBIJICHH: [3] ai1st ii onucaHHsI.

CkopucTaBIUCh rpadoM CTaHIB 1 MEpexo/liB BUNAJAKOBOTO pereHepy-
I0Y0TO TPOIECY CKJIAJCHO CHUCTEMY DIBHSHb MapKOBCHKOTO BiTHOBJIEHHS i
pimaroun ii BigHocHO T 3HAXOAMMO TIEpio] pereHepanii BUIAAKOBOTO IIPO-
Iecy Ta iMOBIpHICTH mepeOyBaHHS BHUIAIKOBOTO IMPOLECY B mMiaMHOXHHI Eg
mpane3gaTHuX cTaHiB (moka3Huk epexruBHOcTi KCK).

Ilepenik nocunanp

1. Kypasnes 10.I1. HanexxnocTs 1 koHTpoas DBM / 10.I1. XKypasnes, JI.A. Koremtok,
H.U. Huxmuacknit. — M.: «CoBeTckoe pamuo», 1978. — 416 c.

2. Untyny K. A. HagexxHocTh, KOHTPOJIb U AMArHOCTUKA BBIYMCIUTENILHBIX MAIUIUH U
cucreM: yue6. nocodue st By3os / K. A. Ueryny. — M.: Beiemn. mik., 1989. — 216 c.

3. Kopoutok B.C. TIpoueccsl MapKOBCKOrO BOCCTAHOBJICHHS B 3aja4ax HaJeKHOCTU
cucrem / B.C. Kopomntok, A.®. Typoun. Kues: Hakosa nymka, 1982. — 236 c.
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YK 621.39
Menens M.B.!, Hazapyx L.

BUBIP IOKA3ZHUKA HAJIMHOCTI TEJEKOMYHIKAIIMHUX
BUCOKOHAJIINHUX CUCTEM

Bimpmricte 6€34pOTOBUX TENEKOMYHIKAIlifHUX BHUCOKOHAMIHUX CHC-
TEM BITHOCSTHCS J0 KJIaCy CHUCTEM, 5Ki (DYHKI[IOHYIOTh y peabHOMY MAacIil-
Tabi yacy, 10 HaKJIaJa€e MEeBHI OOMEKEHHS Ha X MPOCKTYBaHHSI, 1 pa3oM 3
THM, CTaBUTH PsiJ MPOOJIEM, OHOIO i3 SKHX € 3a0e3MeueHHsI BUCOKOI Hamiii-
HOCTI iX DyHKIIOHYBaHHS IPOTSTOM TPHBAJIOTO Yacy.

L[ oOcraBuHa BUKIIMKA€E HAarajJbHy HEOOXIIHICTh MOOYIOBH TaKUX CHC-
TEM 3 BUKOPHCTAHHSIM PE3EpBYBaHHs Ta PO3BHHYTOI CHCTEMH KOHTPOJIIO Ipa-
BIJIBHOCTI iX (yHKIiOHYBaHHA [1], MmO Jae 3MOry peaizyBaTH CaMOBiIHOB-
JICHHS TaKUX CHCTEM. Y TaKOMY BHIIQJIKy OCHOBHHM 3aCOOOM JUISl BHSIBJICHHS
HECIPAaBHOCTEH CHCTEM TAaKOTO KJIacy € 3acO0M anapaTHOrO KOHTPOJIO [2], ams
peadizamii sIKOro HeoOXimHe BBEIECHHS NOAaTKOBOI amaparypu. OmHaK, B CHITY
PAMy MPUYMH PilKO BIAETHCS OXOIUTH allapaTHUM KOHTPOJIEM CHTEMY B LILIO-
My. ToMy KOHTPOIIb TIPaBUIHHOCTI (PYHKIIOHYBAaHHS BUCOKOHANIHHIX CHCTEM
3MIHCHIOETHCS KOMITIEKCHOIO crucTeMoro koHTpoisto (KCK), sika mpencrasiise
C000I0 CYKYIHICTh MPOrPaMHKX Ta anapaTHUX 3aC00iB KOHTPOJIO, IO A€ MO-
MKIMBICTh 13 HEOOXITHOI TOYHICTIO BU3HAYMTH AIMCHHUI CTaH KOHTPOJILOBAHOT
CHCTEMHM 1 MIATPUMYBAaTH HEOOXiHUI piBeHb HamiHHOCTI 11 (DYHKIIOHYyBaHHSI.
Cnipn 3a3Haunty, mo peatizauis KCK mop’s3ana i3 10#aTKOBUME 3aTpaTamMu
arnapaTtypH Ta 4acy, sKi CyTTEBO BIUIMBAIOTH HA MOKa3HUKU HaJiHHOCTI KOHTPO-
JHOBaHOI cucTeMH. ToMy Ha erarti MPOEKTYBaHHS TAKMX CHCTEM HOTPiOHO BO-
JIOZIITH TIOKa3HUKOM iX HaJIIITHOCTI, KOTPHI BpaxoBYBaB OM BIUIMB SIK HaJlilHiC-
HUX XapaKTEPHCTHK MPUCTPOIB (MOAYIIB) KOHTPOJIHLOBAHOI CHCTEMH, TakK 1 Xa-
paxrepuctuk KCK (iMOBipHOCTI BHSIBIICHHS BiIMOB Ta 300iB almapaTHUMH Ta
MIPOrpaMHUMH 3aco0aMH KOHTPOITIO, IMOBIPHOCTI iX IMOMMJIOK TOIIO) Ha 3ara-
JIbHUI TIOKa3HUK HAJIHHOCTI X (D)YHKIIIOHYBaHHS.

Bigoma HeBenuka KUIBKICTh po0iT, B KOTPUX HaBe/IeHI aHAITHYHI Me-
TOIIM OILIHKK HamiitHOCTI ckimaguux cucteM 3 KCK, nwampuknan, [2, 3]. Heno-
JKaMH OUX POOIT € Te, 0 B HUX BIUIMB 3aC00IB KOHTPOJIIO Ha 3arajibHUMN
MOKAa3HUK HAAIHHOCTI KOHTPOJIHOBAHOI CUCTEMH 3AIHCHIOETHCS JIMILIE Yepes3
IMOBIPHICTb BUSIBJICHHS BIIMOB 1 O€3B1IMOBHICTh CaMOi CXeMU KOHTPOJIIO.

Ciip 3a3Ha4YMTH, 10 OJHOIO i3 OCHOBHHX TPYAHOLIIB IPH NPOEKTY-
BaHHI BUCOKOHAJIHHUX TEJIEKOMYHIKaliiHuX cucreM € npoekryBaHHsI KCK,
sIKe TIpe/ICTaBiIsie o000 TOCIiOBHMI BHOIp 13 MHOKMHM aJIbTEPHATHBHUX

1 . Lo . . .
Mernens M.B., k.T.H., nonent, Harionanbsuuit yHiBepcuteT «JIbBIBChbKa MOJIITEXHIKA»

2 . oo . . .
Hazapyxk 1.51., crynenTka, Hanionansuuii yHiBepcuTeT «JIpBIBCbKA MOJIITEXHIKA»
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BapiaHTIB KOHTPOJIIO HAOULIbII NPUIHATHOrO, KOTPUI BiJNOBiNac Hamepen
BCTaHOBJICHUM BUMOT'aM IIPpH MiHIMaJbHUX JOJATKOBUX 3arparax. Tomy s
MOXJTMBOCTI MOPIBHJIBHOTO aHami3y pi3Hux BapiantiB KCK cuctemu 6e3n-
POTOBOTO 3B’SI3KY B SIKOCTI IIOKa3HMKA HaJIMHOCTI L€l CUCTEMU 3alpONOHO-
BaHO HMOBipHIicTH R(t) Toro, 1o B MOMEHT Yacy t cucrema OyJe QpyHKIiOHY-
BaTH INpPaBWIBHO a00, IHIIMMH CIIOBAMH, 3HAXOIUTHMETHCS B MHOXHHI E,
Mpane3 aTHUX CTaHiB. Buxin cuctemu 3a Mexi MHOXKHHU E( MOXIHUBHI TiNb-
KU Y BUIIQJKy BHYEPIAHHS BCiX OJHOIMEHHHX PE3ePBHUX MOJYJIB KOHTPO-
JBOBAHOI CHCTEMH, a00 y BHIIaJKaX BUHUKHEHHS HECIPaBHOCTI, 3MiHCHEHHS
IUIAaHOBOTO MPOTPAMHOTO KOHTPOJIIO Ta BiTHOBJIECHHS 11 Ipale31aTHOCTI.
[IpoBiBmm aHami3 (YHKIIOHYBaHHS TEJICKOMYHIKAIIHHOI CHCTEMH
6e3nporoBoro 3B’a3ky 3 KCK ta moznaumBiim yepe3 S(f) cTaH CUCTEMHU B MO-
MEHT Yacy f, a uepe3 £ MHOXUHY CTaHIB CHCTEMH, sKa CKIANAEThCS 13 M-
MHOXXUHH CTaHiB E,, Ipu nepeOyBaHHi B sIKiii MalOTh Miclie BTpaTH iHpopMa-

1ii, i MIMHOXKMHY CTaHiB E_, npu IepeOyBaHHi B SAKid BTpaTd iHpopMamii

BiJICYTHI, CIIIBBiTHOIIICHHS JIJIsl BU3HAYCHHS HAJIHHOCTI TaKOl CHCTEMH B iH-
TepBalli 4yacy [fy, t+fy] B 3aralbHOMY BHJI MOXXHA MPEICTABUTH SK iMOBIp-
HICTB TOTO, 1[0 HAMIHHICTh CUCTEMH JOPIBHIOE 33/1aHil, TOOTO

Rc(t,t ): P{Vzi e|:t L+t },S(r,} e E }
0 1 0 0 1 B

Y po0OoTi moka3aHo, MO HAaBEJCHE CITiBBIIHOMICHHS MOXe OyTH Tpe-
CTaBIICHE Yy BUIJLINI JOOYTKY iIMOBIpHOCTI 0€3BiIMOBHOI poOOTH CHCTEMH 3a
gac t i CTalioOHapHOi YMOBHOI IMOBIpHICTI IepeOyBaHHS CHCTEMH B MHOXKHHI
Ipane3iaTHUX CTaHiB, SIKa 3aJEKUTh Bill XapaKTEPHCTHK BUKOPHCTAHHX 3a-
c00iB KOHTPOJIIO, IPX YMOBI, II0 TIOBHA BiIMOBa CHCTEMH HE HACTYIIHIIA.

TakuM YHHOM, 3aIpPONOHOBAHHMIA IMOKA3HUK HAIIMHOCTI BpPaxoBYe€
BIUIMB SIK HAJIHHICHUX XapaKTEPUCTHUK MPUCTPOIB (MOYIIiB) KOHTPOJIbOBAHOT
cucremu, Tak 1 xapakrepuctik KCK Ha 3aranbHuii MOKa3HUK HAIIHHOCTI 11
(yHKIIOHYBaHHS 1 B OJAJIbIIOMY MOX€ BUKOPHCTOBYBATHCH JJISl OL[IHIOBaH-
HSl HAJIHHOCTI BUCOKOHAQJIMHUX CHCTEM OE3pOTOBOTO 3B’SA3KYy Ha eTami iX
MPOEKTYBaHHS.

IlepeJiik nocuaanb

1. Bonouwnit B.B. IIpoekTrpoBaHie 0TKa30yCTOWYHBBIX MUKPOIIPOIIECCOPHBIX HHPOP-
MalMOHHO-M3MepUTHEIbHBIX cucTeM / b.B. Bonounii, U./I. Kanamuukos, P.b. Ma3ze-
na, b.A. Maunzuii. — JIbBoB: Buiua k. U3n-so npu JIbBoB. yH-Te, 1987. — 152 c.

2. Xypasnes 10.I1. HanexxHocTs u kouTposis IBM / H0.I1. XKypasnes, JI.A. Korentok,
H.U. Huxnunackuit. — M.: «CoBeTckoe paguo», 1978. — 416 c.

3. Untyny K. A. HagexxHOCTB, KOHTPOJIb M JUATHOCTUKA BBIYMCIUTEIBHBIX MAIIWH U
cucreM: yued. mocobue s By3oB / K. A. Ustyny. — M.: Beien. mik., 1989. — 216 c.

52



YK 621.391.8
Mopos I'.B.", Bornnapes M.1.2

METO/I BOPOTBHBM I3 3ABAJIAMM B TEXHOJIOT'1i
BE3/IPOTOBOI'O IHTEPHETY LI-FI

Texnomorist 6e3gpotoBoro 3B’s3Ky Li-Fi BEKOpHCTOBYE CBITIO Bif
CBITJIONIO/IB B SIKOCTI CepeloBMINa mNepenadi aaHux. [lepemada naHux B
obyiacTi  BHIMMOIO CBITJIa 3IIHCHIOETHCS LUISIXOM  KOPOTKOYACHOTO
NOJIaBaHHS HAIPyrd Ha CBITJIONIOAM 3 JyXXE€ BHCOKOK 4YacTOTOIO,
HEMOMITHOIO JUIsl JIIOACKKOro oka. CBITJIIOBI XBWIJII HE MOXYTh NMPOHUKATH
Kpi3b cTiHM, ToMy paniyc aii Li-Fi neBemukuit. Ane Li-Fi Oinbimn Hamiiino
3aXMIIEHUH BiJ] HECAHKLIOHOBAHOTO JOCTYIly, HDK OyAb-SIKMH IHIIWH
Oe3npoToBuil KaHal 3B’ 53Ky [1].

Komynikaniiina TtexHomoriss Li-Fi BuMarae 000B’s3K0BOi mpsiMoi
BUAMMOCTI MIXK IpUHMadeM i meperaBadeM. 3a 0HOYACHOTO BILIMBY KUTBKOX
JDKEepeNl  BHINPOMIHIOBAaHHS  (HANpPHUKIAL, COHSYHOTO CBiTJIA, poOOTH
JIOMIHECIIEHTHUX JIaMIT a00 BiIOWTTS CBITIA BiJ I3€pKaJbHHUX MTOBEPXOHB),
BUHHUKAIOTh IIyMOBi 3aBajy, LI0 NPU3BOJUTH OO IOSBH IIOMHMJIOK Ha
npuiiManpHOMy OOl M, SIK HACTIJOK, 3HIDKEHHS IPOIMYCKHOI 3JaTHOCTI
KaHaJly OOMiHY JaHHMH.

Jns 30inbmennHs 3aBanoctiiikocti Li-Fi B [1] Oyno 3ampornoHoBaHo
BUKOpUCTOBYBaTd  TpukojipHi  RGB-cBimmomiomu st 37ificHEHHS
MaHinysuii 3MimeHssaM konasopiB (CSK — Color Shift Keying)). Henonixu
CSK—maninymsnii mojsirarote 'y BigcyTtHocTi ontuMizanii CSK—cysip’s 3a
YTBOPEHHS TIEPEXPECHUX 3aBaj MDK KOJbOPOBHMH KaHaJaMH 3B SI3Ky, a
TaKOX 3a BiAJaJIeHH] IpHiiMayda BiJ mepegaBada sKicTh IPUHHATOTO CHTHAITY
3HAYHO TOTipPIIy€ETHCS.

3 MeTor KOMITeHCamii BIUTMBY 3aBal, B POOOTI JOCHIIKYETHCS
e(eKTHUBHICTH 3aCTOCYBaHHS aJanTHUBHOTO (imbTpa [2], IO BHUKOPHCTOBYE
MPOCTOPOBI  BIAMIHHOCTI MDK HanmpsMKaMd HAaIXOMKCHHS [TaHHUX Bif
nepejiaBaya i Jpkeperna 3aBajoBOro BUIIPOMIHIOBaHHS (IUB. puc. 1).

Ha Bxomu ocuoBHoro (OK) rta kommencamiitnoro (KK) kanamis
HaIXOIATh SIK KOPUCHI CHIHaIM, TakK 1 IOyMOBI 3aBaad, INPHHAHATI
¢doronpuitmagamu VD1 it VD2. @ortonpuiimau OK mMae By3bKHIH KT OTJISILY.
VD1 npusHaueHo ajs NpUiiMaHHs KOPUCHUX CUTHAJIIB — CBITJIOBOI Tedil, 1110
BUIIPOMiHIOEThCS TiepenaBadeM. @orompuitmauy KK wMae mmpoxuii KyT
omsany. VD2 mpuiimMae He TUIBKM KOPHCHI CHTHamM, a i 3aBaigd, sKi
HaJXO/ATh BiJl PI3HMX JPKEpell BUIIPOMIHIOBaHHS, 3 PI3HUX KyTiB HANPSAMKY.

!acmipanT kadenpn PTT 3HTY
% cryment kadenpu PTT 3HTY
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KoMmriekcHe 3HaueHHs BaroBoro koedimienta K QopmyeTses Ha
BUXOJ1 TOJUTbHUKA. [ 1IbOTO, HA BEPXHIM BXiM MOAUTPHHUKA (YUCEIHHUK)
HAJIXOJUTh YCEPEIHCHE IHTErPaTOPOM 3HAYCHHS PE3yJIbTATIB MEPESMHOKECHHS

KOMITEKCHUX aMIUTiTyn U U, a Ha HIKHiH (3HAMEHHWK) — ycepe/iHeHe

inTerparopom suauenns U U; =U; . Jlns KomneHcauii 3aBaj, y cymaropi, 3
Hanpyru 0CHOBHOTO KaHalny U, 31iliCHIOETbCS IIIAXOM BiIHIMaHHS 10OYTKY
Hanpyru JofartkoBoro kamamy U, Ha po3paxoBaHe KOMIUIEKCHE 3HAYCHHS

BaroBoro koediuieary K .

KommuiekcHe 3HaueHHs BaroBoro koedimienTy K BHKOPHCTOBYEThCS
B IOMHOXYBadi s 3a0e3MedyeHHs HEOOXiMHOT TIIMOMHM KOMIICHCAIIiT
aMILTTy 1 1 (a3u 3aBaj, sKi AiI0Th B OCHOBHOMY KaHaJi mpuiiomy.

3arpornoHoBaHuil crocid NpuAylIeHHsS 3aBaj OyJo NEpeBipeHO B
cepeoBulli imiTariifHoro MopemoBaHHs Matlab Simulink. Ortpumanmii
pe3ynbTaT KOMIIGHCalii 3aBagd Ha BHUXOAl aJalTUBHOTO (inbTpa gae
Ii/ICTaBy CTBEPIUKYBATH, II0 MPOCTOPOBA aJanTUBHA (inbTpamis 3abe3nedye
e(eKTHBHE YCYHEHHS HasBHUX 3aBajl.

OK | = VDI

@ E K = VD2
| H—

Baamie

P

KOMITeHeaTOp 3aBaj

Pucynok 1 — CtpykTypHa cxema kaHalIy 0OMiHY JaHHMH 3 KOMIIEHCATOPOM 3aBaJ

VD - doronpuiimadi, X — moMHOXyBad, [ — iHTerpatop, * — onepartis KOMIIEKCHOTO CIpsIMY-
BaHHS, \ — MOAUTLHHUK, JI3 — JiHis 3aTPUMKH, X — CyMaTop.

Ilepenik nocunanb

1. Eric Monteiro. Design and Implementation of Color-Shift Keying for Visible Light
Communications — McMaster University, 2013, 155c¢.
2. Patent 1 599 035 United Kingdom GO1 S 7/36 13/52 Adaptive cancellation
arrangement [electronic resource]/Jack Gordon McQueen; filed 31 Mar. 1977,
published 30 Sep. 1981, index at acceptance H4D 259 265 36X 40X, pexuM gocryiy:
http://www.directorypatent.com/GB/1599035-a.html.
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YJIK 621.395
Opemkos B.1.!, Bap6a I.b.2, €rymosa O.I1.°

AINIPOKCUMAINIA EJIEKTPUYHUX ITAPAMETPIB
TEJE®OHHUX KABEJIIB Y JIAITA3BOHI YACTOT O 35 MI'll

Po3BHTOK BITUM3HSHUX Mepex IMpokocMmyroBoro gocrtymy (L) Ha
JTAHOMY €Tarlli XapaKTepU3y€eThCsl BIPOBAXKEHHSIM HOBHX BHCOKOIIBHIIKICHHUX
TEXHOJIOTIH MepeaBaHHs TaHKX, K ONTHYHHUX, Tak 1 XDSL-texuomnorii. Tak
I[NAT «Ykprenexkom» mouaB rnepedyaoByBaTu BiacHy mepexy LIJ] Ha Bapi-
ant 3a xoHuenmieo FTTC, konu By301 IOCTYIly BHHOCUTBCS JI0 PO3IOJIIITH-
HoT madu i 1oBxuHa aboHeHTchKoi JiHiT (AJ]) He mepeBunrye 500 m. Le no-
3Bosisie 3aMinuTH cuctemu nepenadi (CIT) 3a TexHonoriero ADSL2+ Ha CII 3a
texHooriero VDSL?2 i miIBUIIATH MBUAKICTH JOCTYIY Y KijbKa pa3iB [1].

Buznauenns xapakrepuctuk I1J] 3a Texnomorieto VDSL2 Ta orminka
eeKTUBHOCTI npoBapkeHHs1 TexHoinorii VDSL2 Ha BITUM3HSHHX Mepexax
/T BMarae BU3HAYCHHS MapaMeTpiB Iepeadi Ta B3aEMHOTO BIUIMBY BiTUH-
3HAHUX TeNe()OHHUX KabeliB y miamazoHi yactot 0 35 MI'm [2].

Y nomoBifi HaZalOTHCS PE3yIBTATH AMPOKCHUMAIIi] XapaKTepUCTHK Ta-
pamMeTpiB nepezadi i B3aEMHOTO BIUIMBY BITUM3HSHUX Tesle()OHHHUX KaOeliB y
niarma3oHi 9acToT 10 35 MI'I 3 METOI0 MOAAIBIIOr0 BUKOPUCTAHHS I MO-
nemoBanHs pobotu CII 3a trexuosoriero VDSL2 1My kabesimu.

s oTpuMaHHS HEOOXITHWX BUXINTHUX NAaHUX OYyJIO MPOBEICHO CKC-
NIepUMEHTAJIbHE BU3HAYCHHS YaCTOTHUX XapaKTepHCTHK MapaMeTpiB repeaa-
4i i B3aeEMHOTo BIUIMBY TenedoHHuX kabeniB BupoOnunra ITAT «Onecka-
oemp» TIIIIen 10x2x0,4 Ta TIIIlen3 10x2x0,4 y miama3zoni 4actoT Bix 1 1o
31,25 MI'u y BumiproBanbsHi# abopatopii ITAT «Oneckabenb» 3a 10moMo-
roto BumiproBanbHOi cuctemu AESA (IBeiimapis) [3].

Metoanka monemntoBanHs podotu CII 3a rexromorismu xDSL Bumarae
BHU3HAYCHHS 3HAYCHb BJIACHOTO 3aracaHHs (A4), MepexigHOTo 3aracaHHs Ha
OMKHBOMY KiHII (A4,) Ta 3aXUIEHOCTI BiJl TIEPEeXiHUX 3aBaj HA AAJTbHBOMY
KiHI (4,) y Bciit pobouiit cmy3i yactot Biamosigaux CIT xDSL [1].

B o0macti BUCOKHX YacTOT KOE(II[IEHT 3aracaHHs 301IbIIYETHCS TPO-
MOPLIHHO KOPEHIO KBaAPaTHOMY BiJl 4aCTOTH, a MapaMeTPH B3aEMHOTO BILTH-
BY 3MEHIIYIOTHCS 3a JiorapudmiuHuM 3akoHoM. lle mo3Boimio BuOpaTH B
SIKOCTI aIpPOKCUMYIOUMX CTYIEHEBY (YHKIIO 3 MOYaTKOBHM HEHYJIHOBHM
3HA4YEHHSM /U1 A Ta QYHKIIIO IECITKOBOTO Jorapudmy uist A, i 4,.

' k1.1, 1. Bk Kapempn TKC OHA3 im. O.C. Ilornosa
2 k.T.H., cT. BuKIL. Kadeapu TKC OHA3 im. O.C. ITomoa
3 acmipant kadenpn TKC OHA3 im. O.C. ITonosa
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Pe3ynbpraTi BH3HAYEHHS alpOKCHMAliHUX KOe(DII[ieHTIB HajaHi B
Tabi. 1 (yacrora /'y GopMyIH MiACTaBIAETHCS Y Merarepiiax).

Tabmuus 1 — KoedimienTr anpokcuMalii 9aCTOTHUX ITapaMeTpiB KabeiB

[Mapamerp A, 0b/100 m Ao, 0b/100 m A3z, 05/100 m
Oyukuii anpokcuMmarii | 4 =a+ b fc Ao =x-ylog(f) | A3 =x-ylog(f)
KOGCI)iHiCHTI/IlepOK- u b ¢ N y . v
cuMmanii
TIIen3 10x2x0,4 0,9 1,24 | 0,655 61,9 17,14 70,1 23,75
TIIIen 10x2x0,4 0,86 1,18 | 0,663 60,3 15,3 68,5 21,44

ITopiBHAHHS aPOKCHMOBAaHHX XapaKTEPHUCTHK 3 PE3YIbTaTaMH BHMi-
proBaub [3], 103BOJISIE 3pOOUTH HACTYITHI BUCHOBKH:

— 3Ha4YeHHsI BJIACHOTO 3aracaHHs pO3paxoBaHi 3a anpoKCcHMaliiHOI0
(bOpMyJIOI0 BIIPI3HAIOTHCSA Bl Pe3yJbTaTiB BUMIPIOBaHHS Ui 000X Mapok
kabeiro He OlbIe HiX Ha 5 %;

— 3Ha4YEHHsI TIePEXiJHOTO 3aracaHHs Ha OJMKHBOMY KiHIII 32 alpOKCH-
ManiiHoOI (OPMYJIOI0 BiIPI3HAIOTHECS B PE3yJIbTAaTiB BUMIPIOBAHHS JUIA
kabemro TTITIen3 He Oinbie Hixk HA 2,3 %, a it kadbemo TTIIIen — 6,3 %;

— 3HAYEHHsI 3aXHWIICHOCTI BiJl MEPEXiTHUX 3aBaj] Ha NaTbHHOMY KiHII
3a anmpoOKCHMANiHHOK (OPMYIIOI0 BiAPI3HAIOTHCS BiX Pe3ylIbTaTiB BHUMIpIO-
Banus 1 kademro TIIIIen3 He Ounbine HiX Ha 6,5 %, a misg xkabexro TIIIIen
—2,2 %;

— ycepenHeHe 3a YacTOTaMH 3HA4YeHHs PO30DKHOCTI arpoOKCUMOBAHHX
XapakTepUCTUK 3 pe3ylibTaTaMH BUMIpIOBaHb ckianae 1...2 %, 1mo 103BoIsie
BUKOPUCTOBYBaTH oTpuMaHi QyHKuil s moaemoBanHs CII 3a TexHoorier
VDSL2, y ToMy umnci it HalicydacHIIMX 3 YaCTOTHUMH IutaHamu 10 35 MI'm.

Iepestik nocuianp

1. bamamos B.A. Texnomoruu mupokonosocHoro apocryna xDSL. MuxeHnepHo-
TEeXHUYECKH CIIPaBOYHUK; 1moJ] obmieit pen. B.A. banamosa. — M.: DxoTpenns, 2008.
—262c.

2. ITU-T. Recommendation G.993.2 : Very high speed digital subscriber line
transceivers 2 (VDSL2). — Appr. 2015, January. — Geneva, 2015. — 313 p.

3. Hocmimxernns texnomnorii VDSL2 mepexi HICJ] ITAT «Yxkprenexkom»: 3BiT mpo
HAP / [depxaBue mignpueMcTBo «Onecbkuil HayKOBO-IOCHIAHUNA IHCTHTYT 3B’SI3KY»;
kepiBH. B.O. Banamos; Bukon.: B. Opemkos [ra in.]. — Oneca, 2017. — 117 c. — Ne JIP
0116U008197.
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YK 621.396.96
Iepensirun b.B.', JTyx6un A.M.?

PAIIMOHAJIBHOE PACITIPEJEJIEHUE SHEPT'UN
30H/IUPYIOLIEIO U3JIYUYEHUS B PAIUOJIOKAIIMOHHOM
CUCTEME 'NIPOMETEOPOJIO'HYECKOI'O MOHUTOPUHI' A

['maBHBIM pecypcoM 0030pHOTO METEOpPOJOTHYECKOTO paIroiioKaTopa
ABISIETCSL  DHEPrus  30HAWpyMomero m3nydeHus. OIHako MHOIydeHHe
uHpopMad HEOOXOAMMO OOCCICUNTh HE BO BCEH 30HE HAOIIOACHUS
METEOpOJIOTHYECKOr0  PajHOJIOKaTOpa, a TOJBKO B 30HE, Ha3bIBAEMOH
MIPOCTPAHCTBOM HaOJIroIeHu s, KOTOpoOe JIOJKHO TIOKPBIBATHCS
PpanuoNIOKallMOHHBIM nojeM CHCTEMBI TUIPOMETEO0POTIOTHIECKOTO
Monutoputra [1, 2]. B mpomecce wuccnenoBanui ObIT pelieH BOIPOC O
HanboJiee PAlMOHATIBHOM pacIpeieNieHUH SHEPTUH 30HIUPYIOLIETO H3TyUeHUs
C TIOMOUIBIO TIEPENAIONINX AHTEHH METEOPOJIOTHMYECKHX PaZHMOJIOKaTOPOB B
mpocTpaHcTBe  HaOmromeHws.  PermmeHme  ObIIO  MONMyYeHO 3a  CYET
KOJIMYECTBEHHON OIICHKH MTapaMeTPOB TE€OMETPHIECKUX MOJEIEH MOCTPOCHUS
PaIrOIOKaMOHHOTO OIS M JIOTHYECKOTO aHAIIH3a ITOJyYeHHBIX PE3YJIbTAaTOB.

BroisicHeHa  3aBHCHMOCTH  IOJTHOTBI ~ WCIOJB30BAHUSA ~ SHEPTHU
30HIUpYIOLIero u3nydeHus (koadduimenta ucnons3zoBanus sHepruu K,,) ot
OTHOIICHHS JaJIbHOCTH JEWUCTBUSI paJMOJIOKaTopa M BBICOTHI BEpXHEH
TpaHMpbl  paguosiokanMoHHoro nons X=H,/R (puc. 1). AHanmu3 3Toii
3aBUCHMOCTH TOKa3bIBaeT, YTO NpPH (UKCHPOBAHHOW INOTPEOHOH BBICOTE
BEpPXHEH TpaHWIBl yBEIWYEHHE JAIBHOCTH JEWCTBHSA paauoiIoKaTopa
TIPUBOJNT K YXYyIIICHHUIO TIOJHOTHI MCIOJIB30BAHUS SHEPTUH 30HIMPYIOIIETO
n3nydenns u K, Oyaer yMeHbIaThes.

Hambomee  panmoHampHBIM  CIOCOO — pacmpeneleHus  DHEePTUu
30HIUPYIOUIETO W3IyYeHHS 3aKII0YacTcss B TOM, YTO pPagHOJIOKATOPBI,
o0pa3zyromye ToJe, PACCTABIAIOTCS B BEPIIMHAX CBA3aHHBIX INPABMIIBHBIX
HIECTHYTOJIBHUKOB (puc. 2) Tak, YTOOBI 30HBI HAONIOMCHHS CMEKHBIX
PaaAMOJIOKATOPOB HAKJIAABIBAIUCH IPYyr Ha Apyra 10 IOJHOW JadbHOCTU
JercTBuUs paguonokaTopos (puc. 3) [3].

B aTom ciydae sHepretuueckas 3¢ GeKTHBHOCTD MOJIYYEHHOTO paIuo-
JIOKAIIHOHHOTO TOJIS 33 CUET HAJIOXKEHUS 30H HAOJIO/CHHS PaJHOJIOKaTOPOB
HauOOoJIbIIAs, TIOCKOJIBKY OTCYTCTBHE HEOOXOAMMOCTH PacHpesieNsiTh Hep-
THIO 110J] OOJIBIIMMH YIIIaMH MECTA CO3/aeT CYIECTBEHHYIO SKOHOMUIO 3HEp-

! K.T.H., 3aB. Kaempoil ABTOMATH3MPOBAHHBIX CHCTEM MOHHTOPHHIA OKPYKAIOmICH
cpenst OfeccKoro rocyJapcTBEHHOTO 3KOJIOTHYECKOTO YHHBEPCHTETA

? K.I.H., Ha9. HAYYHO-HCCIEIOBATENECKOM yacTn ONECCKOro rOCyIapCTBEHHONO KO-
JOTUYECKOTO YHHBEPCHUTETA
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THH 30HIUPYIOIIETO U3TYUYCHHUS M JOBOJUT CTEIICHD MTOJHOTHI UCTIOIb30BaHHS
sHepruu u3nyderus 10 70%.
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Pucynok 1 — XapakTepicTuka momHOTHI PucyHok 2 — PannonanbHslii criocod
HCIIONB30BAHIS YHCPIUU 30HAUPYIOIIETO  pacripe/ieIeHHs SHEPTHH 30HUPYIOIIEro
U3ITy4eHUs U3IIydeHust

Pucynok 3 — OGyacTh CKaHUPOBAHHUS PaJHOJIOKATOPAMH [IPOCTPAHCTBA HAOIIOACHUI
MpH PaLMOHAJIBHOM pacIpeAeIeHus SQHEPIUU 30HAUPYIOLIEr0 3Ty YEHHUS

IlepedeHb CCHLIOK

1. Perelygin, B.V. Reasonable deployment of radar field for environmental monitoring
system // Telecommunications and radio engineering. — 2016. Vol. 75. Ne 9. — P. 823—
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2. Perelygin, B.V. Implementation of systematic approach in the creation of radar
systems of meteorological monitoring // Telecommunications and Radio Engineering.
—2018. Vol. 77. Ne 3. — P. 199-209.

3. [lepensirun b.B., Jly:x6un A.M. I[locTpoeHue CIUIOIIHOTO PaauOIOKALIMOHHOTO
HOJISL CUCTEMBI I'HAPOMETEOPOIOIHYECKOr0 MOHHTOPHHIA HA OCHOBE F€OMETPHYECKO-
ro mnoaxoxa // PamuorexHuka: BceykpaumHCKHH MEXBEIOMCTBEHHBIH Hay4dHO-
TexHH4YecKni coopHHK. — 2017. Ne 191. — C. 173-180.
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VK 621.396
IMouepusies B.H.', 3aituenko B.B.%, ITopxie6 B.C.?

INPUMEHEHHUWE TEXHOJIOI'MX OTDM B KAHAJIAX C
INEPEMEHHBIMU TAPAMETPAMHU

Kanansl ¢ nepeMeHHBIMH ITapaMeTpaMH XapaKTEPHU3YIOTCS BO3MOKHO-
CTBIO TIPOSIBJICHHS B HUX YaCTOTHO-CEJIEKTUBHBIX 3aMHPaHU, KOTOPbIE TPH-
BOJIAT K BO3HHUKHOBEHHIO MEXCUMBOJIbHOU uHTEepdepernnn (MCH) [1]. Ecau
OLIEHMBaTh KaHaJl Ha Mepelarolieil 1 NPUEeMHON CTOPOHAX, TO JUIsl 3TOrO He-
00X0MM KaHajl 00paTHOM CBs3H. B 3TOM ciiydae HE0OXOIMMO HaIW4Me Ka-
HAJILHOTO TPEKoJepa, KOTOPBIH NpeabICKakaeT CUTHANl TakK, YTOOBI IOCie
MIPOXOJXK/ICHHE Yepe3 KaHajl CBSI3W CHTHaJ NPUHUMAJ HYXHYIO (OpMy U HeE
Bo3Hukana MCU. Takoii MeTOA MOIy4HS Ha3BaHUE — OPTOrOHAIBHOE Bpe-
MeHHoe MyubTHIUIeKcHpoBaHue (OTDM —  Orthogonal Time Division
Multiplexing).

Lenp paboTbl — CpaBHUTH SHEPreTHUECKYI0 3()()EeKTUBHOCTH TpUMe-
Henust texaonoruu OTDM u skBanaii3epoB B KaHaJlaX ¢ MEPEMEHHBIMH T1a-
pametpamu ¢ MCU.

Ha puc.1 npusenena crpykrypHas cxema OTDM-cucteMbl ¢ KaHaJb-
HBIM TIpekozepoM. [Ipexonep Ha OCHOBE TEKYHIMX OLIGHOK MMITYJILCHOHM Xa-
paxrepuctuku (MX) xanana A(t-nT), noay4eHHbIX OT NPUEMHHUKA MO 00pat-
HOMY KaHally, ()OPMHUPYET II0CIIeI0BATEIbHOCTD IPEIBICKAKEHHBIX UMITYJIb-
coB p(t-nT), cornacoBaHHBIX ¢ HapamerpaMu kaHaina. [locienoBaTenbHOCTH
UMITYyJIbCOB ¢(1-nT) paccUMTHIBACTCS KAaHAJIBHBIM IPEKOAEPOM B KadeCTBE
onopHseIX curHanoB. B OTDM-cucreme ucnonb3yercss KpUTEpUH MUHAMU3A-
MK cpegHekBaaparnieckoro otkioHeHus (CKO) curaansHOTO UMITyJIbca Ha
BBIXOZIE KaHaJla OT TECTOBOTO, 32 CYET Yero yAaeTcs KOMIIEHCHPOBATh HE
TOJIBKO TJIyOOKHE 3aMHpaHusi, HO U OoJiee TIyOOKHe YaCTOTHO-CEIEeKTHBHBIC
3aMHUpaHus.

Bxon Brixon

¥t ~ : Sty .
—=> Hepenarunk [—] lﬁ;;:‘: — Hpuémuux >

D T wnt)

Kanansusiii npexoaep

‘T‘ frft-nT) OOPATAR CEREL

Pucynok 1 — CrpykrypHas cxema OTDM-cucTteMsl ¢ KaHaJIbHBIM IIPEKOAEPOM

! n.r.m, mpodpeccop kapenpsr «Tenexommyrnkamumy, OHAC um. A.C. ITonosa
3aBeyromuii naboparopueid, Kuesckuii komemk cBsI3u
K.T.H., IpeTojaBatelib, KHeBCKUil KOJUTEIK CBSI3H
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B OTDM-cucreme 0oCyIIecTBISETCS] CBEPTKAa CUTHANIOB!
+00
q(t=nT)=ht=nT)* p(t-nT) = [ f(Oh(t-nT)d,
—0o0

IZie » — 3HaK CBEPTKHU, ¢(¢—nT)— CUrHaiI, Hauboiee ONM3KUI K TECTOBOMY

curtany no kpureputo Muaumyma CKO mocrne mpoxokaeHusl yepe3 KaHal
CBsA3U curHana p(t—nT).

DOopMHUPOBAaHNEM KaHAIBHBIM HPEKOJEPOM CHTHAJa, OMHCHIBAEMOTO
byHKIMER f(), oOecreynBaeTcs afanTalMs NPUEMONEPENAIOIETO TPAKTa

O/ TeKyIue mapameTpsl Kanana. Jns sroro curnan p(f —nT) npembicka-

JKaeTcst Tak, YTOOBI TIIOCIe IPOXOXKISHMS 4depe3 KaHal C YacTOTHO-
CENIeKTHBHBIMH 3aMHUPaHUSIMH U aJIUTHBHBIM O€IIBIM IIYyMOM IIpeoOpaso-
BaTbcsl B curHan ¢(f—nT) OnM3KkMii K TecToBOMy. B kadecTBe TecTOBOTO

CUrHajla MOXET OBbITh BBIOpaH MUMITYJIbC THIIA «IIPUHOAHATHIN KocuHycy [2],
HUMEIOIINI MakCHUMyM B IieHTpe unTepBaia [0,T] 1 cuMMeTpUYHbIH OTHOCUTENBHO
neHTpa. Ha prc.2 nokaszaHbl 3aBHCHMOCTH BEPOSITHOCTH OLIMOOYHOTO IpHEMa OT
OTHOILIEHHs cUTHAI/IyM i1t Moayssiti BPSK: xpuBast 1 B kanate ¢ MCU — st
JIMHEIHOr0 TPaHCBEPCAIBHOTO 3KBajaii3epa [2]; kpusas 2 B kaHane ¢ MCU — a4
OTDM-cucremsr; kpuBas 3 B kaHane ¢ MCH — juis ajanTUBHOTO 3KBajaii3epa ¢
00paTHOH CBS3BIO TI0 pereHnIo [2]; kpuBas 4 — B karaie 6e3 MCHU [2].

N

) 4 c/w, o6

PucyHok 2 — 3aBUCHMOCTH BEpPOSITHOCTH OLIMOOYHOrO IpHeMa OT
OTHOILECHUSI CUTHAJI/IIYM

B 3akiroueHne OTMETHM, YTO C TOYKH 3PEHHSI 3HEPreTHUecKoi 3¢-
¢dextuBHOCTH TprMeHeHne TexHonoruun OTDM s dexTnBHEE 110 CpaBHEHHIO
C IPUMEHEHNEM JIMHEIHOTO TPAHCBEPCATBHOTO dKBaai3epa, HO MPOUTPHIBa-
eT aJanTHBHOMY dKBalaif3epy ¢ 0OpaTHOH CBSI3bIO IO PEUICHUIO B KaHAJE C
nepeMeHHbIME NTapameTpamu ¢ MCH.

IlepeuyeHb CCBIIOK

1. TTouepusie B.H. bopn0a ¢ 3amupanusiMu cUrHaza B MOOHJIBHBIX CHCTEMax CBs3u //
3B’s130K, 2004. — Ne7. — C.34-36.

2. Bapraysux B.A., Llukua 1.A. MeTo/bl TIOBBIIICHHUS SHEPIeTUYCCKON U CIIEKTPaJIbHOM
addexruBHOCTH IUPpOBOit paguroceszu. — CI16.: BXB-TlerepOypr, 2013. — 352 c.
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YK 621.396
IMouepusies B.H.', 3aituenko B.B.

AJIALITUBHBIN SKBAJIAM3EP J1JIsI KOMIIEHCAIIUA
MEXCHUMBOJbHOM UHTEP®EPEHIIMU B MHOT'OJIYYEBOM
KAHAJIE CBA3U

MHoromny4eBoe paclpoCTpaHEHHE PaIHOBOJIH NMPUBOIUT K BO3HUKHO-
BEHHIO MeXCUMBOJIbHOI nHTepdhepeniun (MCH). OnuH U3 M3BECTHBIX Me-
ToJ0B 00prOBI ¢ MCH OCHOBBIBaeTCSl Ha MPUMEHEHUH JKBaJlaii3epoB, KOTO-
pBI€ BEIPAaBHUBAIOT YaCTOTHYIO XapakTepucTuky (UX) kaHana [1].

Lenp paboThl — BO3MOXKHBIN BapHaHT peaju3aliy aJalTHBHOTO K-
Basiaii3epa ¥ BO3MOXKHbIE aJITOPUTMBI €T0 (DYHKIIMOHUPOBAHUSL.

Bo3MOHBI BapHaHT MOCTPOEHHs aJalTUBHOIO JKBajai3epa mpea-
CTaBJIEH Ha puc.l.

Xur () Xnp(t-T) Xy (-2T) Xue(t-(N-1)T)

K PCIIARIICMY
YCTPOIicTRY
ACMOAYAATOPA

Aaropurm 0T PCIAIOIECTO
0DHOBICHHA
koypdhuuncnros yerpoiicTea
ans wara k+1 AEMOLYIRTOPA

PucyHnok 1 — CxeMa ajanTUBHOIO KBajnaizepa

Ha puc.1 BenuuuHa py... pn_; — BeCOBble KOIPMUIUEHTBI, Xyp(y) — CHI-
HaJIbl B OTCUETHBIX TOYKAX.
OxBanaiizep peanuzyetr UX Buzaa:

N-1
Sa}(g (é’) = néo Pn exp(—jg“nT) P (1)

rae { — 0600ImeHHas JaCTOTa CHTHATA.

[Ipn HaxOXIEeHNH BEeCOBHIX K03 duineHToB p, B (1) gacto ucmnoms3y-
eTcsl KpUTepUl MUHUMYMa cpeodnexkgadpamuueckozo omxionenus (CKO) B
OTCUETHBIX TOYKaX MEXKIY M3BECTHBIM TECTOBBIM CHUTHAJIOM M CHUTHAJIOM Ha

1
I.T.H, npodeccop kadpenpsl «Tenexkommynukanmm», OHAC um. A.C. ITonosa
3aBeyromuii naboparopueid, Kuesckuii komemk cBsI3u
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BBIXOJIE JKBajaiizepa. Peammsanus skBanalizepa OCHOBAHA HAa METONE Hau-
Menvuux keadpamog. [Ipu 5TOM MHUHUMHU3AIMS CyMMBI KBaJpaTOB OLIMOOK
JIOCTHT'aeTCs BBIOOPOM BECOBBIX KOI(PPHUIIUEHTOB p,, MOJIYYaeMbIX B PE3YJib-
TaTe PelleHNs CUCTEMBI TMHEHHBIX ypaBHEHUH.

IIpumenenue umepamuenozo anroputma novucka muauMyma CKO ne
TpeOyeT pelIeHns CUCTEMBbl ypaBHEHUH. boree CloXHBIM B peanuzanuu aj-
TOPUTMOM OIIpEJICNICHHsI BECOBBIX KO3((HUIMEHTOB SKBanaiizepa sBISICTCS
PEKYPCUBHBIU ANOPUMM HAUMEHBUUUX KEAOpamog, OTHAKO UMeromuii Ooree
BBICOKYIO CKOPOCTh CXOJMMOCTH K PELICHHIO.

B adanmusensix sxBamaiizepax (puc.l) MOXET HMCIIONB30BaThCA Kak
UTEPATUBHBIA aIrOPUTM HaWMEHBIINX KBAJIPaTOB, TAK U PEKYPCUBHBIN aJIro-
PUTM HAUMEHBIINX KBAAPAaTOB.

3aMeTuM, 4TO B PACCMOTPEHHOM aJallTUBHOM 3KBajiai3epe Mpeblay-
1Iee pelleHne MCIOJb3YeTCs AJIs MOJCTPONHKH BECOBBIX KOA(P(PHUIUECHTOB p,
npu ciepyromeM (k +1) — mare npuHATHS perieHus B aemoayisitope. [Ipu
9TOM JITOPUTM OOPaOOTKH BXOIHOTO CHUTHajla OCTAETCSl TAKUM K€, KaK U B
JMHEHHOM TpaHCBEpCaJIbHOM 3KBaslai3epe.

Hcnonp3oBaHue afanTHBHBIX HKBalal3epoB MO3BOJSAET CHU3UTH ypoO-
BeHb MCH B OTCYETHBIX TOUYKaX, HO HE 00eCHeyMBaeT BO3MOKHOTO MHHH-
MyMa 3Ha4eHUH BEPOSITHOCTH OLIMOOYHOTO TPHEMa B YCIOBHUSIX COBMECTHOTO
BozzaeiictBuss MCU n amautuBHOTO mrymMa. MUHUMUA3AIUS 3HAYCHAN BEPOST-
HOCTH OIIMOOYHOTO HpPHEMA MOXET OBITh JOCTHUTHYTa NMPHUMEHEHHEM METO-
JIOB JIEMOJYJISILIUK, UCTIONB3YIOUHNX aneopumm Bumepobu. [logoOHbIi MeTo
JIEMOJYJISILIMM OCHOBaH Ha MaKCHMMAJIbHO MPaBIONOA00HON OLIEHKE MOCen0-
BaTEJILHOCTH MEPEJaHHbIX 3HaUCHHH [2].

B 3akiroueHne OTMETHM, YTO B MHOT'OJIyUEBBIX KaHalaX, KAKUM SIBIIS-
eTcsl TPONOC(EPHBI KaHaJ CBSA3HU aallTHBHBIC SKBalai3epbl IEMOHCTPUPYIOT
BBICOKYI0 3¢ (dekTHBHOCTH B 60prbe ¢ MCH.

IlepedeHb cCHLIOK
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YK 519.23:004.932.72°1
Capanesny B. E.', Xnamos C. B.2, Bproxoserkuit A. B.., Jlukos E.
H.?, Ioropenos A. B.*, Bacenko B. I1.

IMPOI'PAMMHOE OBECIIEYEHUME OBPABOTKHA JAHHBIX
OINITHYECKUX JIOKATOPOB COLITEC U PE3YJIBTATHBI ETO
AITIPOBAIIMU B ACTPOHOMMH

Onrtuyeckasi JIOKalusi MMEET JOCTATOYHO KOHKYPEHTHBIX MpPEUMY-
HIECTB U MOXET 6BITI) JOIIOJIHCHUEM PAANOJIOKAIUK ITPU HAJTUYUH COOTBETCT-
Bytouiero mnporpammuoro obecrieduenus (I10). OcHOBHOH 0COOEHHOCTBIO
NPOrpaMMHOT0 o0OecredeHns: oOpabOTKH JaHHBIX ONTHYECKOro JIOKaropa
CoLiTec siBisieTcss JOCTOBEpHOE HAJIEKHOE OOHAPYIKEHUE IBHXKYIIUXCS 00b-
€KTOB Ha (poHE OOJBIIOTO KOJMYECTBA HEHOABIKHBIX B CIIOKHBIX YCIIOBHAX
HaOJIIOIEHMSL.

JlocToBepHOE Haze)KHOE OOHapyXEeHHE IBIKYIIHXcs 00bekToB B I10
CoLiTec obecneunBaeTcs KOMIUIEKCHBIM HCIIOJIB30BAHNEM TPEX OPUTHHAIH-
HBIX METOJIOB OOHAPYKEHHS MBIDKYIINXCA OOBEKTOB ¢ OBICTPHIM (OOBEKTOB C
n300pakeHreM, CMa3aHHBIM COOCTBEHHBIM ABIDKeHHEM) [1], cpexHuM U oKo-
JIOHYJIEBBIM BUAMMBIM JBIDKEHHEM [2].

Pazpaboruukamu 10 CoLiTec co3nan MeTos HaKOIUICHUS] H300paXxke-
HUA BIAOJb TPACKTOPUH C JIOKAJIBbHO HCU3MCHHBIMU IapaMEeTpaMu BUIAMMOIO
JBIDKeHUs. JlaHHBI METOx Jier B OCHOBY pPa3pa0OTaHHOTO [BYXSTAITHOTO
BBIYMCIIMTENIBHOTO MeToJla 00pabOTKM JaHHBIX ONTHYECKHX JIOKATOPOB IS
OOHapy)XeHHsI ABIKYIIMXCS 00BEKTOB. MeTox oOecneunBaeT HAKOIUICHHE
JIAHHBIX BJIOJIb TPACKTOPHH 0OBEKTOB ¢ HEM3BECTHBIMH ITapaMEeTPaMH JIBHKE-
HUSI ITyTE€M HCIOJIb30BaHUS TPEIUIOKCHHOTO MHOTO3HAYHOTO MpeoOpa3oBa-
HUSI KOOPIMHAT 0OBEKTOB. 3a CUET STOTO METOJ 00ECIIeYHBACT MOTCHIINAIb-
HO BO3MOXXHBIE ITOKA3aTENN KauecTBa 00OHAPYKEHUS JIBIKYIIUXCA OOBEKTOB,
KOTOpBIE TOXKAECTBEHHBI 3HAYCHISIM IOKa3aTelel KadecTBa OOHApYKEHUS
HETIOABIKHBIX 00BEKTOB. BBIUMCIUTEIBHBIC 3aTPaThl METOa CTAOMIU3UPO-
BaHbI Ha IMTPUEMIIEMOM YPOBHE 3a CUHET llByXf)TaHHOﬁ peain3anu HAaKOIIJICHUA
JIaHHBIX BJI0JIb BO3MOXHBIX TPACKTOPUN U JIMHEHHON 3aBUCUMOCTH BBIYUCIIH-
TENBHBIX 3aTpaT OT KOJIWYeCTBa 00pabaThiBaeMbIX U3MEPEHHH, B OTIMYHE OT
9KCIIOHEHIMAIBEHON 3aBHCUMOCTH IIPH UCIIOJIb30BAaHUU CTPOOOBBIX METOIOB.
Pa3paboTaHHbIi METO/I MO3BOJIMII CYIIECTBEHHO CHU3UThH IOPOTH B YCTPOMCT-
BaxX M IMpOTrpaMMax NMEepBUYHON 0OpabOTKH, UTO Aal0 BO3MOXKHOCTH OOHApY-

! 3ap. naGoparopun 31IPH TKAY

2 Hayunsrii cotpyaaunk HUU acrponomuu XHY um.B.H.Kapaszuna
* Minammmit Hay4HbIl coTpyaauk H1W mukporpadun

4 IIporpammuct npuknagaoit TOB HIIT

> 3am. HauanbHuka LIKUuC HIIYUKC
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JKUBaTh OOBEKTHI CO CHIKEHHOW KOHTPACTHOCTHIO UX u300paxkenwmii. [lepen
oOHapyXeHHEM JBIKYIINXCS 00BEKTOB OTOPAaKOBBIBAIOTCSI OOBEKTHI, HEO -
BWDKHBIE HA CEPUU KaJJpOB.

B I1O o6pabotkn nanHbIX onrtHyeckux jokaropoB CoLiTec Tak xe
NPEATIOKEH U HCIOJIB3YETCsl METOJl OOHapyXEeHUs] N300pakeHHH OOBEKTOB,
CMa3aHHBIX COOCTBEHHBIM JIBIDKCHHEM. Ha mepBoM 3Tare BBIAEISIOTCS Mpo-
TSDKEHHbIE M300pa)XKEHWS B COOTBETCTBHHM C BBIODAHHBIMH CEJIECKTHBHBIMHU
npu3zHakaMu. Ha BTOpOM 3Tame HCKIIo4YaroTcsi oOpa3oBaHHBIC CIydaiHbIC
KJIacTepsl 0OBEKTOB ¢ KPYTroBBIMHU nM300paxkeHusMu. Ha TpeTtbem stame mpo-
BEPSETCSA COTJIACOBAHHOCTH IIOJIOKCHUH BBIACTICHHBIX NPOTSHKEHHBIX H30-
OpakeHuit Ha pa3HBIX Kanpax [1]. OOHapykeHHe 00BEKTOB C OKOJIOHYIIEBEIM
BUIUMBIM [IBIDKCHUEM OCYILECTBIAETCA C TOMOINBI BHeApeHHoro B 110
CoLiTec pa3paboTaHHOTO BEIYHUCIMTEIHHOIO METO/A, OCHOBAHHOTO Ha KPH-
TepUH 3HAYUMOCTH (haKTOpa CKOPOCTH BHAMMOIO JIBIDKEHUS HCCIIELYEMbIX
00bekToB. OCHOBHOH OCOOEHHOCTBIO METOJIa SIBJISIETCSI TIPOBEPKA CTATHUCTH-
YeCKOW 3HaYMMOCTH (haKTOpa CKOPOCTH BUIMMOTO IBHXXEHUsI 00bEKTa C I10-
Molupto f-kpurepust duiiepa BMECTO TPAJAUIIMOHHOTO PUMEHEHUS KPUTEPHS
MaKCHMAJILHOTO TpaBaonooous [2].

I1O o6paboTku maHHBIX onTHdeckux JokaropoB CoLiTec cocrout u3
3HAYUTEIBHOTO KOJMYECTBA OTAEIBHBIX HCIOIHUTEIBHBIX MPOTrPaMMHBIX
MOJyJel [Uisi: BEIpaBHUBaHMSA (poHA NU(BPOBBIX KaJpOB, OLIEHKH ITapaMeTpOB
n300pakeHN OOBEKTOB Ha Kajpe, pacyera Kod(QuImeHTa acTpomMerpuye-
CKOM peayKLHU U3MEPEHHH KaApOB, CIOXKEHHS KaIpoB, MHTEPAKTUBHOH 3a-
TPY3KH JAaHHBIX aCTPOHOMHYECKHX KaTaJOroB, OTOXKIECTBICHHS KaJpOB CO
3BE3IHBIMH KaTaJIOraMH, CETMEHTAlMM H300paXeHUH OOBEKTOB Pa3IHIHOMN
(dbopMbl Ha Kajpe, on-line morcka U 00pabOTKK KaApOB B TCUCHHE HaOIOIC-
HUsSI B MHOTOIIOTOYHOM PEXHUME C MPEAYNPEHIACHUEM KOJUIU3UI, KOHTPOJIS
BBIYKMCIIMTENILHOTO Mpoliecca 00pabOTKH, PEAAKTUPOBAHHS W HACTPOMKH
npodwis KoHGUTypaIu Uit 00pabOTKH, JTOTHPOBAHUS COOOIICHUI BBIYKC-
JIUTENFHOTO Tpoliecca 00paboTKH.

C ucnons3oBanreM CoLiTec Obu10 OTKpBITO 4 KOMETH U OoJiee yeM
1500 acTepounos, cpenn KOTOPBIX 5 OKOJIO3E€MHBIX aCTEPOUIOB, a TAKXKE OT-
npasieHo B Lleatp Mansix [Inaner 6osee 700 000 n3mepennid.
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AHAJII3 METO/IB BUPIIIEHHS BHYTPIINIHbOI TPAHUYHOI
3AJJAYI EJIEKTPOAUHAMIKHU JJISA PE3OHATOPHUX
CTPYKTYP 3 YACTKOBUM JAIEJIEKTPUYHUM 3AIIOBHEHHAM

JlocmiKeHHsT CTPYKTYpU TOJIS B XBHJIEBOJIHO-PE30HATOPHHUX CHCTE-
Max, a TaKOX BU3HAUYCHHS MApaMeTpiB TaKUX CTPYKTYp IPYHTYEThCS Ha pi-
HICHHI CHCTEeMH DPiBHSHb MakCBe/Ula Ipy HaKJIAJACHHI Ha HUX BIAMOBIIHUX
IPaHUYHUX 1 TOYATKOBHX YMOB.

[Tpu BupilIeHH] BHYTPIIIHBOT IPaHUYHOT 3a1a4l €JIEKTPOANHAMIKH JUIS
PE30HATOPHHUX CTPYKTYP 3pYYHO BUKOPHCTOBYBAaTH CHUCTEMY DiBHSHb Makc-
BeJUIa, 3amucanux B audepenuiiiHiii popmi. Kpim Toro, 1 cucrema piBHIHB
MakcBena IMOBHHHA 33I0BOJIGHATH TPAaHMYHUM YMOBaM Ha MEXI1 po3aily ce-
PEIIOBHII i HA METAJIEBUX CTIHKAX PEe30HATOPA.

JUnst 3HaXOIDKEHHS BIIACHUX XBHJIb Ta KOJMBAaHb PE30HATOPHOI CTPYK-
TypH BBaXKAlOTh, [0 CTOPOHHI CTPYMH Ta 3apsIy BiACYTHi. 3a yMOBH, IO

BEKTOpH HAIPYKEHOCTI eNeKTPUIHOro FE Ta MarHiTHOro H OB MaioTh
rapMOHIMHHI XapakTep, cucTeMa piBHsSHb MakcBeula CIpOCTUThCS 1 Halye
BUIJIAMY:

rotH = &g, joE(F,7);
rotk = — gty jorH (7, );
divE(¥,7)=0;
divH (¥,7)=0;
Ie & ,4 — eJEeKTPUYHA Ta MarHiTHA CTaJli MOBITPS,
0 0
£ — KOMIUIEKCHAa BiIHOCHA ieJeKTpHYHA TPOHUKHICTH CEPENOBHIIA, IO
3alOBHIOE PE30HATOp, 4/ — BIIHOCHA MArHiTHAa MPOHHUKHICTh CEPEIOBUINA,

II[O 3aIIOBHIOE PE30HATOP.

BruiBaroun omepaTopoM poTopa Ha Ieplie piBHSHHS CHCTEMHU 1 M-
CTABISIOUM B HHOTO BHPA3 Ay potopa E 3 APYroro piBHSAHHS CHCTEMH,
oTpHMaeMo piBHsHHS IebMrobIa moxo Bexropa H

Vx(&'VxH(F,7)) - 0 us pt, H(F,7) = 0.

AHaNOTIYHUM YMHOM MOKHA OTPHUMATH PIBHSHHA [ eIpMrompma i

BexTopa E :

Ler. npenonasarens SHTY
% 1-p. TexH. Hayk, poecop SHTY
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Vx(u'VxE(F,7)) -0’ ée, 1, E(F,7) =0 .

CrinbHO 11 ZBa PIiBHSHHS ()OPMYIOTh BHYTPILIHIO TPaHUYHY 3a/1a4y
CJIEKTPOIMHAMIKH.

Bci Meronu BupinieHHs BHYTPINIHBOI I'paHWYHOI 3a7adi eJIeKTpojau-
HAMIK{ MOXKHA PO3IUTATH Ha TPU TPYIH: aHATITHYHI, YACEIbHO-aHATITHYHI,
YUCETbHI METOIH PillleHHS.

3MiCT aHAITAYHUX METOJIB MOJATAE B TOMY, IO B TPOIIEC PIllICHHS
OTPUMYIOTh aHAJITHYHI BHpa3d, TOOTO GopMmynH, yepe3 Bimomi (yHKIi KO-
opauHAT i 9acy (abo B BUIIIAII HECKIHUEHHUX PsAiB 1o uuM (yHKIisaM). [le-
pEeBaroro aHATITHYHUX METOZIB € TOYHICTh PE3yNbTaTiB, IO OJepKyIOTh. He-
JIOJIK aHATITHYHUX METO/IB MOJISATae B TOMY, 1[0 BOHH MOXYTbh 3aCTOCOBYBa-
THUCS JIILE 70 HEBEJIMKOTO YHUCIIa, SIK MPABUIIO, HE Jy)KEe CKIaJHUX 32 CBOEIO
CTPYKTYPOIO 33/1a4 — Ii¢, SIK MPaBUIIO, 00IacTi mpaBuiibHOT GopMu (mapae-
Jerinen, KyJis, UIHP TOIIO) 3 OJAHOPITHUM i30TPOITHIM 3aTIOBHEHHSIM.

YucenbHI METOIU 3BO/ISTH PIllIEHHS BHYTPINIHBOI IPAaHUYHOI 33/1a4i 10
BUKOHAHHS KiHIIEBOTO YMCIa apu(pMETHYHHUX OIEpalliif 1 TaroTh pe3ybTaT y
BUIJIS/II YHCIIOBOTO 3HAYCHHS 3 MOXHOKOIO, MPUIHATHOK ISl KOHKPETHOTO
JIOCHiDKeHHs. Pe3ynmbTaTh mpu [pOMY, SIK MPaBHIO, BHPAXKAIOTBCI B
TaOMUUHIA Gopmi abo y BUTIAAI TpadidHUAX 3alIe)KHOCTEH, IO HE 3aBXKIU
3pYYHO.

UncenpbHO-aHATITHYHI METOOM 00’ €IHYIOTh IepeBaru i HEJOJIKH UH-
CEJLHOTO Ta AHATITUYHOTO METO/IB.

Jlo nosiBu mBuakoairounx EOM OCHOBHUMH METOJaMH aHai3y Oyin
aHAJIITHYHI Ta YHCEIbHO-aHAMITHYHI MeTonu. OIHaK, YCKIaJHCHHS pe30Ha-
TOPHHUX CTPYKTYp 1 HIBHIKHH PO3BHTOK OOUYHCIIOBAJIBHOI TEXHIKH CIIPHSIIO
TOMY, L0 YHCENIbHI METOJM CTAJIM OCHOBHHMH 1 IIMPOKO BXXKUBAHUMH IS
BUPINIEHHS BHYTPIIIHBOT KpaioBOi 3a/1a4i eJIeKTPOANHAMIKH.

Ix Moxua PO3MALIUTH HA JBi TPYNHU: YUCETBHI METOIM IJIsi BUPITIICHHS
IuepeHIliaTbHIX PIBHAHD 1 YHCENBbHI METOOW JUIS  PO3B’SI3aHHSA
iHTerpaibHUX piBHAHb. Jl0 mepmoi rpynH METOHIB HaleXaTb: METOX
KiHIIEBUX Pi3HUIIb, METOJ] KIHIICBUX €JIEMEHTIB, MeTo JiHil nepexadi (TLM).
Jo npyroi rpymu METOZIB BiZHOCSTH: METOI MOMEHTIB, METOJ T'PaHIMIHIX
IHTETPaJbHUX PIBHSHB, METOJ TIOBEPXHEBUX IHTETPATHHHUX PiBHSIHb.

Y [IOmOBiAI PO3MISAHYTI MEpeNTideHi METOAU, Ui KOXKHOTO 3 HHX
HaBeJICHI TIepeBary 1 HeAOMIKH Ta pEKOMEHIAIIT A1 00J1aCTi 3aCTOCYBaHHS.
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Conomenrnes O.B.!, 3anicokniit M.IO .2, I'epacumMenko T.C.3, MycieHko A.04

MPOIEJTYPA BUSIBJEHHS HECTAIIOHAPHOCTEM M1 YAC
BU3HAYEHHSA TEXHIYHOI'O CTAHY PAJIOTEXHIYHUX
3ACOBIB

OCHOBHOIO BUMOTOIO JIO aBiallifHUX MEpeBe3eHb € 3a0e3medeHHs 0e3-
MEKH Ta PEryJIipHOCTI MOJILOTIB MOBITPSIHUX CyJeH. HazemHi pagioTexHivyHi
3aco0M, 10 SIKUX HAJIeKUTh OONaJHAHHS pajio3B’s3Ky, pajioHaBiraiii,
paniosyokaiii, aBTOMaTH30BaHI CHCTEMU KEPyBaHHsS IOBITPSHHM pPYyXOM,
NpU3HAUYeHi sl 3a0e3le4YeHHs BUCOKUX PIBHIB OE3MEKH Ta peryJsipHOCTI
MOJIBOTIB B YAaCTHHI, 0 0OyMOBJIEHA iX BUKOPHCTAHHSIM B MPOLEC] JILOTHOI
IISUTBHOCTI TIOBITPSHUX cyAeH. HamiliHicTh (yHKIIOHYBaHHS Ha3eMHHX
PamioTeXHIYHUX 3ac00iB 3aJISKUTH BiJl CHCTEMH iX eKcruryararii. L{s cuctema
BKITIOYAE TaKi CKIIAJOBI, SIK BIIACHE 3aCO0M, TEXHOJIOTIYHI MIPOIIECH, IIEPCOHA,
HOpPMAaTHBHI JOKYMEHTH, pecypcH Tomo [1].

Jo mporieciB y cucTeMax eKcInIyaTamii BiTHOCSATh: BUKOPHCTAHHS 3a-
co0y 3a TMpu3HAYEHHSIM, MOHITOPHHT, KOHTPOJb, TEXHIYHE OOCITyrOBYBaHHS,
PEMOHT, ITPOJIOBKEHHS PeCcypcCy TOLIO.

['o/10BHOIO 33Ja4yer0 CUCTEMH eKCIuTyaTanii € MiHIMi3allisi BUTPATHUX
pecypciB Ui 3aJaHUX PiBHIB aepoHABIraliiHux pu3ukiB. OJHUM i3 NUIAXIB
BUpilIeHHsS 1ii€i 3agadi € (opMyBaHHS Ta BUKOHAHHS CBOEYACHHUX
3aMo0KHUX Ta KOPEryBaJIbHUX IiH IIOJMO eKCIUIyaramil paaioTeXHIYHHX
3ac001B, TEXHIYHUI CTaH SKUX 3MIHIOETHCS BHACHIJIOK BiZIMOB, IOIIKO/IKEHD,
HETIPaBWIBHUX Ail 0OCIYroBYIOHWOTO IepcoHany Tomo. [IpaBuibHe BH3Ha-
YEeHHS TEXHIYHOTO CTaHy paAiOTeXHIYHOro 3aco0y TIpYHTYeTbcs Ha
BHKOPHUCTaHHI IPOIIEITYp CTATHCTUIHOT 0OPOOKH TaHUX.

Binomo, 110 mix wac HOpMaNBHOI eKCILTyaTalii pamioTeXHIYHOTO 3ac0-
Oy JuI1 OIHMCYy HaNpamloBaHb Ha BIIMOBY 3a3BH4Yail BHUKOPUCTOBYIOThH
€KCIIOHCHINATbHY INIIBHICTh PO3IOILTY HMOBIPHOCTEH 3 3aaHUM 3HAYCHHSIM
IHTEHCHBHOCTI BiAMOB. Y HallpoCTIIOMY BHIIQAKY TMiJi Yac 3MiHH
TEXHIYHOTO CTaHy 3aco0y B NESKHH HEBIIOMHII MOMEHT 4acy BiJI0OyBaeThCs
3MiHa BEJIMYMHHU IHTEHCHBHOCTI BIJIMOB, XapakTep WIUILHOCTI NpPU IbOMY
30epiraerbesi. OTKe, HA CyMapHOMY IHTEpBalli CHOCTEPEKEHHs 3a TPUBAJIO-
CTSIMHU HaNpallOBaHHS Ha BiIMOBY CIIOCTEPIra€ThCsl HECTALlIOHAPHUIA BUIIAI-

' 1-p Texu. mayk, npodecop kadeapy aBialiiiHEX pajiOCNEKTPOHHMX KOMILICKCIB
Hartionansroro asiamiiinoro yuisepcurety (HAY)

> KaHZ. TeXH. HAyK, JOLEHT KaQeapy aBialifHHX pamxiOTeKTPOHHHX KOMILICKCIB
HAY

* acripaHT Kadeapy aBiaiiHIX pagioeNeKTPOHHIX KoMIUTekciB HAY

* acrripaHT Kadeapy aBiaiiHIX pagioeNeKTPOHHIX KoMIUTekciB HAY
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KOBHI mporec. ToMy BHSBIEHHS IOTIPIIEHHS TEXHIYHOTO CTaHy Oe3roce-
penHBbO TIOB’s3aHE 3 BHSBJICHHSIM HE CTAlliOHAPHOCTI Yy TPEHAl 3MiHU
TPHBAJIOCTI HAIPaNOBaHb Ha BiZIMOBY.

V wiii poOOTI [UIsl BUSIBIICHHSI HECTAL[IOHAPHOCTI OyJla BUKOpUCTaHa KJa-
cuyna nporeaypa CUSUM, onTuMmanbHICTh K0T JoBeaeHa B [2]. Biamosigxo 10
Ii€] MporeTypy BUPIIIATEHA CTATHCTHKA (DOPMYETHCS 32 MIPABHIIOM

0, =(n-k)na+rl-a) 31,

i=k+1
Ile A — 3HaYCHHS iHTEHCHBHOCTI Bi]MOB J0 TIOYATKY MHOTipIICHHS TEXHITHOTO
CTaHy paaiotexHiuHOro 3aco0y (A >0); a — mnapamerp mOTipUICHHS
TEXHIYHOTO CTaHy (a > 0), o MOoKa3ye y CKiIbKH pa3iB 3MiHMIOCH 3HAYECHHS
IHTCHCUBHOCTI BiIMOB; 7 — 3arajibHa KiJIbKiCTh 3a()iKCOBAaHUX BiJIMOB 32 4ac
CIIOCTEPEKCHHS, kK — mapaMmeTp, IO IOCIIJOBHO HaOyBa€ BCiX 3HAYCHb B
iHTepBai [l; n]

BBaxaeTbcs, o B TpeH/I 3MiH TPHBAJIOCTI HAMPAIIOBAaHh HA BiJIMOBY
IPHUCYTHIN HecTallloHApHU XapakTep, AKIo max 0, >k, ne & — nopir npuii-
HATTSI PILIEHHS, IO B I[bOMY JOCII/DKEHHI pO3paxOBYBaBCs ILIAXOM CTaTH-
CTUYHOTO MOJICITIOBAHHSI IS 33JaHOi HMOBIPHOCTI XMOHOTO BUSIBJICHHSI.

AHani3 po3rIsHyTOl MPOLEeypH BUKOHYBaBCS IIUIIXOM MOOYAOBH Xa-
PaKTepUCTHKHM BUSBIICHHS. baraTokpaTHe MOJENIOBaHHS  3aCBLIYMIO
npugatHicts npouenypu CUSUM s HaWIIBHINIOTO BU3HAYCHHS 3MIiHHU
TEXHIYHOTO CTaHy PaJiOTEeXHIYHHUX 3aCO0iB.

PosrnsHyTa mporieaypa BUSBICHHS HECTAIiOHAPHOCTEH Moxe OyTh
BUKOpPHCTAHA TIiJl Yac MPOEKTYBAaHHS Ta MOJEpHi3allii CHCTeM eKCILTyaTarlil
pamioTeXHIYHUX 3aCO0iB.

Ilepenik nocunanp
1. Solomentsev O.V., Melkumyan V.H., Zaliskyi M.Yu., Asanov M.M. «UAV
operation system designing.» IEEE 3rd International Conference on Actual Problems
of Unmanned Air Vehicles Developments. Proceedings. October 13—15, 2015 (Kyiv,
Ukraine), PP. 95 — 98.
2. Tartakovsky A., Nikiforov I., Basseville M. Sequential analysis: hypothesis testing
and change-point detection. New York: 2015, Taylor & Francis Group, 580 p.
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BUAIJIEHHA YACTOTHUX CKJIAJOBUX HECTAIHIOHAPHUX
CUTHAJIB 3A JOIOMOI'OXO BEMBJIET-®LIGTPIB

BuxopuctaHHsS CydaCHHX MigXO/iB, iX KOHTPOJb, afanTallisi Ta BIpPO-
BaJ/DKEHHS € TOJOBHUMH (hakTopaMu B oOyacTi mudpoBoi 0OpoOKH TaHHX.
BeiiBner-neperBopennss (BII) € omHi€r0 3 NEPCHCKTHBHHUX TEXHOJOTIH
aHai3y JaHWX, HOTO IHCTPYMEHTH 3HAXOJSTh 3aCTOCYBaHHS B CAMMX Pi3HUX
chepax  IHTENEKTYyalbHOI  JisUTBHOCTI. BeliBner-anania  ycmimmHo
3aCTOCOBYETBCS JUIsl 3a/1a4 aHaNi3y Ta PO3Mi3HABaHHS 3BYKOBUX CUTHAIIB i
300pa)KeHb, a TAKOX 1X CTUCHEHHs, QiIbTpaLii i ToporoBoi 0OpoOKH, aHaAIIZY
€KOHOMETPUYHUX TaHWX, MCIUIHUX JaHUX (KapIiocirHajoB i eHmedarorpam
TOJIOBHOT'O MO3KY, aHuX ToMorpadii) Ta in. Jlani ¢yHkuii maroTs 100py dac-
TOTHO-YacOBY JaNTaIlil0 Ta MAIOTh 3MOT'Y CIIy>KHUTH 3pYYHUM 1HCTPYMEHTOM
JUTSL TOCIIJPKEHHS YaCTOTHHUX XapaKTEPUCTHK HECTAIlIOHAPHOTO CUTHAITY.

Hespaxkaroun Ha Oe3miu myOmikamiid, OB’ S3aHUX 3 NMPAKTHYHUM 3a-
CTOCYBaHHSIM  BEHBIICT-TIEPETBOPEHHS, B JaHHH 4Yac  3aJHIIAETHCA
HEBHPILLIEHUM PSiJ] 3aBJIaHb, MIOB’SI3aHUX 3 OLIIHIOBAHHSIM HapaMeTpiB caMoro
BEHBIIET-IICPETBOPECHHS TIPU JIOCIIDKEHHI 00’€KTIB pI3HOI Mpupoau: BUOIp
napameTpiB MpH NomnepenHii o0poOIl JaHuX, BUOIp BeHBIeT-0a3uCy, BU3HA-
YeHHsI piBHS BEHBJIET-IEKOMITO3UIIIT Ta iH. BU3HaUYeHHS ONTUMAaIbHOTO BEHB-
ner-0a3ucy € BaXJIMBUM €TaroM y BeWBJIET-aHalli3i, TOMy, 1[0 caMe 3 LbOro
6azucy OyIyTh IPOXOANTH MPOLECH PO3KIATaHHI-CKIAIAHHS (IEKOMITO3HUIIIT
Ta PEKOHCTPYIOBaHHs) curHany. Ha nanumii yac BuOip MaTepHHCBKOTO BEWB-
JIETy HOCHUTbH Cy0’ €KTHBHHI XapakTep 1 IPYHTYEThbCS Ha iCHYIOUOMY IOCBIJI.
Takoxx oxmHi€ro i3 3a1a4, eEeKTUBHE PIIIEHHS SKOi IHUPOKO 3aTpedyBaHe y
uudpoBiit 00poOIli CUTHATIB, € PO3KIaJaHHSI BHXIZHOTO CHUTHAITY CKJIAITHOI
(hopMH Ha CKIIaI0Bi, BUMOTA JI0 AKUX BU3HAYAETHCS, BUXOISIYH i3 IPUKIATHOT
3amadi.

BuznaueHHst BeliBiieT-0a3ucy sl aHAJI3y CHIHAIB € BaXJIMBUM €Ta-
nom B 3actocyBanHi BII. [{5s po3B’si3Ky 1[bOro BU3HaueHHsS! B poOOTI 3ampo-
TIOHOBaHO METOJI BH3HAUYCHHS ONTHUMAaJbHOIO BeEHBIET-0a3ucy Ha OCHOBI
nocnimpkenass BUX. Bararo B womy Bix Toro, sikuit 6azuc i piBeHb po3Kiia-
JaHHs Oyzne oOpaHuii, 3aJIeKUTh pe3ysibTaT pOOOTH MaTeMaTU4HOro anapary
BII. ITpu modynori BUX BefiBiery criouaTky BukoHyeThes npsme BIIL. TTicns
IIOTO  OOYMCIIOETHCS  BIJHOWICHHS  CEPEJHBbOKBAJPATHYHUX  3HAYCHb
KoeillieHTIB po3KiIagaHHs 1 BUXigHOrO curHaimy. [Iponenypa moBToproeThes
IUTS Pi3HUX 9acToT y 3amaHoMy iHtepBaii (Bix 0 I'm qo wactotn HaiiksicTa).

' K.1.1., Hayk. crisp. 3HTY PTT
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Just xoxxHoT nemocTkr BUX M0oKHa BU3HAYUTH HACTYIHI ITApaMeTPH: HINPHU-
Ha CMYTW MpPOINYCKAaHHS TOJIOBHOI MENIOCTKH, IUIOIA OIYHHMX MENOCTOK,
ONMU3BKICTh IEHTPAIBHOI YaCTOTH TOJIOBHOI TMENTIOCTKH JI0 YacTOTH
JIOCHI/PKYBaHOTO curHairy. ONTHMaIbHUM BEHBIIET-0a3MCOM Ha3BEMO TaKWi
BEHBIIET, JUIA SIKOTO JIOCATAETHCS MiHIMI3allisl BUIIE 3a3HAYSHUX IIapaMeTpiB.

Jnst BUpiIIeHHS 3aBIaHHs IEKOMIO3UII] CHTHAITY CKJIa{HO1 (hopMHU Ha
He3aJIeKHI CKJIQJ0BI BBEICHO NMPABUIIO: TIEPITYy KOMIOHEHTY CHUTHAIYy MOXKHA
OTpUMAaTH, BiTHOBHBIUM CHUTHAJ BEHBIICT-IICPETBOPEHHSAM Ha NEBHOMY piBHI
3a anpoKCHMAmiHHUMH Koe(illieHTaMH; Ipyra KOMIIOHEHTa OTPHMYETHCS
IUIAXOM BiHIMAHHS TepIIoi KOMIOHEHTH i3 3arajbHOTO CUTHATY. Po3pol-
JCHUH METOJ ONTHMAJBHOI NEKOMITO3UINI CHTHAIY CKIAagHOI (OPMH, SKHAN
BUKOPHCTOBYE KpHUTepill MiHIMI3alil cymapHoi eHTpomii BeWBIeT-
Koe(ilieHTIB 000X KOMIIOHEHT MpW BH3HAYEHHI ONTHUMAJIBHOTO pIBHA
JEKOMIIO3HUMIi, BIJHOBICHHS CHUTHAIy 3a aIpPOKCHMYIOUHMMHU BEHBIIET-
Koe(ilieHTaMU ONTHUMAJILHOT'O PiBHS JAEKOMITIO3HMIIIT, IO J03BOJISIE PO3KIACTH
CUTHAJI CKJIaZHOI (hOpMU Ha HE3aJIC)KHI CKIIAZOBI. 3a pe3ylbTaTaMu poOOTH
MeTony Oyae OTpUMaHO KPUBY PO3MOJALTY CyMapHOI BEWBIET-EHTPOIMil KOM-
MOHEHT CUTHaNy (BEHBJIET-EHTPOMIS XapaKkTepHU3y€e IOCEPEIHICTb,
«PO3Ma3aHiCTh» CUTHAILy Ta Jla€ KPUTEpid TOTo, CKUIBKM HEOOXiTHO edek-
THUBHHX KOMIIOHEHT, 1100 TNPEJCTAaBUTH CHTHAI y NMEeBHOMY Oasuci). Onru-
MaJIbHUM PIBHEM JEKOMIIO3HWIN] BiINOBITHO € TOH, KWl Hajae MiHIMallbHE
3Ha4YeHHS BelBieT-eHTporii. TakuM 9uHOM, OOTpyHTOBaHKI BUOip Oa3ucy Ta
PIBHS JICKOMITO3HIII A03BOJIIE KOMIUIEKCHO OLiHUTH Hapamerpu BII, miozmo
3aCTOCYBaHHsS /0 HECTAL[IOHAPHUX CUTHAJIIB Ta OyTH  OCHOBOIO
iH(pOPMAIIiHOT TEXHOJIOT .

Po3pobneni Mertoam Ta iH(pOpMAIliiHA TEXHOJOTiS KOMILICKCHOTO
ouiHioBaHHS mnapamerpiB  BIl  HecramioHapHMX CHTHANIB  TPAKTUYHO
3aCTOCOBaHI B aHaJI3i Ta JiarHOCTyBaHHI 00’ €KTIB Pi3HOI MPHUPOAHU, 30KpeMa
B Menu4Hil (kKapmiosorii) Ta MammHOOYyMiBHIN ((pe3epyBaHHi) Tramy3sx B
HACTYIHHX 3aJadaX: BHUAUICHHS TPOQIIIB XBWIACTOCTI Ta IMOPCTKOCTI
npodisorpaM MeTajJeBHX IOBEPXOHb, BHSBICHHSI OCHOBHUX KOMILIEKCIB
KapaiocurHany. ExcriepuMeHTanbHi JOCTIHKEHHS MiATBEPANIA KOPEKTHICTh
3anpornoHoBaHux MeTomiB Ta IT. JIOCTOBIpHICT OTPHUMAaHUX MPAKTHIHHX
pe3ynbTaTiB MiATBEpIKEHA EKCIIEPUMEHTABHIMHA TOCITIKCHHSIMH CTBOpPE-
HOTO IPOrPaMHOrO0 3a0e3NeYeHHS.
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UDC 004.942
Kasian M.M.!, Kasian K.M.?

SYNTHESIS OF CURRENT TOLERANCES FOR
THE PARAMETERS OF INTERNAL ELEMENTS DEPENDING
ON THE TIME AND OPERATING CONDITIONS OF THE
COMPUTER SYSTEM

In real terms, the hardware part of computer systems is exploited un-
der varying parameters g and input influences X, which leads to a variation of
the vector of output characteristics

Y =F{X,q(Z)}, 1)
where X — vector of input influences, ¥ — vector output characteristics, ¢ — vector
of the internal parameters of the system, Z — vector of the set of external factors.

In the process of manufacturing computer equipment, the calculated
values of the parameters of elements and internal bonds are realized with
technological errors, and in the conditions of operation these parameters re-
ceive additional variations under the influence of aging processes of materi-
als, mechanical, thermal and other external factors [1]. Therefore, in the study
of parameter fluctuations and the parameters themselves, and the initial char-
acteristics can be regarded as random functions of time. At the same time, at
each moment of time, the connection between the mathematical expectations
of the output characteristics and parameters, as well as between their mean-
square deviations, can be obtained in the form of probable models from the
expression (1). For this expression (1) decomposes into a Taylor series
around the calculated point:

Y=Y, +4/(q-q,)+ AL(X - X,), @
where Al and 4} — matrix of absolute first-order sensitivity functions, y, —

estimated vector of output characteristics, ¢, — calculated vector of parame-
ters, y, — calculated vector of influences.

Subtracting from the expression (1) the given calculated value of the
vector of output characteristics, we obtain the absolute variation of the vector
of output characteristics:
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Y-, :Fp{XPaqP}_Fs{Xsa%}JrAqy(q_QP)+A,;Y(X_XP)a

where F, — the settlement operator, which, when developing the system may
not very different from the given £, v, ¢, x, — given calculation vectors that
are different from Y,,g,,X,, because the nominal values of the parameters
are of a standard value.

Taking the notation Ay=Y-Y,, AF=F,-F,, Aq=q—q,, We get
AY:AF+A; xAg+ Ay xAX -

Thus, the error of the output characteristic consists of three errors:

AY =AY, +AY, +AY, »

where Ay = AF — the error due to the distinction of the settlement operator of

the system from the ideal (such error is allowed when designing, based on the
possibilities of project implementation);

AY, = A: x Ag — the error is due to the deviation of the real values of
the parameters of the system from the calculated under the influence of tech-
nological and operational factors, ie AY, = quT + quE = Aqy x(Agq; +Aq;) s

AY, = A - AX — the error is due to the deviation of the vector of input
impacts from the calculated value during the operation of the system (this
error should be attributed to the operational).

If grouped individually technological AY, and operational AY, com-

ponents of error, we get:

AY =AY, +AY, +AY, . (3)
Moreover AY, = A x Aq; “)
AYEzAngquLA;xAX. %)

The obtained equations (3), (4) and (5) can serve as the basis for con-
sidering the question of the synthesis of tolerances on the parameters of the
system elements while ensuring the diagnosis at the stages of design, produc-
tion and operation of the computer system [2].
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Kudermetov R.K.!, Polska O.V.2, Finogenov Y.AS

INDUSTRIAL SIMULATOR FOR ON-BOARD
SOFTWARE VERIFICATION

Introduction. Applying modelling and simulation at all stages of the
Attitude Determination and Control Subsystem (ADCS) development allows
to verify the algorithms and on-board software (OBSW) of the spacecraft
(S/C) and significantly reduces the time and costs of spacecraft development
and testing in general [1]. In this paper the structure of the test bench (TB)
and its software for OBSW testing and verification are considered.

Test bench structure. The TB is intended for debugging, testing and
tryout of the OBSW of the S/C ADCS. It consists of technological computer
(TC) and development kit for the on-board software TMS570LS31x Hercu-
les™ Development Kit (HDK), which includes the TMS570LS31 table top
card [2].

To provide the testing of algorithms, code testing, compatibility of on-
board computer and OBSW testing and functional and performance testing,
the model-based system engineering approach is the standard today. The TB
should provide simulation at all stages of the creation of OBSW. For this pur-
pose, the TB provides «Algorithm in the loop», «Software in the loop» and
«Controller in the loop» modes.

In the «Controller in the loop» mode, the OBSW is executed on the
TMS570LS3137 microcontroller, which is the prototype of the processor of
the real on-board computer of the ADCS. The simulation application runs on
the TC. It includes programs for simulating the S/C’s centre of mass motion,
S/C’s angular motion around the centre of mass, environment, devices of the
ADCS and auxiliary programs, e.g., tools for matrix and vector calculations,
operations of quaternion algebra, tools for working with XML files, which
apply for presentation of model’s parameters, initial values of simulation and
modes of the ADCS work. For industrial usage, the TB software infrastruc-
ture includes all the basic elements that provide software engineering. There
are the following ones: system software, service software, version control
software, tools for work with the TMS570LS31 table top card and OBSW,
applications for simulation and unit-testing software of these applications.

The main components of the applications for simulation are repre-
sented in the SysML package diagram (Fig. 1).
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Figure 1 — Package diagram of application for simulation of S/C

The application for S/C simulation includes programmatic realizations
of models of the Earth’s gravitational and magnetic fields, the S/C center of
mass motion, the S/C angular motion, the angular rate sensor, magnetic field
sensor, the star tracker, the reaction wheels and the electromagnets.

Acknowledgment. This work is an interim result of the research and
development for the project «Development of research simulator software for
tryout of spacecraft control system algorithms and software» (State registra-
tion number 0118U001666) funded by SMC «HARTRON-UCOM LTD».
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Lukashenko A. G.!, Lukashenko V. M.2, Utkina T. Yu.?,
Harder D. A.*, Lukashenko V. A.°

SYNTHESIS OF CORRECTIVE AND INFORMATIONAL
FEEDBACKS FOR ENERGY-SAVING PRECISIONAL
COPROCESSORS

The development of specialized computer-integrated systems (CIS) raises
a number of problems associated with high requirements for multifunctional
precision energy-saving high-speed coprocessors for reliability.

It is known [1] that the synthesis of the connection of the elements of
the coprocessor inside the chip provides the intensity of the failure by 4-
5 orders of magnitude less in comparison with the external compounds.
Analysis of the topologies of the coprocessor models on the chip realized by
the tabular classical method showed that the information processing scheme
occupies 1/3 of the area of the chip, and the contact areas — 2/3. In this case,
the topology of the input and output registers is = 50 % of the area occupied
by the information processing scheme [2].

The lack of a unified approach to solve the problem reducing the
number of external contacts makes the actual problem.

The aim of the work is to increase the reliability of precision
multifunction coprocessors by building models with corrective (CFB) and
information (IFB) feedbacks inside the chip, keeping accuracy and speed.

The use of the CFB transmission is formed by a XOR operation, codes
the difference between the input and output binary code words to correct the
input information.

IFB provides connection of the output of the input register, through the
inserted block of gates inside the chip, to the inputs of the coprocessor, which
are connected to external contacts.

Verification of the efficiency of the use of CFB and IFB is shown on
the examples of the original models [2, 3] of multi-bit coprocessors realized
by the bit-coded-tabular logic-rotary (BCTLR) method. On the direct chain in
the models, the argument is written using the code inputs of the input register,
recognized, and the correcting constant in the numerical memory block (NB)
is determined at the specified address. By feedback, the correcting constant
from the output of NB goes to the counter inputs of the input register. Under
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the influence of units of correcting constants, register triggers are flipped,
taking the opposite state. At the outputs of the input register, a function code
appears which, via the IFB, is fed to the code inputs of the input register
connected to external contacts. The appearance of the input and output codes
on the external input terminals is time-separated due to the timely control of
the inserted gate block.

The introduction of CFB and IFB into the architecture of coprocessors
ensures their effectiveness by:

1. Low energy consumption due to a small number of active elements
(per n flip-flops) in the information processing circuit.

2. Increase the operating time to refusal to triggers of the register by
2 times.

3. Reduction of the area occupied by the processing circuit of informa-
tion on the chip by almost 25 % (lack of topology of the output
multi-bit register) and a reduction of 1/3 of the area of the chip oc-
cupied by external contacts, which allows to expand the functionality
on the free area of the chip.

4. Reduction in the number of errors in the design and manufacture of
topologies due to the solutions obtained under item 1 and item 3.

Thus, one of the tools to improve the efficiency of digital components
of CIS for special purposes are CFB and IFB inside the chip when hardware
implementation using method BCTLR.
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Shkarupylo V.', Polska O.%, Shcherbak N.?

ON THE CLASSIFICATION OF MODEL CHECKING METHODS
FOR THE INTERNET OF THINGS

Nowadays, the concept of the Internet of Things (IoT) is broadly rec-
ognized as being an enabling technology for different physical objects to
communicate, share the information and coordinate decisions [1]. The com-
plexity of the design solutions required to bring into life the IoT systems fos-
ters the need for the intense usage of formal methods in an automated manner.
To this end, the model checking methods are considered to be the right direc-
tion to go [2]. The proposed approach to classification of model checking
methods for the IoT is represented in Fig. 1.

Verification
(—ﬂx t UPPAAL ﬁ
Runtime .
Vorifomos Model Checking
[ﬁ . NUSMV
Probabilistic / ’
Statistical .
Model Checking Model Checking

Probabilistic
Symbolic
Model Checking

Figure 1 — Proposed classification of model checking methods for the IoT

In Fig. 1, the accent is put on differentiation between the concepts of
model checking and runtime verification. The latter is considered to be a
lightweight verification technique, complementing the model checking — as
an attempt to avoid the negative effect of state space explosion problem dur-
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ing the designing [3]. As an attempt to diminish this effect, the symbolic
model checking technique can be successfully applied. To quantitatively as-
sess the specified properties, the probabilistic / statistical model checking
methods take place. Moreover, to lower the effect of state space explosion
problem, the proper abstraction level of formal specification should be found
out first.

In Fig. 1, in comment-boxes the representatives of corresponding
model checking tools are given, e.g., UPPAAL [4], NuSMV, PRISM, etc.

The following results have been obtained: classification of model
checking methods taking place in the IoT domain has been proposed; it has
been recommended to put an accent on finding out the proper abstraction
level of formal specification to diminish the negative impact of state space
explosion problem during the designing of the IoT solutions.

Acknowledgment. The work has been conducted as part of Erasmus+
Internet of Things: Emerging Curriculum for Industry and Human Applica-
tions ALIOT Project (reference number 573818-EPP-1-2016-1-UK-EPPKA2-
CBHE-JP), participated by the Department of Computer Systems and Net-
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EXPERIMENTAL INVESTIGATION OF PARALLEL METHOD FOR
PRODUCTION RULES EXTRACTION ON HIGH PERFORMANCE
COMPUTER SYSTEMS

The method of extraction of production rules based on artificial intel-
ligence proposed in [1] allows reducing the time costs for the synthesis of
models for solving complex practical problems with large amounts of diag-
nostic data by concurrently generalizing the given data samples in the form of
models based on decision trees, associative rules and negative selection. The
purpose of this paper is an experimental investigation of the method [1] using
a cluster and a supercomputer.

A distinctive feature of the cluster is a significantly larger number of
computing nodes compared to any single computer, which makes it possible
to reduce the execution time of the discussed method. On the other hand, the
performance of method [1] is sensitive to transfers and synchronizations,
which on the cluster occupy a larger share than on one computer. Therefore,
the scientific and practical interest is the investigation of the performance of
the discussed method both on a cluster and on a single multi-core computer.

For the investigation, 16 logical nodes of cluster of Pukhov Institute
for Modelling in Energy Engineering National Academy of Sciences of
Ukraine (/PME) were used: processors Intel Xeon 5405, RAM — 4x2 GB DDR-
2 for each node, communication environment InfiniBand 20Gb/s, middleware
Torque and OMPI. As a supercomputer, the high-performance node of the Fac-
ulty of Computer Sciences and Technologies of the Zaporozhye National Tech-
nical University (fCST ZNTU) was used: Xeon E5-2660 v4 processor (14
cores), 4x16 GB DDR4 memory, Java threads programming model.

The graph of the time spent (Tspent) for the implementation of the
considered method on the number of cluster nodes involved and the super-
computer cores (Ncpu) is shown in Fig. 1. The acceleration graph (Speedup)
is shown in Fig. 2.

Thus, the acceleration of the computational process on a supercom-
puter grows almost linear, in view of the much smaller impact of transfers and
synchronizations compared to the cluster. On the cluster with increasing
number of nodes, the acceleration behaves nonlinearly. In view of the greater
number of nodes (compared to the supercomputer), the cluster allows to sig-
nificantly reduce the time spent for the implementation of the dis-
cussed method.
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MPUMEHEHUE METO/I0OB CTPYKTYPHOMI
PEAYKIUNU B COBMEIIEHHBIX ABTOMATAX

B mpakTuke mpoeKTHpOBaHUS IIU(PPOBBIX CHCTEM YacTO UCIOIb3YETCs
MOJIeNTb COBMEIICHHOT0 MUKPOIIpOrpaMMHOro aBToMata. [Ipemmerom mccie-
JIOBaHMS B JIAHHOW paboTe SIBJISIETCS JIOTMYECKasi CXeMa COBMEIEHHOTO MUK-
ponporpammuoro apromara (CMIITA), kotopblii 00beMHsIeT (QYHKIIMU aBTO-
mara Munu u aBromata Mypa. Ha npaktuke Takue MOAENM yNPaBIAIOLIUX
aBTOMAaTOB MPHUMEHSIOTCS JOCTATOYHO LIMPOKO, HO B JIUTEpaType MpaKkTHde-
CKU OTCYTCTBYET TeopeTuueckoe onucanue moaenein CMIIA, a takxke croco-
00B MX onTUMHU3alMHU. PaccMOTpeHa 3aiada ONTUMHU3ALMHN JIOTHYECKON CXEMBI
COBMEIIICHHOTO MHUKpPOIPOrPaMMHOTO aBTOMaTa, PEaM30BaHHOrO B Oaswuce
FPGA. Ilpu 3ToM MOXHO HCHOJIB30BAaTh TPU BHYTPEHHHX KoMIoHeHTa FPGA:
anemenThl TabmuuHoro thna LUT (look up table), BcTpoeHHbIE OJIOKH MaMsTé
EBM (embedded memory block) u mporpaMmupyeMbie MEKCOSAUHEHHS.

Uucno xommoneHToB FPGA, HeoOxoauMoe IS peatn3aruy J0THIeCKon
CXEMBI aBTOMaTa, 3aBUCHUT OT mapaMeTpoB CMIIA u XapaKTepHCTHUK HJIEMEHTHO-
ro 6asuca. OUEBHIHO, YTO YMCHBIIICHHE TPEOYEMOro YKCiia KOMIIOHEHTOB BEIET
K yMeHbIIeHHMO Iomanu kpuctamwia FPGA, 3anmmaemoit cxemoii CMIIA, 3a
CUeT Yero CHIKAIOTCS alllapaTypHbIE 3aTpaThl B CXeMe M MoTpediisieMast SHep-
Hsl, IOBBIIACTCS IKOHOMHYECKast 3 (HEKTUBHOCTH IPOCKTA B IIEJIOM.

Jna pemenus 3agaun ontumusanuu cxemsl CMITA o kpurepuio afn-
mapaTypHBIX 3aTpaT MpeUlaraeTcsi HCIIONb30BaTh METOMABI IICEBIOIKBHBA-
JICHTHBIX COCTOSIHMI M 3aMEHBI BXOJIHBIX IIEPEMEHHBIX C 11€J1bI0 YMEHBIICHUSI
paspsiiHoCTH BXOJHOTO Kona cxembl CMITA, a Taxke CTpyKTypHbBIE OCOOCH-
HOocTH 3JeMeHTHOro Gasuca FPGA — namuuue normueckux OnokoB LUT wu
0JI0KOB BCcTpoeHHOM namsitu EMB.

B coBMeIeHHOM MUKPOIIPOrpaMMHOM aBTOMaTe (DYHKIIUHU BBIXOIHBIX
CUTHAJIOB M (pyHKIIMM BO3OYXIEHHS MaMATH aBToMaTta MM UMEIOT OAnHA-
KOBBIE apryMEHTBI, 03TOMY HX LENeco00pa3HO peaM30BaTh HAa OJHOTHII-
HbIX 21eMeHTax. bnoku EMB ucnons3yrores s peanusanuu aBromara Mu-
nu, a anementbl LUT ans peanusanuu aBromata Mypa. TOT OIX0 IPUBO-

"It npodeccop, MHCTUTYT HHGOPMATHKN U ANEKTPOHUKH, 3eICHOTYPCKHN YHU-
BepcuTeT, [lonbma

2 K.T.H., JOICHT kadenps! «KommeroTepasie cuctemsl u cet» 3HTY

3 Accucrenr kad. «KommbroTepHbie cieTeMs! 1 ceTi» SHTY
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JIT K cTpyKTypHOU cxeme CMIIA S, kotopyto Oynem cuntath 6a30BOH A
JIANTbHEHIIEH ONTUMU3AIMH 110 KPUTEPUIO alllapaTypHBIX 3aTpaT.

B nacrosieit pabore npemiaraercst meron cuaresa CMITA S, no wnc-

xoaHoit 'CA T'. MeToa BKIIIOYaeT CIEAYIOIUE ITAMbI:

DopMUpPOBAHKE MHOXKECTBA COCTOSIHUIM A.

KoaupoBanue COCTOSAHUN gy, & A.

®opMHUpOBaHKE pa3OUeHNs Ty = Lby, v, By).

KonupoaHnue k1accoB &y = .

3aMeHa JIOTHYECKUX YCIOBUH.

dopmupoBaHue NpsIMOi CTpyKTypHOU Tadbmuuel CMITA S,.
dopmupoBanue Tadbmusl 6aoka LUTerl.

dopmupoBanue Tadbauiel 610ka EMBer.

9. dopmupoBanue Tadauibl 6oka LUTer.

10.  Peammzanus cxembl CMIIA B 6a3uce FPGA.

[IpeanoxeHHbI METOJ OTHOCUTCS K CTPYKTYpHOH PEIyKIMH, KOrja
BBINOJIHACTCS JIEKOMITO3UIIMS CXEMBI aBTOMaTa Ha pPa3iM4yHble (yHKIMOHATb-
HBle cocTaBsionye. [Ipu 3ToM 00K 3aMeHBI JIOTHYECKUX YCIOBUH peannzy-
ercs Ha anemeHtax LUT, kak u OJIoK (pOpMHUpPOBaHMS BBIXOJHBIX MEpEMEH-
HbIX aBToMaTta Mypa. Takoil moaxoJ Mo3BOJUII YMEHBLINUTH allapaTypHbIe
3aTpathl B 23% cXeM, CHHTE3UPOBAHHBIX I CTaHJAPTHBIX MPUMEPOB U3
6ubmroTek. OTMETHM, YTO 3TOT PE3YJILTAT OTHOCUTCS K HauOoJee CI0KHBIM
aBTOMaram, uMeronmM 6oiiee 20 COCTOSTHUN.

NN RPN

Ilepeyens ccbLIOK

1. Baranov S. Logic and System Desing of Digital Systems. — Tallinn: TUT Press,
2008. — 267 pp.

2. bapkanoB A.A. Ontumusanusi cXeMmbl COBMEIIEHHOTO aBToMara B Oasuce FPGA
crocoboM 3aMeHbl BXOIHbIX mepeMenHbix / A.A. BapkanoB, W.5. 3enenesa,
C.C. TI'pymko // Haykosuit Bicumk YHY imeni IOpis ®enpkoBuua. Cepis:
Komm’totepHi cuctemu Ta komnoHeHT. Tom 6, Bumyck 2. — Uepnisui: YHY, 2015. —
c. 49 -54.
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YK 004.912
Banyes M.B.!, Kacbsin K.M.*

METO/HA OIITUMIBAILIL PEJAT'YBAHHSI TOBAPIB
B IHTEPHET MAT'A3UHI

3aBIaHHIM JaHOTO OCTIKYBaHHS € €KOHOMIiS 4acy KOpHUCTyBada y
IpoILeC] 3alIOBHEHHS MarasuHy.

Jliis Toro, 1006 MacoBo 3MIHUTH 1H(OPMAIIIO [TPO TOBAPH, B MOXKETE
€KCIIOPTYBaTH TOBapH 3 Ballol cTopiHku B ¢aitn. OTpumanuii daiin Oyse Bii-
pelaroBaHuii 3a JIOTIOMOI'OKO CJICKTPOHHUX TaONullb, Takux sk Microsoft
Excel, a motim iMmopTyBartu Horo Ha caiiT. Taka ¢opma H03BOJIHUTH IBHIKO
OHOBHTH Ha3BH Ta OIMCU 0araThbOX TOBapiB, IiHU, 3HWKKH Ta KUIbKICTh TOBa-
piB y HasBHOCTI.

3aBIaHHAM € CHpOLIeHHS poOOTH ajMiHicTpaTopa 3 TOBapaMu Mara-
3MHY 3a JIONIOMOTOI0:

— IapCiHTy — aBTOMAaTH3AaIlis 3anucy iHdopmMarii 3 caiitis 1o ¢aiiry;

— IMIIOPTY JaHHX — aBTOMATH3allisi HAIIOBHEHHS MarasvHy BEJIHKUMHU
00’eMaM¥ KOHTECHTY (BHECEHHS TaHUX B MarasmH);

— €KCIIOPT JIaHUX — OTPUMAaHHS BMICTY KOHTEHTY 3 MarasuHy.

OnHa 3 HAWMOMYJSIPHILIMX TOPTIBENBHHUX IUIAT(GOPM BHKOPUCTOBYE
IMIIOPT Ta eKCIopT TOBapiB B opmati CSV.

CSV — caiinosuii popmart, KOTpHUii € BiMEKOBYBaHUM (POpMATOM IS
NIPEeJICTaBJICHHs] TaONIMYHUX JIaHWX, Y SIKOMY I0JI BiJOKPEMIIIOIOTHCS CHMBO-
JIOM KOMH Ta IIEPEX01y Ha HOBUI PSIIOK.

Bci BuMoOTH, BUKJIHKAHI CIEIU(IKO0 e-commerce, i alropuT™, SKHA
Oyze iMIopTyBaTH J1aHi, IIOBMHEH BPaXxOBYBATH iX B IIOBHOMY 0OCSI3i.

BuxoHaTH 11i BUMOTH MO>XXJIMBO SIKIIIO BUKOPHCTOBYBAaTH HACTYIIHI iH-
CTPYMEHTH:

— BUKOPHCTOBYBATH CTaHAAPTHHUII IMITOPT;
— IMIIopTyBaTH 4epe3 MexaHizm oominy 1C;
— MPOrpaMyBaTH CBiil BIIaCHUI MEXaHi3M IMIOPTY.

AHai3 KOXKHOTO 13 3alpONOHOBAaHMX BapiaHTiB Oyze MpeacTaBICHUit
HIDKYE.

ImnopT nanux yepe3s CSV — pid cama 1o co0i ayxe IpocTa i MOBHHHA
npamoBaty HaxiiiHo. [IpaBna, sk MMokasye MpakTuka, [ie He 3aBXAu Tak. Bu-
HUKAIOTh ITUTaHHS, KO Tpeba IMIOPTYBATH MIOCH OLIBIN CKIIATHE HiXK HAOip
«iM’sl, OIUC, KapTHHKA, apTUKYJ, miHa». ChOToHI LIed BapiaHT iMIIOpTY Ja-
Hux B CMS 3amporpamoBaHuii He 3aBXAM J100pe B OimbIIOCTI peaizamii i

! cryment rp. KHT-513M 3HTY
K.T.H., ToueHT kapenpu KCM 3HTY
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3aBXK/IM BUMarae J0oIpaioBanb. [1oc 10 BChoro — e npoMikHi aiimu (ix
xe Tpeda copMyBaTn), BUMOTU 10 XOCTUHTY (0OMExeHHs). | HaWronoBHi-
MK MiHyC — py4Ha po0O0Ta, a TOYHiIlIe, 6araTo HyJHOIO i OJJHOTHITHOT pyYHOL
pobotu.

[TporpamyBaHHSI BJIACHOTO MeXaHi3My. IMIOpTYyBaTH IHUM ILUIIXOM
CKJIQJHO 1 IOpOT0, TPOTE peaiizalis Aapye Macy nepeBar, HeIOCTYITHHX ChO-
TOZIHI 3 KOPOOKM B NMPONOHOBAaHMX pimeHHsX. Ha Ham morisia, SKIIo cToiTh
3aBJIaHHS BUKOHYBaTH BUMOTH JI0 IMIIOPTY JaHUX B IIOBHOMY 00Cs3i, TO TiJb-
KU IIe¥ BapiaHT 30aTHUI 3aJ0BOIBHUTH.

OpHi€ro 3 TOMOMDKHUX (DYHKIIH, SIKi BAKOPHCTOBYIOTH B HAlTOBHEHHI
WHTEPHET Mara3uHiB Iie —TapCiHT.

Iapcinr (Parsing) — 11e npuiiHaTe B iHGOPMATHIN BU3HAYCHHS CHHTAK-
CHUYHOTO aHali3y. J{JIst IbOro CTBOPIOETHCS MaTeMaTHYHA MOJICIb TOPIBHSIHHS
nekceM 3 (hOpMalIbHOT TPaMaTHKOIO, ONUCAaHA OJHOIO 3 MOB IPOTrPaMyBaHHS.
Hanpuknan, PHP, Perl, Ruby, Python.

HesanexxHo Bij TOro Ha sikid (popMalibHIi MOBI IPOrpaMyBaHHS HaIlU-
CaHui rmapcep, AropuTM HOTO Jii 3aIMIIAETHCS OTHAKOBUM:

BUXiJ] B IHTEpPHET, OTPUMaHHS JOCTYILy 10 KOXy BeO-pecypcy i Horo
CKadyBaHHS;

CUNTYBaHHS, BUIyYCHHS Ta 00pOOKa JaHUX;

NPENCTaBICHHS BUTATHYTHX JAHUX B JETKOTPaBHOMY BUIIIAL — (aii-
mm txt, .sql, .xml, .html i igmmx popmarax.

be3 nporpam mapciHra BIacHHUKaM iHTEpPHET-MarasuHiB, siki moTpeoy-
I0Th COTHI OJIHOTUIIHUX ONKCIB TOBApPiB, TEXHIYHMX XapaKTEPUCTUK Ta iHIIOT
iHpopMallii, sika He € IHTEeJNEeKTyaJbHOI BIIACHICTIO, OyJO O Ba)KKO BpYYHY
3allOBHIOBATH XapaKTEPUCTHKU TOBapiB.

SIK TpuKIIa[ BUKOPUCTAHHS €KCIIOPTY Ta IMIIOPTY TOBapiB IpHBEE-
MO 3ajJauy, 3MIiHHTH I[IHW Ha BCl TOBapH MO MarasuHy Ha 3% 30UTbIIUBIIH
HOro MOpPIiBHSHO 3 CAiTOM MOCTaYalbHHUKA. 3a JOIOMOTOIO Mapcepy CTBOPIO-
€MO TaOIUINIO 3 IIIHAMHU Ta Ha3BOKO TOBApPiB, BUKOPUCTOBYIOUH (HOPMYIH 3Mi-
HIOEMO BCi IIHH 32 Iapy HATHCKaHb Ta IMIOPTYEMO LieH (ailyl 1o Marasusy.
TakuM YMHOM aJIMIHICTPATOP OHOBUTH YCi IiHU Y Mapy HATHUCKaHb, IO TpPHU-
cKoproe poboty amminicTparopa npudiam3Ho B 10 pa3iB B MOpiBHAHHI 3 pyd-
HOTO 3MIHOIO IIiH.

Ilepeik nocujianb

1. Ummoptr  jmaHHBIX B HHTEpHET-Mara3muHbl /I Xabpaxabp URL:
https://habrahabr.ru/post/209040/ (nata 3Bepuenss: 02.04.18).
2. Compiling, Volume I: Parsing, Prentice Hall, Englewood Cliffs, N.J., p. 542,1972.
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YJIK 004.048
Tony6 T.B.!, Tsrysosa M.IO.?

METO/ 3SMEHIIEHHSA PO3MIPY BEKTOPY TEPMIB JIJIA
KJIACHU®IKAIIIN TEKCTOBUX JOKYMEHTIB

VY 3B’s13Ky 3 Oe3mepepBHUM 3POCTAHHAM 33JJ0KyMEHTOBAaHUX OOCSTIB
iHpopMarii 3aBraHHs Kiacudikanii TEKCTOBHX JOKYMEHTIB HE BTPAdae CBOET
aKTYyaJIbHOCTI HaBiTh 3 4YaCOM.

Kitacudikariisi TEKCTOBUX JOKYMEHTIB IOJISITAE Y BU3HAYCHHI HaJIexk-
HOCTI JOKyMEHTY, 1110 aHAJTI3YEThCS, OJHIN i3 ICHYIOUHMX KaTeTrOpii.

Ipornec kmacudikaii TCKCTOBUX JTOKYMEHTIB CKJIAJA€ThCS 3 KUTBKOX
eramniB. Okpeme Miclie B IIbOMY HPOLIECi 3aiiMae MUTaHHS 3MEHIIEHHs BEKTO-
py TepMiB (0OpOOIIEHUX CIIiB), IO aHANI3YIOTHCS, SIKI BUKOPUCTOBYIOTHCS 5K
BXiHI daHi 1 kiacudikamii. B maHiil poOOTi IPOMOHYETECS METOA BH3HA-
YeHHsI HeIHPOPMATHBHUX TEPMIB Ta 3MCHIICHHS PO3Mipy BEKTOPY TEPMiB B
LiTOMY IJTs1 KOJKHOI KaTeropii OKpeMo.

KoxxHuil TepM XxapakTepu3yeTbcs OESKOI0 BEIMYMHOK — Baroo, 1o
BimoOpakae 3HAYMMICTh JAHOTO TepMa Ui JOKyMeHTy abo kateropii. s
BU3HAYCHHS Bark KOXKHOI'O TepMa BUKOPHCTOBYeThcsi mapameTp SLF — koe-
¢ilieHT, MO XapaKTepu3ye Bary TEPMiB 3 YpaxyBaHHSM iX BXOJKCHHS B Ka-
teropii [1]. Ha BiaMiHy Bix GaraThOX iHINHX MiAXO/IB BU3HAYCHHS BaroBHX
3HaYeHb JaHWI METOJ BPaxOBYE BaXIIMBICTh KOXKHOTO OKPEMOTO TepMa JIJIst
KOHKPETHOI KaTeropii.

Ha ocnosi mapamerpa SLF MoxHa BH3HAUMTH MaJloiH()OpPMAaTHBHI Tep-
MH JUTS KOHKPETHOI KaTeropii i BUAAIUTH iX 3 MEpeiKy XapakTepHUX CIIiB Ka-
Teropii (3aMiHUTH Barose 3Ha4eHHs TepMa Ha () IJ1s1 KOHKPETHOI KaTeropii).

[Ipu pOMY TOCTiZOBHICTP il HACTYIIHA.

1. Bmnauntn mapamerp TF s xoxsoro tepma. TF (term
frequency — "acToTa Tepma) — BiTHOIICHHS YHCIIa BXOIDKEHHS KOHKPETHOTO
TEepMa JI0 3arajbHOI KiJTBKOCTI TePMIB JOKyMEHTa. TaKuM YUHOM, OLIHIOETh-
s BaX/IUBICTh TepMa T; B paMKaX OKpPeMoro AokyMmeHTa d; [2].

Hexaii frj — uncno BXomkeHs TepMa T; B JokyMmeHT d;. Toxi yacrora
TepMa BU3HAYAETHCA SIK:

A ()
2f
i

ne 0 <i<|T], 0 <j<|D|; D— mHOXHHA TOKYMEHTIB; T — MHOKHHA TepMiB
KaTeropii.

TF(,d,) =

!acucrent kad. KCM 3HTY
% nonent kad. KCM 3HTY
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2. 3HaiiTu cymapHe 3HAY€HHS OTPUMAaHUX BariB JJIsi KOXKHOTO Te-
pMa y BCil KOJIEKITT

TF(ti,C):ZTF(t,-,dj), 2

3. OTpuMaTH J0JBOBY YacTKy KOKHOTO TepMa Kareropii B Macui-
Tabax KOJEKII IUIIXOM JAUIEHHS 3Ha4eHHsS YacTOTH TepMa 3 IyHKTY 1 s
KO’KHOTO JOKyMEHTa Ha CyMapHe 3Ha4eHHsS OTPUMaHMX BariB 3 MyHKTY 2:
TF(t;,d ;)
TF(¢;,C) ’

O11iHKa 3HaYMMOCTI KOHKPETHOT'O TepMa JIJIsl KaTeropii B paMmkax BCiel
KOJIEKIli BU3HA4Ya€ThCa SIK JOOYTOK CYMH HOPMOBAHMX BaroBHUX 3HAU€Hb 3
MYHKTY 3 JUIs BCiX TOKYMEHTIB Kateropii Ta koedirnienta SLF ams kareropii.

k
TF(t;,c,) = ZTF(Ii,dj)-SLF}, 4)
Jj=1
nie k — KUTBKICTh TOKYMEHTIB B KOHKPETHIH KaTeropii.

OTprMaHe 3HaYeHHS BiOOpaXkae€ CTYMiHb BAYJIMBOCTI JAHOTO TepMa
JUIE KOHKPETHOI Kareropii B paMkax KoNekmii B misomy. Crmparodmch Ha
OTpHUMaHi pe3yJbTaTH MOKHA BU3HAUUTH TEPMH, HE XapaKTEpHI JUIsi KaTero-
pii, o aHami3yerbesi. [loporoBuM 3Ha4YeHHSM JUIsSl BU3HAUYEHHSI TAKUX TEPMIB
€ BeNMYMHA, 3BOPOTHA KIUIBKOCTI JOKYMEHTIB B Karteropii. Bci Tepmu, mio
MaroTh BaroBe 3HA4YEHHsI HW)KYE 3a3HAYEHOTO IMOPOrOBOr0 3HAYEHHS, HE €
XapaKTepHUMH ISl 1aHo1 Kareropii. ToMy Baroe 3Ha4eHHs TepMa JUIs JaHOi
KaTeropii MoXHa 3MiHUTH Ha HYJILOBE.

TakuM 4YMHOM, B pe3yibTaTi Takoi MoIepenHbOi 0OpOOKHM BaroBHX
3HAYEHb TEPMIB B paMKaX OKPEMHX KaTeropii MO>KHa 3MEHIIUTH BIUIMB He-
iH(OPMATHBHUX TEPMiB Ha Pe3yJbTATH OI[IHIOBAHHS HAJIE)KHOCTI JOKYMEHTa
kareropii. Takuil miaxXix Jae MOXKIIMBICTD MiIBUIIUTH SIKICTh OIIHKHU BiZIIOBI-
JTHOCTi TOKYMEHTa MPH MONIYKY JOKYMEHTIB, III0 HAJIEXaTh MEBHIH KaTeropii.

TF(t;) = 3)

Ilepeaik nocuianb

1. Rehman Abdur, Feature extraction for classification of text documents [Text] /
Abdur Rehman, Haroon A. Barbi, Mehreen Saeed // International Conference on
Communications and Information Technology (ICCIT 2012): intern. conf., 26-28
June 2012 : te3u mom. — Hammamet, Tunisia, 2012 — pp. 234 — 239.

2. Golub T. The Analysis of Text Documents Classifiers Constructing Methods [Text]
/' T. Golub // Modern Problems Of Radio Engineering, Telecommunications, And
Computer Science 2016: International conference: 23-26 February 2016. : te3u nom.,
— Lviv-Slavsko, Ukraine, 2016. — p.742—745.
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YK 004.383
I'pymko C.C.!

PEAJIN3AIIUA COBMEIIEHHOI'O MUKPOITPOIT'PAMMHOI'O
ABTOMATA HA MUKPOCXEMAX
IPOITPAMMUPYEMOM JJOTUKH

PaboTa mocBsIeHa PEIICHUIO aKTyalbHOW HAYYHOH 3a7adu pa3padoT-
KM CTPYKTYp U METOAMK CHHTE3a COBMELIEHHOTO MHKPOIIPOIPaMMHOTO aBTO-
Mata (CMIIA), opreHTHpPOBaHHBIX HAa YMEHBIICHHE alNapaTypHBIX 3aTpaT
npu peanuzanuu jgormdeckor cxembl CMITA 6a3uce nmporpaMMHPYEMBIX JIO-
rudeckux uHTerpanbhbix cxeM (IIJIMC), takux kak FPGA u CPLD.

B coBpemeHHOM mpoliecce MPOEKTUPOBaHHMS LU(PPOBBIX CXEM Ha
ITJINC mmpoko MCTIONB3YIOTCSI CHCTEMBl aBTOMATH3HMPOBAHHOTO IPOSKTHPO-
BaHus. IIpu aBromatmdeckom pasmemenun cxemsl Ha ITJIMC peanusyrorcs
pa3yInuHbIC aJTOPUTMBI AEKOMITO3HIINH CUCTEM OYJIeBBIX (QyHKIMH, KOTOPHIE,
KaK ITTOKa3bIBAIOT MCCIEIOBAHMS, HE O0ECIICUMBAIOT ONTHUMAIBHOTO HCIIOJNb-
30BaHUS PECYPCOB MHKPOCXEMBI, YeM OOBACHICTCS aKTyalbHOCTh 3aJadd
ONTHUMHU3AIMN TIPH UMIUIEMEHTAUN CHUCTEM OyJIeBBIX (YHKIHMH B CTPYKType
TIJIUC. CnenctBueM TakoW ONTHUMM3AINAM SBISETCS HE TOJIBKO BO3MOYKHOE
yZCIIEBIICHHE W YMEHbIIEHHE Ta0apUTOB CXEMBI, HO M MHHHUMH3AIM IO-
TpeOsieMOl M paccenBacMOll MOIIHOCTH, COKpAllleHHe BPEMEHH paclpo-
CTPAHCHHUS CUTHAJIA, YTO B IIEJIOM TOBBIMIACT d3PPEKTUBHOCTD Pa3padOTaHHOM
CXEMBI.

ITpu npoextrpoBanuu cxeMbl CMITA MOXKHO HCTIONB30BATh TaKyH OCO-
6ennocts FPGA, kak rereporeHHas cTpykrypa [1]. OTo o3Havaer, 4To Juis pea-
JIM3alM CXeMbl MOXKHO HCIIONB30BaTh Tpu KomroHeHTa FPGA: anemeHTsI Tab-
muHoro tura — LUT (Look Up Table), Bctpoennsie 610ku mamstu — EMB
(Embedded Memory Block) u nporpamMmmupyemble MEKCOEANHEHUSL.

B pabote mpemnoxxeHno yersipe cTpykTypsl CMIIA st peanuzamyn B
6azuce FPGA, ocHOBaHHBIE Ha TETEPOTEHHOCTH MHUKPOCXEM MPOTpaMMHUpYe-
MO JIOTHKH. DKCIEPUMEHTAIBHO MOATBEpKIeHA 3P (PEKTHBHOCTh UCTIONB30-
BaHUS reTeporeHHo cTpykTypsl FPGA mpu ontummsannu cxem CMIIA.
TTokazano, uyro ontumu3anus cxeM CMIIA, ocHoBaHHas Ha MCIIOIL30BAHUH
rereporenHoctn FPGA, siBiseTcss pe3ylbTaTUBHOM ISl BCEX HCCIIETYEMBIX
cemeiicTB Mukpocxem Xilinx, Altera u Microsemi.

Tax xak [IJIMC umeroT MaTpU4HYyIO CTPYKTYpPY, MOXKET BO3HUKATh He-
00X0IMMOCTh ONTHMH3AaLMK KOJMYECTBA BXOJOB M KOJMYECTBA TEPMOB B
cucreMax (QyHKuuii Bo3OyxaeHnst namata B cTpykrype CMIIA. Hdns storo
IpeylaraeTcsl IPUMEHEHUE TaKUX METOJOB CTPYKTYPHOH pemyKIMH, KaK 3a-

' Cr..uki. xap KCM 3HTY
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MEHa JIOTHYECKUX YCIOBHUH, UCIOJIb30BaHUE HATUYHS TICEBI0O9KBUBAJICHTHBIX
coctosinnii B rpad-cxeme anroputMma (I'CA) ycrpoiicTBa ynpaBieHUs U uX
koMmOuHamu. B pabore mpemtoxensl cTpyktypsl CMIIA, koTopsle mo3Bo-
JSIFOT SKOHOMMTB allapaTypHble pecypchl pH peanusanuu B 0aszuce FPGA.
[IpoBeneH psia MCCiIeIOBaHUM, MO3BOJIAIONIMX OLUEHUTH CTENEHb I(PPEKTHB-
HOCTH KaX10H CTpYKTypbl pu peanuzanuu cxembl CMITA B pa3nuuHBIX ce-
MmeiictBax MukpocxeM FPGA pacnpocTpaHeHHBIX (HPM-TIPON3BOIUTENEH
Xilinx, Altera (Intel) m Microsemi.

[pu peammsammm cxem CMITA B 6a3uce CPLD mis ymeHbIIEHHS YHcia
TEpPMOB B CHCTEMaX BBIXOJHBIX (DYHKIMI aBTOMaTa M U (pyHKIHHA BO30YXK-
JICHWS TIaMATH MOJKHO HCIIONB30BaTh METOJ CHHTE3a MHKPOIIPOIPAMMHOTO aB-
TOMaTa ¢ KOJUPOBaHWEM HaOOPOB BXOJHBIX MEPEMEHHBIX, KOTOPBIH MMO3BOJISET
yMeHbIINTh KoindecTBO cTpok B IICT [2]. B aToM Meronme KOOMPOBAaHHUS CO-
CTOSIHMI OT/IETIEHO OT KOJUPOBaHUs HAOOPOB BBIXOIHBIX CHTHAJIOB, YTO NO3BO-
JISIeT YMEHBIINUTD YMCII0 TEPMOB B KKIOW M3 (DYHKIMKA BO30YXIEHHS TaMATH U
BBIXOAHBIX (pyHKIMiA aBToMara Mum. KonupoBaHne HaOOpOB BBIXOIIHBIX CHT-
HaJIOB, B CBOIO OYEPE/b, BBINOIHSIETCS TaK, YTOObI YMEHBIIUTh YUCIIO TEPMOB B
Ka)K/I01 13 BBIXOAHBIX (DyHKIHI aBTOMara Mypa.

Ha ocHoBaHMM 3THX METOIOB MPEATIONKEHO 4eThIpe CTpYKTypsl CMITIA
Juist peaymsanyn B Mukpocxemax CPLD u paspaboTaHbl METOAMKHM CHHTE3a
CMIIA 1o KaxI0¥ U3 MPeCTaBICHHBIX CTPYKTYP. DKCIEPIMEHTATIBHO 0Ka3a-
HO, yto Tpu onTuMmiiaiyn cxeM CMIIA B 6asuce CPLD 3 mpemmosKeHHBIX
CTPYKTYp Han0oJIbIIyI0 3 dhekTHBHOCTD MMeeT cTpyKTypa U4.

B pesynbTare uccienoBaHuii pa3paboTaHbl PEKOMEHIAIMHU IO BHIOOPY
U WCIHOJB30BAHUIO TPENTIOKEHHBIX CTPYKTYpP M METOAMK IS 3JIEMEHTHOM
0a3bl pa3TUUHBIX (PHUPM-IIPOU3BOIUTENIEH.

Hepeqeﬂb CCBIJIOK

1. I'pymko C.C. Knacudikarist cTpykTyp CyMIIIEHUX MIKpOIPOrPaMHUX aBTOMATiB
npu peanizauii B 6asuci FPGA / C.C. I'pymko // Bueni 3anucku TaBpilicbkoro Hamio-
HanbHOTO yHiBepcutety iMeHi B.I.Bepuaacekoro. Cepis: Texuiuni nayku, Kuis, 2018,
Tom 29 (68) Nel 2018. Hactuna 1. —c. 131 —136.

2. I'pymko C.C. AHami3 MeTOIiB 3MEHIICHHS amapaTypHHX BUTpAT MpH peajizamii
cXeM cyMimeHnx MikponporpamManx astomarie Ha CPLD / C.C. I'pymko,
[.51. 3enenvoBa // Marepiann MikHapomHOI HayKOBO-TIpaKTHYHOI KoH(epeHmii «Eme-
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yepBHs, 2018.
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YJIK 004.383
I'pymxo C.C. ', 3enennopa I.51.%, ®eapko A.O.%, Mapmimun M.O.?

IMINIEMEHTAIIA CXEMHA CYMIIIEHOI'O
MIKPOIIPOTPAMHOI'O ABTOMATA HA FPGA

B poboti Oymno mpoBemeHO MOCHiIKEHHS peaiizamii Ta OmTHMizarlii
npucrtpoto yrpasiinas (I1Y) BOy10BaHOIO CHCTEMOIO y BHUINISIAI CYMILIIEHOTO
MmikpornporpamHoro asromara (CMITA). CMIIA sBisie co0010 MOJIENb aBToO-
MaTa, 110 J03BOJISIE MOEIHYBATH B OHIM CXeMi BHXIIHI CHTHAJH aBTOMAara
Mypa i aBromara Mii, 110 MalOTh Pi3HY TPUBAIICTH [1].

BbazoBy crtpykrypy CMIIA Oyino po3poOiieHO 3a 3amaHOr Tpad-
cxemoro anropurmy poboru I1Y. Jlns peanizanii npuctporo B 6a3uci FPGA
OyJI0 BUKOHAHO TaKi €Tamm:

—no3HaueHHsA ['CA cramamu CMIIA;

— xomyBaHHs cTaHiB CMIIA;

— (opMyBaHHS IIPSIMOT CTPYKTYPHOI TaOIHIIi;

— ¢opmyBaHHS cucTeM (QYHKIIH 30yPKEHHS €JIeMEHTIB IaM SITi;

— (hopMyBaHHS CUCTEM BUXITHUX (YHKIIH;

— CTBOpEHH# npoekTy moBoro VHDL;

— BIJUTaroJiXKeHHsI IPOEKTY;

— IMIUIEeMeHTaIis IPOEKTY B MiKpocxemy Arria GX
EP1AGX20CF484Ce.

Ipu Takiii peanizarii cxema Bchoro [1Y peanizyeTbcs Ha PO3MOJLIC-
Hux pecypcax FPGA.

Jns 3MEHIICHHS anapaTypHUX BHTpAaT PO3IOAUIEHHX pecypciB OyIo
BHUKOHAHO cIpoOy onrtuMmizanii 6a30B0i CTPYKTYpH, sIKa TOJISATaE B ijel BUKO-
puctanHs BOyIOBaHOI maM’sITi MIKPOCXEMH JJISI pealtizallii YacTHHU alrOpH-
™y [TV [2].

Takum guHOM, IIpH crpodi onrTuMi3antii, cxemy GpopMyBaHHS BUXiTHIX
curHajiiB aBromara Mini Oyno mepeHeceHo 10 BOyzoBanoi mam’siti. Ilicis
CTBOpEHHs MpoekTy MoBor VHDL 0yi0 mpoBeeHO MOICIIOBaHHS POOOTH
cxemu y cepemoBuili ActiveHDL 3 MeToro miaTBeppKEHHS iCHTUYHOCTI
poboTH cxemHu, IoJJaHOT 000Ma CTPYKTYpPaMH.

B pesynbrarti MozientoBaHHs OyJIO OTPUMAaHO YacoBi Jiarpamu uisi 000X
CTPYKTYp — OINTHMI30BaHOI Ta HEONTHUMI30BaHOI. AHaI3 MMOKa3aBs, IO YacoBi
JliarpamMH CIiBIAal0Th 1 HOMIIIOK y poOoTi ainroputMy I1Y He BusBiIEHO.

PesynbraTu iMruieMeHTaltii 000X CTpyKTyp mojaaHi B Ta0m. 1.

' Cr. BuKII. Kadepr KOMIT FOTEPHHX crcTeM Ta Mepexk SHTY, m.3amopixokst
2 K.1.H., nonenT kadeapu KCM 3HTY, m. 3amopixoks
* Marictp kadeapn KOMITFoTepHIX crcteM Ta Mepex SHTY, M. 3amopixoks
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Tabmums 1 — Pesynpraty iMmiemenTarii 1yt Mikpocxemu Arria GX
EP1AGX20CF484C6

CrpykTypa LUT Memory Bits Pins
bazosa 19 0 20
OnruMizoBaHa 17 256

Pe3ynbraTi iMImieMeHTalLlil TIOKa3au, 1O M/ YaC BUKOPUCTAHHS BHYT-
pILIHBOI Tam’sITi 3MEHIIYEThCS KUIBKICTh 3aliHUX DPO3MOJUICHUX PeCypciB
(enementiB LUT), 1m0 migTBepakye TOUUTBHICTD BUKOPUCTAHHS ONTUMI30BaHOT
CTPYKTYpH IIpU HasBHOCTI BUIbHUX OJIOKIB BOYZ0BaHOT 1am’siTi. MakcumasbHa
e(EeKTUBHICT TaKOI CTPYKTYPH AOCATAETHCS IPH YMOBAX JOIUTBHOCTI:

Ny N N, =W
; ; (M

Je IV, — KiTbKICTh BUXi[JHUX CUTHAJliB aBTOMaTta Mini; &, — KibKiCTb BUXiTHHX
CcUTrHaJIB aBToMaTa Mypa; I, — 3arainbHa eMHICTB OJIOKiB BOYJOBaHOI I1aM’ATi.

Takuii crioci6 onTUMizaLii € TOCUTh TPYIOMICTKAM uepe3 crenudiky
noJianHs aBromata Mini MoBoro VHDL, ane mMoxxe Oyziu 1OCTaTHbO eeKTH-
BHHM 32 BUKOHAHHSI yMOB JIOIUTBHOCTI.

Iepesnix nocuiaanp

1. Baranov S. Logic and System Desing of Digital Systems / S. Baranov. — Tallinn:
TUT Press, 2008. — 267 pp.

2. bapkanoB A. A. Peasm3aitiis COBMEIIIEHHOrO MHKPOIIPOrPAMMHOTO aBTOMara B Oasuce
FPGA / A. A. bapkanos, JI. A. Turapenko, U. 5. 3enenesa. / Hayxkosi npaui JJouHTY
Cepis «IHpopmaTnKa, KibepHETHKa Ta 00UUCTIOBaNIbHA TeXHiKa». — 2014. — Nel’19.

YK 004.74
3enenesa M., Tpymiko C.C.%, Korenko A.A.%, 3enensko B.B.

CPABHMTEJIbHBIN AHAJIN3 CIIOCOBEOB PEAJIM3AIINU
YIIPABJIAIOIUX AJITOPUTMOB B BABUCE FPGA

AJITOPUTM yIPABJICHUS ITUPPOBOH CHCTEMOUW MOJXKET OBITH aImapaTHO
peann3oBaH B BUAE MUKPONPOTPAMMHOIO aBTOMAara C >KECTKON WM ¢ Mpo-
rpaMMUpyemMoii Jiorukoit [1]. ABromatsl ¢ xecTkor jorukon (AXKJI) ormm-
YaroTCs HAaUOOJBIIMM OBICTPOJCHCTBHEM Oiarogaps mapajuieI-HOMY aHAJH-

'K 1.1., mouent kadeapsl «KoMmbroTepHbie cHcTeMs! 1 ceTi», SHTY
2 Cr. BuK1. kadenpsr «KOMIBIOTEpHEIE CHCTeMBI U cetry, SHTY
3 Bakanasp xadenper «KommbrorepHble cucteMsl u cetn», SHTY

90



3y BXOJIHBIX CHTHAJIOB, OJJHAKO CXEMBI, TIOJyuYeHHbIe TaKUM 00pa3oMm, He 00-
JIaal0T «THOKOCTBIO» B CMBICIE aJalTalldi K BO3MOXKHBIM HM3MEHEHHSM B
YIOPaBIAIOEM aITOpUTME. ABTOMATHI ¢ IporpamMmupyemMoi sorukon (AITT)
He 00J1a/1af0T MOBBIIIEHHBIM OBICTPOAEHCTBHEM, HO XOPOLIO aJIaliTUPYIOTCS K
W3MEHEHMsSM yImpasisiiomero anropurma. [Ipu atom AII peanusyrot npo-
ME)XyTOUYHBIH ypOBEHb pean3aliy IU(PPOBBIX CHCTEM, KOTOPBIM ITOIY9HI
Ha3BaHNE «MHKPONPOrpaMMHBIN» (firmware) 1 mpeaHa3HayeH AJsl anmapar-
HOTO BBINOJIHEHHS NPOTPaMM, HAIMCAHHBIX Ha S3BIKaX BBICOKOTO YPOBHSI.
IIpn 3ToM Kakmas KOMaH[a MAIIMHHOTO SI3bIKa MHTEPIPETUPYETCS CHELH-
AIBHOM MHKPOIIPOTpaMMON — IOCIIeI0BATENbHOCTEI0O MHUKpokoMaHa (MK),
XpaHUMBIX B clieuanbHON ynpasistromed mamsata (YII). MuxpoxoMmaHab!
OpPraHU30BAaHbI B COOTBETCTBUH C ONEPALMOHHO-aAPECHBIM MPUHIUIIOM, MIPU
koTopoM kaxnass MK umeer onepanuonnyto (OY) u agpecnyro (AY) gactu.
Wudopmanus o BHINOTHIEMBIX MHKpoorepaiusix cogepxkurcs B OU, a AU
COJIEPKUT KOJ IIPOBEPSAEMOTr0 JIOTHYECKOTO YCIOBHSA U aJipec Imepexoa.

B nanHO# paboTe paccMaTpuBaeTcsl peann3alys ajJropurMa yrpasie-
HUSl aBTOMAaTU3UPOBAHHOHM OopToBoil cuctemoii (ABC). ANTropuT™M HCXOIHO
3a7aH B BHJE (PyHKIMOHAIBHOTO NepeBa M MMEET OINpEAETICHHYI0 OCOOEH-
HOCTb: B HEM YepeIyIOTCs OIEepaTOPHBIE M YCIOBHBIC BEPIIMHBL, YTO OTpa-
KaeT MPUHIHUI «OIPOC JATYMKOB — PEAKIHUs yCTPOICTBaY.

Takas anropuTMmudeckas: 0OCOOEHHOCTh XapakTepHA I YIPaBIIAIOIINX
CHCTEM, B OTJINYHE OT BBIYHCIUTENBHBIX, B KOTOPBIX MPHCYTCTBYIOT IOCIIE0BA-
TETBHOCTH OTEePAaTOPHBIX BEPIIMH M OTHOCUTEIFHO MaJIo BEpIINH YCIOBHBIX.
Hcxons u3 ananuza cBoctB mojeneit AXKII u AT, qist peanuzanuu anro-
putMma ympasieHus ABC Obi1 BHIOpaH aBTOMAT € MPOrpaMMHPYEMOi JIOTH-
KOl n mpuHynurenbHOH anpecanueid mMukpokomana (MK). B stom ciyuae
¢dopmar MK Brmouaer monsi: FY — onepanmonnast 4actb; FX — xon mpose-
psieMoro Jorudeckoro yciaosust, eciii FX = 0, To mepexo| BeIIIONHSETCS O€3-
ycnoBHO; FA; — agpec mepexona, eciy IpoBepsieMOE JIOTHYECKOE YCIIOBHE
paBHsETCS HYJIO WIM NpH Oe3ycinoBHOM mepexone; FA, — anpec mepexona,
€CIIH TIPOBEPSIEMOE YCIIOBHE PABHACTCS €IMHUIIE.

Takol ¢opmar yIpapIsIOMIEro CIOBa JaeT BO3MOXKHOCTH (hOPMHPO-
BaTh Mapbl «OIEpPAaTOpPHAs BEPIIMHA + CIIOBHAsI BEPIIMHA» B PaMKax OJHOTO
YTIPABILIFOLIETO CIIOBA. JTO MO3BOJSAECT 3HAYNTEIHHO YMEHBIIUTD KOJINYECTBO
YOPaBIAIONUX CJIOB B aJIrOPUTME YIIPaBICHUS IO CPABHEHHUIO C YHCIIOM CO-
ctosuuit AXKJI B ToM xe anroputme. UccrnenoBanus AXKJII Taxke 6butH mIpo-
BEJICHBI JUI CPaBHEHHUS.

Lenpro MaHHBIX MCCIIEIOBAHUN SIBISETCS CpaBHEHHE cTeneHu 3ddex-
THUBHOCTH Pa3HBIX CIIOCOOOB peaim3anuu ynpasistomero aiaroputmMa ABC
npu ucnonb3zoBaHuu mozeneit AITJI, AXKJII, a Takke COBMEIIEHHOTO MUKPO-
nporpammuoro asromara (CMIIA). B kadecTBe 31eMeHTHOTrO 0Oaszmca aist
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UCCJIEJOBAaHUH BBIOpaHbI IIUPOKO HCIOJIb3yeMble MUKpocxeMbl FPGA ¢up-
mbl Altera (Intel) u cooTBercTByrOIIEE TporpaMMHOe obecnieuenne Quartus 11
[2]. Pe3ynbTaThl HCcIen0BaHUHN MOKA3bIBAIOT, YTO MPHU HAJTMUUHU B alITOPUTME
YIpaBJeHUs] JOCTATOYHO OOJBIIOrO YMCia TOCIIE0BATENbHBIX Map BEPIINH
«ormeparopHasi + ycioBHas»» HuOosee 3(h(eKTHBHOW MO anmapaTypHbIM 3a-
TpaTaM SBISIETCSI peaqu3anys B BHAE aBTOMAara ¢ MpOrpaMMHUpPYEeMOH JIOTH-
Koii. [lanpHeine HanpaBIeHns NCCIEA0BaHNH 3aKIIIOYAI0TCS B TIOMCKE CIIO-
coboB ontumuzanuu cxeM AIlJI He TONBKO MO KPUTEPHIO aNNapTypHBIX 3a-
TpaT, HO W MO KPUTEPHIO OBICTPOAEHCTBUS, IJISI 9Er0 MOXKHO HCIIOJIB30BaTh
BcTpoeHHbIe O70kH maMsatH FPGA, mpucyTcTByromue NpakTHIeCKA BO BCEX
COBPEMEHHBIX CEPHUSIX MUKPOCXEM.

Ilepeyensb ceblI0K

1. Baranov S. Logic and System Desing of Digital Systems. — Tallinn: TUT Press,
2008. — 267 pp.

2. Sklyarov V., Sklyarova 1., Barkalov A., Titarenko L. Synthesis and Optimization of
FPGA — based Systems. — Berlin: Springer, 2014. — 432 pp.

VIK 004.75
Kosanes C.A. ", Apamun JI.B.2

AHAJIN3 IPUMEHEHUS PACIIPEJIEJIEHHBIX BOIYMCJIEHUNI B
KOMIIVIEKCE BOPTOBBIX CUCTEM B BECIITMJIOTHBIX
TPAHCIHOPTHBIX CPEJICTBAX

Ha ceronmusiiHuii 1eHb OECIIMIOTHBIE TPAHCIIOPTHBIE CPEJCTBA Ipe-
CTaBJIAIOT CO0O0# 0OJBIION HAYYHBIH MHTEPEC B BUAY HMIHPOKOrO CIIEKTpa 3a-
Jlad Kak anmapaTHOro, Tak ¥ IMpOorpaMMHOro ypoBHs. Llensto qaHHOTO Hecie-
JIOBAHMSI SIBJISETCS aHAJM3 XapaKTePUCTHK OOPTOBBIX CHCTEM OECIHIOTHOTO
TPAHCIOPTHOTO CPeJCTBa Ha mpuMepe komiuiekca PilotDrive [1] pa3paboTku
YKpPaWmHCKOW MHXUHUPHHTOBOHM KommaHmu Infocom-LTD, a Taxke paccmart-
PHBAIOTCS BAPUAHTHI €0 YCOBEPIICHCTBOBAHMSL.

Komruieke 60pToBBIX BhIUUCIHTENBHBIX cucTeM PilotDrive cocrouT u3
nporpaMmmupyemoro jorudeckoro koHTposuiepa (IJIK), BcrpamBaemoii
wiatGopmMbl U aBTOHOMHBIX ycTpodctB Nvidia Jetson m IBM PC-
coBmectumoro kommbtorepa (I1K), 00beMHEeHHBIX B JIOKAIBHYIO CETh TEXHO-
noruer Ethernet. Nvidia Jetson mpencrasnsier co0oif MOOMIIBHYIO BBIYHCIH-
TeNnbHYI0 cuctemy [2]. JlanHast cucrema ocHaieHa rpaMueckuM Mporecco-

! K.T.H., TOIeHT kadenps! koMmmbroTepHO HHKeHepun, JJoHHTY, 1. [TokpoBck
% AcriupaHT, HEXeHep-Tporpammuct Infocom-LTD, r. 3amopoxse
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pom Nvidia Pascal ¢ 256 CUDA-spamu, 9TO MO3BOJISIET Pa3BEPHYTh HEW-
POHHYIO CeTh ISl PAacHO3HAaBaHUS OOBEKTOB Ha BHJICONOTOKE B YCIOBHIX
HU3KOTO 3HEpromnoTpednenns. YeTslpexbsaaepHblii pomeccop Ha 6aze ARM
A57/2, a Taxxe mmpokuii Habop mmH ooMena nanubiMu (CAN, UART, SPI u
T.JI.) IO3BOJISIET BBIMOJHATH COOP MCXOJHBIX JIAHHBIX C aKTHBHBIX JTATYMKOB U
UMHEepLHUAIBHBIX CUCTEM, TaKuX Kak pajap, kommnac, GPS, conap, u T.4., HO B
TOXE BpeMs SIBIISICTCS HEIOCTATOYHO MPOM3BOAWTEIHHBIM JUISI BBITOIHEHHS
CJIOKHBIX MHOTOIIOTOYHBIX ITOPUTMHUYECKUX BbIYHCIeHHHA. Takum oOpa-
30M, Ha BBIXOJIE Y JaHHOH IIaT(opMbl GOPMHUPYIOTCS CTPYKTYPHUPOBAHHbIE
JIaHHbIE, TIPUTOJHbIC JUIS JalbHEeHIero aHajin3a Ha 0oJiee POU3BOJHUTEIIb-
HOM cucteme. TakoBoit cuctemoit sBisiercst IBM PC-coBmecTUMBIH KOMITB-
totep. 3anauert nanHoro 11K sBnsercs aHanu3 TeKyIuX MOKa3aHUIl BHYTpEH-
HUX CHUCTEM, BHEUIHEH CUTyalluu, U NPUHATUE PEIICHUN O JajJbHEHIINX Neil-
CTBHSIX TPAHCHOPTHOTO cpexacTBa. [yist 3Toro nanHas cucteMa Ha Oase mare-
puHCKOH TaTel mMini-ATX ocHameHa BOCBMHSAIEPHBIM Tporeccopom Intel
ceMeicTBa 17 ¢ MUHUMAIBbHOW COIYTCTBYIOLIEH KOH(HUrypamuen Ajsl MoBbl-
ureHust sHeproadexrrBrocty. [1JIK B 1aHHOM KOMILIEKCE BBICTYIIAET B POIIH
CHUCTEMBI peasIbHOI0 BpeMEHH. AMNMapaTHO-MpOrpaMMHasl pealn3alus JaHHO-
ro OJI0Ka HE TO3BOJISICT BBIMOJHATH BBIYUCICHHUS, KOTOPHIMH 3aHUMAIOTCS
panee paccMmoTpeHHble cuctembl, HO ITJIK sBisiercst Hambosee HamEKHBIM
YCTPOMCTBOM M 007aJaeT HaMMEHBIIUMH 33AEp’KKaMH, 9TO OOYCIIOBIICHO
BBINOJIHEHHEM IPOTrpaMM Ha ammapaTHOM ypoBHe. Ero 3amauamul sBISIOTCS
TeHepauys U Iepenavya yrnpaBiISIONX KOMaH I HEMOCPEICTBEHHO Ha HCIIOJ-
HUTEJbHBIE YCTPOMCTBA TPAHCIOPTHOTO cpenctBa (pyib, KIIII, anekrponuka,
U T.7.), a TaKKke odecredeHrue Mep 6e30MacHOCTH IIPH OTKa3€ JPYTHX CHCTEM.
B ciyuae BbIxona U3 cTpos Kakoro-moo u3 Belmectosmux y3inos, ITJIK cro-
cO0EH B pPeXXHMME PealbHOTO0 BPEMEHH MPOAHATN3HPOBATh JaHHOE COOBITHE U
BBIIIOJIHUTh 3apPaHEE ONPEEIICHHbIM KOMIUIEKC ACHCTBUN AJI IIPENOTBpalLe-
HUSI aBapUITHON CUTYalUH.

IIpn Bcex mepeuncieHHBIX (AaKTOpax AAHHBIH KOMIUIEKC HE SBISETCS
YHHUBEPCAIBHBIM M €IMHCTBEHHO BEPHBIM PEIICHUEM JUIsl IPUMEHEHHs B Oec-
MUIOTHBIX TPAHCIIOPTHBIX CPEACTBAX, M CIEIOBATENFHO, MOXKET COBEPIICH-
cTBOBaThCsl. Ha NaHHBIM MOMEHT MOKHO BBIACIUTh HECKOJIBKO HaIIPABJICHUN
JaJIbHEHIIero pa3BUTHSL:

1.00benuaenne Heckonbkux IiargopM Nvidia Jetson Ha kaHaJIbHOM
WIN anmnapaTHOM YPOBHE C LENIbIO YBEJIMYEHHUS! OBICTPOAEHCTBUSI 00pabOTKH
JAHHBIX W BO3MOXXHOCTH Pa3BEPTHIBAHHMS HEWPOHHBIX ceTeld Ha OOoJbIIeM
YHCIIE BUEONOTOKOB.

2.TlporpamMHas peaau3anusi CUICTEMBI peanbHoro BpemeHu Ha [1K.

3.IlpuMeHeHNnE AIBTEPHATHBHBIX CIIOCOO0OB MEXCHCTEMHOTO B3aHMO-
IIEMCTBYS, OTIIMYHBIX OT JOKaJIbHOH cetn Ethernet.

Ha ocHOBaHMN TPOBENEHHOTO aHanNMW3a OBUIM BBIBICHBI CHIIBHBIC W
ciabble CTOPOHBI KaXJOW MOACUCTEMbI M C(HOPMYIMPOBAaHBI 33Ja4d MO
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VIIy4IISHUIO TI0Ka3arelieil ObICTPOJCHCTBHSI, HAJIe)KHOCTH, a TaK)KE YMEHb-
LICHUS SHEPronoTpeOIeHNs CUCTEMBI B IIETIOM.

IlepeueHsb ccbLIOK
1. becriunoTHelii aBTOMOOMIIB Ha 6ase Jeep | INFOCOM Ltd [DnektpoHHbIi pecypc].
— Pexum poctyma: https://ia.ua/ru/solutions-ru/bespilotnye-technologii/unmanned-
jeep-ru/
2. Jetson TX1-TX2 Developer Kit Carrier Board Specification [DnekTpoHHBIH
pecype]. — Pexum moctyma: https://developer.nvidia.com/embedded/dlc/jetson-tx1-
tx2-developer-kit-carrier-board-spec-20180618

V]IK 004.584
Komapeiiko O.C.", Kacbs K.M.?

BEB-CEPBIC IIIBOPY BIJEOKOHTEHTY 3A IHTEPECAMUA
KOPUCTYBAUA

3aBOaHHAM IAaHOTO JOCTIKEHHb PO3pOOKa CepBicy, IO Mae 3a MeTy
€KOHOMIIO Yacy KOpPUCTyBaya y MPOILIECi MOIIYKY IiKaBOTO BiICOKOHTEHTY.

Cepen aHaJOTIB BapTO 3a3HAYUTH cailiT « KHHOMOMCKY», SIKUU B JaHUN
MOMEHT 3a0iokoBanuit. Ha 1iboMy caiiTi € HaBiratop 3a ¢isbMaMu, 1110 J0To-
Marae CKOPOTHUTH MPOLIEC MOUIYKY YI00JIEHOT KIHOCTPIYKH.

VY naniit po3poOIIi 11e MUTaHHS PO3IIUPIOETHCS Ta CoIliaizyerscs. Ha
MOYaTKy poOOTH 3 CaliTOM KOPHUCTYBa4 BKa3ye CBOI iHTepecH (JKaHp, PiK, aK-
TopiB). Takox KOpUCTyBad BiaMidae QiIbMU, MO0 HOMY CHOHOOATHUCS, a 1HIII
(mpy3i IBbOro KOpHUCTyBaua, HAIIPUKIA) 3MOXKYTh IOAUBUTHUCS LI KIHOCTpPid-
Ki. AJDKe, BUXOISYH 3 JOCBiY, HAHOUTBII IKaBUMH € (BLIBMH, IO TTOPAIHITH
3HAHOMI.

Anroput™ poOOTH cUCTeMH Ta ii PYHKIIOHAT:

1. KopucryBau BBOIUTH y crienianbHy (GOpMy CBOI iHTEpecH Io-
JI0 KIHOCTPIuOK (3KaHp, piK, aKTOPIB).
2. Bukonyetbes psin 3anutiB 10 0a3u JaHux (inbMiB, 1 30epira-

I0ThCS OTPHMaHi pe3yjbTaTH B 0a3i JaHUX IHTEpECiB KOpUCTyBaya, TOOTO
(dopmyeTbes BUOIpKa.

3. [Tix yac poboTH 3 caliTOM KOpHCTyBad Oyae OayMTH BUITAIKOBI
(inbMu 3 Horo BUOIpKH.
4. [Tpu HaTHcKaHHI HA (iIbM KOPUCTYBAY MOTPAILISE HA CTOPIHKY

3 BIJIMOBITHOKO KIHOCTPIYKOIO, JI¢ 3MOXKE 3aJIUIIUTH CBiii koMeHTap. Kopuc-

! cryment rp. KHT-513m 3HTY
K.T.H., JoeHT kapenpu KCM 3HTY
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TyBad MOXKE BIIMITHTH 1ef PUTBM SK HepersHyTHH (yIIo0IeHui), 1 Oibie
BiH He Oy/1e BUBOAUTHUCS Y OJOII IO MEePETIITHYTHY.

5. VY Toi1 e yac, KOpUCTyBad MOKe 3HANTH cepel 1HIINX KOpPHUC-
TyBadiB CBOiX APY3iB Ta MOAMBUTHCS 1X YIIIOOJIEHI (LITBMH.

6. DopMy€ETHCS I1I0CH MOII0HE COIIAIEHOT MEPEXKi.

7. [ToBimomiieHHsI, SKUMH OOMIHIOKOTBCS KOPUCTYBadi, aHAaJi3y-

€TBHCS 3aXHUIIEHO CUCTEMOIO CailTy.

Ha puc. 1 BimoOpaxeHu mpolec BUAUICHHS iHTEPECiB KOPUCTYBaUiB
3 MIOBIJIOMJIEHb.

Inest aHaizy 4acTOTH BXKUBAHHS CIIIB TIOJISITAE B TOMY, 10 KOPHCTYBa-
4i yacTille 3a HIIMX BUKOPHCTOBYIOTh CJIOBA, XapaKTepHi AjIst 001acTi, 1o ix
LIIKaBUTb.

BuganeHHs Hopmanizauia MopdonoriuHa BuagineHusa
cron-cnie cnig po3miTKa chnig iMEeHHURIB

Pucynok 1 — IIpouec BuaineHHs iHTepeCiB KOPHCTYBadiB

Baza nanux po3pobiena y rpadiuHii 0600HIT phpmyadmin Ha MoBi SQL.
Anroput™ Binbopy ¢iiemiB peanizoBanuii Ha PHP 3 3armramu 1o 6a3u naHmx.

VY mporneci moOynoBu KapKacy CalTy BHKOPHCTOBYIOTHCS CyYacHi
¢perimBopku React i Redux. Lli TexHOIIOTIT JO3BONATH AMHAMIYHO Ta IIBHIKO
pearyBaTtu Ha Jii BiJf KOpHCTyBaJa.

[Tpu po3poO1ii BenrKa yBara MpUIUISETHCS PIMICHHSM HIIUX COL{ialb-
HUX MEpEeX TakHXx, sk Instagram ta Twitter.

Takoxk y po3poOui TIaHyeTbCs BIPOBAJIUTH  €JIEMEHTH  3a-
1aM’SITOBYBaHHS BBEJCHUX Yy PSIOK IIOIIYKY IaHWX KOPHUCTyBauiB. Takum
YMHOM, MOXHA [IPOTHO3YBATH MOTOYHUH HANPSAMOK 3alliKaBIEHOCTI JIOAEH y
kiremaTorpadi. [apopmaris Moxe OyTH KOPHCHOIO I KiHOPOKATHUKIB.

VY pesynbrari pobotu 3 Web-cepBicoMm, KOPHCTyBadi 3MOXXYTh 3HAXO-
JUTH OJIMH OJTHOTO 3a iHTepecaMH, BX€ 3HaHOMI OJJMH OJHOMY KOpHCTyBadi
3MOXXYTh BHOpaTH (pistbM 31 chopMoBaHOI THYUIKOi BUOIPKH.

IepeJik nocunanb

1. CounansHble ceTH U BUPTyallbHBIE CETEBBIE coodmecTBa / oTB. pen. Bepuernos JI. H.,
Edpemenko 1. B., Tumenko B. 1. - M.: UHUOH PAH, 2013. - 360 c. - ISBN 978-5-
248-00644-1.

2.Boyd, D.andEllison, N.Social Network Sites: Definition, History, and
Scholarship (anr.) / Journal of Computer-Mediated Communication. — 2007.— Vol.
13, no. 1.-P. 210-230. - ISSN 10836101. - DOI:10.1111/3.1083-
6101.2007.00393 .x
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VK 004.222.2 + 004.315.5
Janko B.B.!, I'yces B.C.%, 3enenesa U.5.2, Cagunkas I.A.*

CITIOCOB OIITUMM3ALIUU AJITOPUTMA YMHOXEHUSA
JONOJIHUTEJIBHBIX KOJOB

Omeparyist yMHOXKEHHS OTIEPAHAOB, TPEJICTABICHHBIX B JIOTIOJHATEIb-
HBIX KOJaX, SIBIIICTCS OJHOW M3 Hanboyiee MAacCOBBIX MPU OPraHU3AINHU BbI-
YUCTUTENBHBIX TporieccoB [1]. [nsg opranm3anuy omepamuyl YMHOXEHHUS B
JIOTIOJTHUTEBHBIX KOaX C IMOMOULIBIO KIACCHYECKUX AJITOPUTMOB HEOOXOAH-
MO HCIIOJIb30BaTh JIOTIOIHUTEIbHBIA 3HAKOBBINA pa3psill JIMO0 YMEHBIINTh pa3-
PSAAHOCTB onepanaoB. [Ipu 3TOM OTCYTCTBYIOT TeOpeTHYIECKHE OJI0KEHUS 00
UCIOJIb30BaHMH MCKJIFOUUTENBHO INTATHBIX BBIXOJIOB THIIOBBIX apU(PMETHKO-
JIOTHUECKUX YCTPONCTB — CyMMBI M BBIXOJHOTO HepeHoca [2]. B cumy sToro
npoOJieMa COBEPILICHCTBOBAHUS aITOPUTMOB (DYHKIIMOHUPOBAHUS U peasin3a-
IIMM amIapaTHOro o0ecriedeHns: OJI0KOB YMHOXKCHHS JIOTIOTHUTEIBHBIX KOJIOB
SBIIICTCS aKTyalbHOI Hay4yHOH 3aadei.

JInst BBITIONIHEHMST aHaIM3a OCOOEHHOCTEH alropuTMa YMHOXCHUS B
paboTe TPEenyIoKEeHO OMUCHIBATH JOMOIHHUTEIbHBIE KOIBI ONEPAHAOB B BUJE
(hYyHKIMH IO COOTBETCTBYIOIIEMY MOJIYJIIO. BBITIOMHEHO aHanuTHIECKOe 000cC-
HOBaHHE AJITOPUTMa, 0OECTIEYMBAIOIIETO B O0IIEM CiTydae KOppeKTHOEe (hopMu-
POBaHHE YACTHYHBIX CYMM ITPU MIPOU3BOJIGHBIX 3HAKAX COMHOMXKHTEIICH.

[Tpu peanu3zanny aaropuTMa yMHOKEHUS JJIsl YIPOIICHHS POLIEAYPHI
KOHTPOJISI TEPEHOJIHEHNUSI CYMMbI YaCTHYHBIX TPOW3BEICHHUN JIOTIOIHUTEIb-
HBIE KOZBI CyMMaTOpa YaCTUYHBIX NTPOM3BEICHUI MPEIOKEHO MTPEACTABIISAT
B npeo0OpazoBaHHON (OpMe C MHBEPTHPOBAaHHBIMH 3HAUCHUSMH 3HAKOBBIX
pa3psoB. Ilpu 3ToM aHAIMTHYECKH NTOKA3aHO, YTO COBOKYITHOCTH BBIXOHOTO
IepeHoca M CTapIlero paspsiia CyMMbl Ha OCHOBHBIX BBIXOAaX CyMMaropa
peoOpa30BaHHBIX U HETPEOOPa30BAHHBIX JIOMIOIHUTEIBHBIX KOJIOB IIPH aHa-
JIOTWYHBIX 3HAYEHHAX CyMMBI (OPMHUpYET IMOJOOHBIE ABOMYHBIE KOIbI. B
3TOM CIy49ae CyMMaTOpbl MPeoOpa3oBaHHBIX M HEMPEOOPa30BaHHBIX JIOIOJ-
HHUTEJIBHBIX KOJOB WHBAPHAHTHBI OTHOCHTEIHHO JITOPUTMA MPe0oOpa3oBaHUA
MOJIMHOMA CYMMBI.

B Tabn. 1 moka3aHbl JaHHBIE YMCIOBBIX 3KCIIEPUMEHTOB YMHOKEHHS
JIOTIOJIHUTEJIBHBIX KOJIOB KOHKPETHBIX COMHOXHTENEH C HCIOJIb30BAaHUEM
NpeoOpa30BaHHBIX JIOMOIHUTEIBHBIX KOJIOB OIEPaH/IOB.

'K 1.1., mpodeccop kadeapsl kommbiotepHoii nmkenepun JoaHTY, r. ITIokpoBck

2 K.1.H., nouient kad. «KommprorepHsie cucteMsl u ceti» JIBH3 «HanmonanbHbii
YHHUBEPCUTET OHOPECypCOB U MIPUPOIOTIONB30BaHU, I'. Kuen

? K.1.1., noreHT kad. «KommbiotepHsie cuctems! i ceti» 3HTY, r. 3amopoxbe

* K.T.H., aCCHCTEHT kad. «KomnprorepHsie cucremsl u cetm» JIBH3 «HannonansHbIi
YHHUBEPCHUTET OHOPECYPCOB U MPUPOAONIOIH30BAHI», T. Knes
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Tabmuna 1 — YMHOKEHHE JTOTOHUTENBHBIX Ko/I0B (A <0, B < 0)

IIpumeuanue Cnx(1,10) Anxn(1,5) Byk(1,5)
Cwn= | [110000 [ °00000 | [0]0101 [1]0011
+ | [0]0101 b(5) An(1,5)
E,=0;S(1)=1; | [1]0101 | °00000 | =S(1,5)’Cy(6,10)
MI=0; | [1]1010 | *10000 | =C*y
[0]
[0]

1010 | *10000 | = C*yn
0101 b(4) A gen(1,5)

—

+
E,=0;S(1)=0; | [0
MII=1; | [1]0111 | *11000 | =Clx

1111 | °10000 | = S(1,5)’Cy(6,10)
3

]
]
— | [171011 | *11100 | =C%y
— | [171101 | "11110 | =C'j
[0] 1101 | *11110 | =C'jn
[1]1011 —b(1)-Agn(1,5)
+
E;=1;S(1)=0; | [0]1000 | 11110 | =S(1,5)’Cx(6,10)
HH:O; —

[010100 | 01111 | =Cyk(1,10)

Cr(1,5)’C(6,1
0)-2°

A(1,5) = []1011" Ag(1,5) = [1]0101°

Anxr(1,5) = [0]0101” A ger(1,5) = [1] 1011°

B(1,5) = [-]1101 Bk(1,5) = [1]0011°

C(1,10)=[+]0 1000 1111°  Cpx(1,10)=[0] 0 1000 1111°

Takum 00pa3oM, MpPU HCIOJIB30BaHHU MPEOOPa3OBaHHBIX JIOIONHH-
TEJIHBIX KOJIOB ONEPaHIOB B CyMMaTope YaCTHYHBIX NPOU3BEINCHHH obecre-
YHBAETCSl Ka4eCTBEHHO Oosiee 3((EeKTHBHBIN CIIOcO0 (HKCany NepernoTHe-
HUS pa3psiIHON CETKU CyMMBI, OCHOBaHHBIH Ha aHAM3€ €ro IITATHBIX BBIXO-
JIOB — BBIXOJTHOTO MEpPEeHOCa CyMMaTopa M JIBOMYHOIO KOZAA B 3HAKOBOM pa3-
psiae cymMMaropa.

IlepeyeHb cCBLIOK

1. Voiikepau k. [IpoextupoBatue undpossix ycrpoiicts. T1| k. Vaiikepnu. — Mo-
ckBa: [Toctmapker, 2002. — 543c.

2. Komrr’'roTepHa cxeMOTEXHiKa Ta JOTika [HaB4yanbHHU mociOHuK]| / B.B.Jlamko,
B.C. I'yces, J1.1O. Kacarkin, B.B. Cmouii, A.L. bo3sa, T.}O. Ocumopa, 10.B. Martyc,
S.A. Capurpka // — K.: HYBIll Ykpaian, 2017.— 291c.
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YK 004.031
Hosixos B.I'.!, {oxono C.0.?

OI'JISAJ APXITEKTYP CUCTEM ABTOMATHM3AIII
BYAIBEJIb I IIPUMIIIEHb

OYHKIIOHYBaHHS CY4acHUX OYIiBENIb € HEMOXIIMBUM 0e3 HafmiifHOl i
e(heKTUBHOI CHCTEMH YINpPABJIHHS, sKa TMOBHHHA 3a0e3rnedyBaTd KoMdopT i
Oe3meky Jiroieil. 3apa3 icCHye 0e3J1id CHCTEeM aBTOMAaTH3AIlil, 1110 0a3yI0ThCs Ha
KOHIICMIIii pO3yMHOr0 OyauHKY. AJle mepej moOymIoBOI0 TaKMX CHCTEM IIO-
TpiOHO Kiacu(ikyBaTH iX 3a KpUTEpiEM TeXHOJOTIl B3aemomii [1] s Haii-
O1nbI €heKTHBHOTO BUKOPHUCTAHHS IIepeBar Ta BpaxyBaHHs HEJOMIKIB.

Posnooineni cucmemu (PC) € CyKYIHICTIO 3aKiHUCHHX HPUCTPOIB-
aBTOMATIB, 00’ €JHAHUX 3a OITIOMOTOI0 MIPOCTHX 3B’ s13KiB (puc. 1). ['omoBHOIO
MIepeBarol0 TAKUX CHUCTEM € JIETKe HaJlalITyBaHHS, IPOTpaMyBaHHS 1 MacIITa-
OyBanns. /IBa ocHOBHMX Buay npuctpoiB B PC — mxepena i nmpuiimadi curna-
niB. KirodoBa nepeBara PC momsirae B HamiifHOCTI —HaBIiTh SKIIO OAWH a0o
JIeKiTbKa MMPUCTPOIB BUMIYTH 3 JTay, CHCTEMa MIPOJIOBXKUTE podoTy [2].

Cepeep Bizyanizauii gaHux

m= | [ =
1 [aTannm
Datinem 2 .
[ -
A-R\ m P
lhl OHTpONEep OHTpOMEp -
BHHOHABYI ENEMEHTH BHKOHABY] ENEMEHTH
o -
Latumku KorTtponep Hontponep Damamkm

BHHOHaBYI BIEMEHTH BHHOHaBYI BNEMEHTH
Pucynok 1 — Po3noainena cucrema

Lenmpanizosana cucmema (IJC) CKIIagaeThCsl 3 JOTIYHOTO MPUCTPOIO i
Ha0oOpy JaT4MKiB 1 BUKOHABYMX HpHCTPOiB (puc. 2). Homenknartypa i Kiib-
KIiCTh JaTYMKIB BU3HAYAIOTHCS BUPOOHUKOM KoHTposiepa. Y LIC, Ha BigmiHy
Big PC, € BinbpHO mporpamoBanuii nienTpansauii kontposnep (LK) [3]. B pasi
BUXOJly 3 JIally a0 3aBHCaHHS LIEHTPAIBHOTO KOHTpPOJIepa BCs CUCTEMA Iepe-
CTa€ MpALIOBATH, 110 € 3HAYHUM HE/IOJIIKOM.

! Acripanr, Jlorenpkuii Hanionansauit Texuigamii YHiBepcuTeT
% x.1.H., now. kad. KI, Jlonenskuit Hamionansamii Texuianmii YHiBepcHTeT
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Cepeep sizyanizauii gaHux LLEHTpafIbHHI;I KOHTpONEp

B =

BuxoHasui
enemeHTH

momJymos |
= =

Pucynok 2 — LlenTpanizoBana cucrema

Kombinosani cucmemu (KC) cknamatorsest i3 enementis L[C ta PC
(puc. 3), BUKOPUCTOBYIOUM KJIFOUOBI IIepeBarn KOXKHOi 3 apxirektyp. [Ipm
po30yIOBi TAKMX CHCTEM BHKOPHCTOBYETHCS IMiJXiJ], KON KOKHOIO OKPEMOIO
CHCTEMOIO Kepye BiacHuH (JokanpHUi) KoHTposep (JIK). A Bxe mis kepy-
BaHHS Ta pe3epByBaHHS QyHKIiH JIK BuKkopucroByerhest moryxuuit LK.

Cepeep Bizyanizawii AaHmx LenTpansHuii KoHTponep

E =

A 1 [ Jatankw
ATYHKH -] m
- {0l kow
o il Koutponep
I E:I KoHTponep m
BuroHaByl enemenTH BuHOHaBMI ENEMEHTH
Aamauru iKDHTpOnEp KoHtponep AaTunkn

BuKoHaBY| enemenTH BUKOHABY] BNEMEHTH

Pucynok 3 — KombiHoBaHa cuctema

OTKe, MOXXHA 3pOONTH 3arajbHUI BUCHOBOK, IO 3 PO3MIISIHYTUX apXi-
TeKkTyp HaiOumem npuitHaTHOIO € KC. Came BoHa 3abesmedye HaiOLTBITY
HaJiiHICTh (YHKIIOHYBaHHS CHUCTEMHM, IIO € KIIOYOBUM IapaMeTpoOM IIpH
aBTOMATH3aIlii POIIeciB B OYAIBIAX Ta MPUMIIICHHSX.

[epeaik nocuianb
1. ABTOMaTH3a1Ms U yIpaBlIeHUE 3aHUeM [eIeKTpoHHUH pecypc]. — Pexum nocrymy:
http://ais.by/story/2932
2. Bikimeniss — BiibHAa EHUUKIIONEsI [eNeKTpoHHUI pecypc]. — Pexum mocrymy:
https://uk.wikipedia.org/wiki/Po3noninena cucrema_KepyBaHHS
3. LonWorks — mpoMbIIUIeHHBIH CTaHAAPT OPraHU3aliy YIPABIIOMUX ceTeil [enek-
TPOHHUI pecypc]. - Pexum nocrymy:
http://www.armoengineering.ru/construction/LonWorks.ahtm
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YK 004.7
PynwkoBcrkuii O.P. 1, Kupuuex I.r.?

JELUEHTPAJI3ALISA TEXHOJIOT'TiA

B nanwit yac muTtaHHS po3poOKH MacmTabOBaHUX 1 €(hEeKTUBHUX TPO-
rpaM Ha OCHOBiI BUKOPHCTaHHS IMipPiHTOBaHWX TEXHOJOTIH, KpumrTorpadii Ta
BIZIKPUTOCTI JAaHUX € JIOCUTh aKTyalbHHM. 3 PO3BUTKOM KPUITOBAIIOT i
CMapT-KOHTPAKTIB, OUIBLIICTh MPOEKTIB BUOUPAE NELEHTPATI30BaHy MOJIEIb.
Bumornu zerieHTpaiizoBaHUX MPOEKTIB A0 LEHTPaIi30BAaHOTO EJIEMEHTY I10-
CTIFHO TOCWIIOIOTHCS [1], poOJITYM aKIEHT HAa TEXHOJOTISX PO3MOALICHUX
o04HnCIIeHb 1 3arajJbHOMY KOHCEHCYCI KOpUCTyBauiB. Takox CBilf BIUIMB Ha
JIEIICHTPANTI3AI[iI0 TEXHOJIOTIH 3MIiCHIOITh MEPEXi HOBOTO MOKOJIIHHS, po0o-
TOTEXHIKA 1 IOCUJICHHS] BUMOT JI0 IIBUAKOCTI OTPUMaHHS JaHUX [2].

JlenieHTpati3oBaHNIMH BU3HAIOTh JTOJAaTKH, OCHOBOIO SIKHX € TEXHOJIO-
ris OnokyeitH. OCHOBHI OCOOJMHMBOCTI MUX IOMATKIB — BIIKPUTHH BUXITHHUN
KO 1 CTiHiKicTh 110 aTak. brokueitn — cxoBumie iHdopMariii B Gokax, sKi 1mo-
CIiTOBHO (POPMYIOTBCS 1 BAKOPHCTOBYIOTH Pi3HI KpUOTOTpadiuHi arOpUTMH.
Brpara, Bunanenss abo 3MiHa JaHUX y OoK4YeiiHI HeMoxumBa [1].

VY nopiBHSAHHI 3 IEHTPaNi30BaHUMH NIPOTPaMaMH, JEIEHTPATI30BaHI €
OimbIr Oe3MeYHUMHE, BiIMOBOCTIMKMMH 1 MaciiTabOBaHHMH. BukopuctaHHS
BXKe icHyrouoi miatdopMu U moOyIOBH IOAATKa, JO3BOJISE 3HAYHO MpHU-
CKOPHUTH pO3poOKy momioHux nporpam [3]. besmeka i aHOHIMHICTH CepBiciB
rapaHTYEThCSl YCYHEHHSIM MOCEPEIHHUKIB Ta BHUKOPUCTAHHAM IIU(PPYBaHHS
JUIS 3aXUCTY AaHUX IiJ] 9ac IX mepezadi o KaHauax 3B sI3Ky.

[Ipu moOyHoBiI JeleHTpaTi30BaHUX TOMATKIB MMOBEPX KPHUIITOBAIIOTH,
PO3POOHUK BUKOPUCTOBYE CMApT-KOHTPAaKTH. CMapT-KOHTPAKTH BUKOHYIOTb-
Cs Ha CHeHiaJbHIA BipTyadpHIH MammHI Oe3nmiudro aboHEHTIB Mepexi [4].
AJe Ha naHMii Yac JeleHTPaTi30BaHi JOJATKH MOXKYTb B3aEMOJISITH JIUIIE 3
IHIIIMMH TOJaTKaMH 1 KOPUCTYBa4aMHu, [0 3HAXOAATHCS B OHINA MEPEKi.

[ToTouHi AeneHTpaTi30BaHi MEpPEXi, B paMKaX SIKMX MPAIfOIOTh JICICH-
TpaJli3oBaHi JOJAaTKH, NOOYIOBaHI MOBEPX iCHYIOUMX IHEHTPaNli30BAaHUX Me-
pex. Bonu BukopuctoByoTh pizHi P2P anropurmu B3aemogii (BiacHi anro-
putmu MapuipyTusaii). 1i HOBI Mepexi, siki ToOyIoBaHI MOBEPX ICHYHOUYHX
MEpex, € OBepJIeHHUMH. BUKOpPHCTOBYIOUM OBEpIICHHI Mepexi, JleleHTpati-
30BaHi MPOrpaMu HE B3aEMOJIIOTH O€3MOCepeHbO 3 TEXHOJIOTISIMH MEpex,
SKI TITPUMYIOTh HWKHI piBHI Mozeni OSI, 30inblIyloun Ipyu HBOMY KiJlb-
KICTB NPUCTPOIB, HA SKUX 1LIi JOJATKH MOXYTb NPALIOBATH.

[ToBHOLIHHE BUKOPUCTAHHS 1 BIIPOBADKCHHS ICLICHTPATII30BaHUX CHC-
TEM 1 JOJaTKiB B JaHWH MOMEHT YCKJIATHEHO THM, IO iCHYIOUi alTOPUTMH i

! marictp, KHT-514 M 3HTY
2 KaH. TeXH. HayK, gom. 3HTY

100



NPOTOKOJIM POOOTH B MEpEKi IHTEPHET HE MPUCTOCOBAHI JI0 JCLEHTPaTi30Ba-
HOT MO/IeTi, BKJTFOYarou cucteMy noMeHHux imeH (DNS) [2].

He 3Bakatoun Ha Te, 0 OJIOKYEIH i KPUIITOBAIIOTH € JOCHTH 3aXHIIe-
HHMH, BOHH BCE K MAIOTh HEJOJIIKH. J[0 TakMX HEMOJIKIB BiHOCATBCS: aBTO-
HOMHICTh POOOTH (TIpaloe B Me¥ax OZHIET MepesKi); BIACYTHICTh MOXIIMBOCTI
reHeparlii BUMaJKOBHX JaHHX; 0OMEXEHHs 32 00CSATOM Iporpam i Maia MBU/I-
KicTh pobotu. Li HeomiKK He JO3BOJSAIOTH PO3POOIIATH PO3NOALICHI IIPOrpaMu
31 CKJIAJHUM KOJOM, TOMY LIO c(epu 3aCTOCYBaHHS JELECHTPaNi30BaHUX J01a-
TKiB JJOCTaTHEO OOMEXEHi. 3 METOI0 CTBOPEHHSI JEIIEHTPAJi30BaHUX OJATKIB
BEJIMKOTO 00’ €My, CIICIiaTiCTH TIOBHHHI 3aliMaTHCS PO3POOKOI0 HOBHX MEPEK,
110 BeJIe JI0 3HIKEHHS iX Oe31neKu Ta MaciraboBaHocTi [1].

JletienTpatizoBaHi JOJATKH 37aTHI MOBHICTIO 3aMIHUTH IICHTpaIi30Ba-
Hi aHaJOrH. AJjie 1St poOOTH B IEICHTPATI30BAHOMY CEpEeIOBHILi. Tpeba 3Mi-
HUTH icHyoul npoTokonu (DNS, IP, ...) Ta 3a0e3neunTr B3aEMOJIIIO0 1IUX TEX-
HOJIOTIH 1Mo3a MEXaMHU OJHi€T MEepPExKi. 3AaTHICTh OJIOKUCiHA HalaBaTH JOBi-
Py /10 OJJHOPAHTOBOI MepeKi, 3a JIOMOMOTOI0 PO3IOJIIIEHOT0 KOHCEHCYCHOTO
MeXaHi3My, POOUTH ILI0 TEXHOJIOTII0 OJHUM 3 HaWOLIBIIMX HOBOBBEICHDH 3
MOMEHTY BuHaxony Inrepuery [4].

TakuMm YMHOM TepeXill BiJ IIEHTPaTi30BaHMUX CHUCTEM i TOMATKIB IO
JCLECHTPai30BaHUX € HEMUHYYHM, TOMY IX PO3BHUTOK i 3a0e3rnedeHHst QyHK-
LIOHYBaHHS B HOBHX Mepekax IOoTpedye NPOBENCHHs JOAATKOBHX TEOPETHY-
HHX Ta eKCIICPUMEHTAIBHUX TOCIIKCHb.

Iepeuik nocuianb

1. PaBan C. Jleuentpanu3oBannbie npunoxenus. TexHonorus Blockchain B neiicTBuun
/ C. PaBan. — Cankt-IlerepOypr: ITutep, 2017. — 240 c.

2. Pactipenenennsie L{O/] ot npoBaiinepa: uto u 3auem. — [EnexrponHuii pecypc]. —
2018. — Pexxum nmoctymy: https://habr.com/company/ ruvds/blog/412829/.

3. How to code a decentralized applications or Dapps [Enexrponnmuii pecypc]. — 2018.
— Pexxum nocrymy: https://blockgeeks.com/guides/ decentralized-applications/.

4. Bahga A. Blockchain Applications: A Hands-On Approach / A.Bahga, V.Madisetti.
—VPT, 2017. - 380 p.
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YK 004.7
Tumourenko B.C. ", Kupunuex r.r?

TH®OPMALIMHI TEXHOJIOT'Ti TA TPAHCIIOPT

Po3pobka aBTOHOMHHUX TPaHCIIOPTHHX 3aCO0IB — aKTyaJbHUN HAIIPSM,
SKHUA B OCTaHHI POKH 00’ €IHye BHPOOHHMKIB aBTOMOOITIB Ta pO3pPOOHHUKIB Y
cdepi iHbOpMaIIHHUX Ta TEIEKOMYHIKAIIHHUX TeXHOJIOTIH [1].

[Mpuknagom ycmimHoi peanizanii TexHOJOTI] 0e3MiIOTHOr0 aBTOMO0i-
ns1 € Google, sIKMii BUKOPHUCTOBYE CEPBIC MAaHOPAMHOTO OIJISILY BYJIMIb
Google Street View. [TnatdopmMoro po3yMHOI CHCTEMHU €: paJapH, BilcoKaMe-
pa, BUMIpIOBay MOJI0XKEHHS Ta OCOOIMBHUN AaTUYMK (aKTUBHUN ONTHYHHUIN CEH-
cop) LIDAR. Bin BcTaHOBIIEHHI Ha 1aXy MallMHM Ta CKaHY€ POCTIp HaBKO-
7o Hel B paxiyci 60 MeTpiB, BUKOPHCTOBYIOUH Ja3epHi mpoMeHi. BimoOpa-
JKeHHSI Jla3epa Bix 00’ekTa npuitMae 1 aHaizye ceHcop, MU [bOMY (iKCYETb-
Csl TOYHUH 4yac 00epTy Ja3epHOro IMIYJbCY 3 METOI0 OOYMCIICHHS BifCTaHi
MiX CEHCOpOoM i1 00’ektom. Pasom 3 iHpopmamiero mpo mo3umiroBanHs (GPS i
INS), wi BigcTaHi IEpEeTBOPIOIOTHCA B TPHUBUMIPHI TOUKH, 5IKi (PIKCYIOTH TO-
BEPXHIO BiIOOpakeHHS Jla3epHUX IMITyIsCIiB [2]. ToMy 1mie OfHi€r0 3 OCHOB-
HHUX TEXHOJIOTiH MOTPIOHUX il poOOTH aBTOHOMHUX aBTOMOOLUIIB € po3rmi-
3HaBaHHs 00’ekTiB. L[ TeXHOJNOTis 4acTO BHKOPUCTOBYE 3aBAHTAKEHHS B
HEWPOHHY MEpEeXy MIIbIOHIB 300paXKeHb, sIKi OB’ I3aHi 3 MITKaMHU Ta Ha3Ba-
MU 00’€ekTiB. Mepexa 00po0biisie i 300pakeHHsT po30MBalO4y iX Ha TEKCTYpH
1 JaJi BUKOPHUCTOBYIOUH CHELialIbHI aJITOPUTMH, KOMIT IOT€p MOXe i1eHThdi-
KyBaTH 00’ €KTH, 5IKi MICTSTbCS Yy 300pakeHHi [3].

Be3mninoTHI aBTO HABYAKOTHCS IIBUIIKO, BUKOPHCTOBYIOUHM iH(OPMAIIIO i
MPaKTHYHUN JOCBiJ, 10 PO3TaIIoBaHo y 0azax manux Google Ta 3aCTOCOBYIOTh
HACTYIHHUIA anropuT™ poOotu: 3a momomoroto LIDAR renepyerscs 00’emHa
KapTa MICIIEBOCTI, a KEPYIOUMA KOMIT IOTep 3 €IHYE ii 3 THMU TaHUMH, SIKi Mic-
TATBCS B TIaM 'AITi; Ha OCHOBI iH(OpMarIii pagapiB, KaMepH i CEHCOPIB aJrOpPUTM
OL[IHIOE CHTYallll0 Ha JIOPO3i 1 BPaXOBYE IMOBEIIHKY IHIIMX yYacHHUKIB PyXy;
KOMIT'FOTEp BH3HAUYa€ TPAEKTOPIIO PyXy 1 pearye Ha CHTYAIll0 Ha J0pO3i: pyx
IHIIIMX aBTO, )KECTHU MOJIIEHCHKOT0, MIIIOX0IH, OXKeIeIb 1 T.iH.

«Po3ymHMi?» aBTOMOOUIH Yepe3 Mepexy B3aeMOJIi€ 3 HaBKOJIMIIHIM
cepeloBHIIEM 1 00’€KTaMH Ta MiATPUMYE HACTYIHI CHCTEMH: aBTOMOOUIb-
aBToM0011b (vehicle-to-vehicle, V2V), aBTomo0i1b-iHppacTpykTypa (vehicle-
to-infrastructure, V2X), aBromoOimes-mimoxin (vehicle-to-pedestrian, V2P),
aBTOMOOIIB-enteKkTpoMepesxa (vehicle-to-grid, V2G) 1 aBToM0011b — puCTpiid
(vehicle-to-device, V2D).

! marictp, KHT-614m, 3HTY
2 KaH. TeXH. HayK, gom. 3HTY
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V2V 06a3yrorsest Ha cranaapthiid Texnonorii DSRC (Dedicated short-
range communications) IEEE 802.11p. ABToM00i/Ib, Ha SIKOMY BCTaHOBJICHO
V2V 3 BOYIOBaHOI aHTEHOK, TPHMAE BIICBHCHUI 3B’S30K 3 IHIIMMH aBTO-
MoOisimu B paziyci 800 M, i3 ctanionaparuMu 06’ ekramu (V2I) — no 1xm.

Texnonorist DSRC € pizHoBHom Texnomnorii Wi-Fi uist 3actocyBanHs
Ha TPaHCTIOPTI 1 3a0e3neuye HACTYIHI XapaKTepPUCTUKHU: MUTTeBe (MeHmI 1/4
CeK) 3’€IHaHHS; Mlepeiava JaHuX Ha mBHAKOCTI 10 100 MOIT Ha mampHICTH 10
1 xMm; crilika po0oTa rmpu pyci TpaHCTIopTy 31 MBUAKICTIO 10 250 kMm/Tox [4].

B aBTOMOOini BOYZmOBaHO Oe3Inid ceHCOpiB (KaMepH i pamgapy) Hemodi-
KaMU SIKUX € Te, [0 BOHH BiJICNIIAKOBYIOTh CHUTYAIli0 TUTBKA B Oe3rmocepeaHiit
Om3pKoCTi Bix aBTo. | y curyamii komm aBromo0uts yepe3 100 metpiB, Heco-
JIBaHO, OTNIMHUTHCS Ha KBAaBOMY HEPEXPECTi, KAMEPH 1 CEHCOPY TIOBHHHI Oa4u-
TH IHIIMX YYacHUKIB JIOPOXHBOTO PYXy HO TOro, K NPUCTPOI mependadath
MoxuBicTh aBapii. [liaknrounsiumcs 10 WiFi a60 MOOITBHOTO 3B’SI3Ky aBTO-
MOOLITI OTPUMAIOTh JAOCTaTHIN 00csr iH(opMaLii Mpo MiCLEe3HAXOPKEHHSI OJTUH
OJIHOTO 1, 3a3/1aJIeT1/1b, BMIHATH MapUIPYT, 0O YHUKHYTHU 3ITKHEHHSI.

besnpoToBuii TpaHCIIOPTHUN 3B’S30K Ma€ MOTCHIAN I CTBOPEHHS
0e311iui HOBUX JTOJATKIB, HAMBAXIIMBIIIMMY 3 SIKMX € KJIac mporpam Oe3neKH,
10 MOXYTb 3aI00IITH 3ITKHEHHIO 1 30€pirTH TUCSYl KHUTTIB, TOMY 3 PO3BHT-
KOM TEXHOJIOTIH KOMII'IOTEPHUH «pO3yM» OE3MUIOTHHX aBTOMOOLIIB 3MOXe
IOBHICTIO 3aMIHUTH BOIIIB.
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2. Kak pabotaet 6ecrmutoTHbIi aBToMo0mib [ Enexrponnmii pecypc]. — 2017. — Pexum
JOCTYITy https://bespilot.com/chastye-voprosy/kak-rabotaet-bespilotnyj-avtomobil
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3. Kirichek G. Implementation quadtree method for comparison of images /
G.Kirichek, V. Kurai // Proceedings of 14th International Conference on
Advanced Trends in Radioelectronics, Telecommunications and Computer
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YK 681.5.01
Vxuna A.B. !, Curnuxos B.C.?

PACIHIMPEHMS BO3MOXHOCTEM TPEYT'OJIbHUKA
YCTOMYHUBOCTH JJI51 HEPEJIATOUYHBIX ®YHKIIAW BBIIIE
BTOPOI'O ITIOPAJIKA

CoBpeMeHHbIE CIEeNUATU3NPOBAHHBIE KOMIIBIOTEPHBIC, POIPaMMH-
pyemble MOOWIIbHBIE M POOOTOTEXHUYECKHUE CUCTEMbl (DYHKIHOHHPYIOT B
CJIOKHBIX M HE MPEACKa3yeMBbIX YCIOBUSX, YTO NPUBOAMUT K HEOOXOAMMOCTH
nepecTpoku K03((HUINEHTOB NepelaTOuHbIX (YHKIMH KOMIIOHEHT, BXO/I-
KX B UX cocTaB. B aToM citydae 3agaya obecriedeHus yCTOMYMBOCTH CUCTE-
MBI IMEET OUCHb BayKHOE 3HaueHue. Toraa 0 Havana MepecTporHKH HeoOXo-
MO OLICHUTBH YCTOIYMBOCTH CUCTEMBI IPH 0OSCIICYCHUH HOBOTO COCTOSHUS
CHCTEMbI, 32 CYET HM3MCEHEHHS KOI(D(PHIMEHTOB IEPENaTOYHBIX (YHKLHI
KOMITOHEHT cHCTeMBl. J[i11 mepenaTouHbIX (YHKIMH IIEPBOTO U BTOPOTO TIO-
PSLOIKOB 3Ta 3ajada pelaercs JIeTKO, a JUIsl NepeJaTOYHbIX (yHKIMH BbIIIe
BTOPOTO MOPSAIKA 3Ta 3a/1a4a He SBISECTCS IPOCTOH.

Llenpio paboOTHI SIBISETCS YNMPOLIEHHE MpOLecca OLEHKH YCTOHYMBO-
CTH CHCTEMBI BBILIE BTOPOTO MOPs/KA HA OCHOBE TPEYTrOJbHUKA YCTOMYHBO-
CTH W HEPaBEHCTB JIONMYCTHUMBIX 3Ha4eHUH KOI(D(DUIMEHTOB IepeaTOUHBIX
(QYHKIHH.

B OonpmMHCTBE 3324 YCTOWYMBOCTH PaccMaTpHBAeTCsl XapaKTepH-
CTHYECKOE YPaBHEHUE CUCTEMBI

n
n—i
D(z)= Z bjz",
i=0
rae b; — ko3 dHUIUEHTH 3HaMeHaTeNs epeaTouHO (QyHKIMU cUCTEMBI (B
OonbImMHCTBE ciiy4aeB by =1), n — IOPSIOK CUCTEMBI.

OL[CHI/ITB YCTOI)‘I‘IPIBOCTL CHUCTEMBI 7 -TO MOPAAKA MOXKHO IO KpUTEPUA
I[)KypI/I, B COOTBCTCTBHUU C KOTOPBIM JOJI?KHBI BBIIIOJHATHECA HCPABCHCTBA JIA
XapPaKTCPUCTUICCKOI'O YPAaBHCHHUA BHU1ad

D(1) > 0; (=1)" D(~1) > 0. 0

OTOT KpUTEpHH XOPOIIO paboTaeT MPH MOCTOSHHBIX KOAPPHUIHEHTaX
nepeaaToyHoi QyHKIMU CHCTEMBI, a P HepPeCcTPOiKe OHOTO MM HECKOJIb-

! acripanT OfIeCCKOr0 HAIMOHAIBHOTO TMOJUTEXHUYECKOTO yYHUBEPCUTETA,

kadenpa «KoMmprOTepHBIE CHCTEMBD)
2 111, mpod. ONECCKOro HALMOHAILHOTO IOJHTEXHHYECKOTO YHUBEPCUTETA,
kadenapa «KoMbprOTepHBIE CUCTEMBI»
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KX KOI((QHIMEHTOB BO3HHKAIOT MpodieMbl. HeoOXxoauMo HalTH rpaHHIIbI
U3MEHEHHS 3TUX KOAI(PPHUIUESHTOB /11 00eCIIeUeHUs] YCTOHYMBOCTH.

,Z[J'IH CHUCTEMbI BTOPOT'O IMOpsAAKa, MEpeAaToOvYHas (I)yHKIII/IH KOTOpOro
HUMECT BU/J
2

-1 _
ap +a12 +a22
Hy(z) =

>

1+ b1271 + b2272
XapakTepucTHIeCKOe ypaBHEeHHEe OyeT paBHO
D(z)=z%+byz+b,.

B sTom ciryuae u3 (1) MoxHO 3amucaThb

1+b; +by >0;

1-b; +by >0.
Torna B koopaunatax (b;,b, ) MOXHO HaWTH 0Opa3yrolmne JIUHUH

TPEYTOJIbHUKA YCTOHYHBOCTH

by >-1-b
by >—1+b.
B Teopuu nokaszaHo, 4to by .. <1

I[JIH ONMCaHWsA CHUCTEM BBIINIE BTOPOTO MOPAAKAa MOXKHO ITOCTYIIUTH

aHAJIOTMYHBIM 00pa3om. Hampumep, U1 XapakTepHCTHUECKOTO YPaBHEHHS S-
TO MOpsiAKa

D(z)=z* +byz° +byz? + byz + by +bs.
YpaBaenus no kpurepuio Jxypu OyayT UMETh BUL
1+b+by +b3+b4+b5>0
{1—191 +by —by+by —bs > 0.
Torna o0beqMHIM K03 GHUIMEHTHI CIIEIYIOMNM 00pa3oM
dy =b + b3 +bs
{dz =by +by.

B sTOoM citywae nuHMH, 00pa3yomue TpeyrojJbHUK YCTOWINBOCTH, OY-
IyT UIMETh BHU]

1+d1+d2 >0 dz >—1—d1
1—dy+dy >0 Mg, > —1+d,
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VK 681.3.07
Xanpeupkuii B.C. !, Ciros JILIT. 2, IMonyxiu I'.B. 3

AHAJII3 EOEKTUBHOCTI METOAY BUITAJIKOBOI'O
MHOKHUHHOI'O JOCTYITY B WI-FI MEPEXKAX

[Tpu 30inblICHH] THTEHCUBHOCTI Tpadiky y KOMIT'IOTEPHHUX Mepexax
crarmapty 802.11 3 iHppacTPyKTypHOIO TOMOJNOTIE 30LIBIITYEThCS KUTBKICTh
KOJIi3iii, 1110 00MeXye CMYTY TpOITycKaHHs Mepesxi. [Ipobiiema koumi3ii 4acTKoBO
BHpilIyeTbest B Metoai noctyiry CSMA/CA 3a paxyHOK NepecuiiaHHs CITy»KO00-
Bux maketiB RTS/CTS. SIkmo Ha maker RTS He onepskaHa BiAMOBIIG Y BUTIII
kBitaHIlii CTS, To BBOMUTHCS BUITAJKOBA 3aTpUMKa (TIOCIIZIOBHICTH 3aTPUMOK),
TTiciIsl 3aKiHYEHHS! SIKO1 JaHWi BY30JI TTOBTOPIOE cHpoOy OneprKaTH JOCTYH JI0
Toukn nmoctyimy AP. HeBemnka wactota reHeparii makeriB RTS mpuBoguTs 1o
3HAYHOI 3aTPUMKH TIepeIaBaHHs iHPopMaIiiHIX QpeiiMiB poOOINMH CTAHIIIIMA
STA, a 30i7bIICHHS 9aCTOTH HiZBHUIIYE IHTEHCHBHICTB CITy)00BOT0 Tpadiky i, K
HACTIJIOK, 3HIKY€E KOPUCHY IIBHIKICTh KAHAJIIB MEPEXi.

ANBTEpHATUBHUM METOJOM JOCTYITy 1O CEpPEIOBHINA MepelaBaHHS
nmaanx € nomHr (polling). Bin BuxopucroBye imeto TDMA, komu B oxHOMY
YaCTOTHOMY Jiana3oHi HpaioloTh Aekiibka STA, npu npoMy pi3Hi cTaHIii
BUKOPHCTOBYIOTh Pi3HI YacoBi iHTepBanu Jyisi nepeaaBanHs ¢perimis. [Tocmi-
JIOBHICTIO TIepeaBaHHs JaHUX By3idaMu kepye AP. ¥V tenepimniii yac icHye
PSI IOJTIHTOBUX MPOTOKOJIIB BiJl pi3HUX BUPOOHHKIB, TOMY IIPpU NMOOY/XyBaHHI
Mepexi JOULTBHO BUKOPHCTOBYBATH 00JIaJIHAaHHSI OHOTO BHpoOHUKa. [lepe-
nMaBaHHA iH(OpMAIli poOOUYOr0 CTAHINIEI0 MOYNHAETHCS TUTBKH MICISA Onep-
JKaHHA ciryk0oBoro makery poll Bix Touku moctymy AP. e mpu3Boguts o
30LTBIIICHAS 3aTPUMKH. Bana mepemada JaHUX MIATBEPIKYETHCS KBITAHITIEIO
ACK. IcHyrounii TyT MeXaHi3M MiATBEPIKEHD 1 IEPETIOBTOPIB B MIJIOMY Mij-
BHIIy€ HAAIWHICTH MepeJaBaHHA. B Toif e dac miIBUINEHUH piBEHb 3aBaj
st omHiel STA 30inblnye yac O9iKyBaHHS IJIs iHITNX aOOHEHTIB, Y KX TaKi
3aBa/IM € BiJICyTHIMHU.

[cTOpUYHO TEpPIIUM METOJIOM BHIIaJJKOBOTO MHOXXHHHOTO JOCTYILY €
meroq ALOHA. Bin He MicTHTh MeXaHi3My MEpeBipKH CTaHy KaHaJiB i Mae
HEBEJIMKY NMPOAYKTUBHICTh. HalfO1IbI1 pO3MOBCIOKEHNM Y TEHEpilIHii yac B
Wi-Fi mepexax € meron DCF, sikuii BUKOPHCTOBY€E MeXaHi3M NepeBipKH CTa-
Hy KaHaJiB 1 MOBTOPHOTO nepenaBaHus ¢peiimiB. [Ipu boMy 3HauHMIA iHTE-
pec TpezcTaBIsie aHaNI3 3aJIeKHOCTI MTPOITYCKHOI 3AaTHOCTI MEpeXi BiJ iHTe-
HCHBHOCTI Tpadiky B Toumi foctymy AP.

! JlokT. Texn. Hayk, mpod., 3aB. kap. EOM JIHY im.O.I'onuapa
% 3as. maGoparopii kad. EOM JIHY im.O.T'oruapa
3 Mposinmmuit imkerep kap. EOM JIHY im.O.I'ondapa
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Jnst mpoBeJeHHS Takoro aHamizy OyJiW NMPUHHATI HACTYINHI NPUITY-
nienns. Kinpkicts pobounx craniiiii STA kiactepy Mepexi n, sKi IparforTh
3 ONHIEI TOYKOKW AocTymy AP, 3MmiHIOeThCs B miamazoHi 3 < n < N=12.
Yacosuii intepsan omintoBanHs 7y = 10mc. TpuBanicTh nepeaaBaHHs OJHOTO
¢bpeiimy 7= 0,3 mMc. Koxkxaa STA piBHOMIpHO TeHepye 3a 4yac oriHroBaHHS 10
¢peiimiB, Yac odikyBaHHS NP HASBHOCTI KOJIi3il BUMIPIOETHCS B CIOTAX TPH-
BAJIICTIO Ty = 2,5 MKC i piBHOMIpHO 00upaeTbest 3 Muoxund (0,...,W—1). 3Ha-
4yeHHsA W (KOHKYpEHTHE BIiKHO) 3aJIS)KUTh BiJ KUTBKOCTI CIpo0 mepeaaBaHHS
dpeitmy k sk W=Wy2*"', ne W, — Gasoe (MiHiMaibHE) BIKHO (3BHYAHHO
Wy = 31). Iicns xoumi3ii, SIKII0 HACTYIHA Tiepenada ¢peiMa TaKkoXkK BHSBHIIACST
HEBJIAJIOI0, Yac OYiKyBaHHS OOMPAETHCS MOYMHAIOYH 3 HONEPEIHBOTO 3HAYCHHSL.
Takum 9uHOM, y BHIIAAKYy HEpIHIOl KOi3il ceperHiii dyac O4IKyBaHHS CKIIAIa€
t.1= 0,04 Mmc, g apyroi komisii £, = 0,06 Mc, o Tpetsoi — £z = 0,13 Mc, mms
4eTBepToi — #4~0,26 Mc, 11 1stToi — £.5=0,51 mc. losxuna inTepBaiy IFS (dac
MIPOCITyXOBYBaHHS edipy IicIsl 3aKiHIEHHS IepenaBaHas gpeimy) tips = 10 Mmc,
JOBXMHA PO3MIMPEHOTO MIKIIAKETHOTO IHTEPBAIY Tgrs = 20 Mc.

IMOBipHICTh KOMNI3Il NTpPU HAABHOCTI # CTaHUIM BH3HAYaNach SK
p = (n/N)’. Makcumanbha kinekicts STA N = 12 obupanmack i3 po3paxyHKy
TTOBHOTO TEPEKPHUTTS KOMI3iIMU CMYTH NpoITycKaHHs Mepexi. [Ipu npomy n =
N/2 3abe3neuye iMOBIpHICTh KoMi3ii p = 0,125. Po3momin KidbKOCTI KOJi3ii
obuucioBaBcs 3a 3akoHoM Ilyaccona 3 cepennim 3HaueHHAM o = 1,5. Pe-
3yJIBTAaTH PO3PAaXyHKIB MPUBEICHI B Ta0II.

Ta6muus 1 — EQexkTHBHICT BUKOPUCTAHHSI CMYTH MPOITY CKAHHS MEPeKi

n 3 4 5 6 7 8 9 10 11
n=T1yT, | 0,09 | 0,13 | 0,18 | 0,25 | 0,34 | 047 | 0,64 | 091 | 1,22
A=TJT; 0 0,04 | 0,17 | 0,38 | 0,61 | 0,96 | 1,35 | 2,0 | 2,68

B Tabn. Tt i T, — e cyMapHi iHTEpBall 9acy OKpeMo (QpeiiMiB i Koi-
3iit, Ty = Tt + T,; mapametp # BimoOpakye 4acTKy MOBHOTO iHTEpBAIy 3aifHsI-
TOCTi CMYTH B iHTEpBaJi OIiHIOBaHHA [(; A XapaKTepu3y€e BiTHOIICHHS 4acy
nepeiaBaHHs QperMiB 10 Yacy, 110 BUTpadaeThes Ha komisii. OpepikaHi pe-
3YJIBTAaTH [O3BOJSIOTH OIIHUTH €(PEKTHBHICTH METOAY BHIIAJKOBOIO MHO-
JKMHHOTO JIOCTYIY, 00Opatu KinbkicTh cranuiii STA B 3ayie)XHOCTI Bij HeoO-
X1JIHOTO CTYIEHsI pe3epBYBaHHsS CMYTH ITPOITYCKaHHS MEPEXKi.
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3 CEKIIA «KKOMIT'IOTEPHI HAYKH TA
IMPOI'PAMHA THXXEHEPISA»

UDC 007.51:681.518
Konkina N. ", Shaldenko O.?

HOME AUTOMATION SYSTEM USING ARDUINO PLATFORM

Automation of manufacturing systems is the main direction, which is
currently being promoted all around the world. One of the spheres of human
life that is being automated these days is smart house — an intelligent man-
agement system that integrates all equipment into a single complex. It solves
various tasks in the field of security, life support, entertainment and commu-
nication [1].

Home automation system is a very promising area of research, because
of its various benefits, such as increased comfort, greater security, more ra-
tional use of energy and other resources. All of this in total are contributes to
significant resource and money savings.

The purpose of the work is to create a microprocessor management
system of the building and UI interface that will enable to manage and track
the operation of its objects (lighting, power supply, air conditioning) in auto-
matic mode.

The main tasks of the system are: analysis of existing methods for
building an automatic building management system, the choice of the most
suitable hardware base, the choice of software development tools for the con-
troller and the human-machine interface, the development of algorithms for
managing the object’s work and the implementation of these algorithms in the
software for the controller and human machine interface.

To implements the «smart house» system, the following technologies
were used: Arduino Mega with ATMega2560 microcontroller and Arduino
Uno with ATMega 328P microcontroller, C/C++ languages was used for
write programs for microcontrollers, DHT11 Temperature & Humidity Sen-
sor, 4-digit LED module, DS3231 Clock Module, RC522, RFID module RGB
strip, active buzzer, 30x30x10 fan, Bluetooth hc-06, 5 HC-SP04 ultrasonic
sensors, analog gas sensor, 4 LED, color sensor, RGB LED as sensors. Ul

! Master of the APEPS Department at the Igor Sikorsky Kyiv Polytechnic Institute
2 Ph.D., Associate Professor of the APEPS Department at the Igor Sikorsky Kyiv
Polytechnic Institute
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was written on WinForms technology with the help of C# language. Micro-
soft Speech Platform was used for voice control.

The implemented software provides the ability to control lighting, set-
ting up an alarm clock, controlling sleep mode, obtaining current information
about temperature and humidity and provides daily statistics about them. If
necessary, it sends an electronic message about breaking security mode. The
software gives an opportunity to control system with the help of the voice.

Smart home appliance is an interface between the remote control with
its mobile or remote control and a home reliever [2].

The control system can be divided into 7 parts:

1. User interface.

2. Database.

3. Data transfer module (Bluetooth).

4. Central microcontroller.

5. Peripheral microcontroller.

6. Sensors.

7. Managed objects.

The system architecture is shown below:

LED display

Arduino
Mega(ATMega
Ul interface Bluetoath 2560)

Managed
Database objects

Figure 1 — system architecture scheme

Bluetooth interface used to interact with the hardware and software
components of the system.

Smart home — an intelligent system that can be used not only in home
automation. It can be applied to any building — schools, kindergartens, hotels,
restaurants, etc.
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The results of the work show that a smart home can be classified as a
convenient, secure, private, and economical system in addition to its great flexi-
bility and reliability.

References
1. Rosslin John Robles1 and Tai-hoon Kim1» Applications, Systems and Methods in Smart
Home Technology: AReview» International Journal of Advanced Science and Technology
Vol. 15, February, 2010.pp 37-47.
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UDC 621.311.238 : 004.7
O. Shytikova' , G. Tabunshchyk *, C. Wolff’

THE MODEL OF DATA TRANSFER
FOR THE CONTROL SYSTEMS OF ENERGY UNITS

New approach to the industry automation which is known as Industry
4.0 and based on such technologies as cyber-physical systems, big data and
machine learning, internet of things, virtual and augmented reality is charac-
terized by integration of manufacturing and networks, which could improve
existing control systems.

Traditionally data transfer between automated control systems (ACS)
of Energy Unit (EU) and SCADA is organized through physical data trans-
mission channel.

However, there are numerous situations when traditional solutions for
using of the cable technologies are inexpedient or difficult for a number of
reasons. In these cases wireless solutions can be selected as they are easy to
use, cheap and acceptable network bandwidth [1].

The nodes of the wireless network are characterized by the period 7,
of sending messages and the length of the messages L (bytes). To control the
load on the network, an equivalent value is used — the density of the generated
information stream, determined in accordance to the (1):

L
U, =—,blsec,i=1...N (1)
Tm
In the case of developing a wireless network for the several EU, which
are working in parallel in one energy-system, controlled by one automated

! Zaporizhzhia National Technical University, JSC Motor-Sich
2 Zaporizhzhia National Technical University
? FH Dortmund
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management system, the density U; of the created informational stream is
unique for each node of the network.

The network load can be calculated as:

TX | ;/RX
U= (Ui" +Ui™), 2
ieS

where S — is set of wireless network nodes;

U I.TX u U l.RX — the density of the transmitted and received streams

for the i-th node, respectively [2].

For the equipment selection for the wireless network the maximum

density of the informational stream U ;’.‘_ax should be also taken into account

in frequency range f; with consideration the encryption method.

Characteristics of transmitters/receivers in each node include working
frequency range, working channel in frequency range, capacity of the signal
and throughput corresponding to the channel [2].

There should be also considered that the main load will be on the main
node, which is controlling the set of energy units simultaneously.

The minimum required predicted network capacity can be determined:

R =max f(U)+A, (3)

min
rae A — capacity reserve to compensate the additional load on the net for reli-
able and trouble free operation For example it can take into account archive
files of ACS with operation parameters of each EU.
So the model for the data transfer can be set as

Mf"a”é.‘ﬁ'r = (“S1 Ui b Rmin ) (4)

It can allow for the control system of the energy unit to choose the
wireless infrastructure, which could reduce time for the integration of the
energy unit into the existing energy systems.

Implementation of the WT to the ASC of the energy units has a set of
constraints that depend from reliability characteristics, requirements to the
data accuracy and security requirements.

The novelty of the work is the suggested the model for the selection
the wireless environment, which is taking into account capacity reserve re-
garding the reliability and accuracy requirements

M
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DEVELOPMENT OF LIGHTING SYSTEM FOR THE ROVER

In recent years, there was a huge rise of interest to Internet of Things
(IoT) technologies because of its efficiency and economic benefit. Especially
interesting looks the implementation of IoT in the field of Automotive Sys-
tems. Usually, automobiles, which use IoT technologies,are called connected
cars [1].

Connected car — is the car that uses an Internet access and local area
network to obtain data from sensors. After that, the data is sent through the
network to the CPU or to the Cloud services to be processed. Obtained results
are used to make driving safer, spent less fuel, etc [2].

As a rule, such systems are complex and integration of different ele-
ments into one system may cause many problems. The cost of single error
might be extremely high and it could be extremely expensive to fix it. That is
why it is better to create a model on which you could make various tests, so
as to obtain results and apply them to create working prototype.

APP4MC-Rover is an open-source mobile robot (fig.1) with car-to-
cloud connection, which is based on APPAMC platform for engineering em-
bedded multi- and many-core software systems. It is very complex system,
which consist of such modules as: cloud communication module, image proc-
essing module, motor driving implementations module, timing measurements
module, Bluetooth-based driving from Android phones module and so on [3].

According to this project, a lot of work and research have been already
done [3], but still there is some uncovered topics. One of such topics is Light-
ing system of Rover. The task was to implement this system and integrate it
to Rover working environment.

Scientific novelty of the work is reached by usage of Automotive
Grade Linux (AGL) operating system and investigating it’s abilities.

The practical value of developed system is that all obtained results and
methods from model with relatively small changes, could be applied to real car.

This aim was achieved by creating:

— Python prototype and connection scheme of the Raspberry Pi, LEDS
and extension board;

— RoverLighting API, which help control LEDs connected to the Rover;
— New version of RoverDrivingDemo, which demonstrates and tests
working of RoverLighting API;

! Zaporizhzhia National Technical University
2 Dortmund University of Applied Science and Art
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— RoverLights AGL service, which uses RoverLighting API.
— New version of Driving demo, which demonstrates interaction of
driving and Lighting systems.

=

A"GPSM Cle

Figure 1 — APPAMC-Rover [3]

The future work is planning as following:
* Investigate AGL architecture more deeply, in order to integrate
RoverLights servic
* Create RoverLightingDemo, in order to test the working process of
developed RoverLights service.
This project was developed in terms of Erasmus + KA1 individual
mobility exchange program between ZNTU and FH-Dortmund universities.
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COMPUTER METHODS FOR SEMANTIC QUASI-ABSTRACTING

In the process of our work we are facing several tasks. To verify the work
of the Meaning-text theory (MTT), the problem of semantic quasi-reframing was
chosen. It is necessary to develop an applied methodology for quasi-abstracting
both from the point of view of frequency analysis and a certain program model of
the text that allows obtaining results similar to the MTT for quasi-abstracting, but
with no applied constraints on the theory. The both processes should comply with
the applied program implementation and they should be completely automated.

In the course of the work, two approaches to the problem of abstracting
were developed - based on the proposed semantic model of the document and on
the basis of the frequency characteristics of the text. The result of the first ap-
proach is shown in table 1, whereas the text obtained by the frequency method is
shown in table 2.

Table 1 — Result of semantic quasi-abstract

A specific apple is generally an apple, an apple in general, and any apple in general is a fruit. That is why
examples of classes in the textbooks on object-oriented programming so often mention apples and pears. In
the future, the words «class», «object», «interface» and «structure» will be used in their special values speci-
fied in the framework of OOP. object-oriented program with the use of classes, each object is an «instance»
of a particular class, and other objects are not provided. Static fields exist in one instance for the entire pro-
gram (or, in a more complex version, in one instance per process or thread / thread). Regular fields are cre-
ated one copy for each specific object - an instance of the class. The algorithms themselves, that is, the actual
program code that will perform all these calculations, are not specified by the interface, it is programmed
separately and is called the implementation of the interface. Program interfaces, as well as classes, can be
extended by inheritance, which is one of the important means of reusing ready-made code in OOP. The
inherited class or interface will contain everything that is specified for all its parent classes (depending on the
programming language and platform, they can be from zero to infinity). At the same time, inheriting the
class, we automatically inherit the ready-made code for the interface (this is not always the case, the parent
class can require the implementation of some algorithms in the child class without fail). The words «private»
and «publicy in this case are so-called «access modifiers». There is a basic rule: nothing in one class can see
private elements of another class. Inheritance by private type makes all members of the parent class (includ-
ing public and protected) private members of the successor class (C ++); protected (protected, internal mem-
ber of the class hierarchy) - member access is allowed from methods of the class in which this member is
defined, as well as from any methods of its heir classes.

Table 2 — Result of frequency quasi-abstract

A class is a software element that describes an abstract data type and its partial or complete implementation.
Other abstract data types - metaclasses, interfaces, structures, enumerations, - are characterized by some of
their own, other features. Along with the concept of «object», the class is a key concept in OOP (although
there are classless object-oriented languages, for example, Self, Lua; see Prototype Programming for details).
The essence of the difference between classes from other abstract data types is that when specifying a data
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type, the class defines both the interface and the implementation for all of its instances simultaneously, and
the call of the constructor method is mandatory. In practice, object-oriented programming reduces to creating
a certain number of classes, including the interface and implementation, and their subsequent use. Human
classifications in zoology, botany, chemistry, machine parts, carry the basic idea that anything can always be
represented as a particular case of some more general concept. Everywhere further, the words «classy», «ob-
jecty, «interface» and «structurey» will be used in their special values specified in the framework of OOP. In
an object-oriented program using classes, each object is an «instance» of a particular class, and no other
objects are provided. That is, the «instance of a class» in this case does not mean «an example of a certain
class» or «an individual class», but «an object whose type is a class». In this case, in the different program-
ming languages, the existence of some other data types whose instances are not objects is allowed (that is, the
language determines whether objects are things such as numbers, arrays and pointers, or are not, and, accord-
ingly, whether there are such classes as «number», «array» or «pointer», whose instances would be any
particular number, array or pointer). When using classes, all elements of the program code, such as variables,
constants, methods, procedures and functions, can belong (and in many languages must belong) to a particu-
lar class.

On the ground of the performed researches we can conclude that ap-
plication of Melchuk’s theory MTT for solving the task of automatic genera-
tion of text responses of intellectual inquiry system is more than justified.
Thanks to using this theory as a language model the described approach will
give an opportunity to synthesize considered responses (answers) to definite
questions (documents) of the user. The word with the maximum weight in the
received document was the word «class». Proceeding from this, we can con-
clude that the model created is supported by semantic rather than frequency
links in the text. The text given in table 1 contains sentences whose connec-
tion with the original word is understandable only from the point of view of
semantics. We are talking about such sentences like «a specific apple is gen-
erally an apple, an apple in general, and any apple in general is a fruity» — a
clear example of the description of the concept of class, or like «the words
«private» and «public» in this case are so-called «access modifiers»» — the
concept of encapsulation, inextricably linked with object-oriented program-
ming. On the other hand, the text in Table 2 contains only sentences contain-
ing the original search word, supporting only the frequency links.
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SKCHEPUMEHT JUCIIETYEPCKOI'O YIIPABJIEHUSA
MOJIEJIBIO TUDTA J1JI1 Y IAJIEHHOM JIABOPATOPUM GOLDI

B nacrosmee BpeMs B mpouecce JUCTaHIMOHHOTO OOYYeHHS IO TeX-
HUYECKUM CIICHHUAJIBHOCTAM IOJYYaroT pacCrpoCTpaHCHUC JSKCICPUMCHTHI C
q)HSH‘{eCKI/IMI/I MOJCIIAMH TEXHUYECKUX CUCTEM, KOTOPBIC MPOBOJAATCA C I10-
MOIIBIO YIAJICHHBIX JIA00OPATOPHii.

B ynanenno#t nadopatopun GOLDi (Ilmenau Technical University
(ITU), Germany, caiiT 1abopatopuu — http://goldi-labs.net) mpoBozsTcs sKc-
MEPUMEHTBI C CHCTEMO#, COCTOsIIEH U3 00beKTa yIpaBieHHusT — HU3HICCKOit
momenmn smdra ElevatordFloors m ympaBisromero ycrpoiicTBa Ha OCHOBE
MHKPOIIPOLIECCOPHON TIAThl. YTIpaBISAIOMas MPOrpaMMa, KOTopasi HCIIOHS-
eTcs B 9TOM IUIaTe, peann3yeT KOHSUHBIH aBTOMAT YIIPABICHHUS JIEKTpOMeXa-
HUKOM Mozenu nugdra. HemoctaTkoM mOCTpOEHHON TakuM 00pa3oM CHCTEMBI
YIPaBJICHUS SBISIETCS OTpPaHWYEHHAs HOMEHKIATYpa OJKCIEPHMEHTOB U
CIIOXHOCTD IPOBEPKH PabOTOCIIOCOOHOCTH AJIITOPUTMA YIPABJICHHUS IPH BbI-
COKOM MHTEHCUBHOCTH BBI30BOB J'II/I(i)Ta OJIb30BATCIISIMU.

[lenbro paboOTHI ABIACTCS PACHIMPEHHE HOMEHKIATYPHI IKCIIEPUMEH-
TOB ¢ (hPU3UYECKOM MOEIbIO (T MyTEM BKJIIOUCHHS €€ B CUCTEMY JHCIICT-
YEePCKOTO YIPAaBICHUS TUPTOM B IOTOKE BHI30BOB.

Takke LENbIO SBIACTCS PACIIMPEHHE SKCIEPUMEHTATBHBIX BO3MOXK-
Hocte ¢ Mozenbio m¢pTa B GOLDiLab TU Ilmenau.

[IpoBeieHNEe IKCIEPUMEHTOB € PEajbHBIM CYNIECTBYIOMIUM JTHHTOM
TpebyeT GoNbInuX 3atpat. [109ToMy OBIIO pElIeHO HCIOB30BaTh YAAICHHYIO
naboparoputo ¢ ¢usndeckoir mozenpo nudgra GOLDiLab B TU Ilmenau.
JlaGopartopusi 103BOJISIET POBOJUTH YKCIICPUMEHTHI B YAAICHHOM PeXUMe.

Jnst pa3paboTKH U TECTHPOBAHUS AJITOPUTMA JIM(Ta C TOTOKOM 3asBOK
TpeOyeTCsi COOTBETCTBYIOIE MOITHOCTH JlabopaTopuu. [loatoMy ObLTO TIpO-
BEJICHO PaCIIMPEHHE IKCIIEPUMEHTATBHBIX BO3MOKHOCTEH.

JlabopaTopust mpeacTaBisier coboi BUPTyalbHYI0 Momenb u3 SVG
¢aiina u peabHYI0 MOJIENb, KOTOpas MOKa3aHa yepe3 BeO-kamepy. B BupTy-
anpHOM Mozenu ObuI0 Mo6aBiieHO SVG M300paskeHNUE YCIOBHBIX MACCAKUPOB
Ha KaXI0M dTaxe. [Ipy pyyHOM Ha)KaTHH HA KHOIMKY BbI30Ba M300paxkeHHE
naccaxupa CTaHOBHUTCS BHAWMBIM, a NPH TIOBTOPHOM HAXKATHU MOSBIISCTCS
YHCII0, KOTOPOE MOKA3bIBACT KOJIUYECTBO MAcCaXXKUpoB B ouepenu. s pabo-

' cryment Ilmenau University of Technology - Integrated Communication Systems
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Tel ¢ SVG d@aiinamu OBUIO HCIOJIB30BaHO CIIElMajibHAs OuOnIMoTeKa
Snap.svg. Jns TUHAMAYHOCTH KJIMEHTCKOW YacTH NPHUMEHSETCS SA3BIK Ipo-
rpammupoBanust JavaScript.

Bbo pazpaboTtaHo penieHne, KOTOpOE MO3BOJISIET TeHEPUPOBATh U OT-
CJIe)XKMBATh BBI30BHL. Dailyl MOTOKa 3asBOK IMUIIETCS 3apaHee B opmaTte .txt.
OTOT (aiin 3arpykaeTcs Ha CeBep M CHEIHAIbHBIA CKPHIIT YATAET 3TH BBI30-
Bbl. Ilocne yTeHus BBI30BOB IMPOUCXOIUT 00pabOTKa M OTHpaBKa KOMaHA Ha
Ha)KaTHe KHOMOK Ha 3TaKe ¥ B KaOHHE Judra.

Crnenmyromuii mar — 3TO0 pa3pabOTKa M TECTHPOBAHHE AalTOpPHUTMa
yrpaBiieHusl. MUKPOKOHTpOJUIep ObLI BHIOpaH Kak BBIYMCIUTENBHOE YCTPOM-
cTBO. JIJ1s MPOrpaMMHOI peann3anny HCIOIB3YEeTCsl METO KOHEYHOTO aBTO-
MaTa u s3bIk C.

KoHeuHbIli aBTOMAT UMEET TaKUe TJIaBHBIE COCTOSIHUS: JI0OABJICHUE B
ouepeib; pexXUM OXKUJAHUS, exaTh Ha 1, 2, 3, 4 oTaxu; octaBaThecs Ha 1, 2, 3,
4 sraxax. JlobaBneHue odepeay BHI30BOB PEATH30BAHO C MOMOIIBIO TEXHO-
JIOTUHU OJHOCBSI3HBIX CITUCKOB. DTU CIIMCKH MOKHO JIMHAMUYECKH MEHSTH 0e3
MOTEpH BBIYMCIUTENBEHON NMaMsaTH. biarogaps cBs3HBIM crmckam Oblia pea-
JIM30BaHa IOTMOCA/IKa TTACCAKHUPOB B MOIYTHOM HAITPABIICHHUH.

Pa3paborana mrardopma, MO3BOJAIOMAS O0y4aThCS M TECTHPOBATH
pacImpeHHble aNrOpUTMBI YIpaBieHus! (pU3ndecKoil Moaensio nudra. Paspa-
60TaH crocod, KOTOPHIil TaeT BO3ZMOXKHOCTh OIEHHUTh 3(PEKTHBHOCTD Crocoba
ynpasieHus. Takxke ecTb BO3MOXKHOCTh HAaHTH pa3yMHOE peLIeHHE, KOTOpoe
BKJIFOUYAeT B ce0s1 3Heprodh(heKTMBHOCTh U KAYECTBO 00CTY)KUBAHUS.

[MoxydeHHbIe pe3ysIbTaThl MOKa3bIBAIOT, YTO JONOCAAKA MacCaKHPOB
KPUTHYECKH BaxkHa 1151 SHeprodddexriuBHocTH. HO ¢ pOCTOM MHTEHCHUBHO-
CTH MOTOKa MacCaKUPOB MOSBIAETCS HEOOXOANMOCTD B UCIIOJIb30BAHUH JBYX
mdTOB AT MO/IEpKAHUS Ka4ecTBa 0OCIY)KMBAaHHSI HA BBICOKOM yYPOBHE.

CoBpeMEHHBI MHUp Pa3BUBAETCSl CTPEMHUTENBHBIMH TeMramu. Poct
9TXHOCTH 31aHui OyzaeT pactu. IlosBisercs HeoOXOOUMOCTh B pa3paboTke
HOBBIX aJITOPUTMOB, HO JUTS TPYIIIBI JTU(TOB.

Pabota Bemonnena B nabopatopuun GOLDi B ynuBepcurere ITU B
pamKax mpoekTa eBponeiickoro coobmectsa ERASMUSH.
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AJITOPUTM ONTUMI3AIII IIOPT®EJIIO IIIHHUX MAIIEPIB

VY poboti Oyio 3amponmoHOBaHE BHKOPHCTaHHSA amapary JiHIHHOTO
MporpaMyBaHHS Ta OaraTOKpUTEpialbHUX METONIB NMPUHHATTS PIMICHb I
BUpIillICHHS 3a7a4i onTuMizaiii. Po3pobiieHo anroputM ontuMisaiiii moprde-
JII0 I[IHHUX IarnepiB Ha OCHOBI aHaNi3y CITiBBIJHOIIEHHS PH3HK-IOXIAHICTD 13
BUKOPUCTAHHSAM CHMILIEKCHOIO METOy Ta aJrOPUTM ONTHMI3alii mopTderro
MPOEKTiB BUPOOHNYOT JISUTHHOCTI 32 MOKa3HMKAaMHU Pi3HOI MPUPOJH 13 BHKO-
PHUCTaHHSIM METOJTY aHAaJI3y iepapXiii.

Byno BUKOHaHO eKCIIEpUMEHTAIbHE JIOCHIIPKEHHS BHKOPUCTAHHS
CHMIIIEKCHOTO METOAY i3 3aCTOCYBaHHSM arapary JIiHIHHOTO IpOrpaMyBaHHs
IUTSL OTITUMI3AIlii iHBECTHIIHHOTO MOPT(ENto IHANX MarepiB, TOPTH SKAMU
BiIOYBAIKCH HA YKPATHCHKIH OipiKi.

[lepummM etamoM AOCTiIKEHb € OIIHKAa PU3UKIB 1HBECTYBaHHS Ha
OCHOBI HaBeJIEHO! BUOIPKH 3 TeHEPAIBHOI CYKYITHOCTI TaHUX, IO BimoOpakae
IUHAMIKY iHCTpyMeHTiB mociipkeHHs (uinaux namepiB IIAT «Motop Ciwy,
«YxkpHadta» i «IleHTpeHepro»), mcisi Yoro mocTae 3agadya MmoOyma0BH MOPT-
(denro 13 IeAKOro Yucia akTuBiB () 3 IUILOBOIO (PYHKITIEO AOCITHEHHS MaK-
CHUMaJIFHOTO OYiKYBaHOT'O JOXOJY NMpU OOMEXKEHHI MakCHMallbHOTO piBHS 3
(pu3uKy) mopTdenro, MO MONATae y BU3HAYEHHI ONTUMAJIBHUX IMPOIOPIIH
(Bar) KO>KHOTO 3 aKTHBIB i3 YpaxyBaHHSM [} KO)KHOTO 3 HUX, SIKi IPUBENYTH JI0
MakcHMi3amii 0Xomy MO TOpPTQENo 3a YMOBH AAHOTO MAaKCHMAalbHOTO
po3mipy B mopTderto.

To06T0 moTpidHO MakcuMi3yBaTH (QYHKIIIO (10Xix) 32 popMyIoro:

Z=EWW, +Em)V,+...+ Er)V,
b

ne V1, V2,..., Vn — 9acTKU KOXKHOT'O 3 aKTHBIB B OPTQei,

E(r1), E(12),..., E(rn) — ouikyBaHa IOXiHICTH BiINOBIAHOTO aKTHUBY.

3acToCyBaHHsI CHMIUIEKCHOTO METONY IJIsl PIillleHHs 3a/1a4i BUPaXKae
anredpaiuHO MPOIleC MEPEXO/Ay Bil BEPIIUHHU J0 BEPIIHHU 00JIACTI MOKIHBHX
pilleHb, Je pyX 3aBXOH POOWUThCS B HANpPsIMKY 30UIbLICHHS BETHMYMHU
1Ib0BOT PyHKIIT.

Y pyriii dyactuHi poOOTH OyJO BHKOHAHO EKCIEPHMEHTAIBHE
JIOCHI/DKEHHS BHKODHCTaHHS METOJAy aHami3y iepapxXid Uil omTuMizamii
IHBECTHILIHHOTO OPTQEIIO HAMIPSIMiB BUPOOHUYOI AisITHHOCTI.

(M
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B sKkocTi maHWX IS MPOBEACHHS MOCIIIKCHHS OyJiaM B3STI JaHi
nyOmigyHOro akifioHepHoro ToBapuctBa «Motop Ciu» IMOI0 MOJITHKH
IHBECTYBaHHSI y CETMEHTH BHPOOHMIITBA, IO 3a0e3IeUyIOTh 3piCT 00CsATiB
0i3HeCy MmiAmpHEMCTBA.

VY sKOCTi MOYAaTKOBHX JAaHWX BH3HA4Y€Ha CKIHYEHAa MHOXKMHA ajlbTep-
HaTWB, MO (HOPMYIOTH HANPSIMH IHBECTYBAaHHS 1 BKIIOYAIOTH Y ceOe IBUTYHHU
TPaHCTIOPTHOI Ta MacaXWpchKoi aBiarlii, BEPTOJITHI IBUI'YHH W ITPOMHCIIOBI
ycTaHOBKH. KokeH 3 anbTepHaTHBHHX BapiaHTIB OLIHIOETHCS 32 HaOOpOM
KpHTEPIiB: peHTa0eNbHICTh, MPOCTOTa KOHCTPYKIIii, pecypc Ta BIAMOBIHICTh
eKOJIOTIYHAM BHMOTaM, 32 KOXKHHM 3 SIKHX Oyze NPOBOAUTUCS PaH)KyBaHHS
aNbTEPHATHB.

Ha nepiiomy eramni BUKOHY€ThCs IONAapHE MOPIBHAHHI KPHUTEPIiB 3a
BOXJIMBICTIO. BUKOHY€ETBCS pO3paxyHOK KOMIIOHEHTIB HOpPMaJli30BaHOTO BEK-
TOpa TPIOPHUTETIB, MICNs YOTO MPOBOIUTHCS IMEpPeBipKa Y3roKEHOCTI JIo-
KaJbHUX TpioputeTis [1].

Jani npoBoaWTbCS TONMApHE TMOPIBHSIHHS BapiaHTIB 3a KOXHUM
KPUTEPIEM Ta 3aIlOBHIOIOTHCS BIAMOBIAHI TaOuuIi. [l OTpHMaHUX MaHUX
TIPOBOIUTHCS TIEPEBipKa Y3rOIKEHOCT] JIOKATBHIX TIPIOPUTETIB.

[IpoBoaNUTECS PO3pPAaXyHOK IMiJCYMKOBHX 3HA4YEHb KOE(IIIEHTIB, y
SIKOMY 3HA4YCHHS KOe(illieHTa BH3HAYA€ YACTKy iHBECTHIIHHOTO PECypcy B
TIPOIEHTaX, Ky Oy/e IHBECTOBAHO y BIAMOBIIHUI CETMEHT BUPOOHHUIITBA, 10
Oyne y3romxyBaTHCS 3 OadeHHSM IHBECTHIIIMHOI MONITHKH 0cOoOH, sKa
npuiimMae pimenss [2].

Pesynbratn po0OOTH MOXYTh OyTH BHKOPUCTaHI OyAb-SKMMH
cy0’exTamu ((I3UYHUMHU 0COOaMU, MIANPUEMCTBAMHU a00 (ipMaMu), 110 Ma-
I0Th CTpaBy 3 1HBECTYBaHHSM, /Ui (DOpMyBaHHS Ta onTHMi3auii mopTdero
IHBECTHIIHHUX IHCTPYMEHTIB.

Iepenik nocuiians

1. Meron anamuza wuepapxuil [Enexkrponmit pecypc]. — Pexum nocrymy:
http://www.vamocenka.ru/metod-analiza-ierarxij-procedura-primeneniya.

2. AnukuH B. U. AkryaneHble cTpaTeru TUBepCU(GUKALNY IS TEIFHOCTH MEXIyHa-
POAHBIX KOproparuii (poidb M MECTO B COBPEMEHHOW MHPOBOW SKOHOMHKE) /
B. U. Anukun // TIpo6remst ynipasnenust. Teopust u npaktika. —2012. Ne31 —C. 1-33.
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KOHTPOJIb TOYHOCTI PO3B’SI3AHHSI EBOJIOLIMHAX
PIBHSIHb METO/IOM IIPSIMUX HA OCHOBI BAPIAIIII
PO3MIPHOCTI BJIOKY

VY naniii poOOTi OCHOBHA yBara NHpHUJALICHA MUTAHHSIM YIPABIiHHI KPOKOM
IHTErpYBaHHS 32 4acoM (T-YTOUHEHHS) NpH peajizaiii MeToay HpsSMHX s
PIBHSAHB 3 YACTUHHMMH TMOXITHAMH KOJIOKAIIHHUMK OJOKOBHMH Pi3HHUIICBH-
MU cxemamu. Mertoq npsiMux [1] A MPOCTOTH BUKIAAy pO3IIISIA€ThCs Ha
TIPUKJIAJl OJJHOBHMIPHOTO MapaboIIiyHOTO PiBHSHHSA 1 sIBJIsIE COOO00 HaIliBAU-
CKpETHHH METOA 3 JMCKPETH3aIli€l0 3a MPOCTOPOBUMH 3MIHHUMH, IO 3a0e3-
Tnievye 3BelICHHsI BUX1THOTO €BOJIIOLIIHOTO PiBHAHHS

Y
E= ﬁ'ﬁ*‘f&rﬂaxE ngq-ﬂ.' tE Itgq-r].- ':']J
3 IMMOYATKOBOIO 1 TPaHUYHUMHE YMOBaMH 10 3amadi Kormri
o = @l uld ) wlt) = ug.t =[5 71, (2}

110 OITUCYETHCS CHCTEMOIO 3BHYaiHUX qudepeHuiinux pisasHb (C3/P). Ta-
KA MiOXiJ JO03BOJIAE TOCHUTh CPEKTHBHO pPEaTi30BYBAaTH BEIUKUN KIac
EBOMIONIMHNX 3aBnaHb. OmHAK TICIsA 3BEACHHS PIBHIHHA 3 YaCTHHHUMH
MOXiTHUMU 10 3amadi Komri BUHUKAOTH MPOOIIeMH, SKi ISl BUXITHOTO 3aB-
aHHA He OynHM XapaKTepHHMH. Tak, SKIIO0 pO3TILINAIOTHCS SBHI IIAOIOHU
pearizariii, To BUOip KPOKY IHTETpYBaHHS 32 YaCOM BU3HAYAETHCS BUKOHAH-
HsiM yMoBH KypaHTa 1 6e3mocepeHp0 3aIeKUTh BiJl BEIMIUHU KPOKY 3a IPO-
CTOPOBOIO 3MiHHOIO [2]. J{ns BUMaAKy HESBHHX PI3HHLIEBHX CXEM KPOK 3a
4acoM periiaMeHTYeThcs (DI3MYHOI0 MPUPOJIOI0 PO3B’sI3yBaHOl 3axadi i mMo-
pSIKaM¥ alpoOKCUMaLlil pi3HULIEBOI CXeMH (CXeM).

Ko moBa iine mpo umcensHHH pPO3B’S30K cOpMOBaHOI cHUCTEMH
3/1P, BUHUKAIOTH JTOJTATKOBI MOXKITUBOCTI, OB’ sI3aHi 3 aliPOKCHMAITIEF0 O1TBII
BHCOKOTO HOPANKY (p-yTOUHEHHS), JIOKAJIHbHUM KOHTPOJIEM ITOMHJIOK 1 aBTO-
MaTHYHOIO 3MIHOIO KPOKY iHTerpyBaHHS (T-yTOYHEHHs). ICTOTHHMII BIIMB Ha
MOXHOKY OAEp>KyBAaHOTO pO3B’sI3aHHS OyAyTb HaIaBaTH TAKOX ITMTaHHS,
MOB’sI3aHi 31 3MIHOIO KPOKY 3a MPOCTOpoBOIO 3MiHHOIO (h-yTouHenHs). OnHak
B IIbOMY BHIIAJIKy CKOPOUYEHHSI IIPOCTOPOBOTO KPOKY Ha JESKUN KOePIIieHT Y
MPU3BOJUTH 110 301ibIIeHHS po3MipHOCTi copmoBanoi C3/IP Ha el xe
Koe(illieHT, [0 3HAYHO YCKJIAIHIOE pO3B’si3aHHA. ToMy B poOOTI po3risia-

JIOKT. TexH. Hayk, npo¢., JloHEUbKWil HalliOHANBHUI TEXHIYHUI YHIBEPCHTET
(M. ITokpoBchK, YKpaiHa)
> acr., Buma TexHiUHA IIKONA YHIBEpPCHTETY NPHKIANHHX Hayk (M. BiHreH,
Himeyunna)
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I0ThCSI TUTAHHS, OB’ 5I3aHi TUIBKU 3 T-YTOUHEHHSM, 110 0COOJIMBO aKTyalbHO
NPU YHCETLHOMY PO3B’sS3aHHI )KOPCTKUX NU(EPEHIIHHUX piBHAHB. [IpH 11b0-
My aKTyaJbHIMH € IUTaHHS CIIBBIIHECCHHS MTOXUOOK Pe3yJIbTATIB 1 4acy, M0
BUTPAYa€ThCS HA OTPUMAaHHS PO3B’SI3aHHSI.

KoHTposb TOYHOCTI 3IHCHIOETHCS IIUIIXOM BBEICHHS B OTIOPHUI OJIOK
JI0JAaTKOBOT TOUKM (puc. 1) It MOXIIMBOTO 3iCTABJICHHS PO3B’S3aHb, OTPHU-
MaHUX 3 pI3HEMH TOpsIKaMu anpokcumanii. [lapanenpHuid —monryk
PO3B’s13aHb JII YEPTrOBOTO OJIOKY 3a0e3MeuyeThCs He3alIKHO ABOMA MpOIie-
camH, AKi 3IIMCHIOIOTH PO3PaxXyHOK Uil OJIOKIB OIHAKOBOI PO3MIPHOCTI S.
Benmunaa HOpME pOo301KHOCTEH MiXK 3HAUEHHAMH HAOJMIKEHUX PO3B’SA3aHb B
CIIBIAJAl0YMX BY3J1aX OCHOBHOI'O OJIOKY € BH3HAYQJIBHOIO AJISI NPUHHATTS
pillIeHHs PO BUOIp pO3Mipy KPOKY IHTETpyBaHHSL.

tn,-erI tn’-l tn,()

onopHuii 610k

tn,-m tn,-m+1 tn,-l tn,()

N Y Y N
onopHuil 610K PO3paxyHKo8uil 610K

PucyHok 1 — ITapanenbHi HATKH 0GYKCIIEHL METOOM IIPSAMUX Ha 6araToOKpOKOBHX
GnokoBux pisHuuesnx cxemax f i+ 1} = &) i fme 5 &)

Bu3HayeHHs [OYATKOBHX 3HAYeHb B  PO3PaXyHKOBUX  OJIOKax
3JIHCHIOETECS HAa OCHOBI 0araTOKPOKOBOTO MPEIMKTOPHOrO METOY Azamca, 1o
JI03BOJISIE TTLABUIIUTA TOYHICTH [OYATKOBOrO HaOibkeHHsa. O0uyunciieHHs HaOIu-
JKEHHMX 3Ha4eHb pO3B’si3aHHs 3a1a4i Kol B KO)KHOMY HAaCTYITHOMY PO3paxyHKO-
BOMY OJIoIi 3JiHCHIOETBCS iTepaliiHo 1 HezanexHo. [yist aBromaridHoro ¢op-
MYBaHHS OOUHCITIOBAIILHUX CXEM PO3pOo0IIeHa MPOrpaMHa CUCTEMa, 3aCHOBaHA Ha
BUKOPUCTaHHI IHTETPO-IHTEPIIOIAIIMHOTO METOMY, IO JJO3BOIISIE TCHEPYBAaTH
Koe(iIieHTH Pi3HUIIEBHUX PIiBHIHB 3 JOBUTHHUMHU PO3MIPHOCTSMHI PO3PaXyHKOBHX
1 OMOpPHKX OJIOKIB, 3 MOXKITUBICTIO MEPEXOJly Ha CXEMH PO3TSATYBAaHHS — CTUC-
HEeHHsI KpoKy. TeopeTnuHi NOJIoKeHHs, HaBeAeHI B poOOTi, MiJKpilIeH] eK-
CIEPUMEHTAILHUMH JOCII/DKCHHSIMA Ha TECTOBHMX 3aBJIaHHSAX 3 BIJIOMUMH
TOYHHUMH PO3B’SI3aHHSIMH.

Iepeik nocunanb

1. Schiesser W. Differential Equation Analysis in Biomedical Science and
Engineering/W. Schiesser. — John Wiley & Sons, 2014. — 440 p.
2. AmutpieBa O. IlapanensHi 9ucenbHI METOAN MOJENIOBaHHS AMHAMIYHHX 00’ €KTiB/
O. Jmutpuena. — [Tokposesk: JIBH3 «{onHTY», 2016. — 384 c.
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B.J. Jly6posun’, C.A. Ukon®

METO/bI YIIPABJIEHUS BHTC B KOJIOHHE

B nmannO# pabote paccmarpuBaercsi mpodieMa pa3pabOTKH METOIOB
MOACPIKKH TIPUHATHS PEHICHUH B QopMaIuu (cxeme) BeAyIIUi/BEIOMBIN C
UCTIONIb30BaHNEM OECHMIOTHOTO HA3e€MHOTO TPAHCIIOPTHOIO CPEACTBA
(BHTC). YuuteBas, 9Tto BeyIInii aBTOMOOWIb ABHIKETCA IO HEU3BECTHOMH
TpaekTopun, Heobxomumo coxpaHuTh Begomoe BHTC mHa HekoTopom pac-
CTOSTHMW T033JIM, UCTIONb3Ysl TOJBKO BU3YaIbHYI0 MH(GOPMAIHMIO O MOJIOXKe-
HHUH BEIyLIET0 aBTOMOOHIIS.

Kak ToJbKO TO3WIMS BEAyLIEr0 aBTOMOOWIISI yCTaHOBIIEHA, TOJDKHA
OBITH peaym3oBaHa MOJENb IEPEABIKEHHS Uil NPHUBEACHHUS B JBIKCHUC
BHTC. CymecTByIOT JB€ OCHOBHBIX MOJENH: NEPEIBUKEHUE IO TOM e Tpa-
€KTOPHH YTO M BEAYIIMH aBTOMOOMIb M CIIeIOBaHME 33 BEAYIINM aBTOMOOH-
JIeM TI0 KpaTyaiIieMy My TH.

OCHOBHOM Heel NMpH pean3aliii MOJENN MEepeIBIKEHHS 10 KpaT-
yaimemy myTH, siBisiercst To 4yTo Beomoe BHTC mocTosiHHO nepeaBuraercs,
OPHEHTHPYSICh Ha MOCIECIHIOI KOOPANHATY, B KOTOPOH HAXOAMIICS BEMYIIUH
aBTOMOOMNBE. TakuM 00pa3oM HpM yBENWYEHWU IUCTAHIMHA MEXIY aBTOMO-
owramu Begomoe BHTC HauHeT «cpe3aTh yrilb» Ha MOBOPOTAX.

Mogens nepeIBUKEHUs 110 TOW )K€ TPAEKTOPUHU YTO U BELYLIUH aBTO-
MOOHJIb TIOIpa3yMeBaeT MPOKIIa(bIBaHHE MaplIpyTa Yepe3 3apaHee 3aricaH-
Hble kKoopanHatel. Crincok (FIFO) xoopauHaT cocTaBiseTcs Ha OCHOBE BH3Y-
AIBHOTO OTCJIC)KUBAHUS MEPENBIKEHUH Beaymiero aBroMoomns. Takum 00-
pa3oM TpaeKTOpHs JBIKEHHUS BEYIIEro aBTOMOOWIS MpecTaBisieTcst Habo-
POM TOYEK B JIOKAJILHOM CHCTEME KOOpANHAT.

Iepensmwxenne BHTC B KomoHHE mMOJpa3yMeBaeT HCIOJIb30BAHUE
MOJIETIN TIEPEJBIKECHHUSI — 110 TOM )K€ TPAaeKTOPUH YTO M BEAYIIHH aBTOMO-
6mme. B pabote [1] B kauecTBe MeTOAa yNpaBIIEHHUS HUCIOIB3YETCS METO,
obwvenuuastomuii [I1]] perymsitop u npsimoe ympasieHue. Tak ke 9acTto uc-
MOJIB3YIOTCA METO/BI BEKTOPHOTO TpeciienoBanus [2], Tpaekropuii bespe [3]
WM MOJIENb «BUPTYaJILHOTO Tpeinepay [4].

B nanHoit pabore, 1Jisi OTCIEKHUBAaHHS MTO3ULUH aBTOMOOWIIEH, Mpe-
JlaraeTcsl HCIoib30BaTh MaTeEMaTHUECKyI0 MoJienb nepeasuxennus bBHTC [5].
IToxa3aTens TOYHOCTH JUIS JaHHOTO METOAa cocTaBisieT MeHblie 0,9 MeTpoB,
B TO BpeMs kak it GPS-manubix (0e3 0a30BO# CTAaHIIMN) aHAJIOTHYHBIN TTO-
Ka3aTenb cocTaBisAeT 13 MeTpoB.

! lyGposua B. U. — k.1.H., mpod. kad. [IporpaMmmusix cpencts, SHTY
% Yikon C. A. — actimpanT Kaenpst IIporpaMMHBIX cpeacts, SHTY
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YToObI IEPEHTH OT CIKMCKA KOOPAWHAT K YIIPABICHUIO PYJIEM BEIOMO-
ro BHTC, npennaraercss CHOIb30BaTh MAaTEMAaTHUECKYI0 MOJIENb MEpEIBU-
eHust aBTomoOws [S]. s onpeneneHus panuyca M IEHTpa OKPYXHOCTH
MIOBOPOTa aBTOMOOMIISI HEOOXOAMMO 3HATh KaK MUHUMYM TpH TOYKH. [lepBas
TOYKa — 3T0 TeKyas no3unus Benomoro bBHTC. JIBe nocnenytomiye TOYKH —
9TO MO3WIMM BEAYIIETO0 aBTOMOOWIS. TakuM 00pa3oM 3Hast paguyc OKpYK-

HocTH R MOHO paccuntath HEOOXOIMMBIH YroJ OBOPOTA KoJleca ) , 4To-
651 Benomoe BHTC mpoexao mo KOHTYpY 3TOH OKPY>KHOCTH.

= arctan| i
Y R

rae d — paccTosHHE MEXIy 3aIHUM M HEpPeJHUM KOIECOM.

B nanHO# paboTe MpeacTaBicH 0030p CYIIECCTBYIOIIMX METOI0OB U MO-
Jienelt moaep Kk npuHATus pemeHuid B ynpasiaeauu BHTC nis nepenBu-
JKEeHHUsI B KoJIoOHHE. Taxske MpCaAIOKCH HOBBIHN METOA YIpaBJICHUA BEIOMBIM
BHTC. OcobOeHHOCTH TPEIIOKCHHOTO METOa 3aJaf0T IMEPCICKTUBY IS
JIATTbHEHIINX 3KCIIEPUMEHTAIBHBIX UCCIIE0OBaHNH.

IlepedeHn cchLIOK

1. Hogg W. Sensors and Algorithms for Small Robot Leader/Follower Behavior /
Robert W. Hogg, Arturo L. Rankin, Michael C. McHenry, Daniel M. Helmick,
Charles F. Bergh, Stergios I. Roumeliotis, Larry Matthies // In Proc. SPIE Unmanned
Ground Vehicle Technology III, — 2001. — Vol. 64, P. 72-85.

2. Wit J. Autonomous Ground Vehicle Path Tracking / J. Wit, C. Crane, D. Armstrong
// Journal of Robotic Systems, 21(8), P. 439-449.

3.Chiem S. Y. Vision-Based Robot Formations with Bezier Trajectories /

S. Y.Chiem, E. Cervera // In Proceedings of IEEE/RSJ International
Conference on Intelligent Robots and Systems. — 2005. P. 191-198.

4.Ng T. C. Autonomous Vehicle-Following Systems: A Virtual Trailer Link
Approach / Teck Chew Ng, Javier Ibafiez Guzman, Martin D. Adams // In Proceedings
of IEEE/RSJ Conference on Intelligent Robots and Systems. — 2005. P. 2968-2973.

5. Ay6posun B.W. MaTtemaTnueckas Moaens nepeasmkenus apromoomns / B.U. [ly6-
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V]IK 681.3.06:330.322.54
Jly6posun B. W.', FOcskuB O. 1.

METO/JbI OIITUMU3ALIUN B TIOPT®EJIBHOM
NHBECTUPOBAHUHN

duHaHCOBOE MHBECTHPOBAHNE HEMOCPENCTBEHHO CBA3AHO C (HOpMH-
pOBaHMEM WHBECTHLHUOHHOTO noprdens. PasBurue mmpokoro u 3¢ ¢pexTus-
HOT'O pBIHKA, CTATHCTHUYECKOI 0a3bl, a Takke OBICTPBIN Mporpecc B 00JacTH
BBIYHCIIUTEIbHON TEXHUKHU TIPUBEIH K BOSHUKHOBEHHIO COBPEMEHHON TEOPHU
W TPaKTHKH yTpaBJieHus mopTdeneM HeHHbIX Oymar. OHa OCHOBaHa Ha HC-
MI0JIb30BAaHUM CTATHCTHYECKUX M MaTeMaTHYECKUX METOIOB Nojadopa (uHaH-
COBBIX HHCTPYMEHTOB B MOPTQEI.

WHBecTOopsl B yCHOBHSIX HECTaOMWJIBHOH SKOHOMHKH, HeEOIpese-
JICHHOCTH PUCKYIOT MOJYYUTh MEHBIIMH JOXOJ, YeM OKHIAEMBIi, WM BO-
o0IIe moTeprneTs YOBITKH MOCIE BIOXKEHUS JCHEKHBIX PECypCcOB B BHIOpaH-
HbIA opTdens. [loaToMy mHBECTOp nOmMKeH (HOPMHUPOBATH MOPTQENs HHBE-
CTULMI ¥ YIPaBIATh UM TAKUM 00Pa3oM, YTOOBI TOXOJHOCTH MOPT(heEss BO3-
pacTana, a ypoBeHb PUCKa IIPH 3TOM CHIIKAJICS, TO €CTh HE0OX0IMMO (HOpMH-
poBaTbh 3 dexTrBHBIC TOPTQETH U BEIOUPATh U3 HUX ONTHMAIBHBIH [1].

[ToprdenpHoe WHBECTHPOBAHHE UMEET PsiJi OCOOEHHOCTEH M NperMy-
IIECTB!

® C IOMOIIBIO0 TAKOTO MHBECTUPOBAHHS BO3MOXKHO TaTh COBOKYITHO-
CTH LIEHHBIX Oymar, 00bEeJUHEHHBIX B MTOPT(eNb, MHBECTUIIMOHHBIC KauecTBa,
KOTOpPbIE HE MOTYT OBITh JOCTUTHYTHI IIPU BJIOKCHUH CPEACTB B LICHHBIE OY-
Mard Kakoro-To OJJHOTO SMHTCHTA;

= moabop M ympaBlieHHe HopTdeneM HEeHHBIX Oymar paspemaeT no-
JydaTh ONTHUMAJIbHOE COSIUHEHHE NMPUOBUIBHOCTH W PHUCKA UL KaXKAOTo
KOHKPETHOTO HHBECTOPA;

= mopTdens HeHHBIX Oymar TpeOyeT HeBBICOKUX 3aTPaT B CPaBHEHHUH
C MHBECTHPOBAaHHEM B peasibHbIE aKTUBBI, IOATOMY JOCTYIIEH ISl OOJBIIOTO
YHCIIa UHBECTOPOB;

= mopTdenb IeHHbIX OyMar Ha MpaKTHUKe 00ecTieYrBaeT MoJyYeHUe J0-
BOJIFHO BBICOKUX MPHOBUICH 32 OTHOCHTEIFHO KOPOTKHI MHTEPBaJl BPEMEHH.

3agaya MOPTQETHHOTO0 WHBECTHPOBAHHUS — TIONYYUTh OXKHIAEMYIO
NpUOBLIH TPU MUHUMAJIBHO JIOITyCTUMOM pHUCKe [2].

OCHOBHBIMH COCTaBIISTIOIIMMH HHBECTHIIHOHHOTO TOPT(ENS SBISIOTCS
OKHaeMasi JOXOTHOCTh TOpTdens u puck. /il yMEeHbIICHNST HEOPEeAeIeH-
HOCTH ¥ CHIDKEHHUSI BEPOSITHOCTH MOJIYYNTh MEHBIINI OXOJ, YeM OXHIAeT-

! k.1.1., ipodpeccop BHTY

agMuHECTpaTop 3amad 1 kareropun YAO «/IHempocmencranby
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Csl, WM BOOOILE TIOTEPIETh YOBITKH IOCIIE BIIOXKECHUS AEHEKHBIX PECYPCOB B
BBIOpaHHBIA TOPTQENnsb MpU pealu3alud HHBECTHIMOHHON JESTENbHOCTH
OBUTH TIPEUIOXKEHBI METOJBI ONTHMHU3AIMM HMHBECTUIIMOHHOTO HOpPTQEs.
WHBecTop npu 3ToM MoXeT (opMUpOBaTh MOPT(ENb MHBECTUIIMH U yIpaB-
JISITh UM TakUM 00pa3oM, 4ToObI JOXOAHOCTH mopTdens Bo3pacrana, a ypo-
BEHb PHCKA IPH 3TOM CHIDKAJICS, TO €CTh MOXKET COpPMHUPOBATH IPPEKTHB-
HBIE TOPTQEIN ¥ BEIOMPATh M3 HUX ONTHMAaIbHBIN.

MOXHO CHU3UTH CTEIIeHb PUCKA WHBECTHLIU, HE CHIDKASL 0KHIAEeMOM
JOXOIHOCTH, 3a cueT auBepcudukanuu. JuBepcudukanus BBIpaKaeTcsl BO
BJIaJCHUH MHOTUMH PUCKOBAHHBIMH AaKTHBaMH, BMECTO KOHLIEHTPAUHM BCEX
KaIllUTaJOBIOKEHUI TONBKO B OJHOM M3 HUX. UeM uxX Gonblue, TeM, B CHIIY
3aKOHa OOJIBIINX YUCEN, 3HAYMTENILHEE MX COBMECTHOE BIIMSHHE Ha OTpaHH-
yeHue pucka. [Ipumenenne Gpupmoit tuBepcuPUIMPOBAHHOTO MOPTHETBLHOTO
NOAXOJa Ha PhIHKE IIEHHBIX OyMar 1Mo3BOJISIET MaKCUMallbHO CHU3UTH BEPO-
SITHOCTB HezomnonydeHust noxoxa. CymiecTByer creayromas 3aBHCHMOCTB:
4yeM Oouibllle IIEHHBIX Oymar HaxomuTcs B HOpTderne, TeM HIKE 3HaYCHUE
CPEIHEKBAIPATUIHOTO OTKIIOHEHUS MOpTQelis B 1iesioM [3].

[IpennoxeHHble METOABI TMOMOTYT TPHHSATH MaKCHMaJIbHO 3(dexk-
THUBHOE, KOMIUICKCHOE DEIICHHE, MO3BOJIIT YMEHBIINTh WHTEIEKTYaIbHYIO
Harpy3ky, CBECTH K MUHHUMYMY YHCIJIO PYTHHHBIX OIEPALMHA M CIIOKHBIX Ma-
TEMaTH4YECKHX M YKOHOMHYECKUX PAcyeToB W, KaK CJICICTBHE, 3HAYUTEIHEHO
COKpPATUTbh BpeMs HA IPUHATHE PELICHHUS.

IlepeuyeHb ccbLIOK
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V]IK 681.3.06:330.322.54
Jly6posun B. W.', FOcskuB O. 1.

YIIPABJIEHUE DQHEPI'OCBEPETI'AIOIIUMU MEPOIIPUATUAMMN
METAJIIYPTUYECKOTI'O ITPEAIIPUATHUA

CoBpeMeHHbBIE TOCTOSIHHO H3MEHSIOIIMECS YCIOBUSI BEICHMs OHM3HEca
JMKTYIOT HEOOXOMMOCTh aJIeKBaTHOM KOPPEKIMK METOJIOB YIPAaBIICHHs IPO-
MBILJICHHBIM TIPEANPHATHEM, KOTOpbIe Obl oOecrieunBain 3¢ ¢dekTiuBHOE U yc-
TOMYMBOE Pa3BUTHE IIPOU3BOJACTBEHHON CUCTEMBI B JOJITOCPOYHOU NIEPCIIEKTHUBE.
Ilepexon k yCcTOMYMBOMY Pa3BUTHIO JOKEH COINPOBOXKIATHCSA CO3IAHUEM U OIl-
TUMaJIBHBIM HCIOJIb30BaHUEM BHYTPEHHETO MOTEHIMANA MPEANPHUSTHS, ONpeae-
Js1eMoro 3 QEeKTUBHOCTHIO UCHIOJIB30BAHMS BCEX HEOOXOUMBIX UISI IPOM3BOI-
cTBa pecypcoB. HameTuBIIasics B mociaeqHee BpeMsl TEHIESHIMS pOCTa PECYPCO-
€MKOCTH MPOMBIIUIEHHOCTH M, COOTBETCTBEHHO, CYILECTBEHHOE YBEIMYCHHE
9KOJIOTHYECKOHM HArpy3KH, OKa3bIBAEMON HA OKPYKAIOLIYIO CPEy BBIIBUTAIOT HA
MEPEHNI TUIaH BOMIPOCHI, CBSI3aHHBIE C YIPABJICHUEM IIPOLIECCAMH HEPro- U
pecypco-coepexkenusi. [ToBbllieHre SHEpreTuueckoil u odlel pecypcHod 3¢-
(EeKTHB-HOCTH MPOMBIIIUIEHHOTO MPOM3BO/ICTBA Yepe3 BHEAPSHHE HEpro- U pe-
CypCcoCOepeTaroIiX TEXHOJIOTUIH CTAHOBHUTCS 33/1aueii MepBOCTENEHHOIN Ba)KHO-
CTHU B OCOOEHHOCTH ISl DHEPTOEMKHX OTpacieil MPOMBINIICHHOCTH, TaKHX Kak
yepHast MeTayuryprusi [1].

OOBEKTOM HCCIIEZOBaHUS SBISIOTCS METALTypPrHYecKue Ipearpu-
STHS, PeUTU3YIOIINE SHEProcOeperamnye MepopHsTHSL.

YTouHEHO TOHSTHE «IHEprocOepexeHne» Ha MPOMBIIUIEHHOM TIpel-
HOPUATUH, OTJIMYAIOUIEECs BKIIIOYEHHEM PACHIMPEHHOTO0 KOMILIEKCa Mep, Ha-
NPaBIEHHBIX HAa  COKpamleHne o0beMa  HCMONb3yeMBIX  TOIUIMBHO-
9HEPreTUYECKHX PECYpPCOB, MHTCHCH(HKALMIO WX HCIOJIb30BaHUSI H, Kak
CJIEACTBHE, TOBBIMIEHNE YP(PEKTUBHOCTH AEATEIBHOCTH npeanpusatus. [Ipu-
BE€ZIEHa CTPYKTYpa SHEPrONOTPEOICHH Ha METALTYPIrHIECKOM 3aBOJIE.

BhIsiBiI€HBI OCOOCHHOCTH YIPaBIICHUSI SHEPTOCOCPEIKEHUEM Yepe3 Op-
TaHM3AIUI0 CUCTEMbI YPHEPTOMEHEXKMEHTa Ha MPeIIpUsATHH, OCHOBaHHOH Ha
OTIEPaIl[MIOHHOM YNPABJICHHH MPOIECCAMU JHEProoOecIieyeH s, IHEProrno-
TpeOJICHNsT ¥ pean3alii SHeprocOeperaronix MEpONpHUATHIA 10 HarpaBiie-
HUSIM UX OCYLIEeCTBIIeHUs [2].

Peanm3arimst 000CHOBaHHBIX B paboTe KOHIENTYATBHBIX TOJIOKEHHUH T10-
3BOJIUT MPOMBIIIICHHBIM MPEIIPUSTHAM YIIPABISTH MpoIieccaMy SHeprocoepe-
JKEHMS1, OIICHUBATD BJIMSTHUE MHTCHCU(HUKAIMOHHBIX (haKTOPOB PA3BUTHS Ha 3-

! k.1.1., ipodpeccop BHTY

agMuHECTpaTop 3amad 1 kareropun YAO «/IHempocmencranby
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(heKTHBHOCTD MPEINPUSTHS, MOBBIIIATH YCTOWYMBOCTh SKOHOMUYECKOTO POCTA
pa3pabarbIBaTh CTPATEruH CBOETO Pa3BUTHS HA IOITOCPOUHBIH TEPHO]L.

Paspaboran anroput™m (HOpMHUpPOBAHUS HHBECTHIIMOHHOTO MOPTQEs
9HEeprocOEperaroIXx MEpONpPUSITHH Ha OCHOBE DHEPIETHUECKOI0 MEHEIK-
MEHTa, TTO3BOJIIFOINUI UICHTH()UIIUPOBATh U PAHKUPOBATH BO3MOXKHBIC Me-
POTIPUATHS TIO CTETIEHH UX PEIEBAHTHOCTH M (DOPMHUPOBATH MHBECTUIIMOHHBIN
noptdens B mpesenax JOCTYMHOTO (OH/IA KAMUTAIOBIOKEHUH. [IpenioxeH-
HBII METOJI OICHKU TUHAMHUKH 3()()EKTUBHOCTH MPOMBIIIICHHOTO TPOU3BO/I-
CTBa, B OTJIMYUE OT CYLIECTBYIOIINX METOJUK CTATUYECKOU OLIEHKH MO3BOJIUT
YUUTBHIBATH U3MEHEHUE d(PPEKTUBHOCTH MPEINPHSITHUS 32 CUET U3MEHEHHS €ro
9HEeprodGGEeKTUBHOCTA B pe3yJbTaTe peanu3allid HHBECTUI[MOHHOTO MOPT-
(hens sHEprocOeperarIUx MEPONPHUITHI, a Takke 3PPEKTUBHOCTU HCIIOJb-
30BaHMUs TPYAOBBIX PECYPCOB M OCHOBHBIX (DOHIOB.

HpezlnomeH METOA OICHKHU BJIMAHUA pEaiM3allii WHBECTHIMOHHBIX
MPOEKTOB B O0JIACTH 3HEProcOepekeHUsT Ha MOBBIIICHUE 3()()EKTUBHOCTH IO
Mepe POCTa WHTCHCU(UKAIIMK MPOU3BOJCTBA U, KAK CIICJCTBUC, MMOBBIIICHUE
HE TOJBKO 3KOHOMHUYECKOH, HO COIUATLHON U IKOJOTHYSCKON YCTOHUNBOCTH
pa3BuTusi. B OCHOBe Meroja JICKHUT OICHKA IMHAMUKU PPEKTUBHOCTH U
3arpaT B pe3ysibTare MPOBEACHHS MOIUTHKH dHeprocoepexenus. OH M03BO-
JISIET KOJMYECTBEHHO OLCHUTh WHTEHCH(HKALMIO HCIOJB30BAHUS PECYPCOB
3a CYeT pealu3aly dHeProcOepexeHus, 00eCnednTh HHTEHCUBHBIN 3KOHO-
MHUYECKHN POCT MPEANPHATUS U YETKO MPEACTABUTH CTPATETUH €T0 PA3BUTHS
B JIOJITOCPOYHOM IIEPUO/IE.
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V]IK 004.93
Kaspin JI. A.!, Cy660tin C.0.2
JETEPMIHOBAHUI METO/]I ®OPMYBAHHSI BUBIPOK
JIJIS1 HOBYJIOBU JIATHOCTUYHUX MOJIEJIEM

Jlns aBTOMaTH3aLii IPUIHATTS pilleHb B 331a4aX TEXHIYHOTO JiarHo-
CTYBaHHS Ta pO3Ii3HaBaHH] 00pa3iB HEOOXiTHO BHPIIIYBaTH 3aqady Kiacu-
(ikanii JaHUX 3a O3HAKaMHU, sKa IMOJIArae y BU3HAYCHHI MPUHAICKHOCTI Ha-
SIBHUX 00 €KTIB JI0 MeBHUX KiaciB. [ToOymoBa Takux Mojesel morpedye Ha-
SIBHOCTI HaBYaJIbHOT BUOiIpKH mperiefieHTiB [1]. B Guibmrocti mpakTHYHKUX 3a-
Jlad IoOY/I0BH JIIarHOCTUYHKMX MOJENeH BUXiIHI BUOIPKH JaHUX MaroTh 3aBe-
JUKUH 00’eM a00 HAIUTHIIKOBI J1aHi. BUKOpUCTaHHS TaKMX HaBYAIBHUX BUOI-
POK MOXe BUMaraTi 3HaYHUX OOYHCIIOBAIFHUX PECYpCiB Ta 4yacy.

[TpocTuM Ta HOCTATHEO €()EKTUBHUM BUPIIICHHSIM IaHOI MPOOIEMHU €
METOIM BUTATY MiABHOIPOK MEHIIOTO PO3Mipy i3 BHXITHHX BUOIPOK JAaHHX.
Metoau BUTATY TiABHOIPOK MOXKYTh OYTH IOALICHI Ha Bi KaTeropii: iMOBip-
HicHI Ta jaeTepminoBaHi meroau [2]. Tlpu HasBHOCTI iHpOpPMAILIT PO KiIacu
00’€eKTiB, HAWOUTBII BiAMIOBIAHUMHE € IETEPMIHOBAaHI METOIHM Ha OCHOBI Kiac-
TEPHOTO aHai3y, TOMY IO BOHH JO3BOJISIOTh BUSBUTH Ta 30€pEerTH HAHOIIbII
3HAYYIi €K3eMIUISIPU BUX1THOT BUOIPKH.

B po0oti nponoHyeTbcss METOJ, 1110 03BOJISIE (popMyBaTH perpeseH-
TaTHBHI HaBYaJIbHI BUOIPKH Ta 30epiraT mpu oMYy iHPOPMATHBHI €K3EMII-
JISIpU, 0COOJIMBO Ha MeXi KiaciB. CyTh METOAY MOJSTae B TOMY, IO BUXiJHA
po3MiueHa BHOIpKa po30MBAETHCS B MPOCTOPi O3HAK HA Timepchepu 3 pi3HH-
MU pajiycaMu, 10 3aJeKaTh BiJl BiJICTAaHEW MK SK3eMIUIIpaMH Pi3HHUX KIa-
ciB. i pOTO Ha MEpHIOMY eTamni BU3HAYAEThCS HAHOUTBII MEpCIICKTUBHUIA
eK3eMIULAP KJIacy, SIKMH 3HAXOAMUTHCS OJIMDKYE 3a 1HIIMX A0 HEHTPY Mac JaHo-
ro xiacy. Ha gpyromy eram B mpocTopi o3HaK OymayeTwcs Timepcdepa c
LEHTPOM B JaHii TOYIN Ta paiiycoM, IO TOPIBHIOE BiACTaHI A0 HAHOIIKYO-
ro eK3eMIUIIPY MPOTHIIEKHOrO Kiacy. Bcl exzeMmusipu kiacy, 10 3HaxXo-
JUITBCS Ha BIIICTaHI MEHII HIX Pajiyc BiJ HEHTPY rinepcdepu, BUIATSIOTHCS 3
MOJATBIIOT0 Po3rIALy. 11i KpOKHM BUKOHYIOTHCS B ITHKIII JOKU BCI €K3EMILIS-
pH Kiacy He OyIyTh BUKIIIOUEHI 3 PO3TIILY.

CxopoueHa HaByajbHa BUOIpKa (POPMYETHCS 13 LICHTPIB OJIEp>KaHUX Ti-
nepcdep. Linepcdepu OyIyrOTHCS OKPEMO UIS KOXKHOTO KJIACy BIIHOCHO BCIiX
IHIMX KiaciB. TakuM 4MHOM, METOX aJanTyeThes 10 PO3MOJULY JTaHUX B BH-
Oipmi, Ta aBTOMATHYHO PETyJIIO€ YHCIIO €K3EMIUTIPIB B CKOPOUEHii BUOIpIIL.

! acrripanT Kadeapu mporpamHix 3acobis, SHTY
% 1.1.1., mpodhecop, 3aBinyBau Kadepy PorpaMHIX 3aco6is, SHTY
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3aB/sSIKM alaiTUBHOCTI pajiyciB rimepcdep, Ha Mexi KinaciB Gopmy-
€TbCs1 Ounblne rinepedep MeHoro paaiycy (puc. 2). BinmnosigHo B ckopoyeHii
BUOIpII 30epiraeThcs OLIBIIE 3HAYYIUX EK3EMIUIIPIB HA MEXi Ki1aciB. [HImmMu
cJIoBaMH, B 00poOJIeHiH BUOIpLIi NIUIBHICTh eK3EMIULIPIB Ha MEXi KiaciB Oy/e
BUIIIE, 110 JO3BOJIUTH BU3HAYMTH OLIBII YiTKY MEKY MK KJIAaCaMH.

1 . : - . :
% 3 .|+ wmaccl
Kaccl

X2
=
L

Pucynok 2 — Bizyaunizamis cnHTeTHYHOI GiHapHOT BUOIPKH B IPOCTOPI O3HAK:
a — 10 00poOKH, 6 — micist 0OpOOKH 3aIIPOIIOHOBAHUM METOJIOM.

[IpomonoBanuii MeTo OyB MPOTPaMHO peari30BaHUI Ta MepeBipeHUN
MIPY BUPILICHHI NPAaKTHYHUX 3aBJaHb AiarHOCTyBaHHs. ExcriepuMeHTH moka-
3a1, 10 METOJ J03BOJISIE 3HAYHO CKOPOTHUTH PO3MIp BHUXIIHOI po3MideHOl
BUOIpKH Ta 30eperTH HalOLIbII 3HaYHI €K3eMIUISIPH, 1110 3HAXOAAThCS Ha Me-
XK1 KJIaciB, Ta BUIAIUTH MEHII iHPOPMATHUBHI €K3eMILUIIPH, IO 3HAXOAATHCS
BCepe/nHi KiaciB. TakiMM YMHOM, 3allpONOHOBAHUN METOJ JI03BOJISIE B aBTO-
MaTHYHOMY PEXHMI BHPINIYBaTH 3aqady CKOPOYEHHsS BHXIIHHX BHUOIPOK,
aJIanTyIOYUCh 0 PO3IOJIUTY JaHUX B BUOIpKax.

Iepenik nocuiians

1. MaTennexkTyanbHble HHOOPMAIMOHHBIE TEXHOJIOTHH TPOCKTUPOBAHHUS aBTOMATH3H-
POBaHHBIX CHCTEM IHATHOCTHPOBAHHWSI M PACIO3HABaHUsS 0o0pa3oB : MoHorpadwus /
[C. A. Cy660Tun, AH. A. Oneiinuk, E. A. Topman, C. A. 3aitues, An. A. OnelHuk ;
non pen. C. A. Cy66otuna]. — Xapekos : OO0 «Kommanus Cmut», 2012. —317 c.
2. Encyclopedia of survey research methods / ed. P. J. Lavrakas. — Thousand Oaks:
Sage Publications, 2008. — Vol. 1-2. — 968 p. DOI: 10.1108/09504121011011879.
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V]IK 004.9
Kopotyros C.FO.", Tabyrumk I'.B.

MOJIXO/IbI K ®OPMAJILHOI BEPUOUKALIAN
KUBEP®N3NYECKUX CUCTEM

Kubephuzndyeckne CUCTEMBI — 3TO CHCTEMBI, KOTOPBIE TPeayCMaTpH-
BAIOT TECHOE B3aMMOJAEHCTBUE HU(POBBIX U aHAJIOTOBBIX KOMIIOHEHTOB. VX
HPOU3BOJUTENFHOCTh KPUTHYECKH 3aBUCHT KaK OT HENPEPHIBHOM JUHAMHKU
(U3MYECKUX YaCTei, TaK M OT PEIICHUH B PEXKUME pealbHOTO BpEeMEHH, NPH-
HUMaeMbIX KHOEpHETHYecKol cucTeMoi. Takne cHCTeMBI Bce dallle MrparoT
KPUTHYECKYIO /715l 0€30MaCHOCTH POJIb B COBPEMEHHOW KM3HH, I/Ie OINOKA B
UX IPOEKTHPOBAHUU MOKET OBITh KaTacTPO(pHUIECKOM.

3HaYMMOCTh TPOOIEMBI BepUPHKAMKH PAOOTHl KHOEpHU3HMUECKUX
CHCTEM MOXeET OBITH PACCMOTPEHa Ha MPUMEPE PACTYIIEro CIHCKa OT3HIBOB
ABTOMOOWJICH, KOTOPBIC B CYLIHOCTH SIBJISIFOTCS IPHUMEPOM KHOEPHUHICCKUX
CHCTEM, W3-3a MpoOJeM C MporpaMMHBIM oOecredeHrneM. Tak, B KadecTBe
mpuMepa MOXHO mpuBecTH oT3hIB Toyota 160000 cBomx aBTOMOOMIIEH Prius
B 2004 roxy m3-3a mpobiieM ¢ IpOrpaMMHBIM 00eCTieYeHHEM, U3-3a KOTOPBIX
aBTOMOOMIJIb HEOKUJAHHO OCTaHABIUBAJICA WM OT3bIB Jaguar mouyru 18000
aBromoOmert X-tumna B 2011 roay u3-3a OmMOKU MPOrpaMMHOTO obecrieue-
HUSI, TIPUBOJSIIEH K HECTTIOCOOHOCTH BOAMTENSI OTKIIFOUUTD KPYH3-KOHTPOIIb.
Crnrcok MOXKHO TPOAOJDKATh M 3TO TNMOAYEPKHBACT HAIWYUE MPOOJIEMBI TPH
pa3paboTKe M NMpoBEpKe KPUTHUECKU BaXKHBIX KHOEP(H3HMIECKUX CUCTEM. AHa-
JIOTUYHBIE MTPUMEPHI MOXKHO TakKKe MPHBECTH I KHOep(PU3MUECKUX CHCTEM
n3 Apyrux oOnacTed, TaKMX KakK aBHAIWS, MMIUIAHTHPYEMBIC MEIUINHCKUE
YCTPOICTBA, TPAHCTIOPTHBIE CETH, SHEPTETHYECKUI CEKTOP U JP.

dopmanbHas BepuUKAUUS CHCTEM — 3TO Ha0Op METOJOB, KOTODBIE
UCIIOJB3YIOT CTPOTHE MaTeMaTHYECKHE PacCy)KOCHHs Ul aHalu3a CBOMCTB
CHCTEMBHI C LIeNbI0 yoenuTces B ee paboTOCIOCOOHOCTH M OTKAa30yCTOHYMBOCTH.
B kadectBe MeToja BepuHKanuu Knoep(hHU3MIECKUX CHCTEM MpE/ICTaBIsIeTCs
BO3MOYKHBIM HCIIOJIB30BaHME METO/Ia POBEPKH MOAENHN — (POPMATLHOM METOJIE
Bepubukanuy, BBeneHHoM Kitapkom, Cudakrcom u ImepcoHom [1].

JlaHHBIN METOJl CHCTEMaTHYECKH TPOBEPSIET, COOTBETCTBYET JIM CIIe-
muQUKays CUCTEMHOM MOJENN, OCHOBBIBasICH Ha ()OPMalbHOM OINMCAHUH
CHCTEMBI U ee crienn(pUKanusX.

ITockonbKy 1O ONpEeNIeHNIO COCTOSIHUS TNHAMHUYECKON CHCTEMBI Me-
HSIOTCSL CO BpEMEHEM, KITaCCHIECKast JIOTHKA BBICKA3bIBAHHUHN SBIISICTCS HEJJOC-
TATOYHON ISl PAcCy>KAEHHS O BPEMEHHBIX CBOMCTBax KHOEp(HU3MUECKHX

! acrmpanr, 3HTY
% k.1.H., ipodh., 3SHTY
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crcteM. BpeMeHHbIe JIOTHKH paclIMpSIOT JIOTHKY BbICKA3bIBAaHHN WITU TIPEIU-
KaTOB C IOMOIIBI0 MOJAJBLHOCTEH, KOTOPBIE IMOJIE3HBI ISl OTCIIEKHUBAHMS
W3MEHEHHS TOBEJICHNSI CUCTEMBI C TeueHneM BpeMeHu. [lepBbiMHu, KTO Tpen-
JIOXHJ M CIIOCOOCTBOBAII HCIIOJIb30BAHUIO BPEMEHHOI JIOTHKH ISl OTpeiere-
HUSI CBOMCTB JMHAMHYECKHUX CHUCTEM B KOHTEKCTE BEpH(UKAIUU CHCTEMEI
6butn Manna u [Tnyamu [2]. JIuneitnas BpeMeHHast JOTHKa, JIOTHKA BBIYHCIIH-
TEJIFHOTO JEpeBa, MOAATHHOE [-MCUMCICHHE, a TaKKe MX OOOOMICHHBIE U
B3BCLICHHBIC BapHALMH — SIBISIFOTCS HEKOTOPHIMU U3 TIOIYJISIPHBIX BPEMEH-
HBIX JIOTUK, UCTIOJIb3YyEMBIX IJIs CEUN(HKALUN CHCTEMBI.

B obmem BuIe, KaueCTBEHHBIE CBOWCTBA KHOESPPHU3HMUECKUX CUCTEM
MOJKHO KJIaCCH(HIIMPOBATH O CICIYIOLUINM JIBYM IIHPOKHUM KaTETOPHAM:

— CBOWCTBa JOCTHXMMOCTH WJIM TapaHTUH, KOTOpPbIE CTAaBAT BOIMPOC O
TOM, MOXKET JI CUCTEMa JIOCTHI'aTh KOH(QUTypalnH, yIOBICTBOPSIONIEH
ONpEe/IeICHHOMY CBOMCTBY;

— CcBOIicTBa 0€30MaCHOCTH, KOTOPBIE CTaBST BOIPOC, MOKET JIM CUCTEMA
OCTaBaThCs HaBcerna B KOH(QUIYpaLUsX, YAOBIETBOPSIOIINX OIpese-
JIECHHOMY CBOWCTBY.

Jluneiinast BpeMeHHas JIOTHKa obecreunBaeT (HOpMaIbHBIN S3BIK, HO-
3BOJIIIOIIMI ¢ OOJBIIEH JIETKOCTBIO OMNpPENENSTh BJIOKEHHOCTh TaKHX
CBOHMCTB. {7151 TOr0 YTOOBI IMETH BO3MOXKHOCTH MCIIOJIB30BATh JAHHYIO JIOTH-
Ky, HEOOXOAMMO BBIMIOIHUTH MEPEXO] OT OMMCAHUS CHCTEMBI K (hopmanm3o-
BaHHBIM CTPYKTypaM. B KauecTBe Takux CTPYKTYp yJOOHO HCIIOJIb30BaTh
cTpyKTypbl Kpurike, npenocrapisionye crnocod MapKUupOBKH COCTOSIHUSI WH-
TEPECYIOIUX CBOMCTB KHOSPPH3UIECKON CHCTEMBI.

Takum oOpazom, opmanbHas crienudukanus 0a30BOW CUCTEMBbI Ha-
YMHAETCS C OIPEAETCHUs] KITIOYEBBIX CBOWCTB IPOBEPSIEMOM CHCTEMBI.
Crpykrypsl Kpunke obecneunBaroT crocod MapKUpoBKH TpadoB nepexoja
COCTOSIHWH, a JIMHeWHasi BpeMEHHasl JIOTHKa OIpeesieT CBOWCTBA MOCIIEI0-
BaTENLHOCTH 3HAYEHWH MCTHHHOCTH 3THX MPEATIOKEHHH, MO3BOJISS BBINOII-
HUTH (PopMaNbHYIO BepUPHUKAINIO KHOSP(HU3NICCKON CHCTEMEI.

IlepedeHn cchLIOK
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VK 62-50:519.7/8
Jlesun B.1.!

BBIYUCJIEHUSA B YCJIOBUAX HEONPEJAEJEHHOCTHU C
IOMOIIBIO UHTEPBAJIBHOI MATEMATHKH

3agauy, BO3HUKAIOUINE B COBPEMEHHON HAyKe, 3HAUYUTEIBHO YCIIOXK-
HWJIMCh, YTO MPHBENO K IMOSIBJICHUIO, HAPsAy C OOBIYHBIMHU BEIIECTBEHHBIMH
YHCIaMH, HOBBIX KJIACCOB YHCEJ: KOMIUIEKCHBIX YHCEJl, TUIIEPHUOHOB, HEOII-
peleneHHbIX uKcel U T.4. HeonpeeneHHsle uncia npeaHa3HauYeHbl, COOTBET-
CTBEHHO, AJIs1 U3yUCHUs HEONpEAENeHHBIX cucTeM. M3BecTHo 3 Tuna Heomnpe-
JIEJIEHHBIX YHCEN: Cly4yaiHble, HEUeTKUE U HHTepBaibHble. CllydaiiHble yncia
3a71al0TCsl OOBEKTHBHBIMU BEPOSTHOCTHBIMH PAaCIpPECICHUSIMHA UX BO3MOXK-
HBIX 3HaYCHMH. DTH YHClIa M3Yy4YaloTcs B TEOPHH BeposiTHOCTeH. Hewerkue
YHCNIa 33/1a10TCsl CYOBEKTHBHO HOIyYSHHBIMH (C TIOMOIIBIO SKCIEPTOB) pac-
MpEEeNICHUSIMH X BO3MOXHBIX 3HAYEHUH M MU3Y4YalOTCSl B TEOPHH HEYETKHX
MHOXKECTB. VHTepBanbHBIE YHCIA 330A0TCS MHTEPBAIAMH MX BO3MOYKHBIX
3HaueHMH, 0e3 yKa3aHWs paclpeAeiIeHHs 3Ha4eHHH BHYTPU MHTEPBAJIA; OHU
H3y4arOTCsl B HHTEPBAIBHON MaTEMaTHKE.

WHTepBanbHble YKMCIa HECYT MUHUMYM MH(OpMAaLuy O HEOoIpeaeseH-
HOM 00BbEKTe, KOTOPBIH Mpolie Bcero noxyuuts. OTciona OobIIOi HHTEpeC,
KOTOPBII MPEACTaBISIOT 3TH YHCIA U pa3iINyHbIX NpuiokeHui. Cymiect-
ByeT OoJiee 00T Kjlacc HEONPEeNICHHBIX YHCENl, Y4eM WHTEPBaIbHBIE YUCIIa
— TaK Ha3bIBacMbI€ HEJETEPMUHHUPOBAHHBIC UUCNA. Y HHUX TAKXKE OTCYTCTBY-
IOT yKa3aHus O KaKOM-THOO pacnpenesieHHH 3HaYeHUH 4nciia BHYTPH 3ajaH-
HOI 0071aCTH BO3MOXHBIX 3HAUCHHUH, OJHAKO cama 00JIacTh CIOJKHEEe MHTEpBa-
na. Benencteue 3T0# OOnbIIei, MO CPaBHEHHIO C WHTEPBAJIBHBIMH YHCIIAMH,
CIIOKHOCTH HEJETEPMUHUPOBAHHBIE YHCIIA HE CTAIIM PACIPOCTPAHEHHBIMH.

Mycte u=f(x,),...,z) — HempepbiBHAs (HYHKLIUS OT TOYHO H3BECTHBIX

aApryMEHTOB X, ),...,z. IlycTh apryMeHTHI ONpEJeNieHbl HE ITOJHOCTBIO, a C

TOYHOCTBIO 10 3aMKHYTBIX UHTEPBAJIOB 3HAYEHUH,
T.e. X€X=[X,%],..2€Z=[7,2]. Torna 3Ha4eHne (QYHKIHH u TAKKE OKaAKETCS

OIIPEe/IEJIEHHBIM HE IIOJHOCTBIO, @ C TOYHOCTBIO J0 HHTEPBala BO3MOMKHBIX
3HaueHuil u €U =[uy,uy]. TIpu 3TOM 3aBHCHMOCTb HHTEpBaNa iy 3HAYCHHIl
GYHKIMA f OT MHTEPBAJIOB X,...,2 3HAYCHHUH €€ apryMEHTOB €CTh HEKOTOPas

¢yukuust F, koTopas MOXeT ObITh OmNpesieNeHa ¢ MOMOULIBIO CIEAYIOIIeH
TEOPETHKO-MHOXXECTBEHHOW KOHCTPYKIIHH:

U=F(X,y,..,2)={f(x,y,..,2) | x€eX,yey,zeZ}. €))

! JI-p TEXHUYECKHUX HayK, BEAyLI. Hay4. COTp., [IeH3eHCKUii roc. TEXHOJOTUYECKUN YH-
T
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JpyruMu cioBaMu, MHTEpBAILHOE 3HAUY€HHE F TNpPU MHTEPBAJIbHBIX
3HAYCHUSIX APIYMEHTOB X,),....Z2 €CTh MHO)XXECTBO 3HAYCHHH HCXOIHOU
¢GyHKIMK [, KOrJa €e apryMeHThI X, V,...,Zz MPOOEraloT MHOXKECTBA CBOUX
3HAYEHUH COOTBETCTBEHHO X,J),...,z . @yHkmus F Buma (1) mpeobpasyer
WHTEpBaJbHBIC 3HAUCHWsS apryMEHTOB B HMHTEPBAIBHOC 3HAYCHHE CaMO
¢byHkuuy. OTy (GYHKUMS Ha3blBaeTCSd HWHTEPBAJIBbHON (YHKLHEH, a MpUHHU-
MaeMble €0 CaMoH, a TaKKe ee apryMeHTaMH 3Ha4eHHs — MHTEPBAIBLHBIMU
gncnamu. Jlanee, ucmonb3ys obmee ompeneneHue (1), MOXXHO BBECTH ykKe
KOHKPETHBIE HHTEPBaJIbHBIE (PYHKIINH — CIIOKEHNE U BBIYUTAHUE

u=xty={xtylxex,yeyj, @
YMHO)KCHHUE TTEPEMEHHON Ha MOCTOSHHYIO M NIEPEMEHHYIO 1 €€ BO3BS/ICHUC B
CTEICHb
u =kx = {kx| x € X,k = const},
u=xy={xy|xex,yey}, , 3)
u=x"={x"|xeX}
JieJIeHHE TIePeMEHHBIX
W=%/y={x/y|xeX,yey} @
u 1.1. [Ipn 5TOM MHOTOMECTHBIE HHTEPBAIbHBIE (DYHKIIMH MOXKHO OIpeJIels-
IOTCSI aHAJIOTUYHO JBYXMECTHBIM. COBOKYITHOCTh 9THX BBE/ICHHBIX (DYyHKIHMI
(omepauuii) Hax WHTEpBaJAMH COBMECTHO C YHHBEPCAIBEHBIM MHOXECTBOM,
€CTh HHTepBaJIbHAS anredpa.

OcHOBHas 3a/1a4a WHTEPBaJBHON aireOpbl — 3TO BBIYUCICHUE 33/IaH-
HOW WHTepBaJbHON (DYHKIWH, T.C. HAXOKICHHE MHTEPBAIBHBIX 3HAYCHHN i
Gbyukuuit F (1) 10 3a1aHHBIM HHTEPBAIBHBIM 3HAYEHHUAM X, V,...Z UX apry-
MEHTOB. BprunciieHne 3Toi (yHKIMH BCEraa CBOJUTCS K BBIYUCICHHUIO DJie-
MEHTapHBIX HHTEPBAIBHBIX (PYHKIIHMI, BHIIIOIHIEMOMY IO COOTBETCTBYIOIINM
MIpaBuJIaM:

[xp,x0 1+ [y, v 1 =[x + 1,0 + 121,
[x1, 2] =y, v2 1 =[x = y2, %2 = 1],
k[xy,x7] =[kx,kx,] mpu k >0,

k[x1,x,]=T[kxy,kx;] npu k <0, (5
(x> x2 1 [v1, y2 1= [min (x; ), max (x; )],
L] L]

[x1, 01/ va ] =[x %010 [ v2 .1/ 31
HeobOxomuMocTe neficTBUN ¢ WHTEPBAIBHBIMH YHCIAMH BO3HHKAET
HpI/I BBIYHUCJIICHUU XapaKTepI/ICTI/IK TCXHHUYCCKUX CUCTEM C napaMeTpaMI/I, 3a-
JaHHBIMH C TOYHOCTBIO 10 I/IHTepBaJ'IOB. 3TI/I BBIUHCJICHUA ITO3BOJIAKOT aHAJIN-
3I/IpOBaTb nu CI/IHTG3I/Ip0BaTI) CUCTECMBI.
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VK 62-50:519.7/8
Jlesun B.1.!

HCCJIEJOBAHUE ®YHKIUI C HEOIIPEJAEJEHHOCTBIO B
TOYKE METOJIOM PA3JETEPMUHU3ALINUN

IIpn MonmenupoBaHMM OPraHW3ALMOHHO-TEXHUYECKUX CHUCTEM B PAIC
ClyyaeB BO3HUKAIOT CIOKHOCTH B MCCIICAOBAHUM (YHKIIMOHUPOBAHUS TAKUX
CHCTEM, €CII OHU (POPMAJIM30BaHbl Ha 0a3e aHAITUTHKO-IETEPMUHUPOBAHHBIX
¢byHknui. B moknaze mpenaraeTcss HOBBIH METOJ — pa3feTepPMUHHU3AIINS,
MpeJHa3HAYCHHBIM AT pelleHHs 3aJad BBIUMCICHHSA JETePMUHHPOBAHHBIX
(yHKIMIA, IMEIOMINX TaK Ha3bIBaeMble 0COObIE TOUYKH, B KOTOPHIX y (DyHKIUH
HE CYyIIECTBYET ONpeJIelICHHOTO 3HaueHus1. Llenbto sBisieTcs: pa3paboTKa 1moj-
X013, TTO3BOJISIOIIETO OCYIIECTBIIATh JEJICHHE Ha HyJIb M TEM CaMbIM HCKIIIO-
4aTh 0COObIE TOUKH HCCIEAYEMBIX (DyHKITHH.

IIpeanoxeHHBI METOA 3aKJI0YaeTcsi B IMEpexoje OT MpodieMaTHd-
HOHM, C TOYKH 3PEHHs BBIYHCIICHUS, AETCPMUHUPOBAHHOW (PYHKIHH K COOT-
BETCTBYIONICH HEIETEPMUHUPOBAHHOW, 2 UMEHHO, MHTEPBAIBHON (QYHKIINH,
MyTEM 3aMEHBbl JETCPMHHUPOBAHHBIX MAapaMeTPOB (DYHKIIMH COOTBETCTBYIO-
LIMMH UHTEpBaJlb-HBIMU IIapaMeTpaMu. braronaps 1aHHOW 3aMeHE 3Ha4YCHUs
(l)yHKLII/II/I B OC06BIX TOYKaX CTAaHOBATCA MHTCPBAJIbHBIMU W BIIOJTHE OIIPECIC-
JICHHBIMU 3HAYCHHUAMHU, YTO U MO3BOJIACT paspCUINTb HpO6HCMy BBIYUCIICHUSA
¢ynkuun. Pemenne yxa3zaHHON MpoOiIeMBbl JOCTUTAETCs Jierali3anue Jerne-
HUS Ha HyJIb yTeM UHTEpBaIU3aliM BeluMciIeHUH. [Ipu 3ToM ncnomb3yercs
IPHUHIUI BBIPE3aHUsI OKPECTHOCTH HYJIS U3 MHTEpPBala, SBISIOMIErOCs AEIu-
TeJIeM WHTEPBANBHOHN IPOOH, IPEICTABIAIONIEH HecleayeMyto (hYHKIIHIO.

JIyist yIIpOIIEHHOM IyTeM BBIPE3aHUsI MHTEPBAIBHOMN (DYHKIMN BbIBE-
JeHbl paboune (OpMyJibl, OCHOBAaHHBIE Ha OCHOBHBIX ITOJIOKCHUSIX HHTEp-
BaJbHON MaTeMaTHKH W TO3BOJIAIONINE JIETKO HAWTH 3HaYeHUS ATOH (PyHK-
1ud. IIpeyIoKeHHBIN B CTaThe MOJIXOJ K PEIICHUIO MPOOIEMbI BEIYUCICHHSA
(byHKIMHA ¢ 0COOBIMH TOUKaMH UMEET Ba)KHOE 3HAYEHHUE ISl BCEX KIIaCCOB TIPH-
KJIa/IHBIX CHUCTEM, B KOTOpBIX 3Ta MpoblieMa peasibHO CYIECTBYeT. Peub 3nech
UJIET O TeX cUcTeMax, (YHKLHH-XapaKTEePUCTHKU KOTOPBIX MMEIOT HEKOTOpOe
YUCII0 0COOBIX TOUeK. Takue CHCTEeMBI BCTpEUaloTCs Yallle BCEro B TEJIEMETPHH,
TEOpHHU W TIPAKTUKE HaJEKHOCTH, TyMaHUTApHOH cdepe U psiae Apyrux obiac-
Teid. OcoOEHHOCTH ATHX oOniacTeil B TOM, 4TO B HHMX HE BCErjia NMPUMEHHMBI
KJTaCCHYECKHE METO/IbI AETEPMUHHICTCKOW MaTeMaTHKH, YTO ¥ TIOOY’K/IaeT UCKaTh
HOBBIE TTOAXO/IBI K PEIICHNIO BO3HUKAIOIINX 3/1€Ch 3a/1a4.

! JI-p TEXHUYECKHUX HayK, BEAyLI. Hay4. COTp., [IeH3eHCKUii roc. TEXHOJOTUYECKUN YH-
T
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VK 12.41.53
Jlepun B!

KOJIMYECTBEHHAS OLIEHKA BKJIAJIA
YYEHOI'O B HAYKY

B cBs3u ¢ aBTOpPCKOW XapakTepu3amuen /-uHuekc XwupIia sSBIseTCS
H0Ka3aTeeM MHCY4YeCTH U aKTHBU3aLMOHHON CIIOCOOHOCTH y4eHoro. B cBs-
3M C 3TUM HEOOXOIUMO CAETaTh J[Ba BaXKHBIX 3aMedaHus. Bo mepBbIX, cTaHO-
BUTCS OYEBHIHBIM, YTO /i-MHJIEKC BOBCE HE SIBJISIETCS IOKa3aresieM BKJaja
YUEHOT0 B HAayKy: BBIJAIOLIMWCS YYEHBIH, HE CIMIIKOM JIIOOSIIHUNA IHCATh
(BcroMHMM OJitHinTeitHal), Bcerna Oy/feT UMETh HEBBICOKUH A-WHIIEKC, a BOT
MMUCYYUi HaydHBIH pabOTHUK cpeJHel PyKH, MOTYIIUH 4eM-HHOYb aKTHBHU-
3UpOBaTh YUTATENsl (HAPUMEp, HEaleKBaTHBIMHU BBICKA3bIBAHHUSAMHU), BIIOJIHE
MOJKET MMETb BBICOKHH A-uHzIeKC. IIpy 3TOM A-MHAEKC MOXKET XapaKTepH-
30BaTh, B yKa3aHHOM BBIIIIE CMBICIIE, HE TOJIBKO yUEHOTO, HO M TIHCATes, 0-
JIUTHKA, OOIECTBEHHOTO ACATEISL.

Bo-BTOpPBIX, pacKpBITHIN BBIIIE CMBICH A-WHAEKCAa XHUpIIa JeHCTBUTE-
JIEH TOJIBKO B CIIydae YeCTHOH paboThl y4eHOro (MUcaTesns, IOJUTHKA U T.J.)
N0 TPOJBMKCHUIO CBOMX IMyOJIMKanuil. ITO0 3aMe4yaHue OCOOEHHO CYIIecT-
BeHHO ans Poccum, rie Hepenko MPUMEHSIOTCS CIEeLUaIbHBIE TEXHOJOTHH
YIPaBJSIEMOrO MOBBIILICHUS /i-MH/IEKCa, PAaBHO KaK U JIPyruX HayKoOMeTpude-
CKHX ITOKa3aTelieii padoThl yUCHBIX.

Wrak, h-unpexc Xupiua, yCUICHHO IPOTAIKUBAEMBIH PYKOBOJICTBOM
obpazoBanus Poccnm m MHOTMX 3apyOeXHBIX CTpaH B KaueCTBE OCHOBHOTO
MOKa3aTelsi, OLEHHUBAIOLIETO JOCTIDXKEHHUS YYEHOro, Ha Jele He SBISIEeTCS
OMOIMOMETPUYECKUM TIOKa3aTeseM, OO0JaJafolM IPHUIMHCHIBAEMBIMH EMY
CBOMCTBaMH. DTOT IIOKa3aTellb HE HA€T OLEHKY BaXHOCTH COBOKYITHOTO
BKJIaJla YYEHOTO B HAyKy, HE IO3BOJISIET CPAaBHUBATH KOJNMYECTBEHHO Hayd-
HBIE JOCTHKEHHS Pa3INIHBIX ydeHbIX. OH Takke He JaeT BO3MOXKHOCTH BbI-
JETSITh BBIJAIOLIMXCA YUYCHBIX M YYEHBIX-JIAypeaToB NPECTHKHBIX MpPEeMHUH,
YICHOB HauuoHaubHbIX AH M T.n. u3 Bceil Macchl HaydHBIX paOOTHHKOB,
PaBHO KaK M IMPOTHO3MPOBATH MOSIBIIEHHE TaKUX Y4eHBIX. B pykax Oropokpa-
TOB, YIIPABJIAIOMMX Cepoil HayKu, ITOT II0Ka3aTeNb NPEACTABIAET OOJBIIYIO
OIIACHOCTH: TpeOysl OT Hay4HBIX PAaOOTHUKOB OOJIBLIOr0 MHJAEKCAa Xuplia, uX
TOJIKAIOT Ha TO, YTOOBI 3aMEHHUTh CTPEMJICHHE COBEpILATh OTKPHITUS Ha JKe-
JlaHWe MyOJIMKOBaTh KaKk MOYKHO OOJIbIIIE CTaTel, IIOMeIasl MX HEeIPEeMEHHO B
KypHaJIaX C BBICOKHM HMIAKT-(pakropoM. B pesynprare Bcs HaydHas jaesi-
TENBHOCTh Ae(OPMHUPYETCsI, & Ka4eCTBO CTaTei, Aa U pabOTHl B IIEJIOM CHU-

! I-p TeXHUUECKHX HAYK, BEAYI. HAYY. COTD., [ICH3EHCKHUIT rOC. TEXHONOTHY, YH-T
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#aeTcd. Elle ofHa 0nacHOCTh 3aKJI0YaeTCs B TOM, YTO MHAEKC XHpIla JIETKO
HOAJENaTh, IOMY4UB IPAKTHYECKH JI000€ xKeTaeMoe ero 3HadeHue. [ ato-
IO JI0OCTaTOYHO, HAaIlpUMep, BCTYNUTh B CTOBOP O B3aMMHOM LIUTUPOBAHUU JIBYM
i OoJiee TpymmaM, IMUIIYIUM CTaThd, WM OKa3aTh JIABJICHUE Ha MOIYMHCH-
HBIX, MUIIYIIAX CTaThH, C TPeOOBAHUEM O HYXKHOM IUTHPOBAaHWH M T.n. 110100-
HBIE TEXHOJIOTHHU YK€ HCTOb3YIOTCS. B pe3ynbTaTe NOSBISIOTCS «HAYYHbIE JIH-
JIEPbI» Pa3IMYHBIX TOI-CIMCKOB IIMTUPOBAHMS, KOTOPBIE IO CYIIECTBY HE SIBIIS-
I0TCSl ydeHbIMH. BBIXO M3 TONOXKEHUsSI OMMH — Hy>KHO CTPOTO OTPaHHYHTH, &
JydIle JJaXke 3alpeTuTh NPUMEHEHHE A-MHAeKca XWpIa U APYTHX, BBI3BIBAIO-
IIMX COMHEHHE, OMONMMOMETPUYECKUX MOKa3aTeNell JeATeIbHOCTH HAYIHBIX pa-
OOTHHKOB M BEPHYTHCSI K TPAIMIMOHHBIM, MPOBEPEHHBIM BPEMEHEM, JKCIIEPT-
HBIM OILleHKaM. MIMEHHO 1o 3TOMy IIyTH HMIyT celyac HEKOTOpBIC 3allaJHbIC
CTpaHbl, B IIEPBYIO ouepeb, BenukoOpuranus [4].
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YK 004.6
Muponosa H.0.', Xoxnosa B.C.%, Teepnoxni6 €.P.

JOCJIIIKEHHSA TPOT'PAMHUX 3ACOBIB CHHTAKCUYHOTI'O
AHAJII3Y BEB-CTOPIHOK

Jns mBuakoi oOpoOku iH(popMarii 3aCTOCOBYETBCS MApCiHT  —
TIOCTIIOBHUIA CHHTAaKCHYHWN aHawmi3 iHdopMarii, po3mimeHoi Ha BeO-
cTopinkax. JlaHuil METO]] BUKOPHCTOBYEThCS IJIsI OTIEPATUBHOTO OIPALIOBaH-
HS Ta OOpPOOKHM BENWKOI KITBKOCTI TEKCTOBUX AaHUX. Il CHHTaKCHYHOTO
aHaii3y iH(opMallil CTBOPIOETHCS MaTeMaTHYHA MOJIEIb [TOPIBHSHHS JIEKCEM
3 (opManbHOIO TPaMaTHKOIO, OIMCaHA OJHIEI0 3 MOB NPOrpaMyBaHHS, Ie
MPUCYTHS MiITPUMKA peryisipaux Bupasis: Python, PHP, Perl, Ruby Ta in.

! K.T.H., TOIEHT Kaeapu mporpaMuux 3aco6is SHTY
2 cryment rp. KHT-415 3HTY
crynent rp. KHT-113m 3HTY
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[Tapcep 3a KOPOTKHI Yac BUKOHYE OOXiJ| THCSAYi CTOPIHOK, (ibTpye
Npe/ICTaBJICHI JlaHi, BIIOMpalo4YH cepel HUX MOTPiOHI, MICIs YOro KOMIIOHYE
OTPUMAHUI Pe3yabTAT JJIS MOAAIBIIOT 0OPOOKH.

Y3araneHeHWil anroput™M podOTH mapcepa BeO-CTOPIHOK CKIIAIAETHCS
3 HACTYITHHX €TalliB:

Ertan 1. Buxig B Mepexy iHTEpHET, OTPUMaHHS JIOCTYILy 10 KOy BeO-
pecypcy Ta Horo 3aBaHTa)KEHHSI.

Eram 2. YnTanus, ButydeHHs Ta 00poOKa TaHHX.

Ertan 3. [loganHs BUTATHYTHX JaHUX B 3pyuHOMy (hopmarti — .txt, .sql,
xml, .html Ta in.

30ip iH(opmarlii B iHTEpHETI — TPYAOMICTKa, pyTHHHA po0OTa, IO 3a-
Oupae Oarato uacy. [lapcepu 03BONISIOTH aBTOMATHU3yBaTH JaHy POOOTY Ta
3MIaTHI OIBHJKO repedpary Oublly YacTHHY BeO-pecypciB B MOIIYKax MOTpi-
OHof iHpopMarlii. BoHr He YMTaOTH TEKCT, a BCHOTO JIMILE MOPIBHIOIOTH 3a-
IIPOTIOHOBAHMWIT HAadip CIIiB 3 TUM, L0 BUSBHWJIM B IHTEPHETI Ta JiIOTH 3a 3a/1a-
HOIO Tiporpamoro. [Tapcepu MatoTh Taki MOKJIMBOCTI:

— OHOBJICHHA iHQOpMaNii s MATPUMKH aKTYaJIbHOCTI;

—30ip i MBHIKE KOMiOBaHHS iHpOpMAIii 3 IHIIMX CalTIB A po3Mi-
LICHHS Ha BIIACHOMY pecypci;

— 3’€THAHHS TOTOKIB JTaHUX: MPOBOJUTHCS 30ip BEMMKOI KITBKOCTI Ja-
HUX 3 JeKUTBKOX JKepes, 00poOKa Ta po3MileHHS.

[TapcuHT iCTOTHO MPUCKOPIOE MpOLEC pOOOTH 3a KIIOYOBHMH CIIOBa-
Mmu. HanamryBagiim po60oTy, MOXKIMBO OIIEPATHBHO MiaiOpaTH HEOOXIIHI ISt
NPOCYBaHHSI 3aIIUTH.

Y mporeci BUKOHAHHS JaHOT poOOTH OyJIM HalMCaHi mapcepy 3 BUKO-
puctanHsAM MoB niporpamyBanHsi PHP ta Python.

PHP — me cepBepHa ckpunrToBa MOBa NMpPOTpaMyBaHHS, 3pydHa IS
CTBOPEHHS TIapCepiB, sIka Mae HACTYIIHI epeBaru:

— HasiBHICT, BOymoBaHOi 06i0OmioTteka libcurl, 3a momomororo sxoi
CKPHIIT MiJKITIOYAETHCS IO OyIb-SIKUX TUIIB CEPBEPIB, B TOMY YHCII THX, SIKi
MPAIOIOTh 3a JOTIOMOTO0 MPOTOKOIIB https (3ammdpoBane 3’eaHanHs), ftp,
telnet;

— MATPUMKA PETryISIPHUX BHPa3iB, 32 JOIOMOTOIO SKHUX mapcep odpo-
OJ1s1€ J1aHi;

— HasiBHICTB 010mioTekt DOM miist po6otu 3 XML — po3mupeHoro Mo-
BOIO PO3MITKH TEKCTY, Ha SIKii 3a3BHYail MOJAI0THCS PE3yJIbTATH POOOTH Hap-
cepy;

— MOXXJHUBICTh aBToMaTH4yHO1 renepatiii HTML-cropiHok.

Hwxue HaBeneHo nmpukian napcepy Ha MoBi PHP (mapcunr atmocde-
pHOTO THCKY 3i cTOpiHKH https://www.gismeteo.ua/ua/):
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$pressure = $dom—>find(*.higher’)—>find(‘.barp’)—>find(‘.torr’, 0) —
>text.

Python — e ckpunroBa MOBa MporpaMyBaHHS 3aTaJIbHOTO NPH3HAYEH-
HS, sSIKa IIBUJIKO PO3BUBAEThCS. IcHye Oarato 3aco0iB ISl MApCHUHTY 3 BHKO-
pucrannsm Python:

— 6ibmiotekn requests Ta urllib2 mis podorn 3 HTTP 3anmramu s
orpuMmanHs BMicTy 32 URL-anpecamu;

— 6i6miorekn LXML Tta BeautifulSoup amnst BumydeHss HeoOXimgHOT 1H-
(hopmariii 3 BeO-CTOPIHOK;

— MOXITUBICTh BukopucTanHs CSS cenexropis Ta xPath mns ctBopen-
HS TIOIIYKOBUX BUPA3iB;

— (peiiMBOpK Scrapy ISt BUIIYyHYEHHs JaHUX 33 JONIOMOT'O0 iHTepdeii-
ciB APL.

Hwxue HaBeneHo NpUKIaA napcepy MoBoto Python 3 BukopucTanHsIM
xPath (mapcunr Ha3Bu nocty 3i cropinku https://habr.com/).

links = main_page.xpath(‘//li/article[@class=«post post preview»]
/h2[@class=«post__title»]/a[@class=«post__title link»]/@href”).

[Mapcepn BUMIIANAOTH 3pO3yMiJ0 Ta JIAKOHIYHO Ha 000X BHKOpPHCTa-
HUX MOBax. JlormoMixHi 610J1i0TEeKH 3pyyHi Y BUKOPHUCTAH] Ta MalOTh BUYEpII-
Hy AoKyMeHTamnito. KoxkeH mapcep Mo)kHa iHTErpyBaTH 3 OUIBIIICTIO CHCTEM
KepyBaHHsS BMicToM: Bitrix, Joomla, Wordpress Ta iH., SKi BUKOPHCTOBYIOTh
BiZkpuTHii opmar 30epiranHs nanux, Hanpukinaa, MySQL. Omxke, napcuHr
— 1e 3pyYHHUH THCTPYMEHT JUIsi BUTATaHHS HEOOXIIHUX NaHUX 3 OY/b-SKOr0
Jokepena iHdopMmarrii.

YK 004.93
Ouitinuk A.O.!

METO/I JOHABUAHHSI HEMPO-HEUITKUX MOJEJIEA

B npomneci excrryaTamii iHTETIEKTyaIbHUX CHCTEM IiarHOCTYBaHHS Ta
HEpYHHIBHOTO KOHTPOJIIO SIKOCTI BUHUKAE HOBA iH(pOpMAIllis PO AiarHOCTO-
BaHi 00’ektu [1-3]. [Ipu upoMy iHpoOpMallis, 3HOBY OTpHMaHa 3a pe3yJjibTa-
TaMH BHUMIpIOBaHb J[IarHOCTOBaHMX 00’€KTIB, MOXKE SIK iICTOTHO CYHEpPEYUTH
HasIBHIN JIarHOCTHYHIA MOZEN, TaK 1 BUXOAWUTH 33 PaMKH I KOMIETeHMIl y
BUIAJIKY, SKIIO MPU MOOYI0BI MO/IENI HE BUKOPHCTOBYBAJIHCS CIIOCTEPEKEH-
HS 3 Ti€i % 00JIACTI MPOCTOPY O3HAK, IO 1 HOBI CIIOCTEPEKCHHS. Y TaKUX BU-

! K.T.H., IOUEHT Kaeapy mporpaMHnx 3acoGis, SHTY
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najKax, sk [paBUJIo, BAKOHYIOTh MOBTOPHUI CUHTE3 NiarHOCTHYHOI MOJEII,
BUKOPHCTOBYIOYH JIaHI MTONIEpe/IHIX 1 HOBUX BUMIpIOBaHb [3].

OpnHak npu poOOTi 3 TaHUMH BEJIMKOTO 00CSTY 4ac MOBTOPHOTO CHHTE3Y
Mozernel B Helpo-HediTkoMy 0a3uci Moxxe OyTH 3HaYHHM, 110 B OaraTboX Mpak-
THUYHUX 3aCTOCYBaHHSX € HenpuiHsaTHUM [1]. ToMy B mporeci excrutyararii cuc-
TEM JIiarHOCTYBAaHHS aKTyaJIbHHM € 3aB/IaHHS aJalTamii paHilie HaBYeHHX MoJie-
Jelt IUTIXOM iX MoTv(iKkarii Ha OCHOBI HOBHX CITOCTEPE)KEHb.

Jlnist moHaBYaHHS HEWPO-HEUITKHX MOJEINeil MPOIOHY€EThCS KOPUTyBa-
TH HasiBHY Mozienib NFN (struct, param) [IJISIXOM BIIPOB/KEHHSI IOAATKOBUX
CTPYKTYPHUX OOYHCIIOBAIBHUX EJIEMEHTIB, IO BPAaXOBYIOTh OCOOJIMBOCTI
HOBOro Habopy mauux S’ =< P',T'> . Ilpu BU3HAYEHHI mapaMeTpiB, IO Ha-
CTPOIOIOThCS, ONATKOBUX CTPYKTYPHHX OOUYHMCIIOBAJIBHUX €IEMEHTIB (Kope-
TYBJIBHHUX OJIOKIB MOJENi) HPOIOHYETHCS BUKOPHCTOBYBATH iH(MOPMAIIiIO
NpO 3HAYCHHS KOODPJHMHAT KOPHUI'YBAJIBHHMX €K3eMIUIAPIB (HOBHX CIIOCTEpe-
KEHb), & TaKOXX IH(QOPMAIiI0 MMPO CTYMiHb IX HAJEKHOCTI JO KIACTEpiB B
npocropi o3Hak. Lle M03BOMUTH MpH BH3HAYCHHI MapaMeTpiB, IO HACTPOIO-
I0TBCS, IIJBHIIATH BKJIAJ THX €K3EMIULPIB, SIKI XapaKTEepPHU3yIOThCSI BUCOKH-
MH OILIIHKaMH CTYIIEHIO HAJIE)KHOCTI IO KOHKPETHOTO KJIACTEpY.

ITpn 1bOMY KUIBKICTb BY31iB N pyp APYTOro Hiapy, IO BiAIIOBIAAIOTH
HEYITKHM IpaBHjIaM, B KOpEryBajabHOMY OJiolli NB TPOINOHY€EThCS IPUHHATH
PIBHOIO KITBKOCTI KJacTepiB (MpaBWiT), BUIAUICHUX HA MONEPEIHHOMY €Tari:
Ngng =N¢ - 3 orany Ha ocoOGiUBOCTI 0OuMCiIeHHs napamerpa N B Ipo-
TTIOHOBAHOMY METO/i, KUTBbKICTh NMpaBuil N pyp Ooky NB Oyne mporopmiid-
HOIO KIJIBKOCTI IpaBuil N B HasiBHINA Mozpemi NFN , a TAKOX 9aCTKH €K3eM-
TUISIPIB |CS'| MHOXHHE CS' 1O BIHOIIEHHIO 0 KiTBKOCTI ek3eMIuisipiB O B
MHOXUHI § =< P,T >. TakuM 4uHOM, CTPYKTYPHa CKJIAIHICTh KOPHTI'YIOHOTO
610Ky Ngyp OyzAe MpomnopliiiHOIO aHAIOTIUHIM BETMYMHI BUXIIHOT MOJeNi 1
YacTLi HOBUX eK3eMIUIApiB MHOXUHH CS' .

HelipoeneMeHTH NepIioro miapy, 10 BU3HAYAIOTh CTYIiHb HAJEXKHOC-

Ti 3HAYEHHA BXIZAHOTO NIapaMeTpa p,, BiANOBIIHOMY HEYITKOMY TepMy fi,,
(j=L2,...,Ngynp ), 3’ €0HaHI 3 BIAMOBIAHUMHU BYy3JIaMH JPYyToro mapy. Takum

YHHOM, B CYKYITHOCTI BY3JIM TEpIIOrO i APYroro IiapiB yTBOPIOIOTH aHTelle-
JCHTH HEUITKUX npaBmwin NR ;e

Jlist BU3HAYCHHS 3HAYCHb [APAMETPIB W, B PO3POOICHOMY METO.I

MIPOTIOHY€ETHCSI BUKOPUCTOBYBATH iHQOpPMaIlil0 HE TUTBKH PO 3HAYEHHS KO-
Op/IMHAT KOPHUTyBalbHUX eKk3eMIUispiB cs, € CS', ane Takox inpopmarito
TIPO CTYMiHb iX HAEXKHOCTI U,; 10 KOXKHOTO 3 KinactepiB C/; (1o cyri, Hevi-
TKOMY mpasuiy NR;), mo Bu3HA4arOThes UeHtpamu C = {CI,CZ,...,C NC,}.

e no3BonuTe BpaxyBaTH 3HAUYYIIICTh CK3EMILUISIPIB Cs;} e CS' nns BimHOB-
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neHHsT QpyHKIin Yngj» WO BIZIIIOBIIAIOTE KJIACTEPaM Clj , 1 Ipu BU3HAYEHHI

napameTpiB w,,; (QyHKUIi Vg MIIBUIMTH BKIAJ THX €K3EMIULIPIB, SKI Xapa-
KTEPH3YIOThCs BACOKMMH OLIIHKaMH CTYTICHIO HANEKHOCTI U ; Knacrepy Cl; .

TakuM 4WHOM, 3aIPOIIOHOBAHHMI METO]| JIOHABYAHHS JAiarHOCTHYHHX
HEUpPO-HEeUITKMX MOJeINel O3BOJISIE aNanTyBaTH 10 3MiHH cepeloBUIa (QyH-
KI[IOHYBaHHS ICHYIOYi MOJIeJIi IUIAXOM iX Moaudikamii 3 ypaxyBaHHIM iH)O-
pManii, oTpuMaHol B pe3yNbTaTi HOBHX CHOCTepexeHb. Moieli, CHHTe30BaHi
3a JIOTIOMOTO0 3aIPOIIOHOBAHOTO METOAY XapaKTEepU3YIOThCS BHUCOKOIO iH-
TEPIPETOBHICTIO, OCKUILKM KOXEH OJIOK y3aralibHIO€ iH(POPMAII0 PO CBiil
Habip IaHUX 1 B AKOCTi 6a3UCy BUKOPUCTOBYE HEHPO-HEUITKI MOJEMI.

Ilepeaik nocuianb

1. Hanrahan G. Artificial Neural Networks in Biological and Environmental Analysis /
G. Hanrahan. — Boca Raton, Florida : CRC Press, 2011. — 214 p.

2. Encyclopedia of machine learning / [eds. C. Sammut, G.I. Webb]. — New York:
Springer, 2011. — 1031 p.

3. Shin Y.C. Intelligent systems : modeling, optimization, and control / C. Y. Shin,
C.Xu. — Boca Raton: CRC Press, 2009. — 456 p.

YK 004.41(075.8)
O. Ietposa.', I'. Tabynmmk.?

HAJAEKHOCTBb CUCTEM HABUT'AIMU BHYTPU IOMEIIEHUS

OCHOBOHM IOCTIKEHHUS! BBICOKOTO YPOBHS HAJEKHOCTH CUHTACTCS Ka-
YECTBEHHOE MPOCKTUPOBAHHUE U JOCTATOYHO IOJHOE TECTHPOBAHUE IIPO-
rpaMMHOro obecrieueHus. Huskuii ypoBeHb HalEXHOCTH CHCTEMBI MOXKET
MIPUBECTH K 3HAYUTEIBHBIM 3aTpaTaM Ha PEMOHT, IPOCTOH, aBapuH, 4TO SIB-
JSIeTCSl KPUTUYECKUM JJIsl CUCTEM HAaBHIallMM BHYTPU TOMEIICHHS Harpas-
JICHHBIX Ha MMOMOIIb JJIS JIFOJIeH C OrpaHMYEHHBIMH BO3MOXXHOCTSIMH.

VYIIy4IuTh HaJIe)KHOCTh BO3MOXKHO 32 CUET JOMOJHHUTEILHOTO U OoJiee
crosimiero obopyznoBaHusi. Ho B COBpeMEHHBIX SKOHOMHYECKHX YCIIOBHSIX
Ba)XHOW 3a/1aueil ABJsIETCSI yMEHbIIIEHHE ce0ECTOMMOCTH U pa3MepoB COBpe-
MEHHOTO 000pY/JOBaHHSI.

B kavecTBe OCHOBHBIX MapaMeTpPOB HaJIS)KHOCTH CHCTEM IO3UIIMOHU-
POBaHHMS ¥ HABUTALMH BHYTPH ITOMEIIEHHS BhLAEISIOT [1]:

!, Acrmpant Kadeapy nporpamManx cpeacts SHTY.
2 K.1.H., noueHT, mpopecop SHTY.
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— TapaMeTpsl 0e30TKa3HOCTH (BEpPOSTHOCTH OE30TKa3HOM paboThI, cpea-
HsIs HapaOOTKa 10 OTKa3a, CPeAHssl HapabOTKa Ha OTKa3, FaMMa-TIPOIICHTHAS Ha-
paboTKa 10 0TKa3a, HHTEHCHBHOCTh OTKA30B, apaMeTp IOTOKA OTKA30B, CPEIHIA
JoJ1s 6e30TKa3HOW HapaOOTKH, NIOTHOCTh PACIIPE/ICIICHHUsI BpeMEHH 0€30TKa3HOM
paboThl);

— MapamMeTphl JI0ITOBEYHOCTH (CPEIHHI pecypc, raMMa-TIPOLICHTHBIH pe-
Cypc, Ha3HAUCHHBIA Pecypc, CPEIHUIA CPOK CIy>KOBI, TaMMa-IIPOLICHTHBIA CPOK
CITyOBI, HA3HAYCHHBIA CPOK CITYXKOBI);

— MapameTpsl PEMOHTOIPUTOHOCTH (BEPOSATHOCTh BOCCTAHOBJICHUS pa-
00TOCIIOCOOHOTO COCTOSIHUSI, CPEIHEe BPEeMsI BOCCTAHOBJICHHUS pabOTOCIIOCOOHO-
T'0 COCTOSAHUA, MTHTCHCUBHOCTD BOCCTaHOBJ'[eHI/IH);

— IMapameTpbl COXPaHAEMOCTH (CPeIHMI CPOK COXPaHSEMOCTH, raMMa-
TIPOLICHTHBIN CPOK COXPAHSIEMOCTH).

PaccMoTpuM onmcaHHe CHUCTEMBI, HCIIONB3YIOMIECH Ul HACHTU(HKA-
IIUH TEKYIIETO PacIIOIOKEHNsI JaHHbIe OT MasdakoB Ha ocHoBe BLE 4.0 [2]:

§F=« LEREKR{ >, ()
rae X — BEKTOp BXOJHBIX MMApaMETPOB TEKYLIErO PACIIONOKECHHS YCTPOUCTBA
HaBuTalWy, B — Kaprorpaduyeckoe mpeAcTaBIeHUE MMOMENICHHS, R — WH-
(dbopManust 0 NPUHATHIX PEIICHHUAX, Z — TEeKyIlee CTCOSHHE YCTPOHCTB BBIBO-
na, K — pexxumbl pobotu nojacucreM, Ryy(t) — mapaMerp HaleKHOCTH.

Jnst naHHOTO Kilacca cucTeM (YHKUUS HaJeKHOCTH OyIeT:

R = opaiions Rl @
rie R4k} — BepOATHOCTB TOTO UTO He MPOM3OMIET OTKA3 VI -0 MOJCHCTEMBI
3a BpeMm £.

OCHOBBIBasCh Ha IMPOrHO3HOC 3HAYCHHC (I)yHKLII/II/I HaJAC)KHOCTH BBIIIOJI-
HsieTCsl Bepr(UKaIMsI TEKYILETO COCTOSHUSI CHCTEMBbl HAaBUTALlK BHYTHH ITOMe-
menus [3].

B pabote paccMOTpEeHO O MHCAHUE CHCTEMBI, HCHIONB3YIOLICH VIS HACH-
TU(UKAIMHU TEKYIIEro PacrojIoKeH s JaHHbIE OT MasukoB Ha ocHoBe BLE 4.0. B
KOTOPO# MPH MPOEKTUPOBAHNUH YUUTBIBACTCSI TTIAPAMETP HAJICKHOCTH.

IlepedeHn cchLIOK
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Kamnuenxko // Haykosi nparii JIoHEIIbKOTO HAIIOHATBHOTO TEXHIYHOTO YHIBEPCHTETY.
Cepis «lHpopMmaTrKka, KibepHeTHKa Ta obumcimoBaibHA TexHikay (IKOT-2017). Bu-
myck 2 (25) — Iokposesk: JIBH3 «JorHTY». —2017. — C. 84-89.

3. Petrova O. ,Fuzzy Verification Method for Indoor-Navigation Systems/ O. Petrova,
G. Tabunshchyk , T. Kapliienko, O. Kapliienko //Proc. of 14th International Conf. on
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ing (TCSET), Lviv-Slavske, Ukraine, February, 20 — 24, 2018, PP. 65 — 68
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V]IK 681.518
[onsikoB A. M.!, TTonsikos M. A?

3KCHEPUMEHT JUISI Y IAJIEHHOM JIABOPATOPHUM:
I'EHEPATOP IIOTOKA BbI3OBOB U JJUCITIETYUPOBAHUE IBYX
JUDPTOB

B pabore paccmarpuBaercs yaanennas taboparopust GOLDi (Ilmenau
Technical University (ITU), Germany, caiiT maboparopuu — http://goldi-
labs.net). B oroii mabopatopun umeercs ¢usmueckas Mozenb JIupTa
Elevator4Floors. Ilpu SKciepuMEHTHPOBAHHH C ATOM MOJENBIO YAaJIeHHBIH
CTYZAEHT CO3/IaeT MPOrpaMMy YIPaBJIECHHS AJIEKTPOMEXaHUKOH nudra, KOTO-
past UCTIONHSETCS, HallpUMep, ¢ TIOMOIIBI0 MUKPOTIPOIIECCOPHON IatThl. s
MMHTAIMU BBI30BOB JIM(PTA C ATAXKEH MMEIOTCSl KHOIIKH, YIIPaBIIEMbIC MBI-
IIBIO.

Henocratku MeTona pydHBIX BBOJOB BBI30BOB JH(TA:

1. HeBO3MOXHO OZHOBPEMEHHO BBOAWUTH HECKOJIBKO 3alpOCOB C pas-
HBIX JTaKeH.

2. 3ampockl He JOKYMEHTUPYIOTCS, U B CIy4ae OIIMOOK BBOJA CTYICH-
Ta 3aMpoCOB TECTUPOBAHUE NPUBEIET K BOZHUKHOBEHHUIO JIOXKHBIX MOTOKOB
COOBITHIA.

3. BBox 3ampoca MoOXeT ObITh HPOW3BEACH TOJBKO C OrpaHHYCHHOU
CKOPOCTBIO, U BO BpeMsI BBOJIa y 00y4aeMOro HET BPEMEHH Il KOHTPOJIS 3a
MOBEICHUEM MOJEIH.

Ienpto paboTHI SBISETCA aBTOMAaTH3AIMsA TOTOKA BBI3OBOB C Iepe-
MEHHBIMH TIapaMeTpaMi HHTEHCHBHOCTH, TIOCTPOCHNE MHOTO JIN(TOBOH cuc-
TEMBI C BO3MOXKHOCTBIO HCIIOJIb30BaHUS alTOPUTMOB AMCIETYNPOBAHUS pa-
60TbI TH(TOB.

B paboTe ucmonp30BaHBI TEOPETHUYECKHE IOJIOKEHHsS mokmama [1].
Pa3paboraHHas crcTeMa MOXET OBITh pealn30BaHa B JII0OOM Opay3epe U BbI-
MOJTHSIET CIIEAYIOINE NeHCTBUA:

1. I'enepupyeT city4aiiHbIil TOTOK 3asBOK Ha BBI3OB JIU(TA C BBE-
JICHHBIMH T10JIb30BaTEIEeM ITapaMeTpaMi MHTEHCHBHOCTH — BPEMEHHBIM HH-
TEpBAJIOM JKCHEPHMEHTa W KOJIMYECTBOM 3asiBOK B 3TOM HHTepBaie. [lpu
9TOM HHTEpBal BPEMEHH MEXIY BBI30BaMH, KOJIMYECTBO OJHOBPEMEHHBIX
BBI30BOB, 3TAXK BHI30BA M 3TaK BBICAJIKU €CTh CIlydalHbIC BEITMYHHBI, KOTO-
pble MOJUUHSIOTCSI HOPMAIEHOMY 3aKOHY paclpeeIeHusl.

! yaammitcs, 3amopoxkckast ruMHasHs No28
% k.1.H., ipodh. kabenpst EEA 3HTY
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2. OTtoOpaxkaeT 3asiBKM Ha dKpaHe MpOrpaMMbl B BHIE O4epesei
MACCAXUPOB OXKMIAIOUIMX MOCAJIKU B KaOuHy judra. 3asBKU 0TOOpaXKaroTCs
C MOMEHTA Hayalla UX BBIMOJIHEHHSI.

3. BeinmonHsgeT aHUMaIMIO Ipolecca MOCaJKy MacCaXUpoB B Ka-
OWHY ¥ BBICAJIKU U3 HEe.
4. OTtobpaxkaeT Ha 3KpaHe pe3yibTaThl T€HEepaluy 3asBOK U 00-

CITy’KMBaHHS TTACCAKHPOB B X0JI€ PAOOTHI CHCTEMBI U3 ABYX JU(TOB IO IMPO-
rpaMMe pa3paboOTaHHOH CTyAEHTOM. Pe3ynbTaTel coiepkaT mapaMmeTpsl 3a-
Ipoca, MPOAOLKUTEIBHOCTH OKHIAaHUS B OUEPEN U TIpoe3/a B KaOUHe.

Ynpasinsomas mporpaMma 3KCIIepUMeHTa pa3paboTaHa Ui TECTHPO-
BaHMA TeHepaTopa MOTOKa BbI30BOB. OHA peann3yeT KOHEUHBII aBTOMAT CHC-
TeMbl JUCHETYUPOBAHUS JU(PTOB C AHAIM30M LEJIECOOOPAa3HOCTH IIOCAAKU
MOITYyTHBIX MAaCCaKUPOB HA MPOMEKYTOUHBIX 3TaXKaX.

IIporpamMMHBIi KOJ TeHepaTopa BBI30BOB coiepkuT 1070 cTpox Ha
si3pIKax nporpammupoBanus JavaScript, CSS, HTML, a nporpamMHBIii KOt
ynpasisironieid nporpaMmmsl — 160 ctpok Ha s3bike JavaScript. B mporpamme
reHepaTopa BHI30BOB IPEyCMOTPEHa HACTPOWKa Ha pyTHe napameTpsl Jug-
TOBOM CHCTEMBI — MAaCCaKUPOBMECTUMOCTh KaOMHBI, KOJMYECTBO 3TaKeH U
1} TOB, CKOPOCTH JBIKEHHUS KAOMHBI.

Hcnonp3oBanne pa3pabOTaHHOTO TeHEPATOPa BBI30BOB MO3BOJIIET TECTH-
poBath OojIee CIOKHBIC AITOPUTMBI YIIPABICHUS] CHCTEMaMH JTU(TOB U TEM ca-
MBIM TTOBBIIIAET MHOT000pa3ne 3KCIIEPHIMEHTOB B YIaJICHHOH J1a00paTopuHL.

PaGora BeimonHeHa B naboparopun GOLDi B ynusepcurere ITU B
pamMkax npoekra eBporerickoro coodmectsa ERASMUSH.

IlepeuyeHb ccbLIOK
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International Conference on Interactive Mobile Communication Technologies and
Learning (IMCTL). Date and Venue: 17-19 October 2016, San Diego, CA, USA, pp.
24-27.DOLI: 10.1109/IMCTL.2016.7753764.
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Hpumsax M.IO.!, Cy660tin C.0.%, Oniitauk A.O.°

METO/J IIEPETBOPEHHSA YNCJIOBUX JAHUX B 30bPAKEHHSA
JIJISI HABUAHHSI I'TMBOKUX HEMPOHHUX MEPEXK

Jlms cBoegacHOTO MPUAHATTS pillieHb IPU BUPIMICHHI 3a1a9 TeXHIYHO1
Ta MEIMYHOI IIarHOCTHKU MOTPIOHO BHpIilIyBaTu 3a1auy kinacudikamii, Mmera
SIKOT MOJIATA€ B CMIBBIMHECEHHI BXIAHUX JaHUX JI0 CIHCKY KJaciB, IO MAIOTh
NeBHI criibHI Habopu o3Hak. [y 1bOro JOIIBHO BUKOpPHCTATH TIHOOKI
HeriponHi Mepexi (HM) 3a iX BHCOKY 3JaTHICTH A0 y3arajdbHEHHS IaHUX, 1
30Kkpema 3roptkoBi HM, ocobmuBicTiO sIKuX € po0oTa i3 300paKCHHSIMHU Ta
BUKOPHCTAaHHS CIIUIBHUX Bar, 110 3MEHIIYe po3Mipu Mozeni Ta Hazae HM
3IaTHICTH 3HAXOIUTH CXOXKIi IMIPU3HAKH 32 BCIE€O IDIOMICI0 300paskeHHS.

s HaBuaHHs 3ropTkoBuX HC 3a JOMOMOTOI0 TaHUX Y HOBUIBHIH (o-
pMi — 11l aHi HeoOXiJHO MEPEeTBOPUTH Y ABOBHMIpPHI 300pakeHHs. B mipomy
HaIpsAMKY paHillle BUKOHYBAJIUCH JOCIIIKEHHs, HaBeJeHi B poboTax [1-3].
Metox nepeTBOPEHHS YNCIIOBUX JAaHUX B 300pakeHHS HE € HOBUM, ale Bap-
TUH U 3acTOCYBaHHA B TAHOOKIX HM Ta U1 moganbImmx JOCITiIKEeHb.

B po6oTi MpOnoHy€eTHCSI METOI, IO TO3BOJISIE IEPETBOPIOBATH YUCIIOBI
JaHi (abo 1X MOXiJgHi) B IBOBHUMIpHI 300pa)KeHHS, BUKOHYIOUH IPU I[OMY
HOpMaJi3allifo, a TakoXX JOIMOBHEHHS JaHWX JUIsl HaBYaHHS JOAaTKOBUMH
300pakeHHSIMH, OTPUMAHUMH 3 BUXITHUX JaHUX 3 JOJaBaHHIM IIyMY.

CyTbh METONy MOJISITAE B TOMY, II0 KOXKEH PSIIOK (EK3EMILIIp) BXiAHO-
T0 MacHBY JaHUX CHOYATKY IPOXOIUTH HOPMAJIi3aIlifo, a OTIiM IEePETBOPIO-
€ThCS B 300pakeHHS, Ki 3TOJIOM MOKHA 3aCTOCOBYBATH Il HABYAHHS TIH-
6okux HM. Meron cKiraaeThes 3 YOTHPHOX €TaIiB — HOpMaIi3allii, IepeTBo-
PEHHS JaHWX, TeHepaIlil IIyMy i MomepeIHHOro HaBYaHHSI MEPEexi.

Ha erami HOpMami3arii 3Ha4eHHS O3HAK 3MIHIOIOTHCS METOJOM MiHi-
Makca TaKuM YHHOM, 100 BoHU 3Haxommiucs B mexax [0; 1]. HopmamizoBa-
HE 3HAYCHHS 03HAKH 33J1a€ThCs PiBHAHHM (1):

v, = M (1)
Max, — Min,
Je V', — HOPMaJli30BaHE 3HAYEHHs O3HAKH, V, — IIOYATKOBE 3HAYECHHs O3HAKH,
Min, Ta Max, — 1ie BiMOBIIHO MiHIMaJIbHE T4 MAKCUMAJIbHE 3HAUYECHHS O3HAKH.

Ha erami mepeTBOpEeHHST CTBOPIOEThCS N OiHAPHHUX (ABOKOJIIPHUX) pa-
CTPOBUX 300pakeHb, Jie N — 4KMCII0 eK3eMIUIIpiB. 1l mepeTBOpeHHs YHcio-
BUX JJaHUX B 300pa)K€HHS 3aCTOCOBYETHCS METOJ]| MOIUIAaBKOBOTO KOJyBaHHS

! acmipant kadegpu mporpaMHnx 3aco6is, SHTY
2 1.1.1., mpodhecop, 3aBinyBay Kadepy PorpaMHIX 3aco6is, SHTY
K.T.H., JOIEHT Kadeapu nporpaMHux 3aco6is, 3SHTY
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KOIlyBaHHs, onucanuii B po6oTi [1]. CyTh MeTony moisirae B reHeparii 30-
OpakeHHs1 po3Mmipy KxM, ne K — mpuHa 300paxenHs, M — KUIbKICTh O3HaK.
Y KOXHOMY pSJIKY 300pa’KeHHS 3HaYEHHS O3HAKH BU3HAYAETHCSI TPYIIOHO MK~
celliB, sIKi PO3AUIAIOTH PS/IOK B BiHOLICHHI, 331aHMM HOPMaJli30BaHUM 3Ha-
YEHHAM V'), O3HAKH. MMoBipHicTh 3apap6oByBaHHS MKCENs 3 KOOPAMHATAMH
Ha 300paXCHHI 3aa€ThCs PIBHAHHAM (2):

0, x—k<V w<x+k;

y
Px,y =1L x—k>viw; y=1..m 2)
1,x+k<v3,w,

1€ Py, — 3HAYCHHSI MiKCeNst 300paXKeHHs], X Ta ) — KOOPAUHATH IIbOTO MiKCeIIs,
W — IIUPUHA 300paskeHHs, M — KIJIBKICTh 03HAK, kK — pPO3MIip MOILIABKY.

Ha erani reHepauii nryMy BHUKOHYETbCS TeHEpallisl JOJATKOBHX 30-
OpakeHp Ha 0a3l HOPMaTi30BaHMX 3HAYCHb O3HAK, alic¢ 3HAYCHHS KOXKHOI
O3HAKH V'), 3MIII[y€ThCs Ha JIEIKUI BUNAIKOBE 3HAUEHHS.

Ha erami momepenHporo HaBYaHHS Mepeki MIBUAKICTH HaBYAHHS 30i-
JpuryeThes B 2 pasu. Lle nae 3HauHMIT IpHUpicT A0 MOYATKOBOTO 30LIBIICHHS
WMOBIpHOCTI OTPUMAaHHS MEPEKEI0 MPaBHIBHOTO pimeHHs. [lincTporoBaHHS
Mepexi BiTOyBa€eThCA 3a JOIIOMOTOO0 3BOPOTHOTO IOIIHUPEHHS TIOMHJIIKH.

[IpononoBanuii MeTo OyB MPOTPaMHO peari30BaHUIl Ta MEpeBipeHU
TIpY BUPIMICHHI MPAaKTHYHUX 3aBIAaHb JIarHOCTYBaHHA. EKcriepuMeHTH TOoKa-
3aJIM, 110 TIEPETBOPEHHS IaHHUX JI03BOJISIE BUKOPUCTOBYBATH X JJIsl HABYAHHS
rnmubokux HM miis po6oTH 3 300pakeHHSIMHU 0¢3 BHECCHHS MOauGiKaIliil B ix
CTpyKTYpy. JlomaBanHst myMy 10 BXiIHUX JaHuX rpu HaB4aHHi HM Ta dazu
TIOTIepETHHOT0 HaBYaHHS [MO3UTHBHO BIUIMBAIOTh HA HABYAHHS MEPEXi B Li-
JIOMY, ajie MTOMITHHH NPHPICT CIIOCTEpIraBcs JIHUIIE Ui MOAENEH 3 MaluM
YHCIIOM KJIaciB Ta €K3eMIUTAPIB 111 HABYAHHS.

Ilepeik nocunanb
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2. Transforming sensor data to the image domain for deep learning — An application to
footstep detection / [MS. Singh, V. Pondenkandath, B. Zhou, P. Lukowicz, et al.] //
IJCNN : 2017 International Joint Conference, 14-19 May 2017 : article. Anchorage :
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PO3II3HABAHHSA OB’€KTIB Y BIZIEOIIOTOIII HA OCHOBI
BUKOPUCTAHHS 3rOPTKOBUX HEMPOHHUX MEPEXK

Mera 3acTOCyBaHHSI MPOEKTOBAHOT CUCTEMH — 1€ PO3Mi3HABAHHS HO-
MEpHHX 3HaKiB aBTOMOOLIIB y peajJbHOMY 4aci 3a JJONOMOT0l0 KaMepH BiJleo-
peectparopa ud cMapTPOHY Ta 30€peIKECHHS OTPUMAHHMX PE3yJIbTAaTiB y 0a3zy
JIAaHUX JIJIs1 MOXKITUBOCTI TIOAAJIBIIOTO aHai3y Ta BAKOPUCTAHHS.

Pesynbrat B oOmacti po3mizHaBaHHS HOMEPHMX 3HAKiB TOKazaia
Convolutional Neural Network abo 3roptkoBa HeriporHa Mepexka (nam — CNN),
SIKa € JIOTTYHIM PO3BHTKOM i/Ie TaKUX apXiTEKTyp HEWpO MEpEex SIK KOTHITPOH 1
HeokOorHITpoH. CNN  CckimamaeTbesi 3 pi3HMX BHIIB  IIApiB:  3rOPTKOBI
(convolutional) mapwu, cydauckpenusarniiai (subsampling, minsnbipka) mapu i
IIapH «3BUYAHOD HEHPOHHOT MepesKi — MepCcenTpoHa, BiIOBITHO 10 pHC. 1.

Convolutional Encoder-Decoder

Input Output

Poaling Indies

RGE Image M Conv + Batch Nermalisation + Relu Segmentation
I Pocling M Upsampling Softmax

Pucynok 1 — IIpuknan apxitexkrypu CNN a1t cermeHTantii 300pakeHb

Iepuri aBa Tumu mapiB (convolutional, subsampling), Yepryro4unuch Mix
c00010, POPMYIOTE BXiJJHHI BEKTOP O3HAK JIsI 0ArarorapoBoro mepcenTpoHa.

Bynp-sika 3ropTkoBa Mepeka Mae 3a3aierib 3aporpaMoBaHy CTPYKTY-
PY, B SIKil 3aKJ1a1€HO, 0 OJIHI 1 Ti XK AApa (3rOPTKH) 3aCTOCOBYIOTHCS JI0 PI3HUX
TIO3MILIIH 300pakeHHs. 32 PaXyHOK [IbOTO JOCATAETHCS 3HAYHE CKOPOUYEHHS KiJlb-
KOCTI Bar. BxigHi qaHi SBISIOTE c000r0 KOIb0poBi 300pakeHHs Tty JPEG. Bxi-
JTHHH Iap BPaxoOBY€E ABOBUMIPHY TOIOJIOTIIO 300paKeHb 1 CKIaIaeThCs 3 ACKiITb-
KOX KapT (MaTpHILb), KapTa MoXke OyTH OIIHA, B TOMY BHIIQJIKY, SIKIIO 300pakeH-
HS TIPEICTABIICHO B BIATIHKAX Ciporo, iHakme ix 3, ne KoXHa KapTa BiAmoBimae
300paKEHHIO 3 KOHKPETHHM KaHAJIOM (YEPBOHKUM, CHUHIM 1 3eJIeHIM ). 3rOPTKOBHIA
miap sBjsie co0or Habip kapt (iHIIa Ha3Ba — KapTH O3HAK,3a3BHYail Ii¢ 3BU-
YaliHI MaTpHlli), Y KOXKHOI KapTH € CHHANTHU4YHE sApO (B PI3HUX JDKepenax
HOro Ha3WBaIOTh MO-PI3HOMY: CKaHyiOue sapo ado ¢ineTp). Sapo sBise co-

1 . . . o . . . .
3mo0yBau Buoi oceitu [[1MOM, Hamonansauit yHiBepcuTeT «JIbBIBChKA MOMITEXHIKA

% K.€.H., JIOLEHT, JOLEHT Kaeapy MeHemkMenTy JIbBIBChKHIA JepKaBHUI yHIBEPCH-© -

BHYTPIIIHIX CIpaB
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000 CHCTEMy TOJLTIOBAHMX Bar ab0 CHHAIICIB, 1€ OJHA 3 TOJIOBHUX OCOOIHMBOC-
Tell cBepToYHOeHepoMepexi. [TinBUOIpKOBHIA 11ap TaKOXK, SIK 1 3rOPTKOBUI Mae
KapTy, aje iX KUIBKICTh CHIBIaJa€ 3 IOIepeiHiM (3ropTKOBUM) IIapoM. Mera
1apy — 3MEHIIIEHHsI PO3MIPHOCTI KapT MOMNEpeHBOro mapy. SIKio Ha norepe-
JIHIH orepallii 3ropTKH Bke OyJIM BUSIBIICHI JIesIKi O3HAKH, TO JUIsI MOAIIBIION 00-
PpOOKHM HACTITHKU JOKJIaaHE 300payKeHHS BXKE He TTOTPiOHO, 1 BOHO YIIIIBHIOETHCS
JI0 MEHIN JOKIAaIHOTO. J0 TOro * (ibTpallis BXe HEMOTPIOHMX JeTaleld JOTo-
Marae Mepexi He IepeHaBYaThCs. BUKOPHCTOBYIOTH alrOPUTM 3BOPOTHOTO II0-
umpenHs nomuiku (backpropagation).

ATBTEPHATHBOIO 3TOPTKOBHM Mepe)kaM JJIsl PO3Ii3HaBaHHS 00’ €KTIiB
Ha 300paXeHHS € MeToJ 03HaK (KackaniB) Xaapa. [Hakmie BiH me Ha3uBa-
eTbest MaTo Bionu-/[)koHca 32 iMEHAMH TOCIIIHUKIB, SKi aalTyBaId METO
BeliBeTiBXaapa 10 po3mizHaBaHHS 00pa3iB. OcHOBY Merony Bionu-J[oHca
CKJIaJIal0Th MPUMITHBH Xaapa, 10 MPEICTaBIAIOThH COO00 PO3OHBKY 3a1aHOT
MIPSIMOKYTHOI 00J1acTi Ha HA0OPH PI3HOTHUITHUX MPSIMOKYTHHX Mio0macTe.

= e N

i = & Y

B o <o =
Pucynok 2 — Ipumitueu Xaapa

Cam 1o co0i xackan Xaapa — 1e Habip IPIMITHBIB, TS SKAX OOYHCIFO-
€TBCA 1X 3ropTKa 3 300pakeHHsAM. Ha erari BusiBnenns B Merozi Biomm — JlxoHca
BIKHO BCTAHOBJICHOT'O PO3MIPY PYXa€ThCsl O 300paXKEHHIO, 1 711 KOXKHOT 001acTi
300pakKeHHsI, Ha/l SIKOF0 MPOXOAUTH BIKHO, PO3PAaXOBYEThCs 03HaKa Xaapa. Hasp-
HICTb 200 BIJICYTHICTb NIpEJIMETa B BiKHI BU3HAYA€THCS PI3HULICIO MK 3HAUCHHSIM
O3HAKM 1 IOPOroM HaBUYaHHS. [CHYIOTb ECSTKH Pi3HUX MeTOAIB PO3Mi3HABAHHS
Tekery (OCR — optical character recognition) ta corni ix Momuikarmiii. B
LJIOMY, METOJIM PO3ITi3HABaHHS TEKCTy MOYKHA PO3OHTH Ha JBa KIIACH: CTPYKTY-
PHI MeTomu 3acHOBaHI Ha MOpQoJIOrii 1 aHali31 KOHTYpY, II0 MAlOTh CIPaBy 3
OiHapU30BaHUMHU 300paKEHHSIM, 1 PacTpOBI METO/M, 3aCHOBaHI Ha aHaJIi3i Oe3o-
cepenHbo 300pakeHHst. [Ipyu npoMy Haiyacrille BUKOPHUCTOBYETHCSI KOMOIHALiS
CTPYKTYPHHX, PAaCTPOBHX METOJIIB.

Meron xnactepm3anii K-cepenHix — po3mi3HaBaHHS CHMBOJIB, IO 9aCTO
MOXe TIepeMaraTu He Haiipramimi peamizainii SVM abo HeHpoMepeKeBUX METOo-
niB. Ipaitoe BiH y Takwuii croci0: 1) momepeHbo 3amucyeMo BEIMKY KUIBKICTh
300paXkeHb pEaTbHUX CHMBOIIB BXKE KOPEKTHO PO30OMTHX Ha KJIACH BpPY4HY;
2) BBOAUMO MIpy BiICTaHi MDK CHUMBOJIaMH (HOpPMY); 3) KOJIM MM HaMaraemocs
pO3Mi3HATH CHMBOJI, IO Yep3i PO3paxOBYEMO IMCTAaHII0O MK HUM 1 BCiMa
cumBoaMu B 0asi. Cepen k HaWOmMWKYMX cycimiB, MOXJIHMBO, OymyTbh
TIPEICTaBHUKH pi3-HUX KiaciB. [IpupoaHO, MpenCTaBHUKIB SKOTO Kiacy OuIbIne
cepesi CyCiiiB, JI0 TOrO KJacy BapTo BiJHECTH PO3MI3HAETHCS CUMBOJL.
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3apa3 HelipoMepexi 1151 PO3Mi3HABAHHS TEKCTY NPUHHATO PO3.LIs-
TH Ha J[Ba TIOKOJIHHS. J[0 mepiioro BiTHOCATHCS KJIACH4HI 2—3X-11apoBi HEW-
poMepexi (puc. 3) Ta MalIMHU HAa OMOPHHUX BEKTOPAaX, sSIKi HABYAIOTHCS Tpaji-
€HTHHUMH METOaMH 31 3BOPOTHHUM ITOIIMPEHHSIM TOMHUIIOK.

Hidden

Pucynok 3 — TpumapoBa HelipoHHA Mepeka

Mepexamu Jpyroro IMOKOJIIHHS HAa3WBAIOTHCS Ti, SIKI BUKOPUCTOBYIOTH
deeplearning Ta 3ropTKOBi Helipomepexie mpoTsiroM 7 pokiB. Ha BinmiHy Bin 3rop-
TKOBOI HEHPOHHOI MEPEXKi JUTsl CErMEHTAIlil 300paKeHb, 10 BUKOPUCTOBYETHCS TSI
JICTEKTYBaHHS 00 €KTIB, [UISI PO3ITI3HABAHHS TEKCTY BHKOPHUCTOBYETHCS Kilachdi-
KyIOUH 3TOPTKOBA MepeXa 3 JIEII0 iHIIIOK0 CTPYKTYPOIO MapiB (puc. 4).

nput laper (51) 4 fearure maps

{CI) 4 feature maps (52) 6 feawre maps  (C2) 6 featwre maps

L convolution lzper 1 sub-sampling layer | comvolution lzyer | sub-sampling layer lhrrymrnmdNLPl

Pucynox 4 — Ctpykrypa Kinacudikyrodoi.3ropTkoBoi. HeiipoMepexi

VY nmiii poboti Oya0 pO3IrISHYTO aKTyallbHI METOIH JCTEKTYBaHHS
00’€eKTIB y BiICOMOTOLI HAa NPHUKIAAI aBTOMOOUIBHMX HOMEpIB Ta METOIH
po3Ii3HaBaHHs TEKCTy Ha HHUX. OnncaHo 0a30By CTPYKTYpPY CHCTEMH pO3IIi-
3HaBaHHS HOMEpIB B peaJibHOMY Haci, B sIKii OyJIyTh 3aCTOCOBaHI OIMCaHi
BUIIIE METO/IH, Ta SKa Oy/ie IMIUIEMEHTOBaHA SIK YaCTHUHA JTOCTiPKEHHSI.

Iepenik nocunanp

1. Decoupled  Deep  Neural = Network  for  Semi-supervised Semantic
Segmentation.//Seunghoon Hong, Hyeonwoo Noh, Bohyung Han. (Submitted on 16 Jun
2015 (vl) URL: https:/arxiv.org/abs/1506.04924 .

2. Badrinarayanan V., Kendall A., Cipolla R. SegNet: A Deep Convolutional Encoder-
Decoder Architecture for Image Segmentation. URL: http://arxiv.org/abs/1511.00561.
3.Faster R-CNN: Towards Real-Time Object Detection with Region Proposal
Networks.//Shaoging Ren, Kaiming He, Ross Girshick, Jian Sun (Submitted on 4 Jun 2015
(v1), last revised 6 Jan 2016 (this version, v3) URL: https://arxiv.org/abs/1506.01497 html.
4 Heaton: Introduction to Neural Networks for C#, 2nd Edition.
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VJIK 004.031
Coxomstachknii O.B.!, Tapxomenko A.B.2

MOJEPHIZAIA IIIICUCTEMU BUKOHAHHSA
EKCIIEPUMEHTIB BIJJIAJIEHOI JIABOPATOPII

REIoT - iHTerpoBaHuii KOMIUIEKC, IO 00’€HY€E BiIalcHy J1abopaTo-
pito RELDES (Remote Laboratory for Design of Embedded Systems) 3 na6o-
paropuuM obnagHanHaM Smart House& IoT  (Smart House & Internet  of
Things). Kommiekc 6a3yerbes Ha tuiatdopmax Arduino, Raspberry Pi Tta
OpenHAB. OpenHAB REST API BukopHcTOBY€eThCS [UIsl iHTErparii Bimmane-
Hoi abopatopii RELDES 3 Smart House & IoT. Lle no3Bomnsie orpumaru Bij-
JaJeHUIA JTOCTYM N0 JIJa0OpaTOPHUX EKCIIEPHMEHTIB Ta 1X CTaHIB, a TaKOXK 3a-
Oe3netdye TTOHOBJIEHHS CTaTyCy ad0 BiANPaBKY KOMaH[ ISl eKCTIepHUMeHTiB [1].

Cucrema kepyBaHHs Bijgnanenoi sjaboparopii RELDES Bkirouae nexi-
JIbKA MiJICUCTEM: peecTparii, aAMiHICTPyBaHHS, BHKOHAHHS €KCIIEPUMEHTIB Ta
API. B cBoro wepry migcuctemMa aaMiHICTPYBaHHS BKIIOYa€ HACTYITHI MOIYJi:
HOTU(]IKALI KOPUCTYBaUiB, 30MpPaHHS CTATUCTUKH, KEPyBaHHS BUKOHAHHSIM
eKCIepUMeHTiB. Moy/ib KepyBaHHS BHKOHAHHSIM EKCIIEPHMEHTIB 3abe3rie-
Yy€ MOXJIMBICTh MOCIIZOBHOTO BUKOHAHHS BiJIaICHUX €KCIIEPUMEHTIB KO-
pHCTYBadyaMH, OCKUIBKH JIOCTYI JO MEBHOTO €KCIEPUMEHTY Ta 00JaHaHHSI
BijtaneHoi 1aboparopii B KOHKPETHHH MPOMIXKOK 4acy MO>KJIMBHUM JIMIIE JIs
OJTHOTO KopHcTyBada. JlaHWH MOIyJb J03BOJISLE BimoOpa3uTH iHQopmanito
PO TOTOYHMHA CTaH KOXKHOTO BIIJAJEHOTO eKCIepUMEHTy  (BUIb-
HUW/3alHATHIT), a TAaKOXX OpraHi3yBaTH 4Yepry KOPHCTYBadiB Ta CIOBIIIATH
IO Yac, IO 3aJUIINBCI Ha BUKOHAHHS €KCIIEPUMEHTY ab0 Ha OYiKyBaHHS B
yepsi [2-3].

B sixocti mabiony po3podku Oyno sukopuctano MVC (Model-View-
Controller) mra6mon, mo Hagae 3pydHUil crocid moOyIOBH apXiTEeKTypH CHC-
TEeMH Ta po30UTTs Oi3Hec-noriku. s nmonepeaHboi peanizamii BAKOPUCTOBY-
Bajiocs cepenosuiine Node.js Ta MoBa JavaScript B SIKOCTI CepBEpHOI MOBH,
sKa OMEPYyE Yeproro, MO CIPUYMHSIIO CKIAJHICTh OJHOYACHOI IMiATPUMKH
JIBOX MPOEKTIB Ha pi3HUX MoBax nporpamyBanHs (JavaScript Ta PHP). Kpim
TOr0, 3HaYHA YacTHHA JIOTIKA Oyia BHHeceHa y BimoOpakeHHs, IO JEIIo
YHOBUIBHIIIO PO3POOKY.

ITicst Mmogudikarii BCs OCHOBHA JIOTiKa BXXe 3HAXOIUTHCS Oe3rmocepe-
IHBO B Monyni depru Ta y Konrtponepi, a y BimoOpaxkeHHi 3amycKarOThCS
JMIIe TaiMepu Ul MOYaTKy Ta 3aBeplIeHHs ekcriepumeHTty (puc 1). Kpim
TOro, MOZyJib Yepru Oyno nepeneceno 3 Node.js npoekty B ocHoBHuI PHP

! Be6-pospobmuk kommanii BAHJIEPCJIAB, 3amopisxoks
2 K.T.H., 1011, Kadeapy nporpamMHnx 3aco6is SHTY
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MPOEKT, 110 B Mall0yTHLOMY Ma€ CHPOCTHTH TOAAIBIIY PO3POOKY, OB’ sI3aHy
3 YJOCKOHAJICHHSIM POOOTH YeprH IUISIXOM Jo/aBaHHs (QyHKII pe3epByBaH-
HS Yacy NPOBEJCHHS €KCIIEPHMEHTIB.

Queue

Experiment Cantroller Experiment View

Push to gueue Occupy experiment

Time to start Time to start

Start experiment after start experiment time;
Send code

Result of build

End experiment after end experiment time

Pucynok 1 — Y jockoHaneHa cxema oprasizaliii 4epru Juis BijyianeHol sadoparopii

Ilepenik nocunanp

1. Parkhomenko, A., Tulenkov, A., Sokolyanskii, A., Zalyubovskiy, Y., Parkhomenko
A.: Integrated complex for IoT technologies study. In: Online Engineering & Internet
of Things. Lecture Notes in Network and Systems, vol. 22, pp.322-330 (2017)

2. Parkhomenko, A., Gladkova, O., Sokolyanskii, A., Shepelenko, V., Zalyubovskiy,
Y.: Implementation of reusable solutions for remote laboratory development. iJOE 12
(07), 24-29 (2016)

3. Parkhomenko, A., Gladkova, O., Sokolyanskii, A., Shepelenko, V., Zalyubovskiy,
Y.: Reusable solutions for embedded systems design. In: International Conference on
Remote Engineering and Virtual Instrumentation, pp.313-317 (2016)
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VK 004.93
Cy660rin C.0.', Koprienko O. B.?

IMPOI'HO3YBAHHA YACTOTH HENNIEPIOJJUYHUX CUT'HAJIIB
HA OCHOBI 3rOPTKOBUX HEMPOHHUX MEPEX

Ilinx wac poboTH aBiamWiHHUX JBWUTYHIB BHUHHUKAIOTH BiOparii.
30iblIeHHs YacTOTH LMX BiOpamlid J0 KPUTUYHOTO PIBHS MOXKE CBIIYHMTH
NpO HECHpPaBHICTh [BUTYHA, a TaKOX HEraTHBHO BIUIMBA€ Ha HBOTO
mpare3aaTHicTh. MeTor poboTH € mo0yaoBa HEWPOMEPEKEBOI MOICII IS
MIPOTHO3YBaHHS YaCTOTH BiOpariii.

3a yac npoBeneHHs BUIpoOyBaHp nBuryna Ha BAT «Mortop Ciu» Oy-
710 310pano nani 3 K=15 naruunkis BiOpauiii 3 yactororo onurysants 7200 [
I'padik KoMMBaHB I OJTHOTO 3 JaTYHKIB 300pakeHO Ha puc. 1.

Pucynok 1 — IlouaTkoBuii curHan

Jo movaTKoBHX AaHHX OyJO 3aCTOCOBAHO ayrMeHTauiro. s mporo
KOXCH CHUTHaN cKormiiioBano 10 pa3iB, micist 90To 301BIICHO YaCTOTY ACIKUX
YacTWH CUTHAJY. B pe3ynbrati oTpuMano npubiam3Ho 1o 20 roauH JaHuX A7l
KOHOTO naTauka. [licast nporo curnan 6ymo po3outo Ha L=71237 gacTuH mo
onmHil cexkyHni. [ KokKHOI 3 4acTWH 3aCTOCOBAHO INBUAKE IEPETBOPEHHS
®yp’e [1], m00 BU3HAYMTH 4acTOTy curHaiy. [lami KOXHY 3 OTpUMaHHX
CHeKTporpaM Oyyio po3aiicHo Ha M=12 yacTuH, Ta B KOXKHIA YaCTHHI
BHJIUICHO MaKCUMAaJIbHY aMILTiTYay (puc. 2).

Pucynoxk 2 — [Ipukian ciekTporpamu

! 1L.T.1., 3aBigyBau Kadeapy porpaMHAX 3aco6is, SHTY
2 marictp, 3HTY
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B pesynbrati Oyno orpumano K - L - M 3Ha4YeHb, 3a IKUMH 00y I0OBaHO
HaBYaJIbHY BHOIPKY, 1110 BUKOPUCTOBYBAACs JJisi MOOYJOBU MOJIEIT.

BxigHuMu mapamMeTpamMu MOJEINi € MaKCUMAaJIbHI 3HAYCHHS aMILTITY]T
U1 K0okHOI 3 M dactud 3a yac N=600. Buxiguumu 3uHayenusmu € 0 abo 1 B
3aJIeXKHOCTI BiJi HasABHOCTI BiOpalliif 3 4acTOTOIO, IO MEPEBHUIYE KPUTHYHE
3HAYCHHS, Ha MPOMIXKKY po3mipoM P=300 gyepe3 wac 7=300 BimmikiB. Ha puc.
3 cxeMaTHYHO 300pa’keHO TpoIec cTBOpeHHs BUOipku. KoxeH kBagpaT Mic-
TuTh K- M 3HaueHb. N 4epPBOHHMX 3HAUEHb BUKOPHCTOBYETHCS SIK BXimHi, T
JKOBTUX HE BHUKOPHCTOBYIOTHCS, a 3a P 3eJIeHMX BU3HAYAE€ThCA BHUXIiIHE 3HA-
YEHHSI JJIs1 €K3EMILLIpA.

-

T 111
T 111
1111

Pucynok 3 — CxemaTnuHe 300pakeHHs CTBOPSHHSI BUOIPKU

B pesynbrari Oymo orpumano L-N—P—-T+1 ek3eMIuispiB BHOIpKH, Jie
KOXKEH CK3EeMIULIP — TPUBUMIipHUI MacuB 3 V- K - M 3HaYCHb.

Ha mux nmanmx Oysio HaBUEHO 3rOPTKOBY HEHPOHHY Mepexy [2], ne
TIePIIViA ap — 3TOPTKOBUH, 3 sapom 3roptku K- M- 10. Ha Buxoni mporo
Iapy OTPUMaHO OZHOBUMIpHY KapTy o3Hak. Jlani HelipoHHA Mepexa cKiana-
€ThCA 3 MIAPIB CyOANCKpeTH3allii Ta OMHOBUMIPHOT 3ropTKH. B KiHII HEWpOH-
HOI Mepexi € JBa TMOBHO3B’SI3HMX IIapu, HA BUXOJI € JBa HeipoHa [2], 3a
SKMMU BHU3HAYa€ThCsl HASIBHICTD BIOpAlliid, YaCTOTA SIKMX TEPEBHUIILyE KPUTHY-
HUI piBEHb.

OTpuMaHO Taki pe3yjbTaTH TecTyBaHHsS MoOynoBaHol mozeni: True
Positive — 99,3%, True Negative — 94,2% , False Positive — 0,7%, False
Negative — 5,8%, ne Positive — ek3eMIUISIpH, IS SKHX BH3HAYCHO HASBHICTH
BiOparriit, Negative — eK3eMIUTIpH, 7 SIKUX BU3HAYCHO BiJICYTHICTh BiOpartiit
3 YaCTOTOIO BHIIE KPUTHIHOTO piBHA, True — mpaBWIbHO Bu3HadeHa Ta False
— HETIpaBWJIBHO BH3HAUEHA HAIEKHICTh €K3EMIULAPIB N0 Kiacy. OTxe, 3ropT-
KOBI HeHpoMepexi MOXyTb OyTH PEKOMEHIOBaHI LI0JI0 BUKOPHCTAHHS B 3a-
Jadax MPOrHO3YBaHHS YaCTOTU HETIEPiOJUYHIX CHTHAIIB.

Ilepenik nocunanp

1.Fast  Fourier transform  [Electronic  resource]. —  Access mode:
https://en.wikipedia.org/wiki/Fast Fourier transform

2. CS231n: Convolutional Neural Networks for Visual Recognition. [Electronic
resource]. — Access mode: http://cs23 1n.github.io
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YJIK 004.93
Cy660tin C.O.!

IHIAYKTUBHUI CUHTE3 JEPEB PET'PECII
HA OCHOBI HEMPOMEPEXXKHUX OBUMCJEHb

Jepesa pimieHp € eeKTHBHUM 3aC000M OOy TOBH MOJEIICH 3aJIeKHO-
CTeH 3a MpelenIeHTaMH OCKUJIbKH OTPUMYBaHI MOJIENIi € iHTeprnpeTadebHIMHY,
a OJIHOYACHO 3 TOOYI0BOKO MOJICITi € MOXKJIMBHM OI[IHUTH BayKJIMBICTh O3HAK.
Jnst noOynoBu Mojiened KiTbKICHUX 3aJIe)KHOCTEH BUKOPHCTOBYIOTH JIepeBa
perpecii, Bimomi MeToau MOOymoBU sKuX [1-3] (hakTUYHO 3BOIATH 33734y
perpecii 10 3amayi knacudikariii, 3aMiHIOIOYH 3HAYCHHS BHUXITHOI O3HAKU Ha
cepelHE y IHTepBalli, IIe HE 3aBXKAW J03BOJSE OTPUMATH NPHUHATHY TOY-
HiCTh. MeTor0 poOOTH € YAOCKOHAJICHHS METOIIB CHHTE3y ICepeB perpecii
NUISXOM IiJBHIICHHS iXHBOT TOYHOCTI.

Panime aBropom B [4] Oyi0 3amporOHOBAaHO METOA MOOYAOBH Kilac-
Tep-perpeciiiHoi anmpokcumarii 6araTOBUMIPHHUX 3al€KHOCTEH Ta WOTo Hew-
pOMEpEeKeBy IHTEPIPETaLito, SKU IPYHTYEThCA HAa TOMY, IO BHOIpKa JaHUX
pO3AINSAETECS Ha KJIAcTepU — KOMIIAKTHI TPYNH EK3eMIULIPIB Yy MpOCTOpi
03HaK, a ISl KOYKHOI TaKol IpyIH OyayeThCsl OKpeMa perpeciifHa MoJieib, AKi
HOTIM MOEAHYIOTHCS Y €UHY MoJielb. Lleil MeTo/] MPONOHY€ETHCSI BAKOPUCTO-
BYBAaTH JJIsl TOOYZIOBH JIEPEB perpecii TAKUM YHHOM.

1. 3ajaru HaBuabHY BUOIpKY manux {<x°, y™>}, ne x* — Habip 3Ha4YEHb
BXIiJIHMX O3HAKA, a y° — 3HAUCHHS BUXIJHOI O3HAKH, CIIBCTABJIEHI S-My CK3eM-
Py BUOIPKH.

2. Buminnti KIacTepu B TMPOCTOPI O3HAK HAa OCHOBI EK3EMIUIIPIB
HaBYAIIbHOI BUGIPKH, BU3HAYKMBIIY KOOPAUHATH LEeHTPiB kiuacrepis {C'}.

3. Bu3HaunTH HAJEXKHICTH KOXHOTO eK3eMIUIipa BHOIpKH 10
KJIaCTepiB.

4. Ins ex3eMIULIpiB KOXKHOTO ¢-TO KJIACTepa: SKIIO A0 g-To KiacTepa
NOTPANMB TUIBKH OJHMH €K3eMIUISIP, TO MPUUHATHA HOTO BHXIJ SIK KOHCTAHTHE
3HAYEHHS BHXIJHOI O3HAKH Ta IMEPEHTH J0 HACTYIHOrO KiacTepa; y MpOTH-
JISKHOMY BHIAJKY — JUIS €K3EMILIIPIB ¢-T0 Ki1acTepa OLIHUTH 1HAUBITyaIbHY
iHQOPMaTHUBHICTh KOKHOI O3HAKH BIJIHOCHO BHXIJHOI O3HaKHW, 1MoOyIyBaTH
OJHOBHMIpPHY JIHIHHY perpeciiiHy MOJENb 3aJeXHOCTI BHXIJHOI O3HAKH Bij
IHMBIyaTbHO HANOLIBII iHQOPMATHBHOT BXiTHOT O3HAKH Ta OLIHUTH TIOMHU-
JIKY OTPHMAaHOI MOJEI, SIKIO BOHA € NPUHHATHOK, TO MEPEUTH IO HACTYII-
HOTO KJIacTepa, y MPOTWIIKHOMY BHIAIKy — MOOYAyBaTH OaraTOBHMIpHY
TiHIHY perpeciifHy MOJeNb 3aJe:KHOCTI BUXiTHOI 03HAKH BiJl YCHOTO Ha0OPY
BXIHUX O3HAK IS €K3eMIULIPIB ¢-TO KiIacTepa, OMIHUTH MOMUIKY OTpHMa-

! 111, 3aBiTyBay Kadeapy mporpaMHnx 3aco6is, SHTYT
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HOI MOJIEII, SIKIIIO BOHA € MPUHHATHOO, TO MEPEHUTH 10 HACTYITHOTO KJIacTepa,
y NPOTHJICKHOMY BHIQJKYy — MOOyIyBaTH OaraTOMIipHY HEINiHIHHY MOJENb
3aJIe)KHOCTI BUXIJHOI O3HAKH BiJl yChOro HaOOpY BXiIHHMX O3HaK Ha OCHOBI
OJTHOIIIAPOBOTO TIEPCENTPOHA JUIS €K3EMIULIPIB ¢-TO KilacTepa, OLIHUTH I10-
MUJIKY OTPUMaHOI MOJIEIi, SKIIO BOHA € TIPUUHATHOIO, TO MEPEHTH 0 HACTY-
MHOTO KJIacTepa, y MPOTHIC)KHOMY BHUIAJIKY — MOOYAyBaTH GaraToMipHy He-
JMHIHHY MOAETh 3aJIe)KHOCTI BUXIIHOI O3HAKH Bil yCHOTO HA0OPY BXiTHHX
03HAaK Ha OCHOBI JBOILAPOBOTO MEPCENTPOHA ISl €K3EMILIIPIB ¢-I'0 KiacTepa,
TICII 9OTO MepelTH 10 HACTYITHOTO KiacTepa.

5.Jma  Beix KmactepiB, A SKHX 1OOymOBaHI  OaraToBUMIpHI
HeHpoMoJeni, BUKOHATH KOHTPACTYBAaHHS Bar, JOTH, IOKH IOMMIIKA € MPHUi-
HSTHOIO.

6. Ha ocHoBI mo0OymoBaHO1 KilacTep-perpeciiHoi anpokcuMariii CHHTe-
3yBaTH JEPEBO perpecii: croyarky copmMyBaTH MCEBIOEK3EMILISIPH Ha OCHO-
Bi LIEHTPIB KJIAaCTEpiB, MPUHHABIIYN 32 KOOPIUHATH BXIAHUX O3HAK ICEBJOCK-
3eMIUISIPIB KOOPJIWHATH LIEHTPIB KJIACTEpPiB, a K BHUXIJ — 3HAUCHHS BHUXOIY
YacTKOBOI MOJIETI BiJIIOBIIHOTO KJIacTepa NpH rojadi Ha il BXOJ1 KOOPIHHAT
neHTpa knacrepa: <x*=C4, y%=f,(C%>, ne f,— 1acTkoBa perpeciiina MoIeis g-
ro KiacTepa; Uil BHOIPKU TCEBIOCK3EMILIIPIB OOYIyBaTH AEPEBO PIillIeHBb
Ha OCHOBI BiToMHX MeTOmiB [1-3]; I TUCTOBUX BY3IB IepeBa perpecii 3a-
MIHUTH KOHCTAaHTHE 3HAYCHHS BUXIIHOI 3MIHHOi Ha YaCTKOBY perpeciiiHy
MOJIeNb BiJIIOBIIHOTO KJIacTepa.

[IponoHoBanuii MeTo; OYB IPOTPAMHO PEaTi30BaHUI Ta MEPEBIpCHUN
NPY BHPILIEHH] MPAaKTUYHUX 3aBJaHb NPOTHO3yBaHHS. EKcriepuMeHTH moKa-
3ajM, 10 HPONOHOBAaHHH METOJ| y MOPIBHSHHI 3 METOJAaMH CHHTE3y JepeB
perpecii [1, 3] migBWIye TOYHICTH CHHTE30BaHUX MOJCICH, 3a0e3meuye
CHPOLIEHHSI CKIIAJHOCTI YaCTKOBHX PETPECIHHUX MOeNel Sk 3a (opMOIo, TaKk
132 KUTBKICTIO BUKOPHUCTOBYBaHHX O3HAK.

Iepenik nocunanp

1. Rokach L. Data mining with decision trees: theory and applications / L. Rokach,
O. Maimon. — River Edge : World Scientific Publishing Co., Inc., 2014. — 328 p.

2. Quinlan J. R. Induction of Decision Trees / J. R. Quinlan // Machine Learning. —
1986.—Vol. 1, Issue 1. — P. 81-106.

3. Breiman L. Classification and regression trees / L. Breiman, J. H. Friedman,
R. A. Olshen, C. J. Stone. — Boca Raton: Chapman and Hall, 1984. — 358 p.

4. Cy66otin C. O. AnroputMu KiiacTep-perpeciifiHoi anpokcumarii Ta ix HeiipoMepe-
keBi iHTepnperanii / C. O. Cy606otin // Pagioenextponika. [HpopmaTrka. Ynpasiin-
H1. —2003. —Ne 1. — C. 114-121.

154



YJIK 004
Tabyuuwk I'.B.", Tonodees B.B., Meremko M.IT.

CUCTEMA TECTYBAHHSA ITIPOT'PAMHO-AITAPATHUX
3ACOBIB OJHOIIVTATHOI'O MIHIKOMIT'IOTEPA

SIKiCTh NPOTrPaMHOTO MPOIYKTY XapaKTEepH3Y€eThCS HAOOPOM BIIACTHBO-
CTEH, 10 BW3HAYAIOTh, HACKUIBKA NPOAYKT «XOPOUIMI» 3 TOUKH 30py
3aI[iKaBJIEHUX CTOPIH, TAKUX 5K 3aMOBHHK IPOIYKTY, CHOHCOD, KiHIIEBHH KO-
pHCTYBa4, PO3POOHHKH 1 TECTYBaJbHHKH MPOJIYKTY, IH)XKEHEPH IiATPUMKH,
CHIBpPOOITHUKM BIUIUTIB MapKeTHHrY, HaByaHHA 1 mponaxiB. KoxkeH 3
YUYaCHHKIB MOXKE MaTH pi3HE YSBIECHHS PO MPOIYKT i PO Te€, HACKUIBKH BiH
XOPOIINiT UM ITOTaHui, TOOTO MPO Te, HACKLIBKH BHCOKA SIKICTh NPOAyKTy. Ta-
KUAM YMHOM, TIOCTaHOBKA 33/1a4i 3a0€3MeUeHHS SIKOCTI IPOAYKTY BHJIUBAETHCS B
3aJauy BH3HAUCHHS 3alliKaBIICHUX OCIO, iX KpUTEpiiB SKOCTi i MOTIM 3HAXOJ-
JKEHHS ONTUMAJIBHOTO PIllICHHS], 10 3aJ0BOJIbHSE UM KpHuTepisaM. TecTyBaHHS
€ OJTHUM 3 HaMOIUTBII yCTaJICHUX CIIOCO0iIB 3a0e3meueHHs IKOCTi po3poOKH Tpo-
TpaMHUX Ta amapaTHuX 3aco0iB. TecTyBaHHS — BaKIMBa YacTUHA Oyab-SIKOi
MIpOrpaMH KOHTPOITIO SIKOCTI, a Haifgacrimre i exuHa [1]. Came ToMy, akTyanb-
HUM € 3aBJaHHi pPO3POOKH CHCTEMH TECTYBaHHS IIPOTrPaMHO-arapaTHUX
3aco0iB, 1110 3a0e31e4nTh eheKTUBHY MePEeBIpPKY BIANOBIIHOCTI Mpare3JaTHOCTI
B LILJIOMY 200 OKpPEMUX MOJIYJIIB OUiKYBaHHIM KOPUCTYBaUiB.

B naHniit po6oTi CTBOpPEHO CHCTEMY TECTYBaHHS IIPOrPaMHO-aIapaTHUX
3aco0iB 0/IHOTUIATHOTO MiHIKOMIT foTepa Raspberry Pi.

OnHOMIaTHI MIHIKOMIT IOTEPH € CydacHHM OONagHaHHAM. BoHu Ma-
I0Th MIHIaTIOpHI PO3MipH, HU3bKE CHEPTOCIIOKMBaHHS, HE MAOTh PYXOMHX
YacTWH 1 BIATIOBITHO IIyMy, PH3HKY 3aCMIYCHHS BEHTHJIATOPIB Ta MOXYTh
MPAaIOBaTH B 3aNWICHUX NPUMIIIEHHSIX, HU3BKY I[iHy Ta HAsSBHICTH CTaH-
JApTHUX PO3’eMiB sl KoM toTepHol nepudepii. Miniomn’totep Raspberry
Pi OyB mepmuM i MIBUAKO CTaB METANOMYJISIPHUM, II0 CTBOPHB IO CYTi TOH
CTaH/apT, KOJIM TOBOPSTH NPO OJHOIUIATHHIA KOMIT'IOTEp JUIS CaMOCTIHHUX
NPOEKTIB, TO TWeplle IO NPUXOAUTh Ha JyMKy me — Raspberry Pi.
OnHorutatHi KoM toTepu Raspberry Pi € He TUTbKH Cy4acHOIO aTopMoro
JUISl BUBYEHHSI MIKPOEJIEKTPOHIKM Ta NMPOrpaMyBaHHS, a TAaKOX Ul CTBOPEH-
Hs1 6e3miui 1ikaBux MpoekTiB. ChOT0/IHI Ha PHUHKY €JIEKTPOHIKM MO>KHA 3HAH-
TH DPI3HOMaHITHI aKcecyapu, jAaBadi, HaOOpW W TIUIaTH PO3MIMPEHHS IS
Raspberry Pi. et MiHiKOMI 10TEp MATPUMYETHCS HE TUIBKH amapaTHO, ale i
nporpamuo. [Iist Hboro Bxe OyJI0 BHITYIICHO BEJHKY KiIbKICTh IpOrpam, IIo
MOJIETIITYIOTh poOOTY 3 HUM [2].

! 3anopi3pKkuii HALIIOHATLHII TEXHIYHMI yHIBEpCHTET
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VY sKoCTi OCHOBH p03p0O0JICHOT ccTeMH OyJI0 BUKOPUCTAHO IMOIYJISIp-
HUI BHUCOKOpiBHEeBUH Biakputuii Python-¢peiimBopk Django, 3aBasiku oco0-
JIMBOCTSIM SIKOTO, a caMe: BHCOKOMY piBHIO Oe3lekH, iHTepHallioHami3aii,
6ibmioreri ans poboTH 3 (opMamH, HACHTITYyBaHHIO Ta MOOYIOBI (GopMm 3a
ICHYI0OYO0 MOJICIUTIO 0a31 TaHWX BIAJIOCs SIK HalKpale 3aJOBOJIbHUTH BUMO-
raM OIUCYBaHOI CUCTEMH.

OcCHOBHa 3aJa4a CUCTEMH — HaJIaHHS MOXKJIMBOCTI TECTYBaHHS Pi3HUX
KOMIIOHECHTIB OJHOIUIATHOTO KoMm 'rotepa Raspberry Pi, a came kamepw,
HHU3BKOPIBHEBOTO iHTep(eiicy BBEICHHSI-BUBEICHHS MPSMOTrO YIpPaBIiHHS
(General Purpose Input Output, GPIO), USB-kamepu, Ta Web-cTOpiHOK.

Cucrema TecTyBaHHS peallizoBaHa y skocTi Web-qoaaTky, Ta MiCTHTh
y c0o01 YOTHpH ITOIATKH: usbapp, gpio, usbcamera, djangoapp.

Jlonarok usbapp npu3Ha4YeHUid sl TECTyBaHHS KaMepH OJHOILIATHO-
ro komn 'totepa Raspberry Pi. B nporieci TectyBaHHs MpOBOANTHCS TIEpEBipKa
Ha ITiIKIIFOUeHHs Kamepu 10 Raspberry Pi.

Jlogatok gpio mpu3HaueHWH ISl TecTyBaHHS iHTep(eiicy BBEIEHHS-
BUBEICHHS TNpsMoro ynpasiniHHA Raspberry Pi, 3o0kpema, poGotu
cBiTomiomiB. B mpomeci TecTyBaHHS TMPOBOAWTHCS TEpeBipKa Ha
M AKITIOYCHHS TUIATH po3mupeHHs 10 Raspberry Pi.

Jonatok usbcamera mpu3Ha4YeHHH U1l TECTYBaHHA BeOG-KaMepH, IO
migkmoyaeTbess 10 Raspberry Pi 3a momomororo USB-kabenro. B mporeci
TECTyBaHHS TIPOBOJAWTHCS TIEpPEeBipka Ha MIAKITIOYEHHS BeO-KaMepu 0
Raspberry Pi.

Honmatox djangoapp mpusHadenuii mis tectyBanHs URL-agpec. B
nporeci TecTyBaHHs y moyie (Gopmu BBoauThes Ha3zBa URL-ampecu, sky
noTpiOHO mpoTtecTyBaTu. Pe3yiprar TecTy 30epiraeThes B 0a3y AaHHX.

Takum dYMHOM, pO3pOOJECHA CHCTEMa TECTYBaHHS HPOrPaMHO-
amapaTHuX 3aco0iB 3a0e3neuye e(eKTHBHY NEpeBipKY KOMIIOHEHTIB OJHO-
TuIaTHOTO KoM torepa Raspberry Pi.

Jlana pobora BuKOHaHa Ha Kadenpi MNPOrpaMHHUX 3aco0iB
3aropi3bKOro HaIIOHAJIBHOTO TEXHIYHOTO YHIBEPCHUTETY 3a MPIOPHTETHUM
HanpsmoM «[lepcriekTrBHI 3aco0u mepepoOKku  iH(opMarii Ta KiGepHEeTHIHI
cucremMn», B pamkax temum Ne 01170000615 «Indopmariitna cucrema
JarHOCTyBaHHS PO3MOIICHUX MiHI-KOMI IOTEPHHUX CHCTEM B 0araToKOMIIO-
HEHTHOMY 30BHIITHHOMY CPEIOBHIIII».

Iepenik nocunanp

1. TectupoBanne nHGOpMaNMOHHBIX cucteM [EnexkrponHuii pecypc]. Pexxum mocrty-
my: https://works.doklad.ru/view/53VpY2XXH4Y .html

2. Bukopucranns ogHo-matHux MiHikomi torepiB Ta OPENSCADA B I1TH3 [Enek-
TPOHHHUU pecypc]. Pexum JOCTYILy:
http://elartu.tntu.edu.ua/bitstream/1ib/24487/2/FOSSLviv_2017_Chopovskii_S_S-
Use_single toll_minicomputers 17-22.pdf
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YK 004.031
Tynenkos A.B. ', [Tapxomenko A.B.2,

JOCJIILI)KEHHSA 3AJAYI HIABUINEHHSA
PECYPCOE®EKTUBHOCTI CUCTEM «PO3YMHUM BY IUHOK»

Ha nanwmii yac eexTHBHE BUKOPHUCTAHHS pecypciB B YKpaiHi € akTya-
JTBHOIO 3a7a4elo, SIK Ha JepKaBHOMY DiBHI, TaK 1 0COOMCTO IS KOYKHOTO IDIaT-
HUKa KOMYHAJIBHUX ITOCIYT. TOMY, OKpIM THITOBHX 3aXO[IB peCypco30epeKeHHs
(yTemsieHHs BIKOH, CTiH, BCTAHOBJICHHS JIIYMIFHUKIB Ta iH.), aKTyaJIbHUM € BUKO-
pHUCTaHHS CHCTEM JIOMAIHBOI aBTOMATH3aIll. SIK CBiqUaTh MPOBEACHI IOCII-
JOKCHHSI, OUTBIITICTh MOCTAYaJIbHUKIB TAKUX CHCTEM Ha YKPAaiHCHKOMY PHHKY OC-
HOBHY TepeBary NpHIULIE NMHUTaHHAM Oe3leku Ta KoM(OopTy KOpUCTyBadiB, a
3aj1a4a CTBOPEHHS €(PEKTUBHUX «PO3YMHHX» CHCTEM, IO JIO3BOJISIIOTH PEAIbHO
€KOHOMHTH PECYPCH Ta 32013 KyBaTH TPOLLI, 3AJTMIIAETHCS aKTYaIbHOIO.

Bignanena maboparopis SmartHouse&loT [1] mpu3Hauena st mpose-
JICHHSI EKCTIEPUMEHTIB Ta OTPUMAHHS 3HAaHb Y ray3i (YHKIIOHYBaHHS Ta pO3PO-
6xu cucrem Turry Smart House (SHS). Jlaboparopist € mpOTOTHIIOM pearbHOL
SHS, 10 cki1agaeThes 3 IEB’SITH MMiICHCTEM HA OCHOBI CEHCOPIB Ta aKTyaTOpiB Ta
Hazae Habip QYHKLIH, sSKi 6e3MocepeIHFO IEMOHCTPYIOTh MOMKIMBOCTI MOHITO-
PHUHTY Ta KOHTPOJIFO BUKOPUCTaHHA Pi3HUX THIIB pecypciB: KoHTpob ocBiTiIeH-
Hsl y pi3HHX 30Hax; KepyBaHHs iIHTEHCUBHICTIO OcBiTIeHHsT; KoHTpoIb Temiiepa-
TYpH Ta BOJIOTOCTI y Pi3HHX 30Hax; KepyBaHHS mBUAKICTIO BeHTHIALIT; KOHT-
POJIb TIPOIIECY HArpiBaHHs MOBITPs; KOHTPOJIH TeMIiepaTypu Ta BOJIOTOCTI TIOBIT-
pst; KonTpons crany Bostorocti 1pyHTY; KOHTpOJIB Hanpyru Ta cTpyMmy Ha COHSIU-
Hiif maneni; Kontpons crpymy Ha nivHax sxuBieHHs 5B Ta 12B.

KoHTponb OCBITJICHHS Ta KepyBaHHS IHTEHCHBHICTIO OCBITJICHHS J03BO-
JISIIOTh BUKOHATH BMUKaHHS 200 BUMHKAHHS OCBITICHHS 3 MOKIIMBICTIO BCTaHO-
BJICHHS IHTCHCHBHOCTI OCBITJICHHS 3 Bi3yallbHAM Ta YHACEIFHUM KOHTposeM. JlaHi
(yHKLIT JO3BOJSTIOTH 3pO3yMITH ITOPUTM aBTOMATHYHOIO BCTAHOBJICHHS OCBIT-
JICHHSI, TPYHTYIOUNCh HA JAHWX ITOTOYHOTO MPHPOJHOIO OCBITJICHHA Y HMPHMi-
1IeHH] Ta Ha Bynuii. PeanizoBaHi (yHKIIIi TAKOXK JOMOMArarTh BUBYUTH aKTya-
JIBHI aJITOPUTMHU TOOYIOBM Ta BHUKOpUCTaHHS creHapiiB «lIpuiimos-IlimmoBy.
Bukopucranns jaHux anropuTMmiB y cucremMax SHS mpu3BomsTe 1o eKoHOMIT
CIICKTPOCHEPTIT 3a PaXyHOK ¢(PEKTHBHOTO BUKOPHUCTAHHS OCBIT/ICHHS.

KoHTposs TemmepaTypu Ta BOJOTOCTI y Pi3HMX 30HaX JI03BOJISIE Bif
CaMoro I0YaTKy BUSBUTHU NMPOOJIEMHU Ta BUKOHATH BipHE HANAIITYBAHHS Iif-
CHUCTEM BEHTWIAL{i abo pekymeparlii. [pyHTYIOUNCH HA JaHUX MOHITOPUHIY
TEMITEpaTypy Ta BOJIOTOCTI y NPHUMIIIEHHIX € MOXJIMBICTH KOHTPOJIOBATH

! AcmipanT Katenpy mporpamMumx 3aco6is 3HTY
2 K.T.H., 1011, Kadeapy nporpamMHux 3aco6is SHTY
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TOYKY POCH Ta HaJAIITOBYBAaTH BIAMOBIIHI MigcucTteMu. KepyBaHHS IIBUIKI-
CTIO BEHTHJIALII, HArpiBaHHS MOBITPS, KOHTPOJIb TEMIIEPATypy Ta BOJIOTOCTI
MOBITPSl JJO3BOJISIIOTH B KOMIUICKCI BHKOHATH ONTHMAJIbHI HalaIlITyBaHHS
BEHTWIISILIT JUIsl BCTAHOBJICHHSI HEOOXITHUX MapaMeTpiB TeMIepaTypH Ta BO-
JIOTOCTI TOBITPsI 32 paXyHOK HarpiBaHHS, a TAKOXX BCTAHOBJICHHS IIBHJIKOCTI
MPUTOKY TOBiTpst. DYHKINiS T03BOJISIE BUKOHATH HATrpiBaHHS MOBITPS 1 mepe-
BipUTH Ha Tpadiky 3aJeKHICTh Ta 3MiHY HapaMeTpiB MOBITPS Y IpUMIIICHHI
BiJl ITapaMeTpiB BCTAHOBJICHUX HA BIXO/(I BEHTHJIALLII.

®DyHKIIS KOHTPOJIFO CTaHy BOJIOTOCTI IPYHTY O3BOJISIE BUKOHATH 0€3-
MEePEepPBHUN MOHITOPHHT BOJIOTOCTI I'PYHTY Ta CHTHAJI3yBaTH IpO HEOOXinm-
HICTb MOJIMBY POCIHH. 33 TOMOMOTOIO JaHoi (QyHKIIi BiIOyBaeThCs pO3paxy-
HOK HEOOXIIHOI KUIBKOCTI BOAW JUIS MIATPUMKH ONTHMAIBHHUX INapamMeTpiB
IPYHTY, IO IPU3BOAMTH JO T €KOHOMIi.

@OyHKIIis KOHTPOJIIO HAIPYTH Ta CTPYMY Ha COHSIUHIN MaHeni J03BoJIsie
BUBYUTH OCHOBHI IOHATTS MOOYJIOBH Ta MOHITOPUHTY IapaMeTpiB ajJbTepHa-
TUBHHX JDKEpeJ JKUBJCHHS. TakoXX € MOXIHMBICTH MPOBEICHHS rpadiuHOro
aHaJli3y MOTY>KHOCTI TeHepallii eHeprii B 3aJIe)KHOCTI BiJl 30BHIIITHBOTO OCBIT-
JICHHSL.

JlabopaTopist mae 2 mmHYu xuBieHHS SB Ta 12B. KoHTpons ctpyMy Ha
muHAaX KuBJIeHHSA 5B Ta 12B mo3Boinse BUKOHATH TOJIOBHUI MOHITOPHHT BU-
KOPHCTaHHA eHeprii y jgabopartopii, 3araapbHOi HABaHTAXKEHOCTI IIMHHU, TTOTY-
JKHOCTi, BUKOHATH aHaJIi3 CIIOKUBAaHHA CHEPTii PI3HOMaHITHUMH €JIeMEHTaMU
nabopaTopii.

VY na6oparopii SmatHouse&IoT peanizoBane koMOiHOBaHE OJTHOYACHE
BUKOHAHHS JEKIJIbKOX €KCIICPUMEHTIB. JlaHa MOKIIUBICTh TO3BOJISIE BUBUUTH
3aJIeKHOCTI 0araTtboX mapameTpiB Hpu poOoTi peanbHOi cuctemu. HaiiOinb-
IIOI0 MPaKTUYHOIO LIHHICTIO € MOXKJIMBICTh BUKOPUCTaHHS (DYHKIIIH B peaib-
HOMY 4Yaci Ta JUHAMIYHUHA MOHITOPHHT Ta Bizyaji3allisl IlapaMeTpiB.

Iepenik nocunanp

1. Parkhomenko, A., Tulenkov, A., Sokolyanskii, A., Zalyubovskiy, Y., Parkhomenko
A.: Integrated complex for IoT technologies study. In: Online Engineering & Internet
of Things. Lecture Notes in Network and Systems, vol. 22, pp.322-330 (2017).
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VYIIK 004.032.26
Vnosenko C.I'.!, Yana JL.LE2, eprin B.JL.2

AJIATITUBHE HEMPOMEPEKEBE ITPOT'HO3YBAHHS YACOBHUX
PSIIB Y TPEMJIMHTOBUX CUCTEMAX

HeoOxinHicTh MPOrHo3yBaHHs 0araTOBUMIPHUX YaCOBHUX PAIIB TOCHTH
YacTO BUHUKAE Yy CHCTEMaXx €JEKTPOHHOI Oip>KOBOT TOPIiBIi (TpedanHroBUX
cucTeMax, Jie SIKICTh MPUHHSITUX PIIIEHb ICTOTHO 3aJI€KHUTh BiJl TOYHOCTI BU-
KOopHcTaHuX NporHo3i. [1]. [Ipn KOPOTKOCTPOKOBOMY MPOTHO31 e(heKTHBHU-
MH MOXYTbh OyTH aIaliTHBHI NPEIUKTOPH, 110 BPaXOBYIOTh HECTAI[IOHAPHICTD
4acoOBOTO PsIy i MIBUAKO IPHCTOCOBYIOTH CBOIO CTPYKTYpY 1 MapameTpu 0
MOCTIHHO 3MiHIOBaHMX YMOB. TpaiuuiiiHi METOAM aHaNi3y 4acOBUX DSIIB,
3aCHOBaHI Ha PErpeciiHOMY, CIEKTPAIEHOMY Ta iHIIUX MOMIOHUX MiAX01axX, B
JAHOMY BHIAAKYy Hee()eKTHBHI. AJIBTEPHATHBOIO TPAIULIHHUM METOAaM €
amapaT OOYHCIIOBAJIIFHOTO IHTENEKTY i, Mepml 3a Bce, IITyYHI HEHPOHHI
Mepexi 3aBISKH CBOIM yHIBEPCAJBHUM alpPOKCUMYIOYHM MOJIHBOCTSM [2].
Juis 3a0e3nedeHHs] NPUHHATHUX TPOTHO3YIOUMX BIIACTHBOCTEH TPEHUIHHIO-
BUX CHCTEM JOILIJIBHO CKOPHCTaTHUCS aJIrOPUTMAaMH, 3aCHOBAaHMMH Ha JIO-
KaJIbHUX KPUTEPISX HaBYAHHS 1 «KOPOTKil mam’siti». [Ipu npomy anroputmu
HaBYaHHS TIOBMHHI MaTH HE JIMIIE BUCOKY HIBHUAKOAIIO, ane 1 (GimbTpyroui
BJIACTUBOCTI JJIs IPUIITYIICHHS [IIYMIiB B aHATI30BaHUX MMOCIITOBHOCTSIX.

VY 10moBiail MPOTOHYETHCS aAaNTHBHUNA HEHPOMEpeKEeBUH-TIPEAUKTOP
6araToBHMIpHOTO HECTALliOHAPHOTO YacOBOTO DAY, MPH3HAYEHWH I KO-
POTKOCTPOKOBOTO IPOTHO3YBAHHS MapaMeTpiB y TPEHAMHIOBUX CHCTEMaXx.
CrpyKTypy NpeaMKTOpa CKIAJaloTh N MapajelbHO 3’€AHAHMUX aJanTHBHUX
nmiHiifHUX acomiatopiB 3 nd + 1 Bxomamm , me d>1 - mimbOuHa
BHUKOPHCTOBYBAHOI AJIs IPOTHO3YBAHHSI YaCOBOT'O PAIY MEPEAiCTOPii.

B kxoxHOMY 3 acormiaropiB HacTpowoThesa nd + 1| cHHaNTHYHUX Bar

w; ,j=12,..,n;1=0,1, ..., nd. 3 acomiaropamu 1MoB’s;3aHU JAHITIOKOK 3 d

€JIEMEHTIB YHCTOTO 3ami3HIOBaHHA, IO (QopMye Ha HOro BXomax
nepenicropito 3a cxemoro KIX-dimprparii Ha BXomax KOXHOTO HEHpoOHa.
CrHanTUYHI BarW BU3HAYAIOTh PiBEHb 3CYBY Ha BUXO/aX acoliaTopa.
[TepeTBopeHHs, 110 pealli3yeThesi 3a JIONMOMOTOI0 JaHOI apXiTeKTypH,
MoOJKe OyTH 3aIKMCaHO y BUTIISII
x(k) = WX(k),

' Jlth, saimyBau kad. IKT XapkiBCBKOrO HALIOHAIBHOTO €KOHOMIYHOTO
yniBepcutety im. C.Ky3ners

K.rH, momenr xad. LI XapkiBCchbkOro  HAiOHATBHOTO  YHIBEPCUTETY
PamioeneKTPOHIKI
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ne (k) — BeKTOp MPOTHO3iB, OTPUMAHKX 3TiTHO 3 MEPETICTOPIEI0 0 MOMEH-

Ty vacy k; X(k)=(Lx(k-1),....,xy(k=d),x,(k=1),....,x, (k- d))T — BEKTOp
nepenicropii; W — MaTpuIs CHHaNTHYHHUX Bar, LIO IiAJSATaloTh BU3HAUYECHHIO
B MIPOIIECi HABYAHHS MTPEAUKTOPA JUIsl 320€3MCUCHHS ONTHMAIIBHOCTI OZIEPKY-
BaHMX MTPOTHO3IB.

HaBuanns mapameTpiB HeHpoOMepeKeBOTO NMPEANKTOPa 3MiHCHIOETHCS
IUIAXOM ITIOKPOKOBOI MiHIMi3ami{ JOKaIbHOTO KPUTEPIIO

E(k) =[xy~ &0 = et =[xty -mwx ()}
32 JOTIOMOTOIO TPATIEHTHOI IPOIIETypH
W (k) =Wk -1)-n(k)V,, E(k) =W (k-1)+2n(k)e(k) X" (k),
ae 77(k ) — mapaMeTp KpPOKYy HaBUaHHs, SKU BHU3HAYAa€ MIBHIKICHI Ta

(iTBTPYIOUi BIACTHBOCTI aITOPUTMY.
[pouenypa HaB4aHHS MOXKe OyTH HaBelCHA Y BUIVISAI ONTHMAIbHOI
3a MIBUAKOAI€I0 (hopMU:

e(H)X" (k) _

lxwf

ne X" (k) — Bektop, ncernoobepuenuii 10 X (k).

W(k)=W(k—1)+ Wk —1)+e(k) X" (k),

B K0OXHMI TOTOYHHI MOMEHT 4Yacy K 3 HaaXO0/PKEHHSIM HOBOTO BEKTO-
pa crocrepesxeb x(k) crioyatky po3paxoBYeThCSl YTOUHEHA MaTpPHI CHHAII-
tnaHuX Bar W (k), a Ha i OCHOBI 311IHICHIOETECS] OTHOKPOKOBHH ITPOTHO3.

Jns ouwiHKM eQeKTHBHOCTI 3alpoOIIOHOBAHOI CXEMH INPOTHO3YBaHHSI
Oynu IPOBEJCHI TECTOBI €KCIIEPUMEHTH 3 BHKOPHCTAHHAM JaHUX FX-pHHKY.
SIkicTh MIPOTHO3YBAHHS OILIIHIOBAJIOCS 3a JIOTIOMOT'OF0 OILIIHOK
cepenupokBagpaTngHoi momminku (RMSE) Ta cepemHporo HOpMOBaHOTO MO-
nmynst oMok (MAPE). 3rigHo 3 pesynbraTaMu TeCTyBaHHS HEHpoOMepexe-
BUil (QUIBTP-IIPEUKTOP 3a0€3Meuy€e BUCOKY LIBHIKOJIIO Ta SIKICTh MPOTHO3IB
y CKJIaJli HEKOMEPLIHHOT CHCTEMH eNIEKTPOHHOT 01p>k0BOT TOpriBiIi. 3anporo-
HOBaHa MOJIEJIb MOXK€ TaKOX 3HAWTH NMPAaKTUYHE 3aCTOCYBaHHsS B 3ajadax
TEXHIYHOTO aHaJli3y Ta iHIIMX J0JaTKaX, MOB’S3aHUX 3 KOPOTKOCTPOKOBHUM
MIPOTHO3YBAaHHIM 6araToBUMIpHHUX HecTalioHapHUX YacOBHX
IIOCHITOBHOCTEM.
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4 CEKIIA «(IH®OPMAIIVWHI TEXHOJIOI'II B
INPOEKTYBAHHI TA BUPOBHHUITBI»

YK 004.9: 621.39
N.I. Furmanova', O.Yu. Farafonov1, A.R. Kalynychenko®

THE MOBILE SYSTEM FOR ENVIRONMENTAL MONITORING

Environmental monitoring is complex observations of the environment,
including components of the natural environment, natural ecological systems,
processes in them, phenomena, assessment and changes forecast of the envi-
ronment. Issues of environmental monitoring are relevant today. This is evi-
denced by a large number of scientific papers on this topic. Thus, in [1] envi-
ronmental monitoring is considered as a part of Smart Cities and the importance
of control with air content in urban cities is emphasized. Using the interval dif-
ference operators for analysis of air pollution from vehicular traffic is proposed
in [2]. Wireless sensor networks using Wi-Fi are proposed in [3], but this deci-
sion has some constraints, so we are proposed using SIM modem.

Based on the considered analogs, we have put forward and imple-
mented the following requirements: modularity, data gathering, presentation
of information, energy consumption, price.

To be able to use complex on different objects, cities, countries-
complex must have universal measurements. This flexibility has been
achieved by using a series of sensors MQ, which allow you to measure a huge
range of gases without changing the polling algorithm. The complex provides
remote collection of information from a variety of monitoring modules lo-
cated at a great distance from each other. The collection is carried out by
transferring information from each module to the server using the SIM8S80OL
GSM modem. This solution has some advantages in comparison with the us-
ing of Wi-Fi. Firstly, mobile communication covers significantly larger terri-
tories. Secondly, in the absence of communication device will write data in
the memory and send them later.

The ability to display information in the form of interactive graphs us-
ing any device with Internet access is implemented, as well as daily, weekly,
monthly sampling data with information about exceedances. Reporting is
carried out by a web application, where you can select the data for the certain
period of time and look through them in the different forms.

' PhD, Associated Prof. Information technologies of the electronic devices department,
Zaporizhzhia National Technical University
2 Student, Zaporizhzhia National Technical University
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One of the main tasks was to maximally reduce the cost of individual
monitoring modules. This problem was solved due to relatively cheap com-
ponents: a microcontroller (PIC16f887), gas sensors of the MQ series and a
temperature and humidity sensor DHT. As sensors for determining the gas
concentration optimally take sensors MQ-X series by FC-22. The main ad-
vantage of this series is that identical in function to the sensors ensure the
measurement of the concentration of a whole range of gases. As a tempera-
ture and humidity sensor it was optimal to choose one product in order to
reduce the cost and dimensions of the device — DHT22 digital sensor. It has
ultra-low power consumption, lack of tying, long life time, digital interface.

Due to the use of surface mounting elements and plating of the board,
we were able to place all components on a single-sided PCB. For the devel-
oped PCB of the device, we designed a rectangular shaped housing made of plas-
tic. Since the model is developed as a prototype, to test the housing and the device
as a whole, housing parts were manufactured using a 3D printer. The housing
consists of four parts: the base, partitions with sensor mount and a lid. After test-
ing it is possible to produce a series of pressure casting housings, that will reduce
the cost of the housing unit as a whole in mass production.

When the module is turned on, the microcontroller calibrates the MQ-X
gas sensors, and then it initializes the connection to the GSM module. After that,
the cyclic starts measure the level of air pollution, the information is gathered
from the sensors and sent it to the server. The time between measurement and
sending can be changed from 10 seconds to several days. Sending data to the
server occurs through the HTTP POST request. This allows to record the readings
in the form of a JSON string and to process on the server side easy. When the
SIM800 modem installed in the module is accessed to the server, the script parses
the incoming JSON string to an array of data from each sensor, as well as infor-
mation about the module and their place to the database.

When designing the complex, the ability to view information from any de-
vice in an easy and understandable way has provided. Therefore, for these purpose
it was decided to create a web interface and present data in the form of interactive
graphs. The web application was written in javascript, which makes a selection for a
given period of time and displays this data using the library chart.js.
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YK 534.26
Vasyl Havrysh', Lubov Kolyasa®, Vasyl Loik’, Roman Shkrab®

DETERMINATION OF TEMPERATURE REGIMES IN SPATIAL
NON-HOMOGENEOUS ELEMENTS OF THE RADIO
ENGINEERING DEVICES

Determination of temperature regimes both in homogeneous and in
non-homogeneous structure attracts attention of many scientists [1, 2].

In the paper [3], an analytical-numerical solution of the axiallysymet-
ric problem of thermoelastisity for a thick-walled cylinder under the action of
heat flux with arbitrarily set boundary conditions.

In microelectronics, there are often used materials with foreign inclu-
sions. In heating, the presents of inclusions leads to the emergence of nonho-
mogeneous temperature field, which causes thermoelastic effect, which con-
sists in to the appearance of bi-beam refraction in structures. The phenome-
non of thermoelastic effect was discovered rather many years ago, but it still
remains poorly investigated. To study this phenomenon, both considerable
temperature gradients and absolute values of temperature are used in experi-
ments.

The 3D medium represented by isotropic layer which contains paral-
lelepiped shaped inclusion whose volume V, =8hbd = 2dS, is considered. At

one of the layer’s surface K, = {(x, y,—d —=1,):|x|<o0,|y] < oo}, there is a con-

centraited heat flow whose surface density is equal to q, = const, and the other

surface K, :{(x,y,d+ln):|x|<oo,|y|<oo}, there are given the conditions of
convective heat exchange with the external medium at the constant tempera-
ture of ¢, = const . The presented structure is referenced to the Cartesian co-
ordinate system (x, y,z) whose origin O is located at the center of the inclu-
sion. At the surfaces of the inclusion, there exist conditions of ideal heat con-
tact (Fig. 1).

To determine the stationary temperature field t(x, y,z) in the repre-
sented non-homogeneous medium, the equation of heat conduction is used
div[/l(x, y,z)grad&(x,y, Z)] =0, (1)
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where

l(x,y,z)zﬁ,ﬁ— (2)
+(4 —4)N(x,h)N(y,b)N(z,d); d
0(x,y,z)=t—t;

M&n)=S(¢ +)-S(¢—n)
A4y are the coefficients of thermal

conductivity for the materials of the p
. . . o,
layer and of the inclusion, respectively;

Figure 1 — Isotropic layer with inclusion

1, ¢>0
S(¢)=10.5, ¢£=0 is the symmetric unit function.

0, (<0

A mathematical model for determination of temperature field in spatial
media with locally concentraited foreign inclusions has been developed. A
way of solving the boundary value problem has been presented. Formulae
which enable us to develop algorithms and calculational programs for analy-
sis of temperature regimes in 3D (spatial) media with inclusions have been
obtained.
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YnK 519.172
Sgadov S.A!

APPLICATION OF ALGEBRAIC METHODS FOR
CONSTRUCTING A TOPOLOGICAL IMAGE OF PLANAR
CONSTRUCTS

At the present work we consider algebraic methods for constructing
topological image of nonplanar graph. This problem can be applied to flat
constructs computer trace, for example, printed circuit boards.The topological
pattern may be recorded in a plurality of rotational grafs ertices.Record of
rotation is treated as a cyclic entry of nonzero elements in the corresponding
row of the graph adjacency matrix. Recording a cortege can be treated as a
cyclic entry cortege record, for example 7 (vi) = <vs,V4V7,Vo,vi> =
<V4,V7,V2,V,V5> = <V7,V2,V|V5,V4,> = <V,,V[,V5,V4, V7>, .

To describe the pattern nonplanar graph we introduce the concept of
the dual graph Q to a plane graph G. Such dual planar graph is called a cycle
count, and denoted Latin letter Q. Consider the cycle graph properties Q:

1. Count cycles Q planar graph is planar;

2. the number of independent elementary cycles in the graph Q
cycles determined by the rank of the original graph G;

3. each simple cycle in cycles graph Q can be mapped to the

central section of the corresponding vertex of the original graph.

Concider algorithm for determining correspondence between the cy-
cles in the graph Q and central cuts of cycles for initial vertices of the graph
G. Assume that we need a topological graph drawing insert edge {v2, v4}.
Naturally, the holding of the compound will necessarily crosses edge flat por-
tion of the graph. We will introduce new vertexes as a result of the intersec-
tion of the edges.

The method of propagation select all routes connecting vertices of the
dual graph the selected cycles. The result is the topological pattern nonplanar
graph with two .

Now apply the algorithm to determine the rotation of vertices:

Step 1. Cyclic vertices recording of cycles subset.

Step 2 Viewing the list of cycles..

Step 3. Framing record verteces.

Peruse oriented record peaks selected cycle. In the diagram of rota-
tions of vertices for each vertex write fringing its vertices of this vertex ori-
ented in a predetermined recording sequence. If necessary, combine records
for each vertex in the graph of rotations, then go to step 2.

! Sgadov SA, ZNTU, senior lecturer
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We consider algebraic methods for constructing a topological pattern
inseparable nonplanar graph. The initial information is used to construct a
planar topological pattern of the graph. The construction of the dual graph
allows you to find routes for remote connections in the process of planariza-
tion. During the compounds corresponding to the selected route, the intersec-
tion of edges considered as formation of a planar graph Figure additional ver-
tices. The newly introduced vertices described by the rotation of vertices.
This allows us to consider holding overlapping joints as the building of a new

topological pattern G,7(v + V') with the added vertices V' . The algebraic

closing operation previously carried out edges in planar topological pattern.
An algorithm for constructing the rotation diagram of vertices specified rela-
tively simple cycle system oriented.
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NONLINEAR INDUCTANCE'S MODELING FOR MAGNETIC
SUSCEPTIBILITY INVESTIGATIONS

The subsystem for measuring the displacement of the rod is realized
on the composition of the alternator generator and the electronic frequency
meter, which transmits the data about frequency of oscillations changing rela-
tive to the base frequency f to the microprocessor system of measuring mag-
netic susceptibility [1], which, based on these data, determines the voltage for
the compensation system to return the rod in start position [1, 2].

The biasing sensor is actually implemented on the Colpitts oscillator
with an inductance, which changes its value by changing the core’s depth into
the coil (the rod to which the ampule with the test materials attached, is
pushed out or retracted by the magnetic field in the experimental subsystem,

! Cand. of techn. sciences, docent at MaNE Dept., ZNTU
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accordingly, its position changes relative to the coil in measuring subsystem).
Parameters of the Colpitts oscillator are calculated for the base frequency
f=300 kHz based on the formula:

1

fo=— 77— (1)
2oplp. GG
G+G

The inductance of the generator’s coil depends on the current position
of the core (4]) and the magnetic field parameters (¢y4z):

2
N
LVAR:Lo+ﬂ0'/1VAR'[7J “Al-S, 2

where L, — initial inductance (solenoid without core);

o — absolute magnetic permeability;

Uyar — variating magnetic permeability;

N — number of turns;

[, S —length and area of the solenoid cross, respectively;

Al — variation of the rod's penetration depth.

To take into account the change in the magnetic permeability w4z
from the intensity of the magnetic field strength H, the following approxima-
tion of the Stoletov's curve is used:

Hyar = Ho + Hmax \/ﬁ ’ e_O'OI.H > (3)
where ., — maximum magnetic permeability on the Stoletov curve for the
selected material.

The scheme for modeling the Stoletov curve and nonlinear inductance
is shown in Fig. 1, a. Basic parameters of approximation predefined; through
the coefficient & the ratio of the number of turns () to the length of the coil
(0) is given. The field strength change (node with the name H) is given by the
generator V1. The subsystem of L,z (determining the inductance of the
measuring oscillator by the formula (2)): generator X/, which defines a step
change in the depth of penetration of the rod into the coil (DELTA L); resis-
tance R2; the inductance Ly, through which the pulsating current flows from
the generator V2. The results of Ly, simulation in the full range of field in-
tensity variation are shown in Fig. 1, b.

.define MUO 1.26E-6 .define Lvar LO+MUO*R(Rmu)* (k**2)*V(DELTA_L)*S
.define MUmax 500 ELTA L

v r
.define LO 6 . Lvar
.define k 6E5 X1 T V2 L1 e
.define S 12.6E-6 L - !
define DELTA_L 1E-3 -

+ +] Rmu sl
" e MUO+MUMax*SQRT(V(H))*exp(-0.01*V(H))

Figure 1 — Modeling and simulation of nonlinear inductance
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The developed models are used for study of the system for determin-
ing the material’s magnetic susceptibility [2].
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PEAJIBAIIA TPOLIECY IHTEHCHUBHOI IIJTACTUYHOT
JE®OPMAIII 3 BUKOPUCTAHHAM CYYACHOI'O
KOMIIVIEKTHOI'O EJIEKTPOITPUBOJIA

CyuacHi MaTepialli BUMaraloTh PO3BUTKY CIICIIaIbHUX BHUJIIB 00p0o0-
KA IDIACTUYHUAM Je(QOpMyBaHHAM [UII CTBOPEHHS CYOMIKpOKPHCTAIIYHOT
CTPYKTYPH, SIKa Ma€ psij IepeBar rnepe 3BH4aiiHIMH MaTepiaiaMy IpH BUTO-
ToByIeHH] iMInTanTatiB [1]. [ peamizamii TexXHOJOTI] iIHTEHCUBHOI IJIaCTHY-
Hoi nedpopmanii High-Pressure Torsion (HPT) B [lonOacbkiii nepxaBHiii Ma-
HIMHOOYAIBHIH akanemii BeeThcsl po3po0Ka HOBOI YCTaHOBKU 3 aBTOMATH30-
BaHHUM €JIEKTPOIPUBOIOM.

EsrexTpornprBoj eKCriepruMeHTaIbHOT YCTAHOBKH BKJIIOYAE B ceOe vac-
TOTHHH meperBoproBay Altivar 31 noryxsictio 1.5 kBT, iHKpeMeHTambHUI
enkozep Siemens 6FX2001-2DB02 1024 iMmn./00., sIKHMi BUKOPHUCTOBYETHCS
JUISL KOHTPOJIIO KYTOBOI IBHAKOCTI 1 BCTAHOBJICHHI HA BaTy SJICKTPOJIBHUIYHA,

'Acrcrenr, kadeapa KOMI'IOTepHIX iHGOPMAIiHHIX TexHOmoTiH JIOHGACHKOI AepKa-
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HayaroKyBaiabHy 1wiaty STM32F4Discovery Ha OCHOBI MIKPOKOHTpoOJepa
STM32F4VGT6, acunxponnuii enekrpoaBuryn 4A71B4 noryxuictio 0,75
kBr. IleperBoproBay 4acTOTH JI03BOJISE IIABHO 3MIHIOBaTH KyTOBY IIBHII-
KicTh 00EpTaHHS AaCHMHXPOHHOTO ENEKTPOABHUIYHA 3a JOTIOMOTOI0 PErylIo-
BaHHS YacTOTU CHHYCOIfanbHOI TpH(a3HOI HANPYTH JKUBJICHHSA. TakoX BiH
J03BOJISIE POOUTH IUIABHUI MYCK Ta OCTAHOB €JIEKTPOJABUTYHA, SIKHH IPUBO-
IUTh B pPyX AeDOPMYIOYMI iHCTPYMEHT EKCIepHMEHTAJIbHOI YCTAHOBKH.
Altivar 31 Mae mUCKpeTHI i aHAJIIOTOBI BXOIU-BUXOIH. AHAJIOTOBI CIIyKaTh
JUIsl TUTABHOTO 3aBIAHHA Ta PETYJIIOBAHHS KYTOBOi IIBUIKOCTI OOEpTaHHS.
JuckpeTHi — Ui MyCKy 1 3yIHHKH eJIeKTPONpHBOAa. YaCTOTHHIA TepeTBOPIO-
BaY JIO3BOJISIE 3iIICHIOBATH IIABHUN IYCK 1 OCTaHOB 3 MOXKJIMBICTIO HaJlali-
TYBaHHS 4acy MyCKy i rajbMyBaHHs. YacToTa IMITyJIbCHUX CHT'HAIIB HA BHXO-
Il laT4MKa MPOIOpIiifHa 3HAYCHHIO KYTOBOI mIBHAKOCTI. Po3paxyHOK KyTO-
BOI IIBUJIKOCTI 3 BUKOPUCTAHHSM IMITYJIbCHUX CHTHAJIB 3 IHKPEMEHTaJIbHOTO
eHKozepa 3ailicHioe MikpokoHTposep STM32F4VGT6. [lns BumiproBaHHS
NepioIy IMITyJIbCHOTO CUTHATy BUKOPHUCTOBYIOTHCSI MOKJIMBOCTI 3aXOIUICHHSI-
nopiBasHHS (Capture-Compare) KaHaJIiB TaiitMepa MiKpOKOHTposepa. 3axorl-
JICHHS CUTHAJy MOXXe BiIOYBaTHCS 10 IEPEeAHbOMY, a0 0 3aHBOMY (PPOH-
Ty IMITyTBCY. Pe3ynmbpTar 3aXxoruieHHs 30epiracTbes B CHEIiadbHOMY PETicTpi
CCR (Capture-Compare Register) y BUMIIAl KUTBKOCTI TAKTOBHX IMITyJIbCIB
[2]. Po3paxyHOK KyTOBOi IIBUAKOCTI 3 BHKOPHCTAHHSM IMITyJTECHUX CHTHAIIIB
3 IHKpEeMEHTaJIBHOTO eHKozepa 3aiicHIoe MikpokoHTponep STM32F4VGTo6.
3a BiIOMHM IEpioJOM OJTHOTO TaKTy TalMepa PO3paxoBYETHCS IMEpiof] iMITy-
JIbCY 1HKPEMEHTAILHOro eHkojepa. Jlami 3a BiIOMUMH pPO3paXyHKOBHMH
CIIIBBIJHOIIEHHIAMH CHELIAII30BaHOl METOAMKM BU3HAYEHHS JUHAMIYHOL
LIBUKICHOI XapakTepUCTUKH [3] BU3HAUA€ThCS MOTOYHE 3HAYEHHS KyTOBOI
mBHAKOCTI. TakuM YMHOM, MIKPOKOHTpOJIEpP I03BOJISIE BU3HAYMTH MUTTEBE
3HA4YEHHs KyTOBOI IIBUIKOCTI B Tpolieci e opMyBaHHS 3aTOTOBKH. 3aJI€KHO
BiZl 3HAYCHHs KyTOBOI HIBHUAKOCTI Ha Baly €JICKTPOABUTYHA 3IIHCHIOETHCS
KepyBaHHS YaCTOTHUM IIePETBOPIOBaueM (Horo myckom abo 3ymHHKOIO) 3Til-
HO 3 TEXHOJIOTi€I0 IUTACTUYHOTO nedopmyBaHHA. MexXi KyTOBHX IIBHIKO-
CTEH, MIPH AKUX Ma€ BiIOyBaTHCA BKIIOYCHHS a00 BiIKIIOUYECHHS EIEKTPOIpH-
BOAY, KOHTPOJIOIOTHCS MiKpOKOHTposepoM. [Ipu momgadi curHaimy Ha cremia-
JBHUHM AUCKPETHUH BXiJ 9acTOTHOTO meperBopioBada Altivar 31 BinOyBaeTsh-
csl foro 3armyck, BiJIOBIIHO, TP 3HATTI KEPYIOUYOro CHTHAIY BiIOYBa€ThCs
3yMHMHKa YacTOTHOrO meperBoproBaya. OCOONMBICTIO KEpyBaHHS JIAHOFO
YCTAaHOBKOIO € Te, II0 MYCK Ta OCTaHOB 3IIHCHIOETHCS B YMOBax po0OOYOro
KPYTHOTO MOMEHTY, TOMY JJIsi BUOOpY Yacy BKJIIOYEHHS ab0 BiTKIIIOYEHHS
YaCTOTHOTO IEPEeTBOpIOBadYa HEOOXiJHO BpaxOBYBAaTH MOJENb MpOLECY Jie-
(hopMyBaHHS 3arOTOBKH.
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XAPAKTEPUCTHYHI ®YHKIIII Y MOJIEJIOBAHHI PO3IO/ILIIB
MOXUBOK ONEPAIIIA KOHTPO.TIO

B mepeBaxHili OUTBIIOCTI BUTIAJIKIB aHAJTI3 TOYHOCTI TEXHOJIOTIYHUX MPOIICCIB
3MIACHIOETHCS TIPU CHJIBHHUX CIIPOIICHHSX, SKi HAI[UICHI Ha MOJIETTIICHHS 00-
YHCJIEHb, alle, B TOW XK€ 4ac, IPU3BOASATH IO CYTTEBOTO 3HIDKEHHS JIOCTOBIp-
HOCTI pe3ysbTaTiB. BUKOpHCTaHHS amapaTy XapakTEPUCTUYHHX (GYHKILH
3HAYHO CIIPOIIYE MPOIIEC peaii3amii alroOpuTMiB aHaTi3y MOXUOOK TEXHOJO-
TIYHUX MPOIIECiB O€3 CYTTEBOTO 3HWKECHHS JTOCTOBIPHOCTI.[2].

Ha ¢yskuii po3moxminy moxubOK  OCOONMBHK  BIUIUB — Ma€
BHUMIPIOBAJILHHI TOOTEPAIlIHUN KOHTPOJIb, SIKHH PO3iILe MOTIK BUPOOIB Ha
JBa («IIpUAaTHI» 1 « Opak») 1 CHIIBHO 3MIHIOE (DYHKIIIO PO3MOALTY ITOXUOOK
BUpOOIB, sIKI MOCTYNalOTh Ha HOAajibUly 00poOKy. lle BimoOpakaerbcs i B
TPYIHOIIAX aHai3y 1ux omnepaiiii. Cepen omepariii koutpomo (OK) moxHa
BUJIUTUTH JIBi TUIIOBI 1X PI3HOBHIHOCTI: KOHTPOJb 3 PO3IUICHHSIM IO BepXHil
MEXi KOHTPOJILOBAHOTO MapaMeTpy Ta KOHTPOIb 3 PO3AUICHHIM IO HIDKHIM
MeXi KOHTpOJpoBaHOTO mapamerpy. OK momaganHs 3Ha4eHHS KOHTPOIHOBa-
HOTO TapaMeTpy B JESKUN IHTEpBAI MOXHA PO3IIISAIATH SIK TOCIIIOBHE BU-
KOHAHHS IIUX THITOBHX Omepartiit [3].

Ha Bxim OK 3 po3mieHHAM O BEPXHIX TPAHHUIIX BCIX MapaMeTpiB
MOCTYMAIOTh OJIHOPIHI BUPOOH, SIKI XapaKTepU3YIOThCs 71 KOHTPOJIbOBAHUMH
napameTpamu. BiHOCHI BIIXHMJICHHS apameTpiB BiJl HOMIHAILHUX € BUMA[I-
KOBMMH BEJIMYMHAMH 1 33/1al0ThCSl BUIIAJJKOBUM BEKTOPOM Jy 13 KOpelbOBa-

! J1.7.1,, ipodhecop kapempu TPP HY «JIbBiBChKa MOMITEXHIKA)

Crapumii Buknagad kadpeapu CAII HY «JIpBiBChKa MOMITEXHIKAY
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HUMH KOMITIOHEHTaMH. [103HauMMO CyMICHY TYCTHHY PO3MOILTY IIOTO BEK-
Topa  4epe3  wy(X;,...X,). XapaKTepHUCTU4YHA  (DYHKI[IS  PO3MOILITY
BH3HAYAETHCS 3 BUPA3y:

0 o8]
gx(Appeshy) = j J‘e-’(}”xl"“’}”"x”)w(xl,...,xn)dxl...dxn )
—00 —00
ne (4,x) — ckaisipHAil TOOYTOK BEKTOPIB A 1 X.

OK pozainse BUpoOM MO 3aJaHWX T'PAaHWYHUX 3HAYCHHIX IMOXHOOK
a=llay,...,a,||. 3a paxyHOK MOXMOOK BHMIpPIOBaHb PO3IUICHHS 3iHCHIOETHCS
HeTouHO. [IpuiiMeMo, 1110 TOXUOKK BUMIPIOBaHb J, PO3MOALICHI TI0 HOPMaJlb-
HOMY 3aKOHY 3 HYJbOBHM MAaTeMaTHYHHM CIIONIBaHHAM 1 3aJaloThCA
CYMICHOIO TYCTHHOIO po3noainy [1]:

1
1 —;(Kulu,u) 2)

wy, () = ———=e¢
'27'lnanu|

ne K, — kopessiniiiHa Matpuis BekTopa u, a ||K,|| — BUSHaYHHUK KopeaniiiHol
MaTpulli. XapaKkTepUCTHYHA (PYHKIliS BEKTOpa MOXHMOOK BHUMIPIOBaHb Ma€
BUTIISA:

(K,
guM)=e ? 3
BBeneMo BUIagKoBUiI BEKTOp Pe3ylbTaTy BUMIpIOBaHb =dy+d,. SIKIIO Bek-
TOpU Oy 1 O, HE3AICKHI, TO XapaKTepUCTHYHA (YHKINS BEKTOpa #
BU3HAYAETHCS 3 BUPA3y
Lk

gsM)=gx Mg, M) =gxMe 2 “
[Ticnst po3aisieHHs MO BEepXHIX TPaHUYHUX 3HAYCHHAX BEKTOpa a s
MMOTOKY BHUPOOIB, SKi IPUHHATI SK MPUAATHI, TYCTHHA PO3IOALTY apaMeTpiB

3 ypaxyBaHHAM NOXHOOK BUMipIOBaHHS HaOUpa€e BUIILALY:

Ws(t) ajp ap
we=1" e TR o [ [ (EenB ) dEdE,  (5)
0t >a -0 -

Bunansioun 3 BeKTopa ¢ HOXHOKH BUMIPIOBaHb, OTPHMA€EMO BHITAIKOBUH BEK-
TOp BHUXITHUX TapameTpiB BHpOOy, SKWil MOCTyHae Ha Toxaiblly O0OpoOKy
TiCyIst omepallii KOHTPOJII. XapaKTePUCTHYHO (DYHKIIIEO Pi3HHUIL 0, Oye:
1
(K, NG
g, (M=g0g,(M=e 2 " T [e/PDw ()ar (6)
0
[Tinkpecnumo, o B MOTOLI BUPOOIB, SIKi BBAKAIOTHCS NPUIATHUMH 3 TIEBHOIO
HMOBIPHICTIO MOXKYTh OyTH BHPOOH, NapaMeTpPH SKUX BUXOISTH 38 MEXI J10-

MYCKY, OCKUIBKH PO3/IiICHHS BiIOyBa€eThcs 3 MoXuOkamu [3].
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Takum ke cmocoboM MoxHa oTpumath (yHkiro mir OK 3
PO3IIICHHSAM 10 HWKHIN TpaHuii AonycKy. J[is mporo ciij moMiHSITH 3HAaK
BEKTOpa MOXUOOK O, 1 MO (DiKyBaTH MEXi IHTETpyBaHHSI.

Mepenik nocunann
1. IyraueB B.C. Teopus citydaiiHbIX GyHKIMI U ee IPUMEHEHHE K 3aJa4aM aBTOMa-
THyeckoro ynpapnenus. — M.: THOMII, 1960. — 884 c.
2. Motuka LI, Hemoctyn JI.A., Hecrop H. I. MonenoBaHHA CTaTUCTUYHUX Xapak-
TEPUCTHK TexHoNoridyHux mporecie — Bicuuk HY «JIbBiB. TlomitexHika» Ne 685
Komm’totepHi cucremu mpoektysanHs. Teopis i mpaktuka: — JIssiB 2010. — C.55-59.
3. Motuxka LI, Hectop H. I. Mogeni onepariif KOHTPOJIO IS aHAITI3y TOYHOCTI TEX-
Honoriuaux nponeciB — Bicauk 1Y «JIpBiB. Ilomitexnika», Ne 444, «Komm'torepHi
crcTeMH npoekTyBaHHs. Teopis 1 mpakTukay, JIesiB, 2002 —C. 57-60

YK 004.9
I'epacumos B. B.!

IH®OPMALIMHA TEXHOJIOI'ISI BAXOPOCTPYMOBOI
JE®EKTOCKOIIT KOMIIO3UTHUX MATEPIAJIIB

B namr yac OypXximBOro po3BHUTKY iH(OPMAIIHUX TEXHOJIOTIH Ha 3Mi-
HYy JETepMiHOBAaHMM METOJAM IiJBHIIECHHS METPOJIOTIYHMX Ta eKCILTyara-
LIHHAX XapaKTEPUCTHUK AE(PEKTOCKOMIYHOI amapaTypd NPUXOISATh METOIH,
SIKI BKIIFOYAIOTh CTATUCTUYHY Ta KOPEJISLiiHY 00pOOKY CHIHAIB, CIIEKTPallb-
HI TIEPETBOPEHHSI B Pi3HUX 0a3ucax, HEUiTKI TEXHOJOTii NPUHHSATTS PIllICHb.
Lle no3Bosisic BpaxoBYBaTH CTaTHCTHYHHUH XapakTep IMpolecy Ae(eKTOCKOil
Ta aedexToMeTpii, 0COOIMBOCTI KBa3ieTepMiHOBAaHHUX 3aBajl 1 LIIyMiB BHMi-
PIOBaHHS, BUKJIMKAaHUX BIUIMBOM O0'€KTY Je(eKTOCKOMIi, pe)KUMY CKaHyBaH-
HS, MEXaHI3MOM TIEPETBOPEHHS iH(OpMaIlii B BUMIpPIOBAIILHIX KaHalaX Je-
(eKTOCKOMIYHOT arapaTypHu.

Byna crBopena iHdopmatiiiina TexHosoris [1] Ha OCHOBI MeTOIB 1 anro-
puTMiB 00poOKH iH(pOpMAIii B 9aCOBIH 1 CrIeKTpaibHii odnacTsx [2, 3], Harpas-
JIeHa Ha IMOBIpHICHY iIeHTH(]IKaIlif0 CUTHATY nedeKTy B yMOBax Jii KBa3imerep-
MIHOBaHUX 3aBajl, TIOB'SI3aHUX 3 HEKOHTPOJHOBAHUM IEPEKOCOM YH BiIBOIOM
BHXOPOCTPYMOBOT'O IIEPETBOPIOBAYA B IIPOLIECi CKAHYBAaHHSI, Ta BUCOKOIHTEHCHB-
HOTO HIyMy, OOyMOBJIEHOTO 3HAYHOIO IIOPCTKICTIO MOBEPXHI KOMIO3HIIITHOTO
Marepialy 3 apMyIOYHMMH [DKIyTaMHd BOJOKOH (puc. 1). 3a pesynabpraramu
BHUKOHAHOI POOOTH 3axHWIlleHa IHCEPTallisi 3a CHeIlanbHICTIO «lHbopMariitHi
TEXHOJIOT» Ha 37100y TTS HAYKOBOTO CTYIICHS KaHAUaTa TEXHIYHUX HayK.

! Kamgmmar TexHiuHMX HayK, acHcTeHT Kapempn EOM  JIHIIPOBCHKOTO

HaIllOHAJBHOTO yHiBepcuTeTy iM. Onecst ['oHuapa
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Pucynok 1 — UML-niarpama IisstbHOCTI Iporiecy Ae(eKTOoCKOmil
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VJIK 004.3
Karonko 10.C.!, Karutienxo T.1.2

JOCJIJIKEHHSA TA PO3POBKA METO/IIB BEPU®IKAIIII
BIAITOBITHOCTI KAH/IUJIATIB HA IIOCA/IH B IT-KOMITAHII

B Ham yac OCHOBHMM YMHHUKOM CTBOPEHHS TPUBAJIOI KOHKYPEHTHOI
mepeBaru 1 3pOCTaHHS 1HBECTHIIHHOI mpuBabiuBoCcTI IT-KOMMIaHIT CcTalTh
ONTUMAJIbHI CTpaTterii ynpasiiHHa Oi3HecoM. Jo omHIi€l 3 TakMX CTpaTerii
BIZITHOCUTBCS YIIPABIIiHHS IEPCOHAJIOM Ha HOro Oe3nocepenHii Biaoip.

EdexTuBHe ympaBniHHS IIEpCOHAIOM — II€ BaXJIMBUH pecypc, IO
JIOTIOMOTa€ HE TUIbKM JMHAMIYHO pearyBaTH Ha MOCTIHHO MIHJIHMBY PHHKOBY
CHUTyallil0 Ta KOHTPOJIIOBATH BCi CTOPOHM mismbHOCTI IT-kommawmii, amne i
OIEPATUBHO BUSBILITH «BY3bKi MICISD» Ta KOHIIEHTPYBATH 3yCHIUIS CaMe TaM,
Iie TIe HeOOXITHO B KOHKPETHIH MOMEHT 4acy. Ta mo0 qocsArTd mpaBmiIsHOTO
pe3ynIpTaTy i BIOPOBAIKYBAaTH ¢(DEKTUBHE YIPABIIHHSA HEOOXITHO CIOYATKY
HaJaroJUTH Tpolec Migbopy MepcoHaly, OO0 SKOr0 BXOAWUTH BHUBUCHHS
MICUXOJIOTIYHUX 1 podeciiHMX SKOCTEl MpalliBHUKA 3 METOI0 BCTAHOBJICHHS
Horo BimmoBiHOCTEW 10 BUMOr poboYoro Micus 1 migdOpy 3 HasBHUX
MPETEeHACHTIB TOr0, XTO HAWOUIbILE MAXOJUTh Ha Lie poboye Miclie, 3 Bpaxy-
BaHHSIM HOro KBasidikallii, CrieriagbHOCTI, 0COOUCTHX SKOCTEH, 3MI0HOCTEH,
XapakTepy Ta iHTepeciB opranizamii [1].

[Tpu BinOopi nepconaty, peanisyloun 3aBJaHHs 10 HOro pO3CTaHOBII,
oprasizanii 3aCTOCOBYIOTh pi3HI METOAM — BiJ aHAIITHYHUX 10 MEIHUKO-
MICUXOJIOTIYHMX. BBaXkaeThCsI, MO CHCTEeMAaTHYHI Ta HaiitHI METOIN BimOOpy
BAMAraroTh 0araTto 4acy, KOMITIB Ha PO3pPOOKY i pearnizallito; ToMy iX po3po0-
Ka BHIIPAB/IaHA y BHUITAJKy BEIUKOI KUTPKOCTI BAKAHTHHUX MICIIp 1 11e OLITBIIOi
KUIBKOCTI KaHINUIATIB.

[ligBumeHHs epeKTUBHOCTI MpoIiecy MiA0opy MEepCOHATY CTa€ OTHUM
3 HanpsIMKIB BJOCKOHAJICHHS MOAAJbIIOT AisbHOCTI IT-koMMOaHii BiiioMy 3a
pPaxyHOK BIPOBa/DKEHHS JITOPUTMIB INTYYHOTO IHTENIEKTY B IHCTPYMEHTH
JUISL OIIIHKK PE3IOMeE, BIINpPaBKU JIMCTIB 3a MiJICYMKaMu CIiBOECiH, MOUIyKY
MOTCHINIMHNX KaHIWIATIB Ta MEPBHHHOTO aHAJI3y KaHIAMIATY 3a JOIIOMOTOI0
TecTyBaHHs [2].

HaniitaicTb pe3ynprartiB criBOeCiin 3 KaHIUAATOM ITiBHIYETHCS, KO-
JM Uil KOXKHOI BakaHCIl ckiamaeTbcs cBili Habip (Oarapest) TecTiB,
BiJINIOBiTHIIT OCHOBHHM KOMITCTEHIIISIM CHiBPOOITHUKIB [3].

Haii0inpim oueBrIHUM 32CO00M TOJIETIIICHHS Ta MPUCKOPEHHS MPOIIe-
Cy migbopy mepcoHaly € Woro aBroMaTH3amis. [ BHpImICHHS IIHOTO 3aB-

! crym. tp. KHT-213m
% nonent 3HTY
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JIaHHS, a came mpoobyiemu Bapudikailii kanauaaTie Ha [T-mocaau, Oysio npwii-
HATO PIlIEHHS BUKOPUCTATH 3aCO0M IITYYHOTO IHTEJIEKTY, a caMe PO3poOuTH
HR-6o0t, mo Oyzxe nmpoBOAUTH NMEPBUHHUI BifOIp KaHIWIATy TECTYBAHHSM.
Janmii  wTy4Huid iHTENeKT Oyne BU3HAYATUCS CYKYIHICTIO  Pi3HHX
IHTEJIEKTyaJIbHUX cepBiciB [4].

Bepudikaris 3a I0mMoMororw Takoi CHCTEMH — II€ OJUH 3 HaHOLIbII
e(EKTUBHUX METOJIB, SKAH MOXKHA BHKOPHCTOBYBAaTH B VIIPABIiHHI IEPCO-
HAJIOM, K Yy cdepi 0i3Hecy, Tak i B JepKaBHAX YCTaHOBAX, 00 caMa IpoIesy-
pa He TUIBKH [O3BOJSIE OTPUMATH BiZOMOCTI NP0 TMEBHI BIACTUBOCTI
ocobucTocTi Ta i MOBEAIHKM, a TaKOX 3aiiMae MOPIBHAHO Hebarato yacy Ta
HE BHMAarae cremianbHOi mnpodeciiiHoi MiArOTOBKH, aie i rapaHTye
JIOCTOBIPHICTh PE3yJIbTATIB, aJXKE caMi MiJCYMKH TECTYBaHHS HISKAM YHHOM
HE 3aJIeXaTh BiJ] Cy0’€KTUBHOCTI TECTYIOYOTO.

OTxe, cucrema OyJie ckajlaJaTucs 3 JBOX YaCTHH — aJMiHICTPaTHBHOL
manemi s HR-menemxepa (pexpyrepa) IT-kommanii, mo BigmoBimae 3a
yIpaBJiHHSA cIiBOECiiamMu Ta mig0opOM TECTIB JUIsl IIEPBUHHOTO OIUTYBAaHHS
KaHIUIATIB; BEO-IOAATKy, MO MpPHU3HAYCHIA I BEACHHS 30BHINIHBOI
KoMyHikamii 3 &kanmumatoMm. Cucrema Oyne BHKOPHCTOBYBATH METOIU
BimOOpy TepcoHaly, sSIK TECTyBaHHS Ta IEPBHHHA CIiBOECiTa 3 KaHAUIATOM.
BxiganMu mapaMmeTpamMu OyIOyTh BiNIOBiIi HA TECTH, IO JAaBaTUME KaHIH-
JaT, a BUXIAHUMH IapaMeTpaMH — Pe3yJibTaT BIAMNOBiIeH TecTyBaHHS abo
cuiBbecimn y BUIAAl rpadiky abo mpocTo KOPOTKOTO BHCHOBKY y BUTJISAI
TEKCTy B 3aJIGKHOCTI Bijl ITOCTAaBJICHOTO 3aBAaHHs. [l aHai3y TecTyBaHHS
OyIyTh BUKOPHUCTAaHI CHCTEMH WIITPUMKH NPUHHATTS pilIeHb Ta METOAU
LITYYHOTO IHTEJEKTY JJIsl PIllIeHHs 3aJ]a4y cucTeM Oi3Hec-aHali3y.

Iepenik nocuiians

1. ExoHOMIYHa, comianbHa i opraHizamiiiHa e(eKTHBHICTh YIPaBIiHHS I€PCOHAJIOM
MiAIPUEMCTBA [Enextponnuit pecypel. - Pexxum JIOCTYILY:
https://pidruchniki.com/efektivnist upravlinnya_personalom_pidpriyemstva

2. HR-0otu: sik MammMHHE HaBYaHHS 3MiHIOE TporiecH Haiimy [EmextponHuii pecypce].
— Pexxum goctymy: https://dev.by/lenta/main/recruitment-automation

3. Meroqu Binbopy mepconary [Emextponnmii pecypc]. — Pexum moctymy:
https://stud.com.ua/48978/menedzhment/metodi_vidboru_personalu

4. Benefits and risks of artificial intelligence [Enextponnuii pecypc]. — Pexxum nocrty-
my: https://futureoflife.org/background/benefits-risks-of-artificial-intelligence
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YJIK 597.562
Mauii O.10.", Tapauyk C.0.2

3ACTOCYBAHHSA CYUYACHUX I'ITTPOTPACIYHUX
TEXHOJIOT'IH 1151 BABYEHHS PEJILE®Y JTHA BOJOMM

MopchKy 1 piuKOBY T€O0JIOTiO IIKaBUTh SIK CyJacHHUN penbed THa, Tak i
0cajioBa TOBIIA, BKIIIOYAIOYH JCTaJbHY iH(GOPMAII0 BEpXHIA YaCTHHI PO3pPizy
nHa. Jlany iHQopMallifo MOXXYTh HaJjaBaTh Cy4acHi Tiiporpadiyi TEXHOJIOTI.
AXTyaJbHMM HamnpsIMOM € BHUKOHAHHS IH)KEHEPHHMX T€OJIOTiYHHX POOIT, 10
CKJIaJly SIKHX TaKOX BXOJHUTh JACTaTbHE BUBYCHHS ITOBEPXHI 1 CTPYKTYpH JHA.

B pamkax BUKOHaHHS MOAIOHMX POOIT HAWBAXIIMBIMIOW CKJIAOBOIO
CIIy’KHTh KOMIUIEKCHA Ti[poaKyCTH4Ha 3HOMKa JHa 3 BUKOPHCTaHHSIM Oara-
torpomeneBux exousotiB (BIIE) i rigponokatopom 6iunoro ormany (I'BO).
3actocyBanns BIIE € mpoBinHOIO TeHAeHIi€0 B cydacHii riaporpadii. [Ipu
bOMY OCHOBHA yBara NpHAUIAETbCS MikoBoaHuM BITE, 3paTHUM mparroBa-
TH Ha 9acToTax B Aiama3oHi Bix 200 1o 400 x['11 3 BUKOPHUCTaHHAM HPH IIBOMY
JHIHHO-4aCTOTHOT MOJIYJIALIT, 1 3a0e3neuyBaTH YIPABIiHHSA CEKTOPOM BH-
npoMiHioBanHs. OOcsru GarumeTpuvHOi iH(OpMallii HACTIIBKKM BEJHKI, IO
BUHUKAE HEOOXIMHICTh 3aCTOCOBYBATH OAaTMMETPUYECKHC IHQPPOBI MOECI
penbedy, siKi MOXKXYTh OyTH peaizoBaHi Ha 0CHOBI peryisipHux citok (I'PIM) i
HeperyJSIpHUX TPUAHTYISLIHHNX CITOK.

3HauymM JOCSATHEHHSIM TiPOAKyCTHKH OCTaHHIX POKIB 3 SIBUIIHCS
MIPaKTHYHI pe3ysIbTaT! JIOCIIPKeHb B 0071acTi HEHIMHOI TApOaKyCTHKH 1 BIIPO-
Ba/DKEHb TapaMEeTpUYHMX aHTeH. HeniHilfHa TiZpoaKycTHKa BUKOPHUCTOBYE Tak
3BaHy aHTCHY HaKa4dyBaHHs. B aHTeHy MomaeThes HE ONMH, a JIBa CHHYCOINAIb-
HUX eJIEKTPUYHIX CHTHAIY 3 9actotamu fl i f2 siki mepeTBOprorOThCS B YIIBTpa-
3BYKOBi KOJIMBAaHHS 1 3'BISIFOTBCS Y BOJHOMY CEPEIOBHUINI y BHUIIIANI IydKa
XBWIb 3 THMH X 4dactotamu fl i f2. Big xBagpartmanoi HemiHiHHOCTI (TIpH 3Be-
JICHHI B KB3JIpaT CyMH J[BOX CHUHYCIB) B KOXHIM TOYIll BOJHOTO CEpEelOBHINA
3’ sBIsIOThCs curHamn 3 vacrotamu 2f1, 2f2 « (fl1+f2) i, ronoBHe, BUHHKAE
cUrHaj Hu3bkoi pi3HuieBoi yactotu F = (f2 — f1) Bei ynbrpasBykoBi xBuii
HakauyBaHHs (IIOJBOEHI YacTOTH ab0 CyMmMa dYacTOT) IIBHAKO 3racaroTh 3
BIJICTaHHIO, aJie XBIJII pi3HUIIEBOI yacToTu F = (f2—f1) B cruty mManocTi 3aracaHss
Ha HM3BKHMX 4YacTOTaX, IOLIMPIOIOThCS Ha BeNWKi Biacradi. Lledt npunHimn
3HAaXOJMTHCS B OCHOBI MO0OY-/I0BH BCiX MapaMeTpuyHux npodinorpadu. BIIE.

[IponoBxye yOOCKOHANIOBATUCS MPOTrpaMHE 3a0e3NECYCHHs IapamerT-
puaHuX Tpodimorpady MO0 MONMIIEHHS SKOCTI Bi3yai3amii KOIbOPOBHI
npogiTorpaMH i MiIBUIICHHIO iHPOPMATUBHOCTI.

! Kann. TexH. Hayk, o1, kad. ITE3 3HTY
% Acripant ka¢. ITE3 3HTY
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Benuki MOKIMBOCTI JJ1s1 aHaJi3y CTPYKTYpH JOHHUX OMNAaJiB HA/JAIOTh
IAKeTH IPOrpaM OCTaTOYHOI OOPOOKM JaHUX HHU3bKOYACTOTHUX €XOJOTiB-
npodinorpadu. EIT pizHux ¢ipm, sk npaBuio, 31iHCHIOIOTh peecTpaiilo ja-
HUX B CBOIiX (hipmMoBHX (popmarax. YHiBepcaabHUM (popMaToM, BAKOPUCTOBY-
BaHMM JUIs1 octarouHoi oOpoOku nanux EIl, € ¢popmar SEG-Y. Bimomumu
MaKkeTaMH TporpaM OCTaToO4HOi 0OpoOkHM naHMx Hu3bKodacToTHHX EII €
SonarWIZ5 (Chesapeake Technology) i Flederméuse MidWater (QPS / IVS).

Pucynok 2 — Ipodinorpama, mouryk Mex mapis JHa Ta BUIUICHHSI
MaTtepiay mapis

- u [l

Pucynok 3 — ®@parment npodinorpamu nHa p. JHinpo B paiioHi
M. 3amopixoKst

Iepenik nocunanb

1. ®@upcos 0. I'. HoBble MeTOIBI NMPOCTPAHCTBEHHON BU3YalM3allMH PE3yJbTaToB
HHKeHepHOH GatnMeTprdeckoi ceemku / 0. I'. @upcos, 1. B. Koxyxos // BectHuk
l'ocynapcTBEHHOTO YHHMBEpCHTETa MOPCKOTO W pedHoro (ora MMeHH aaMupana
C. O. Makapoga. — 2014. — Ne 2 (24). - C. 17-23.

2. Lindsay Gee. New Tools for Water Column Feature Detection, Extraction and
Analysis / Gee Lindsay [et al.] // Sea Technology. — October 2014. — P. 27-30.
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OIJISIJl CYYACHUX CUCTEM TA MOJEJEM /151 KEPYBAHHS
I'PYITAMM POBOTIB TA AJITOPUTMIB PO3IIOALTY
MOCTABJEHMX iM 3AJTIAY

VY cy4acHOMY CBITI MIKpOITPOLIECOPHOT TEXHIKM BCE CTPIMKIIlIEe PO3BHU-
Ba€ThCS pOOOTOTEXHIKAa. BOHa crajia OJHUM 3 HAWBAXKIMBIIIMX HAINPSIMKIB
HAYKOBO-TEXHIYHOT'O IIPOrpecy, ke 00'¢IHye MEXaHIKy, eIeKTPOHIKY 1 IITY-
YHUH IHTEJICKT.

Byxe Ha maHOMy erami pO3BUTKY YCIHIIIHO 3aCTOCOBYIOTHCS pOOOTH B
Pi3HHUX 00JIACTSIX TAKUX SIK:

— MEIWIINHA, J1¢ pOOOTH IOMIOMAraroTh i POBOISATH B XIpyprivHi onepa-
i;

— MIPOMHUCIIOBICTb, HA CKJIAIAIBHUX KOHBEEPAX;

— BilicbKOBa pO3BifKa, K Oe3mioTHUX JiTanbHuX anapaTiB (BIIJIA);

— CLIBCBKE TOCIIOIAPCTBO, I «MOHITOPHHTY» 1 aHAJi3y CLITbCHKOTOC-
MOAAPCHKHX KYJIBTYD;

— KOCMIiYHA MPOMHCIIOBICTb, JJIs1 AOCHIDKCHHS B 30HAX HEOC3MCUHHMX
a00 Ba)XKOIOCTYITHHX JUIsl JIIOAWHY, HalIpuKiaa, Mapca;

— 1o0yT, HATIPUKIIA], POOOT-MUIOCOC;

— PO3BarH.

IarenexryansHi podotu (IP) BuKOpHCTOBYIOThCS B OaraTbox 00J1acTsX
HAYKH, TEXHIKH 1 IIPOMHUCIOBOCTI, B TEPIIy YEPry TaM, M€ YKUTTEIISUTBHICT
JOOUHE a0 YTpyAHEHa, ado B3araji HEMOJIIMBA, HAPHKIAl, B 30HaX pa-
JII0OaKTUBHOTO a00 XiMiYHOTO 3a0pyTHEHHS, B yMOBaX OOHOBHX Iiii, IPHU TPO-
BEJICHHI MiIBOAHMX 200 KOCMIYHHX JOCIiIKEHb 1 T.1. [lo TemepimHboro gacy
JIOCUTH J0Ope OmparboBaHi OCHOBHI MPOOJIEMH, 3 SIKUMH JOBOIUTHCA CTHUKA-
THCSI PO3POOHHMKAM TP CTBOPEHHI iHTENEKTYalbHUX pPOOOTIB, TaKi, K PO3Mi-
3HaBaHHSI 00'€KTIB 1 clieH, (OpMyBaHHSI MOJeJieil HABKOJIMIIHBOTO CEPeo-
BUIIA, [UIAaHYBAHHS MapIIPYTiB PyXy 1 MOCIIOBHOCTEW il I JOCSATHEHHS
METH, YIPABIIHHS PYXOM 3 ypaxyBaHHSM JHHAMIKH IHTEIEKTyalbHHX po0o-
TiB 1 T.2.

VY Toii %e yac 3po3yMiJio, 110 OIMHOYHHH POOOT, SIKUM OU iHTeJIeKTya-
JILHUM BiH He OyB, MOXK€ BUKOPHUCTOBYBATHCS TUIBKH JUISI BUPILIEHHS IESKHX
NPUBATHUX 3a/ad a00 BHKOHAHHS OCHTh NMPOCTHX OIEpaliil, OCKIIEKH BiH,
SK MPaBUJIO, Ma€ MOPIBHAHO MaJMMH MOXIIMBOCTSIMH JJI BUKOHAHHS I10CTa-
BJICHOT BEJIMKOMACIITA0HOT 3aBIaHHSI.

! Kann. TexH. Hayk, o1, kad. ITE3 3HTY
% Acripant ka¢. ITE3 3HTY
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[lepeBaru rpymnoBoro 3acTocyBaHHs poOOTiB odeBuaHi. Lle 1 OimbImii
paniyc Aii, 110 JOCATAETHCSA 3a PaXyHOK PO30CEPEHKCHHS pOOOTIB MO BCii
po0ouiii 30Hi; 1 po3mrpennii Habip BUKOHYBAaHHMX (YHKIIIH, 10 JOCATAETHCS
3a paxyHOK YCTAHOBKM Ha KO>KEH pOOOT iHIUBIIyalbHUX BUKOHABUMX IPHU-
CTpOiB; 1, HapemITi, OUTHII BHUCOKA WMOBIPHICTh BUKOHAHHS 3aBIAHHS, IO
JIOCATAETHCS 32 PaXyHOK MOJIIMBOCTI MEPEepO3MOALTy Hiied Mix poboraMu
TPYTH B pa3i BUXOAY 3 JIAAy AeSKuX 3 HuX [1].

HafiBaxxnuBimmM 3aBIaHHAM POOOTOTEXHIKU € PO3BUTOK i CTBOPEHHS
HOBHX MOJEJNEH 1 aNropuTMiB U yNPaBIiHHS TpymamMu POOOTIB, a TaKOX
OITHUMI3ALIICIO 1 MOIIMIIEHHAM B3acMOIIT MK HUMH.

EdexTrBHICTS BUKOHAHHS ITOCTABJICHOTO 3aBJaHH IJIs TPYIH pOOOTIiB
0araro B 4YOMY 3aJI€XKHTh BiJi 00paHOi cTparerii KOJIEKTHBHOTO YIPABIiHHS.
Po3pi3HAIOTH LIEHTpai30BaHi 1 JCLEHTpaTi30BaHi CTpaTerii yIpaBIiHHS.

[Tpu 1eHTpanizoBaHUX CTPATETisX YNpPaBIiHHS ICHYE NESKHW IEHTpa-
JIBHUH TIPUCTPiN yNpaBiiHHSA, SIKOMY JOCTYITHa iH(pOpMAIis Mpo CTaH BCIiX
PpOOOTIB rpynu i HABKOJIMIITHEOMY cepenoBuILy. Kepyrounii mprcTpiii oriHioe
MIOTOYHY CUTYALIIO 1 MpUiMaE pilieHHs 1po Jii poOOTIB IpyIIH.

Jlo nenieHTpanizoBaHUM CTPATETisIM YIPaBIIHHS BiTHOCSTD:

— KOJICKTHBHI, 13 3aralTbHAM KaHAJIOM 3B'SI3KY IUISI BCIX POOOTIB;

— 3rpaiiHi, 63 KaHaIy 3B'S3KY;

— poHoBi cTparerii ympaBiiHHS, 3 KaHAJIOM 3B'S3KYy B OOMEKEHOMY
mpocTopi [2].

Ha manomy erami po3po0Oka mporpaMHOro 3a0e3nedYeHHs, alrOPUTMIB 1
MoJieIeld Uil yIPaBJIiHHS TPYIOI0 POOOTIB € OLIbII NMPIOPUTETHOI0 METOIO,
HIK po3po0Ka anaparHoi 1 MeXaHiYHOT YaCTHH.

Takum unHOM, poGIIEMa IpyNOBOTO KEpyBaHHS pOOOTaMH € JyKe aK-
TyasibHOIO. [i pillleHHs! 103BOJIUTH POSIMPUTH 06JIACT] 3aCTOCYBaHHS POGOTIB
1 BIOCKOHAJIMTH BXKE ICHYIOYI.

Ilepeik nocunanb

1. Kanyctsan C.I'. Meron opraHu3anyy MyJIbTHar€HTHOIO B3aUMOJEHCTBUS B pacil-
pEeIeIeHHbIX CHCTEMax YIpaBJeHHs IPYIIIOi pOOOTOB IPH PELICHHU 331a4d HOKPBI-
tHs miowany // «MckycerBeHHbId uHTEIEKT 3°2004. 2004. —c. 715-727.

2. WBanoB /1.51. Mcnonp30BaHHe NPUHLUIIOB POEBOr0 MHTEIUIEKTA Ul YIPABICHHS
LIeJICHAIIPABIICHHBIM [IOBEICHMEM MAacCOBO-IIPUMEHAEMBIX MHUKPOPOOOTOB B 3KCTpe-
MaJIbHBIX ycinoBusx // V3Bectus Boicimx yueOHbIx 3aBeneHuid. 2011. Ne9. C. 70-78.
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Mamuii O.10., Crenypa P.B.2

CUCTEMA ABTOMATHU30BAHOI'O MOHITOPIHI'Y IIOTOKY
BAHTAXKHUX MAIIIMH YEPE3 MOCTH JIVIAA 3AIIOBIT'AHHSA
PYMUHYBAHHS KOHCTPYKIIIA TA IOKPUTTSA

B nmaHwii yac TpaHCHOPTHI CUCTEMH BiJirparOTh HAWBAKIIMBINLY POJb Y
CBITOBI# TrocroapchKii cucTeMi. Baropuii KOHTPOIb aBTOMOOLITEHOTO MMOTOKY
CHpsIMOBaHMI Ha 30€peeHHs 1 3aXUCT aBTOMOOUIBHUX JIOPOTH IHXXKEHEPHHX
KOHCTPYKIIH TaKWX SK MOCTOBI IlepenpaBi. € BCTaHOBJICHI HAaBAaHTAKEHHS SIK
OCBHOBI, TaK i MO 3araybHIM Maci, siKi 3a0e3MeUyoTh 30epeKEHHS JJOPOKHBOTO
TIOJIOTHA Ta IHKEHEPHHX CIIOPY/I, 30KpeMa, MOCTIB 1 repexoiB (puc.1).

CporoziHi KOHTPOJIb BaroBUX IapaMeTPiB BEIMKOBAHTAXXKHUX TPAHCIIO-
PTHHX 3ac00iB 3IIMCHIOETBCA Ha CTAllIOHAPHHUX MOCTaX BaroBOI'O KOHTPOIIIO
(CIIBK), obnagHaHnx aBTOMOOUIBHUMH BaraMy IOOCHOTO 3Ba)KyBaHHS. [l
iX yCcTaHOBKHM 3a3BHYail BHIULIETHCS OKpeMa CMyra pyxy, ajle depe3 Maiy
MIBUJKICTh 3B)KyBaHHS NPOIYCKHA 3IaTHICTb TaKWX IIOCTIB, SK IPaBHIIO,
HeBenuKa. Lle npu3BoauTh 10 3BYKEHHS IPOI3HOI YaCTUHH, YTBOPEHHS HU30K
MalllMH, a HEP1IKO i NpOOOK.

Pucynok 1 — I'padix ekBiBaJCHTHHX HAaBaHTAKEHb :

1 —nopma €spokona LM1; 2 — Hopma Ykpainu Al5.

Jns 3a6e3nedeHHs Ge3nepepBHOCTI TPAHCIIOPTHOTO MOTOKY, 3 METOIO
YHUKHEHHS BUHUKHEHHS NMPOOOK Ha ITyHKTaX KOHTPOJIO MAacH aBTOMOOINIB,
10 B'DKIKAIOTH HA MOCTH 1 BUKJIIOUSHHS JOAATKOBHX BUTPAT Ha OILIATY IIpa-
i MepcoHaly, ONTHMAIbHIM € BUKOPUCTaHHS aBTOMATH30BaHUX CHUCTEM KO-
HTPOJII0 MacH MallliH B Pyci.

ITyHKTH BaroBOoro KOHTPOJIIO PO3CTABIISIOTHCS BUXOSUH 13 CHIEHU(IKH
MapIIpyTiB NepeBe3eHHs BaHTaxiB. OCHOBHE 3aBJaHHS IUX IyHKTIB — IpPH-
MTUHUTH TICPEBUILCHHS HABAaHTa)XEHb 1 KOMIICHCYBATH Ti 30MTKH, SIKMX 3aBJIa€
Joporax i Mocrax. Ha micieBux goporax IMyHKTH BaroBoro KOHTPOJIIO TIOBH-
HHi OyTH OpraHi3oBaHi OpraHaMH MiCIIEBOTO CaMOBpsAyBaHH:. [lopymreHHsS
IO Ba3i aBTOTPAHCIIOPTY (PiKCYIOTHCS, 1 Ha IX MiJCTaBi CIIy>KOOIO0 3 HATIALY B

! Kann. TexH. Hayk, o1, kad. ITE3 3HTY
% Crym. tp. PT-513m 3HTY
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cdepi TpaHCIIOPTY MOKe OyTH MpOBEACHA IMEpeBipKa Ha MigNpUEMCTBI. B
X0[i Hel 3'ICOBYEThCS, 3 SKOi NPUYHUHH BiIOYBA€EThCS TMEPCBAHTAKCHHS
TPAHCIOPTHUX 3aC00iB, i TOJII HAKJIAZAETHCSI BiAMOBINATBHICTh HA KCPIBHHIIT-
BO MIiANPHEMCTBA.

ITyHKT aBTOMaTH30BaHOTO BarOBOTO KOHTPOITIO — 1€ Bard, BMOHTOBaHI1
B TIOJIOTHO JOPOTH, MIPHU3HAYCHI JUTsI TUHAMIYHOTO 3BaKYBaHHS 1 3’€THaHI 3
KOMI'IOTEpOM MIAKIIOYCHAM JI0 cepBepa. MalnHa 3BaXKyeThCS B pyci Js
rorepeHpoi OIiHKU. [Ipn piBHOMIpHOMY pyci Bara BH3HAYA€THCS OLTBIT TO-
YHO, TIPY HEPIBHOMIpPHOMY — HaBaHTa)KEHHS MOXe mepeposmomimarucs. Ta-
KOXX BIUIMBAIOTh TaKl YHHHHUKH: 3 KOO IIBHUIKICTIO 3aDKKAE BOIIM, SKHH
MaiiJaH4YMK Tepe]] 1 3a Baramu, HaCKiIbKA BOHA piBHA. ABTOMAaTH30BaHa CHC-
TeMa BU3HAYaE, 10 MPHU JAHUX BiJCTAHSAX MK OCSIMU € TIEPEBHUILIEHHS OChO-
BUX Mac. Y M0 CyMy BKJIIOUA€ThCS 1 moxuOka cuctemi. [Ticns monepeqHporo
BU3HAYCHHS TICPEBUILICHHS Bard MallllHA TOBUHHA OyTH MOBTOPHO 3Ba)KEHA B
CTAaTUIHOMY PESIKUMIi, TOMY BOHA 3YITUHIETHCS 1 BUBOJIUTHCS 3 CMYTH PyXy. Y
JTUHAMIYHOMY PEKHMMI IMOXHUOKA JOCUTH BEIIMKA, BOHAa Moxke nocsrata 100 kr
Ha BICbh, a iHOA1 1 500 KT Ha BiCh.

3rigHo 3 HOPMAaTHBaMU 3arajbHa Bara CTaHAAPTHOI (ypH pa3oM 3 BaH-
TakeM 38 TOHH: 8§ TOHH Ha Bich i 10 TOHH Ha TIepeHIo 1 3aHI0 Ooci Tarada. Le
CTaHIAPT BUXOISIYHN 3 TEXHIYHMX XapaKTEPUCTHK Hammx popir. o cux mip y
HAC HOPMATHBH 3aJIMIIAIOTHCS HIKYUMH 3a €Bporerceki (puc.l). Tam HoOp-
MallbHOIO BBXXA€EThCSI HaBaHTaXXeHHs B 11,5 TOHHM Ha Bich, y DinnsHail uei
MOKA3HUK II[¢ BHIIE, alle¢ Y HAC SKICTh JOPIr HE BIJMOBIJa€ €BPONMECHCHKUM
HOpMaM, TOMY 3arajibHi CTaHAapPTH HEBHCOKI.

Po3paxyHOK 30UTKIB JOpPOrH OOYHUCIIIOETHCS BUXOISYM 3 BIJICTaHI,
PO3Mipy MEepEeBUIICHHS OCKOBOTO HaBaHTXKEHHS 200 3arajibHOI MacH.

Jlist 3BasKyBaHHS aBTOMOOLTIB iCHY€e KiJlbKa pi3HOBHIB Bar: e IJat-
(dopMHI Baru AJis 3BaXKyBaHHS B CTAaTHUII (i3 3ai3710M aBTOMOOLIsI 200 aBTOIIO-
i31a Ha Baru), Bpi3HI I 3BaKyBAHHS K B CTAaTHUI, TaK i B AMHAMIII, 1 Iepe-
HOCHI JIJIsI TIOKOJIECHOTO (2 B pa3i CyMiIIeHHs MapH IUIaThopM — MOOCHOTO
3BaKyBaHH#). [ligKiaani Baru 3a3BU4ail MEHII TOYHI.

IepeJik nocunanb

1. Amomms, C. A. Monenu, MEeTOAbI U IPOrpaMMHBIE CPENICTBA TIOCTPOSHHS CIIOKHBIX
aIalTUBHBIX CHCTEM JOPOXKHOTO IBIDKEHUS: aBToped. muc. Ha conckanme ydeH. cre-
meHn KauAa. TexH. Hayk : cmel. 05.13.11 «MaremaTndeckoe W TpOTrpaMMHOE
obecrieue-HUe BEIYHUCIUTENBHBIX MAalIWH, KOMIUIEKCOB M KOMIBIOTEPHBIX CETEH»;
05.13.01 «CucremHBIi aHanmu3, ympaBleHHe H  00paboTka HH(MOPMAINH
(B na(opManmoHHEIX cuc-TeMax)» / C.A. AmroumH. — Mocksa, 2011. — 22 c.
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ABTOMATMU3AIIA 360PY JAHUX VIS POPMYBAHHA
CTATUCTUKHU BIJHOCHO CIIIBBITHOILIEHHSA TIIB, IIIO
3JIAIOTHCS B IKOCTI BTOPUHHOI CHPOBUHH BIJTHOCHO
3ATAJIBHOI KINIBKOCTI

Croroani B Ykpaini Ha 1 KuTess IIOIHS JOBOAUTHCS 10 1 KI' TBEpAUX
NMoOYTOBHX BIZXOIB. 3 POCTOM JI0OpPOOYTY HaceneHHs KUIbKICTh BiIxoaiB Oyne
IIOPIYHO 30UIBLIYBATHCS, 11O BXKE TIPU3BEIO, 1 Oy/ie IIPU3BOIUTH 10 HOSIBU BEIH-
YE3HOI KUTBKOCTI CMITT€3BAJIMII Ta TIOJITOHIB ISl 30epiraHHs. SIk HACTIIOK BH-
HUKJIAa HEOOXiHICTh HE TUTBKU B PO3MOALT TBepauX mooyToBux Binxonis (TTIB)
ITBI OyAiBENbHNX MaTepiaiiB, BUPOOIB Ta KOHCTPYKIiH. YTIPaBIiHHS MTOBODKEH-
HSM 3 BiZIXO/IAMH BiJlirpae 3HAYHy POJIb B €KOHOMIIIi KpaiHH i MicTa.

Minexkornorii Ykpaiau me B kiami 2016 poky monaB mepriuidi BapiaHT
npoekty HarionanpHOI cTparterii HOBOMKEHHS 3 BIAXOIAMH Ta BHCTaBHIIO
fforo Ha rpomanceke obdroBopenHs. Jlo 2022 p mMponmoOHYyeThCS CTBOPUTH Me-
PeXKy LEHTpIB MpUHOMY MOOYTOBHX BIIXOJIB y BCIX HACENCHHX IMYHKTax
VYkpainu 3 HaceneHHsIM Ounbine 50 Trcsy yosoBik (ix 140). Taki neHtpu 0y-
JIYTh CIIy’)KUTH Ui 300py 1 30epiraHHs HeOe3neyHHX MOOYTOBHX BiJIXOIIB,
BEJIMKOrabapuUTHUX BiIXOAIB (MEOJIIB, BEIUKHX IPEIMETIB JIOMAIIHHOTO
Y)KUTKY 1 T.JI.), BTOpHHHA CUPOBHHA (B TOMY 4Yucili OaTapeiok i akyMyJisiTo-
piB), CaIOBUX BiAXOMIB, a TAKOXK OyMiBETHHUX BiIXO/IB JOMOTOCIOJAPCTB.

o6 po3ymitu o6csar TIIB, 1o 31a€Thes B IKOCTI BTOPUHHOT CHPOBH-
HU 1 MJUIATa€e MOJANBIIOI IepepoOKH MO BiTHOMICHHIO JI0 3aTajbHOTO 00CATY
BrupoOmoBaHuX HaceneHHs T1IB, HeoOXigHO BIPOBAIKYBAaTH CHCTEMY O0IIi-
Ky KUTBKOCTI BiIXOZi, IO 34al0ThCS. BIpoBa/KeHHS TaKWX CHCTEM Ha Til-
MPUEMCTBAX 3 MPUHOMY Ta HEPEepOOKH BTOPUHHOI CHPOBHHHU JI03BOJIUTH OLi-
HUTHU PIBEHb CKOPOYEHHS IUIOL] 3BAJIMIIL, a TAKOXK JIO3BOJIUTH Oi3HECY 3aXHC-
TUTH CBOT IOXO/HX BiJl HEJOOPOCOBICHY MPALIiBHUKIB, SIKI MOXKYTh IPOITYCKaTH
MIPUHHSTY CUPOBUHY TIOB3 MiINPHEMCTBA.

[porpamuo-anaparunii  komruiekc (cucrema) «Scale Connect GPRS
Platform 300» npusHadeHuit mist poOOTH 3 €IEKTPOHHIMH TEH30METPHYHUMH
IaTOpMEHNMHI BaraM 3 MaKCHUMAaJIBLHOIO Meketo 3BaxyBaHHs 300 kr. Jlanuit
MPOTPaMHO-AIApaTHU KOMIUIEKC BUKOPHCTOBYETHCS JUISl PEECTpallii, 00Ky Ta
30epiraHHs JaHWX pe3yJIbTaTiB 3Ba)KyBAaHHS BaHTAXIB (Ha cepBepi) 3 MOXKIIHBIC-
TIO BUOOpY HaHMEHYBaHHs BaHT)Xy 3a JIOTIOMOT'OI0 KJIaBiaTypy BaroBOTO TEpMi-

! Kann. TexH. Hayk, o1, kad. ITE3 3HTY
% Crym. tp. PT-513m 3HTY
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Haty. MOXIIMBICTh BiZJJaJIeHOTO BBOIY IiH Ha MPOAYKLIIO (Ha cepBepi), 1HIMBI-
JyaJbHUX JJI KOXKHOTO €K3eMILIIpa CUCTEMH, KOPHCTYBau MOKE MPOBOUTH HE
TUIBKK OOJIIK TOBapOOOIry BaHTAXIB, 1110 3BAYKYIOThCSl Ha BArOBUX TEpMiHANaX, a
i cKJ1aaTH 3BITH 1po (piHAHCOBOMY €KBIBaJIEHTI IIbOTO TOBAPOOOIry.

ToBap, /U1st SIKOTO NMPOBOANTHCS 3BAKYBaHHSI BUOMPAETHCS 110 HOTO KOy
(cTICOK KOZIB TIOTIEPETHHO BBOAWTHCS aIMIHICTPATOPOM CHCTEMH B CEpBEpHIi
vactuHi). [Ticis HatrckanHs KHONKH «C» cHcTeMa BKaXe y APYTOMY PSAKY LiHY
3a | KT BaHTaxy, a B TPEThOMY PSZIKY BBEJICHUI KOJ] TOBApY, a B MEPLIOMY PAIKY
Maca BaHTa)Xy BCTaHOBJICHOTO Ha IIAaT(OpMy 1 JaHi PO 3BaXKyBaHHS aBTOMATH-
YHO BIINIPaBIISATHCS HA cepBep 3 BukopucTanusiM GPRS 3'ennanns (puc. 1)

Lol ol argl [SdrAErf S E| n
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Pucynok 1 — ITociiioBHICTS poOOTH 3 CHCTEMOIO IIPH 30MpaHHI CTaTUCTUKH

VYci npoBenieHi 3aMipy aBTOMATUYHO BiANIPABISIOTHCS HA CepBEp Ha
SKOMY KOpPHCTYBau MOXKE TNeperyisiiaTH CTAaTUCTHKY 1O KOXKHOMY BHIY
BTOPHHHOI CHPOBHHH y PO3Pi3i OKPEMHUX TOYOK MPHHOMY BTOPUHHOI CUPOBHHH,
TUIy BTOPMHHOI CHPOBHHH, Jialla3oHy 4Yacy. MaroyM CTaTHCTUKY CTOCOBHO
3arajibHOI KUTBKOCTI BIIXO/IB, 110 BUPOOJISIOTECS HACEICHHSIM MOYKHA TIPOBOJIH-
T OIIHKY JWHAMIKH HapocTaHHsA 4u 3MeHIIeHHs TIIO Ha 3BaymImax OKpeMux
oOJacTell Ta HaCENCHHUX MYHKTIB, a TAKOXK 3arallbHy JUHAMIKY 10 YKpaiHi.

Pucynok 2 — MoHTax anapaTHO{ YaCTHHHU y BarOBHIl TepMiHal

[epeBaroro cucTeMu € MOXKIHMBICTh 11 pOOOTH 3 IIUPOKUM MOJICTBHUM
pSIOM BaroBUX TEPMIHAIIB, LIO BHUITYCKAIOTBCS PI3HUMH BHPOOHHKAMHU
(Brurovaroun BUpOOHUKIB 3 KuTaro) 6e3 3aMiHM BaroBux TepMiHAIIIB Ha IiJ-
MIPUEMCTBAxX 300py BTOPMHHOI CHPOBUHHM Ta 0€3 BUKOPUCTAHHSI MAMKH TIiJ1 Yac
MOHTaxy (pHuc. 2).

Iepenik nocuiians

1. Bacrora O.A. IIpo6nemu exoioridaoi crparerii YkpaiHi B KOHTEKCTi INT0OAIEHOTO
possutky/ O.A. Bacrora. — K., 2016. — 238 c.
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METOJUKA BU3HAYEHHA KIVIBKOCTI JATYUKIB BOT'HIO TA
IX PO3TAIIIYBAHHSI HA OBEKTI IIPU BUKOPUCTAHHI
CUCTEMU ABTOMATHUYHOI'O ITOXKEXOI'ACIHHA

Ontuko-enextponnuii gatunk ( OEJ]) BorHio peecTpye HOTIK ONTHY-
HOTO BHIIPOMIHIOBAHHS Bifl MOJyM sl HEKOOPIHATHUM MeTo oM. J/laT4unk Bor-
HIO Ma€ MpOCTy KOHCTPYKLIIO i BUCOKY YyTJIMBICTh, IO Mi/IBUILY€E WMOBIp-
HICTH BUSIBJICHHS TIOJTyM’sI B YMOBaX 3allMJICHOI cepeloBHIIa. 3a paXyHOK BHU-
COKOTO KYTOBOT'O TIOJISI JATYMKIB BOTHIO 1 XapakTepy iX po3TalryBaHHS 3a0e3-
MIeYY€ETHCSI MOXKIIMBICTh BUSABJICHHS ITOJIyM'sl IO BCbOMY 00’ €My MPUMIILICHHS,
II0 OXOPOHSEThCA 1 MiABHIIYETHCS HANIHHICTD BU3HAYCHHS IPOCTOPOBHX
KoopauHaT moinyM’st. OJHUM 3 eTamiB NP Po3poOIli CHCTEMH € BU3HAYCHHS
ONTUMATBHOI KUTPKOCTI TOYOK KOHTPOIIIO 1 1X po3TanryBaHHS Ha 00’ €KTi, IO
OXOPOHSETHCS.
ITpn BU3HAuYEGHHI KOOPIWHAT MOJYM'ss aBTOMAaTH30BAaHOI CHCTEMH He-
00XiJJHO BUKOHATH PIlICHHS CHCTEMH PiBHSHb:
X, = fLI:HL.- H; e H;:[l
¥ = AR Re o R )
an = fg ':HL.' R:.l 1 .-HG:[E

1€ X1, YN, zh — KOOPAWHATH TIOYM s1;

Ri, Ry, ..., Rg — BiIHOIIEHHS BUXIJHUX CUTHANIB JATYHKIB BOTHIO;

S — KUIBKICTB BIJHOIIEHb CHTHAIIB JAaTYNKIB BOTHIO.

AHaIITHYHUN omHC PiBHSAHB, IO BXOAATH B cucteMy (1) € mocuts
CKJIaJIHUM 3aBJaHHSIM, OCKUIbKH TTapaMeTpH TOpiHHs (IUIolla, TeMIepaTypa i
T.I1.), III0 BU3HAYAIOTh BUXIJHI CUTHAIM JaTYMKa BOTHIO, 3a3/1aJIeTib HEBIIO0-
Mi. Takox Ha MOKA3HUKH JIATYMKIB BOTHIO BIUIMBAE MPOITYCKAHHS TPOMI>KHO-
IO CepeZoBHIIa y BUTIIAI 38 JUMIIEHOT aTMOC(EpH, SIKE TaKOX HEBIJIOMO.

MeTor0 JOCTIPKeHHSI € BU3HAYCHHS YKcila TOYOK KOHTPOIIO 1 iX mpoc-
TOPOBOTO PO3TAIYBaHHS Ha 00’ €KTI, [0 OXOPOHSETHCS BiJI TIOXKEXkKI IPOMHCIIO-
BOMY 00’ €KTi 711 pO3pOOICHOT aBTOMATH30BAHO! CHCTEMH TIOYKEKOTACIHHSL.

Meroanka BAKOHAHHS PO3PaXyHKY:

1. Bubupaerscst 6azoBuit OEJ] i ckimagaroThcs BiTHOCHHH 3HAYEHHS
BUXIZHOrO curHany (Hampyru) 6azoBoro OEJl m0 3HaueHb CHUTHAIIIB I1HIINX
OEJl — R=U/U, R=U/U, R=U/U. Ilpu cknaaeHHi BiIHOIIEHh BUKOPUCTOBY-
€Thca He MeHII K yoTupu OE/L.

! Kann. TexH. Hayk, o1, kad. ITE3 3HTY
% Crym. tp. PT-513m 3HTY
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2. Po3paxoBy€eThCs BIAHOIICHHS BEIHYMHHM CUTHATy okpemoro OE]]
1o cymu curHaiis Beix OE/]:
Yy
1
Sl @
JIe V — HOMep JaT4YHKa.

IIpu 3aBEaHH] BIiTHOCHH, TAKUM YHHOM, ITepea0adaeThCsl BBECTH ajro-
PUTMIUHY HaJMIpHICTh (BBEJICHHS B PIBHsAHHS cuctemu (1) T0IaTKOBHX Bil-
HOIIIEHb 0e3 30UIbIIEHHS YMciia BUKOPUCTOBYBAaHHX JIaTYKKiB) [2].

3. Bignomenns curnaniB OEJ] MoxyTh OyTu CckilazieHi Ha OCHOBI pi-
IICHHS 3aj]adi PO KOOPAMHATH LIEHTPY Bard CUCTEMH MaTepialbHUX TOYOK,
MPOBOJIAYM AHAIOTIi MiXK MacaMd MaTepialbHUX TOYOK 1 BUXITHUMH CHUTHA-
namu OE] (curHanu Ha Buxojax AaTyukiB Uy, BIANOBIJAIOTh MacaM TOYOK).
IIpocTopoBi KOOPAWHATH MaTEpialbHUX TOUYOK BIJMMOBINAIOTH KOOPAMHATAM
postamryBanus OEJ] [1].

Binnomenns curnanis OE]/] po3paxoByroThes 3a GOopMyITaMu:

poToimly o Bl ol S Uy
: Zf-!. IE'I:.J..l-- L ) Zf-!. IE'I:.J.lr ’ : Z.:E-L IE'I;.:I-.l--

JIis OLIIHKM TIPOCTOPOBUX KOOPIUHAT HEOOXIIHO BUKOPHUCTOBYBATH HE
MeHIre Yotuphox OE/], mpu boMy JaTYMKH HE MOBHHHI PO3TAIIIOBYBATUCS B
OJTHIH IJIOIIHHI.

TakuMm 4uHOM, JJIs BU3HAUCHHS KOOPAWHAT JPKEpesa BUIPOMIHIOBAaH-
HS JUTSL BCIX BapiaHTIB BiJHOIIEHh HEOOXiTHO CKIACTH MiHIMYyM TpPH BiITHO-
menHs curaanie OE]] i BukopucroByBatu MiHiMyM dotupu OE]], mo6 Bupi-
IIUTH CHCTEMY PiBHAHB (1) 3 TphOMa HEBITOMUMH.

PitieHns 3a1a4i BU3HAYEHHS POCTOPOBHX KOOPJHMHAT TOJIyM'ss BUKO-
HYETHCSl HA OCHOBI HACTYITHUX METO/IIB!

— meroj bararodakTopHOT MONMIHOMIAIBHOT perpecii;

— METOJI perpecii HeHPOHHUMHU MEpEKaMUu;

— YHCENIbHI METOJIU PINICHHS CHCTEM HETiHIHHUX PiBHSHb.

Po3risiHyTI MiIXoau J03BOJSIIOTH pealli3yBaTH LIBHIKOJIFOYY MHOTO-
TOYKOBY ONTHKOCICKTPOHHY CHCTEMY BHUSBIICHHS MOJTyM's 1 BU3HAYECHHS HOTO
MPOCTOPOBUX KOOPIUHAT.

Ilepeik nocunanb

1. Babypos, B. II. ABTomMaTH4yeckue yCTaHOBKH IoxkapoTymieHus. Buepa. Ceromms.
3aBTpa : yue6.—cnpas. nocodue / B. I1. babypos, B. B. babypun, B. . ®omun. — M. :
IMoxnayxka, 2009. — 291 c.
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VK 519.71:583.3
Matgeera H.O.!

BUKOPUCTAHHA MAIIMHOI'O HABYAHHSA JJIA
PO3II3HABAHHS 306PAKEHB CUT'HAJIIB

Ha tenepimmniii yac MalIMHHE HAaBYaHHS € OOJIACTIO HAYKOBUX IOCIi-
JOKEHb, SIKE aKTUBHO PO3BHUBAETHCA. Lle MOB'S3aHO SIK 3 MOYKIIMBICTIO IIBUILIIE,
MpocCTillle i JemeBnie 30upaTi 1 00OpoOIIATH IaHi, TaK i 3 PO3BUTKOM METOZIIB
BUSBJICHHS 3 IMX JaHUX 3aKOHIB, 3a SKUMH NPOTIKAIOTh (i3u4Hi, 010J0TIYHI,
€KOHOMIYHI Ta 1HII IpouecH. Y JAesSKUX 3aBAaHHSIX, KOJIW TaKUH 3aKOH BHU-
3HAYUTH JIOCUTh CKJIAJHO, BUKOPHCTOBYIOTh LITYy4YHI HEWpOHHI Mepexi. Ha
CBOTO/IHIIIHIA AeHb HEHPOHHI MEpeXi YCHIIIHO BUKOPUCTOBYIOTHCS JUIS BU-
pilIeHHs TaKHWX 3aBIaHb, K NPOTHO3YBaHHs, PO3Ii3HaBaHHS 00pas3iB, CTHC-
HEHHS JAaHWX 1 PAAY 1HIIHX.

CydJacHUM MiAXOOM /IO PO3Ii3HABaHHS 300paKeHb € 3TOPTKOBI HEM-
poHHI Mepexi. BoHM MalOTh BEJHKY KiJIbKICTh IAPIB, B MOPIBHIHHI 3 KIIaCH-
YHAM 0araToIIapoBHUM IEpPCENTPOHOM. 3a PaXyHOK CIIIBHHUX Bar, SIKi BHKO-
PUCTOBYIOTECS Bifpa3y AEKiIbKOMa HEHPOHAMH B KOKHOMY INapi, BIAETHCS
3HU3UTH 3arajibHy KUIBKICTh HapaMeTpiB Mepexi, siki Tpeba HaBYMTH, 1 Mpu-
CKOPHUTH TpOLieC HaBuaHHs. TakoK, Ha BIIMIHY BiJl 0araToIapoBoro mnepcer-
TPOHA, 3TOPTKOBI MEPEXKi CIIPUAHATIIUBI JI0 TOMOJIOTIT BXiZIHOTO 300paskeHHS.

B po0ori 3armpornoHoBaHO BUKOPHCTOBYBATH 3rOPTKOBI HEHPOHHI Me-
pexi[l] mis po3mizHaBaHHS 300pa)KCHb EJICKTPOMATHITHUX CHUTHANIB, SKi
OTPUMYIOTBCS IIPU CKaHyBaHHS IIOBEPXHI KOMIIO3UTHUX MaTepiaiB.

CurHanu MOXXyTh MaTd BY3bKy YHIMOJaJbHY (opMy, IO XapakTepu-
3y€ JIOBTi TPIIMHY, JOBXHHA SKUX HEepeOiIbIIye 30Hy KOHTPOJIIO; MOJI0KHC-
Ty YHIMOJAJIBHY — JUIsl TPIIIMH MEHIIOT pO3MIpHOCTI; OIMOJNANBHUN BUIIIS]
CUTHAJTY JUISi MAJICHBKHUX TPILIMH (TOYKOBUIT Ae(eKT).

B cuity mopcTkocTi MoBepXHI Ta psAy IHIIMX BIUIMBIB /IO CHTHAIB
JIOJIAI0THCST Pi3HI BHIOM LIYMIB, IO NEPENIKOPKAE MPAaBUILHOMY DPO3IMi3Ha-
BaHHIO ()OPMH CUTHAJIIB.

B nporeci A0CTiPKEHHSI CIIOYATKY BUKOHYBAJIACh IMiJrOTOBKA JaHUX,
3 sKUMHU OyJie mpamoBaTH HeWpoHHa Mepexa. sl CTBOpEeHHS 300pakeHb
curHaiiB po3mipom 21x13 BukopucTOBYBaBcsl OararoyHKIIOHAIEHUN pena-
ktop Adobe Fhotoshop. [l MonenmoBanHs 1IyMy, SIKHi IPUCYTHIiH 1pH cKa-
HyBaHHI TOBEPXHI KOMIIO3UTHHUX MaTepiamiB, po3pobieHa ¢yHKis [2], sxa
JTO3BOJISIE OABATH IITyM-TOYKH JI0 300pakeHb CUTHAMIB (puc. 1).

! Kanx. TexH. Hayk, noreHT kad. EOM JIHY
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Pucynok 1 — YHIMOmansHUH cUrHA 3 25 OIyM-TOUYKaMA

®DopmyeTbes 0a3a CUTHAIIB 3 IIYMOM, 3 SIKOIO OyZe MpaIrfoBaTi Hew-
POHHA Mepexa.

3acobamu cepenoBuia Matlab cTBOproeTbCsl apXiTeKTypa 3ropTKOBOT
HEeWPOHHOT MEpexi, SIKka Mae CiM IapiB: BXiAHUI ap, Mapy 3rOPTKH, PEKTH-
¢ikanii, 00’ exHaHHS, TOBHO3B SI3aHUH IIap, MIapH HMOBIPHOCTEH Ta Kiacu-
¢ikamii. [Tepmmit BxigHui map — mae po3mip 21x13, map 3ropTku BU3Ha4Yae
3ropTky po3mipom 3x3 Ta 10 dinbrpis. B mapi maxPooling 3agaerbest po3mip
¢inpTpiB 2x2. [ToBHO3B s13aHUI IIap BU3HAYAE TPU KIIACH, 32 STKUMHU BUKOHY-
eTbcsa Kiacu@ikamis. [lami BHUKOHYETHCS TIEPETBOPEHHS BUXOMIIB ITOBHO-
3B’513aHOTO IIapy O 3HAUYeHb HMOBIpHOCTEH. BUKOpPHCTOBYI0UM MaKCHMallb-
HYy HMOBIPHICTb Ta MPOIYCKAIOUX Yepe3 1iap kiacuikamii, oTpUMYEMO MiT-
Ky KJiacy, sika Bu3Hauae ()opMy CHUTHAIY.

[TpoBosMMO mpoliec HaBYaHHS CTBOPEHOI Mepexi Ta mepeBipsemMo ii
Ha TECTOBUX NPHUKIIaJaxX. Mepeka Mmokasye XOpolli pe3ysbTaTH, SKIIO LIIyM-
TOYOK 110 25% BiJ 3arajbHOI KUTBKOCTI TOUOK 300pakeHHSI.

Iepenik nocuiians

1. LeCun, Y., Kavukcuoglu, K., Farabet, C.: Convolutional networks and applications
in vision. In: Proc. of the IEEE Int. Symposium on Circuits and Systems (ISCAS). pp.
253-256.(2010)

2. MarBeeBa H.O. PosmizHaBaHHS BizyaldbHHX 00pa3iB CHUTHAIIB 3a JOMOMOTO HEH-
porHoi Mepexi / MarBeeBa H.O., Jlazopenko FO.B. // Cucremni texnonorii: — Per.
MDKBY3. 30ip. Hayk. mpamnbs. — Bum. 1(108), Arinpo, 2017, C. 71-79
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YK 621.3.048.1
Caxno A.A.', Ckpyrckas JI.C.2

AJITOPUTM JTUATHOCTUPOBAHMUSA BBICOKOBOJIBTHBIX
AITITAPATOB B HEITPEPBIBHOM PEXUME

ABapuiiHBIC CHUTYalllH, CBA3aHHBIE C MPOOOEM KOHICHCATOPHOH M30-
JSIIMY BBICOKOBOJIBTHBIX BBOJIOB M TPaHC(OPMATOPOB TOKA, BXOAAT B YHCIIO
OHUX M3 HauboJjiee YacThIX M SKOHOMHYECKH 3aTpaTHBIX. ABTOMAaTH3UPO-
BaHHBIH HENPEPBIBHBIA KOHTPOJb MO paboylM HaNpsDKEHHEM UMEET DSl
MIPEUMYILECTB HaJ/l JPYTUMU METO/IaMH TMarHOCTUPOBaHUsI OJaroaapst BHICO-
KOM NepHOANYHOCTH PErHCTPALMH 3HAYEHUH TMarHOCTHYECKHX MapaMeTpoB.

Haubosee mone3HbIMHM 3KCIUTyaTallMOHHBIMH (DaKTOpaMH, KOTOpBIE
TIOMOTAIOT BBISBUTBH JS(EKThI, ABISIOTCS padodyee HANPsDKCHHE, 4 TAKKE W3-
MEHEHHUsI TeMIepaTyphl W30JILMH, BBI3BaHHBIC KOJNCOAHWSAMH HArpy3Kd H
TEMITepaTyphl OKPYXKaroLIeH cpebl. BaKHOCTH IIepBOro (hakTopa JaBHO H3ydycHa
U JI0Ka3aHa — pa3BUBAIONINeECs Ae(EeKThl B H30JLLMH HEBO3MOXHO BBIIBUTH IIPU
HOHIKEHHOM HCIIBITATEILHOM HAIpsDKEHHH. BO3MOXKHOCTE MCIIONB30BaHUS U3-
MEHEHUS TeMIIepaTypbl N30JLILMH 1 BIMSHMS TEMIIEPATyphl IIPU Pa3HOOOPa3HBIX
ne(ekTax KOHJICHCATOPHOW M3OJIIIMHM M3yYeHa CpaBHHUTENbHO ciabo. [Toatomy
LEJBIO JAHHOM PaboThI SABISIETCS pa3paboTKa alNropuT™Ma JUarHOCTUPOBAHUS IS
CHCTEM HETPEPHIBHOTO KOHTPOJISI COCTOSIHMS allapaTtoB Moj pabodunM Harpshke-
HHEM C WCIOJIb30BaHWEM TEMIEPATypHOI 3aBUCHMOCTH TaHTEHCA YIJjla JIUAJIEK-
TPUYECKHX MOTEph OCHOBHOM M30JISILIMM alapaTroB ¢ OyMa)KHO-MaCISTHOW HM30-
et koreHcatopHoro tuna (BMKN).

HccrenoBanne OBUIO NMPOBEICHO METOIOM HENPEPHIBHOIO KOHTPOJIS
(mepuogmaHocTh OomMH pa3 B 30—60 MuHYT) mox pabOYMM HAmpsSHKEHUEM
(“onmaiin’) BBIOOPKH U3 17-TH MacimoHanoidHEHHBIX BBOIOB 330kB, cpok Ha-
omonernit ot 12 mo 20 MecsmeB B JAWama3OHE TEMIIEPATyp H3OISILUI
-20...+33°C. VYuacrBoBaysin BBoabl Tuma I MTIIA-45-330/1000Y1, I'MTII-
45-330/1000Y1, I'BMTII-0-45-330/1000 3amuteic maciaom tuma K. s
WCCIICIOBAaHUN MPUMEHSUIACh KOMITBIOTEPHAsl CHCTEMa HENpPEepPHIBHOTO KOH-
tposisi (CHK) SAFE-T (OOO «32ueproasromaruzanus» [1]). CHK Beimomnns-
JIa HEMIOCPEACTBEHHBIN KOHTPOJIb 3HAYCHUS TAHT€HCA yIJla JUAIEKTPUIECKUX
noreps (¢gd;) 1 EmxocTH (C;) OCHOBHON M30JISIUN.

JIJist BEIYKCIIEHHS TEMIIEPAaTypbl OCHOBHOM M30JISLIMKM BBOJAA ITPUMEHS-
nace Meronuka [2]. B kauecTBe cpenHei TemmepaTypbl M3OJSLUH BBOJAA
(tinswt), U1 BEPTUKAJIBHO (HAKJIOHHO) YCTAHOBJICHHBIX BBOJIOB HCIIONB30Ba-
Jach 3aBHCUMOCTb:

! K.T.H., moueHT Kapempst DDA 3HTY
cTapmmii mpenogasatens kadeapsr DA 3HTY
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Z‘insul :k'tair +(1_k).tt0p70il > (1)

rae k — temmepaTypHbld KO3((GULIMEHT; #,, — TeMIeparypa OKpYy)Karoleit
CPEIBI; Ly oif — TEMIIEPATYPA BEPXHUX CIIOEB MAca.

B pabote npenyioxeH OUAarHOCTUUECKHN mapamerp f — TeMIieparyp-
HBIIl KOI(QUIMEHT H30JILUK, KOTOPBIA HE 3aBHCHT OT aOCOJIIOTHBIX 3HAYe-
HHU{ TaHIeHCa yIyia JTUAIEKTPHYECKUX IOTeph KOHKPETHOTO BBOJA, & TaKKe
OT paccMaTPHBAEMOr0 JHAlla30HA TEMIIEPaTyp, YTO JeJaeT ero YHUBEpCab-
HBIM JHarHOCTHYECKHM KPUTEPHEM.

tg61 (tinsul—l) - thl (tinsu/—Z)

Linsul-2 ~ Linsul-1 ’

B = arctg )
THC fip5,.; — OOJEE HU3KAS TeMmepaTypa u3oisun, °C; t;,,. » — 0oiee BBICO-
Kas TeMueparypa usoisnu, °C.

[IpemnokeHHBI ANTOPUTM AWATHOCTHPOBAHUS HM3OJIHMH anmlapaToB
OCHOBAH Ha PE3yJIbTaTax, MMOyYeHHBIX aBTOPaMH PaOOTHL, a TAKXKE Pe3yJIbTa-
tax omyomaukoBaHHBIMHU [I.M. CBH B [2] ¥ COCTOUT U3 HECKOIBKUX ITAIIOB!

1. CoOop 1 moAroToBKa HEOOXOAMMBIX TaHHBIX;

2. OrmeHkKa TMHEHHOCTH 3aBHCUMOCTH TaHI'€HCA YIJIa AUIIEKTPHUECKUX
HOTEPh OT TEMIIEPATyphl;

3. Ecnu 3aBucMMOCTh IpU3HAHA JIMHEHHOM, TO JIENaeTCs NTUarHOCTHUIE-
CKO€ 3aKJIIOUCHHE Ha OCHOBaHMU Kod(huuunenTa B, 3Ha4eHUs KOdd-
¢unuenrta menee 0,02, Ha OCHOBAaHUM SKCIIEPUMEHTAIBHBIX JITAHHBIX,
COOTBETCTBYIOT pab0YeMy COCTOSHHIO alapaToB;

4. Ecnm 3aBHCHMOCTH IIPU3HAHA HEIMHEHHOH, TO pacueT TeMIepaTyp-
HOTO KOX((PHUIHUEHTA U THATHOCTUIECKOE 3aKIIFOUCHAE (POPMHUPYETCS
Ha OCHOBAaHUH MOJICJH U aJITOPUTMa, TIPEATIOKEHHOTO B [2].

IlepeyeHb cCbLIOK

1. CucreMbl MOHHTOPHHTa BBICOKOBONBTHOTO obOopynoBanus SAFE-T: (odurmans-
el caiit OO0 «DHeproaBToMaTH3aus») [DaekTpoHHBIH pecype]. — 2018. Pexxum
noctyna — http://www.enera.com.ua/.

2. Csu I1.M. Metonp! u cpeacTBa IMarHOCTUKH 00OpYIOBAaHMS BBICOKOTO HATIpsDKe-
wus / I1. M. CBu. — M. : DHeproaromusaar, 1992 — 240 c.
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YK 004.42
Tounmuu C.J1. '

KPOCCILIAT®OPMEHHBII BUPTYAJIbHBI BOJIbTMETP-
CAMOIIUCEI C 12-PA3PSIJTHOM CUCTEMOM CBOPA JIAHHBIX

B Hactosimee Bpemsi pa3paOOTKa BHPTYaJlbHBIX HMPUOOPOB SBISIETCS
aKTyaJIbHOU 3a7auei.

[pu paboTe BUPTYyaNbHOTO U3MEPHUTEIBHOTO MPUOOpa aHAIOTOBBIE CUT-
HaJIbl OT JATYMKOB IPEJICTABIISIIOTCS B LU(PPOBOM BHUJE C HOMOIIBIO CUCTEM
cOopa TaHHBIX HAa OCHOBE aHAIOTO-II(POBBIX IpeodpazoBareneit (ALIIT).

Ha coBpeMEeHHOM pBIHKE 3JIEKTPOHHBIX KOMIIOHEHTOB AOCTYITHBI MHK-
pokouTpotepHbie miathl Arduino™. MIX MOXHO 3amporpaMMHpPOBaTh B Ka-
YecTBE CUCTEM cOOpa JaHHBIX AJISI BUPTYAIBHBIX IPHOOPOB.

[Tmata Arduino Mega 2560 umeer B cBoeM cocrtaBe 10-paspsmHbie
ANII. TIoBeICHTH pa3psATHOCTh AHAIOTO-IU(PPOBOTO TpPeoOpa3oBaHUs, MpU
ucnons3oBannu Arduino Mega 2560, no3Bosser noakiouenue k veit AL ¢
paspsitHOCTRIO HGonee 10, KoTophIe Ipu CBOEH paboTe MCIONB3YIOT, B YACTHO-
ctu, SPI-untepdeiic.

B nannoit pabote ObUT pa3paboTaH KpoccIuiaTGOPMEHHBINA BHPTYaIb-
HBIA BOJIBTMETP-CAMOIIUCEL], COCTOSIIUN U3 12-pa3psmHON CHUCTEMBbI cOopa
nannbix (CC/I) u xomnbrorepHoit iporpammsel (V12 Recorder), coznanHoi ¢
TMIOMOIIBIO fA3bIKA MPOrPAMMHpOBAHHUS Java' ", KOTOpas ympaBisuia padoToi
npubopa M oToOpaxkaja pe3ysibTaThl M3MepeHHi. BonbTMmerp m3mepsin Ha-
npspkeHue B quanasone 0-5 BonsT 1 necnons3zosan natepdeiic RS-232.

ITpu srom CCJ] 6pu1a coznana Ha ocHOBe miatsl Arduino Mega 2560,
K KoTopoil momwmouancs 12-paspsmomerii AL MCP3201 ¢ SPI-
uHTepdeiicoMm oOMeHa JaHHBIMH, PaOOTaBLIMH COBMECTHO C IOBTOPUTENEM
BXO/IHOTO HanpsbkeHus Ha Rail-to-Rail onepaunonnom ycunurene OPA340.

B Toxe Bpems, mporpamma V12 Recorder mmena rpadudecknii mH-
tepdeiic monp3oBareins. C ero NOMOIIBIO 331aBaJIaCh MEPUOJUYHOCTh MPOBE-
JICHUS] I3MEPEHUH HAINPsDKEHUs! BUPTYaJbHBIM BOJIETMETPOM U JUTUTEIBHOCTh
MX TPOBEACHUS, a TAKXKE OCYILIECTBIISJICS 3aIyCK, OCTAHOBKAa U BO300OHOBIIE-
HHE pabOThI CaMOIHKCIIA.

IIpn pabore BupTyasbHOrO MpHOOpPa B OKHE IPOTPAMMEI
V12 _Recorder oToOpaxanock YHCICHHOC 3HAYCHHUE ITOCICAHETO M3MEPCHUS
HaNpspKeHUS! ¥ BpEMEHH €To MPOBEJCHUS, a TAKXKE IPE/ICTaBIEHUE BCEX 3ape-
THCTPUPOBAHHBIX JaHHBIX B TrpaduueckoM u TabnuaaoMm Bupae. [Ipu sTom
MIOJIH30BATENb MPOrPaMMbI UIMET BO3MOXKHOCTh yJAIUTh JTaHHBIE M3MEPEHUH
WJIM COXPaHHTh UX B (aiinax ¢popmara *. csv.

'kan1. us.-Mat. Hayk, gor. SHTY
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B toxe Bpems npu noaxitodennu k OPA340 temnepaTypHOro AaT4u-
ka (LM35, LM315, LM325 unu ap.), Ha KOTOPOM B pabodyeM peKrMe Ha-
npsbkeHue Bo3pacTtaeT Ha 10 MB mpu ero HarpeBanuu Ha 1 K, BoabTMeTp-
CaMOIIMCell, Hapsily C HalpsHKCHHEM, MOT PErHCTPUpPOBaTh M OTOOpakaTb
COOTBETCTBYIOIIYIO €My TeMIeparypy. B 3THX HensX MCHOJIb30BajICs JIOMO-
HUTENBHBIA  CcTONMOE]  TAaOMUIbBl  J@HHBIX ~ M3MEPEHHH  MPOrpamMMbl
V12_Recorder, KOTOpBI MOSBILICS B TAOMHIIEC B CIIy9ae YCTAHOBKH (hIaXkKka
(T, C) B «BrumtoueHHOE» cocTosiHKE. [IpH 3TOM Ha Tpadudeckoil maHeNn Tak-
e JIOTIOJHUTENIBHO OTOOpakalich BPEMEHHAs 3aBUCHMOCTH TEMIIEPATYpPbI
JaT4MKa ¥ COOTBETCTBYIOIIAs €1 IIKasa.

Ha puc.1 npuBeaeHo okuo nporpamMmsl V12 Recorder ¢ naHHBIMU 13-
MEpEeHUH HaIPsHKEHUsI ¥ TEMIIEPaTypbl JUIs OTPYKEHHOTO B BOJY JaTYMKa
LM325, nmosrydeHHBIMHE B TIpo1iecce OCThIBaHMS Boabl oT 95 °C mo 45 °C.

\F12_Recorder E]@
File Help
38 VOLTAGGE, ¥ TIME, 5
5 — :
36 .38z || 270000
3,4 Port T.E
X a0 _
3.2 =
- Period, s Interval,s
" 85 [180.0 e |
2,8
2,6 80 [ Open ][ Clear }
24 [ Start IE Stop i
oo 75
ﬂj' i Measurernent Data
220 Qg N Yokage, ¥ Time,s | T.C |
518 = 3 3.544 000 (5125 A
3.6 . 4 3486 540.00 7545 |
5 3.438 7e0.00 7075 | |
L4 3 3.397 o000 [eess | |
1,2 60 7 3.359 108000 [62.75
10 g 3331 126000 59.95 | |
y 55 ] 3.300 1440.00  [56.85
0.8 10 |zzee 520,00 5545
0,6 : 11 [3.265 1600.00 53.35
g 50 \\ 12 3247 1980.00  [51.55 |
y = 13 [3.esl 216000 [49.95
0,2 45 T 14 3.201 2340.00  [46.35 |
0,0 15 [5.190 s5e0.00 4585 ||
a 500 1000 1500 2000 2500 16 3.182 2700.00 45.05 | ¥|
Time, s

Pucynok 1 — Okxo nporpammel V12 Recorder ¢ maHHBIMU H3MEpEHHIA
HaTPSDKEHUS U TEMIIEPATYPHI, TOTYYSHHBIMHE IS IOTPY>KEHHOTO B BOIY
natunka LM325 B npouecce OCThIBaHUS JKUIKOCTH
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YJIK 004.42:535.361
Tounmuu C.J1. '

KOMIIBIOTEPHOE MOJAEJIMPOBAHUE CIIEKTPAJIBHBIX
3ABUCUMOCTEM OTPAKEHHUSA BUJIAMOI'O U3JTYUYEHUS
CBETO®UJIBTPAMU HA OCHOBE ®OTOHHOI'O KPUCTAJLUIA

B HacTosiiee BpeMms IMPOBOAATCS WCCICIOBAaHMs HalpaBJICHHbIE Ha
UCIIONIb30BaHKe (U3MYECKUX CBOMCTB (oTOHHBIX KpHcramuioB (PK) B npu-
KJIa{HBIX 1IEJISX.

B uwactHOCTH, B paboTe [1] ycraHOBIEHa BO3MOXKHOCTb CO3JIAHHS y3-
komosocHbIX cBetodunbTpoB (CD) Ha ocHoBe mopucroro MK, chopmupo-
BAaHHOT'O M3 IJI00YJI KpeMHe3eMa (orana) U Cpesibl, KOTOpasi 3aloIHsET HOPHI
KpHCTaJUIa.

B naHHO# paGoTe, ¢ IOMOINIBIO fA3bIKA MPOrpaMMHupoBaHus Java ™,
ObUIa pa3pabdoTaHa KOMIBIOTEpHAs IpOrpamMma Ajis MOJCIMPOBaHHS CIICK-
TpanbHBIX 3aBucuMocTeil oTpaxkenus (C30) Bumumoro msmydeHus CP Ha
ocHoBe K, chopmMupoBaHHOrO U3 Omaja U BELIECTBa, BBEAEHHOIO B €ro MO-
938

[lpn MopmenupoBaHMM TOJArajoch, YTO 3aBUCHMOCTh KodduuueHTa
OTpaXXeHUs cBeTOQMIBTPa R OT IUKINYECKOM YacTOTHl @ MaJarouiel HIeK-
TPOMarHUTHOW BOJTHBI UIMEET BH:

(ca)_lk(w)— 1)~ (cw_lk(w)+ 1T1

IZle ¢— CKOPOCTh CBETa B BAKyyMe, k(a)) — obpaTHast GYHKIHS TUCIICPCHOH-

2
R(a)) = )

HOH 3aBHCHUMOCTH a)(k) pacnpocTpaHEHHsI AEKTPOMarHUTHHIX BOIH B CD Ha

ocaoBe DK (cm. [1]).

Iporpamma (FK_Filter Calculation) mmena rpadudeckuit maTEpdEiic
nosb3oBarens (Graphical User Interface — GUI).

C momoripio noneit BBoga «Length» u «Width» 3agaBanace padouas
JJIMHA BOJIHBI U HIMPUHA MTOJIOCHI OTPAXKCHUA C(D, COOTBCTCTBCHHO.

Ha cienyromem starne, npu Hakatuu Ha kKHomky «Calculationy, pac-
CUMTHIBaJIach HamOoisiee Oyu3Kas K 3ajJaHHbBIM napamerpam C30 BUIUMOTO
M3ITydeHns: cBeTOMIbTpa, KOTOpas WMela BHJ 3aBUCUMOCTH R(L), Tae
L — jumHa maparomed AseKkTpoMarHUTHOHM BosiHBL  KpuBas R(L)
oro0Opaxkajach Ha MaHENW NPWIOXKEHHS B Buae rpaduka, a ee 4HCICHHbBIC
3HAYEHMS CTAHOBHU-IHCH JocTynHbIMHU B Tabimie GUI «Spectral Datay.

'kan1. us.-Mat. Hayk, gor. SHTY
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ITpu sTom mapamerpsl CO nns paccuurannoit C30: pabouas uiMHa
BOJIHBI, IMPHHA ITI0JIOCHI OTPaXKEHUs], TUAMETp TJI00yJ orana U IoKa3areib
MIPEJIOMJICHUS BEIIeCTBa, BBeAeHHOTO B mopsl DK, oToOpaxanuce B momsax
BBOoaa «CLength», «CWidthy», «Diameter» u «Refraction», cCOOTBEeTCTBEHHO.

PesynbraTsl MOAEIMPOBaHUS MOXKHO OBUIO COXpaHHTH B (aiine ¢op-
MaTa *.cSvV, W OTKPBITh, JIA Tpaduueckoro otodpaxenus C30 BHINMOTo
m3nydeHus onpeneneHHoro CO, ucmonb3ys myHKTH MeHIO «Filey.

B Toxe Bpemsi nH(popMalms o mporpaMmme U 0cOOEHHOCTSIX pabOThI C
Hell ObUTa IOCTYIHA ITPU MCIIOJIb30BaHUHM ITyHKTOB MeHI0 «Help».

Ha puc.1, B xauecTBe IpuMepa, IPUBEACHO OKHO Pa3pabOTaHHOH Mpo-
rpaMMBI ¢ TpadukoM KpuBoi R(L), momydeHHOH i y3kononocHoro CD, Ha
ocHoBe DK, KoTOpHIIl MOAaBNsAeT Ja3epHOE H3My4YEHHE C JAJIMHON BOJHBI
488,0 uM.

FK_Filter_Calculation

File Help
100 L PRESET PARAMETERS
Length, nm wigth,nm
) [ 488.0 [ 1.0 |
I Calculate: |
30
CALCULATED PARAMETERS
70 Clength, nm Cigth, nm
[ 488.0 [ 1.10 |
Diameter, nm Reflaction
60 [ 204 [ 14702087 |
)
o Spectral Data
= 50

L, nm R, %

a0 487.5 100.00 A~
487.6 10000
487.7 10000
487.8 10000
487.9 100.00
20 4850 100.00
488.1 10000
10 468.2 100,00
468.3 100,00
0 468.4 10000
480 482 48B4 486 488 490 492 494 496 498 500 (4885 100.00 v,

L,nm

Pucynok 1 — Oxno nporpammsl FK_Filter Calculation npu
mozennpoanuu C30 BUAMMOTO U3ITyUYEHUs OIS
y3konosiocHoro C® Ha ocHose ®K

IlepedeHn cchLIOK

1. I'opemuk B.C. Y3komonocHsle GUIBTPE B BUAVNMOM CHEKTPATbHOM JHANa30HE Ha
ocHOBe mopuctoro ¢oronHoro kprucramwia / B.C. Topenuk, M.M. Slmmn // BectHHK
MI'TY um. H.O. baymana. Cep. EcrectBennslie Hayku. — Ne 5. —2016. — C. 105-114.
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VK 621.373-187.4
H. 1. TBGp}IOCTyHl

OCOBEHHOCTHU NOCTPOEHMUSA ITPEOBPA30OBATEJIA
WHJAYKTUBHOCTH HA UHTETPAJIbHOM TAHMEPE

IIpeacraBnsier UHTEpEC HCCIEIOBAHNE OCOOCHHOCTEH MOCTPOSHMS Ha
uHTerpajgbHoM Taiimepe NES5SS55 mpeoOpaszoBarenss HHIYKTHBHOCTH, T.K. CBeE-
JICHUSI O TAaKUX MPeoOpa3oBaTelisiX NPaKTHIECKH OTCYTCTBYIOT.

B cxeme (puc.l) mpemiokeHHON peani3aiyy Ipeodpa3oBaTess HHIYK-
TUBHOCTU L C aKTUBHBIM ¥ M BPEM3aJa0IUM R CONPOTUBJICHUAMH BBIXOHOE

Ox,
r
LT
¢ Lo
i) 4 e Teu [uP
b 3 1V
w) ¢—24g
R 5ty G K-
|C7.

Pucynok 1 — Cxema npeoOpa3oBaTenss HHAyKTHBHOCTH L B
TIOCJIeIOBATEIEHOCTh NMPSIMOYTOJILHBIX UMITYJIbCOB

HanpsbkeHue U Tailmepa pacnpeensieTcs Ha 3JIeMEHTax UHTerpupyromen LR
LU COIVIACHO YPABHEHUIO

ai
L—+R®+rli=u, )
aE
W3 pemenus (1) BoITekaeT ypaBHEHUE JIMHEHHOM 3aBUCUMOCTH MIEPUO-
Jia ciefoBaHusl 7' BBIXOAHBIX MPSAMOYTOJNBHBIX UMITYJIBCOB OT MHYKTHBHOCTU
L B BUnIE
L ZR-T

Tr= In . 2)
R+ R=Ir
W3 ananmza (2) cnenyert, 4To KoyiebaHus B cxeme OyIyT CyIecTBOBATH
TOJIBKO TIPH BBHITIOJTHEHHHU YCIOBHS
R o= 2r, 3)
Ha puc. 2, 3 moka3aHbl SKCIEPUMCHTAIBHBIC 3aBHCUMOCTH, ITOATBEp-
JKZTAFOIIFE CIIPaBEIUTMBOCTD BhIpakeHwi (2) 1 (3) ¢ morpentHocThio He 0omee 10%.
YcTaHOBIIEHBI TaKHe 0COOEHHOCTH Mpeodpa3oBatess L Ha TaiMepe:
a) mpeoOpa3oBaHUe WHAYKTUBHOCTH B NEPUOJL CIICAOBAHUS IPSIMOYTOJIb-
HBIX MITyJIbCOB IIPOMCXOIUT II0 IMHEHHOMY 3aKOHY B IIIMPOKOM JMAIa30He;

! K.T.H., IOLeHT kadeapsr DBM, JIHeTIpOBCKMiT HAIIMOHANBHBIN YHHBEPCUTET
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0) k03¢ duuMeHT npeodpa3oBaHusi UHIYKTHBHOCTH 0OpaTHO MPOIIOp-
[MOHAJIEH CyMMeE aKTUBHBIX CONPOTHBICHUI WHTETPUPYIOIICH LETn U 3aBH-
CHT OT UX OTHOIICHHS;

B) U1 o0ecrieueHus KojieOaHni BpeMsi3aaoniee CONpoTHBICHUE HH-
TErpupyIoOIIeil Iern Bcerja J0JDKHO OBITh OOJIbIle yJBOSHHOTO aKTHBHOTO
CONPOTHBJICHHS MTPeoOpa3yeMoil ”HIYKTHBHOCTH.

{T,mMc k=0,165
12 <= 0,149
®=0,14]
L0
R =10+140m,
81 r=0,1+30m ©=10,106
6.
4
2
L,mMIH

0 o 20 30 40 50 60 70 80

Pucynok 2 — XapakTepHCTHKH IIPeoOpa30BaHus HHIYKTUBHOCTH L
IpU Pa3INYHBIX KO3(HUIHEeHTax Ipeodpa3oBaHus k

K, Onit
0,6
0.5 i
0.4 L=5mln
R.OM | r. Om

0.3 1 6510 0,93

] 1220 | 1,846
02
0,1

lg Rir

02 03 04 05 06 07 08 09 10

¥

Pucynok 3 — 3aBucumocti ko3 duimeHTa npeodpa3zoBaHus k OT
OTHOIIICHHS CONPOTHUBIICHUH R/r
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004.94
Unyukaio H.I/I.l, CaBunkas H.A.2, Cwmoumii B.B.?

MOJAEJIUPOBAHUE KAHAJIA CBA3U IJIA TIEPEJAYN JAHHBIX
O COCTOSAHUU YTJIEAOBBIBAIOHIEI'O 3ABOS B LABVIEW

OnHUM W3 acIeKTOB IOBBIMEHUA d(P(EKTHBHOCTH MpoLecca yIieno-
ObIuM SIBIISICTCS HA/IS)KHAS M CBOEBPEMEHHAsI TIiepejada JaHHbIX OT IOJICHCTEM
KOHTPOJISI COCTOSIHUS 3a00s1 omepaTopy J0OBIYHOTO KombaiiHa. [1osToMy BBI-
XOJI TapaMeTpOB KaHaja CBA3U 3a JOIYCTHMBIC PACUECTHBIC 3HAUCHHUS MOXKET
IIPUBECTH K €€ MOoTepe U BXOAY KoMOaiiHa B OIaCHYIO 30HY Ha IOBBIIICHHOM
ckopoctu [1].

Bross 320051 nHpOpMaIms niepesaeTcs Mo paJroKaHaiy, a Uil ee mepe-
JlauM Ha INTPEK, KyJa MPEAToKeHO BBIBECTH OIllepaTropa KOMOaiHa MpH IpH-
OmmKEeHNH K OTTaCHOH 30HE, HCTIONb3YeM Iiepeiady 1Mo (GHACPHBIM JIHHUAM [2].

B nanHOi paboTe Ha OCHOBE MaTEMAaTHYECKOIO OIMCAHHS PacIpo-
CTpaHEHHs PaJMOBOJH B YIIeJ0ObIBaOIIEM 3a00€, IOCTPOCHA MOJIENb IIepe-
Jlauu uHGOpMAIKMKU 110 HUICPHBIM JMHUSIM B IporpaMMHOM Takere LabView,
KOTOpasi MO3BOJISIET ONPENEIUTh MapaMeTphl KaHajla CBSI3H, MaKCHMAalbHOE
paccTosiHHe MEXAy NPHEeMHHUKOM U TepelaTiMKOM IIPH Pa3HbIX YacTOTax
nepeaBaeMoro CUTHaNa M pa3HbIX MOIHOCTSIX NepeAaTInKa.

[IpennoskeHHass MOJENb MO3BOJIAET ONMPEAENATh MOIIHOCTh Ha BXOJE
NIPUEMHUKA [IPU 3aJaHHON AIbHOCTH WM MaKCUMAaIbHYIO JalbHOCTH CBSI3H
NIpY 3aJIaHHOW YyBCTBUTEIBHOCTH NpHEMHHKA. Heo0X0IMMBIMU HCXOIHBIMH
JTAHHBIMH SIBIISTIOTCSL:

—gacToTa curHana B MI'n;

— MOIIHOCTB IIepeaaTynka B Br;

— 4yBCTBHUTEJILHOCTb NIPHEMHHKA B 1b/MBT;

— KII/] nepenatonieil 1 npueMHOM aHTEHH B Ab;

— K09 (HUITMEHTHI OTPaKEHISI ITHX aHTEHH;

— JUIMHBI B M U TIOTOHHBIE 3aTyXaHusl B 1b/M QuiepoB oT nepenaTynka
JI0 MepeAArOIIEH aHTEHHBI U OT IIPUEMHOM aHTEHHBI 1O IPUEMHHUKA.

Jng cTpykTypupoBaHHs 3a1add MMOATOTOBJIEH PsAI BCIOMOTaTEIbHBIX
BUPTYaIbHBIX HHCTpyMeHTOB — CyOBU. TTonHelii nx Habop u B3anMoeicTBue,
peanu3oBaHHbIE B TporpaMMHOM Takere LabView, npuBeneHs! Ha puc. 1.

Pa3zpaboTanHas Monenb KaHajda CBS3M JaeT BO3MOKHOCTH pacdera
paccTosHUSA MEXIy NPHUEMHOW W Tepelaromeil aHTeHHaMH, 3((EKTHBHON
IUTOIIA I TIPHEMHOI aHTEHHBI, KO3((GHUINEHTOB MTOJIE3HOTO IEHCTBHSA Iepe-

' 1.1.1., mpodeccop, HTYY «KITU mm. M. CHKOPCKOro;
2 K.T.H., accucteHT, HYbull Ykpaunnsi;
3 K.T.H., goueHt, HYbull Ykpauns.
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JAIOLIET0 U IPUHUMAIOLIErO TPAKTOB, a TAKXKE MOIIHOCTH CUTHAja Ha BXOZAE
npueMHuKa. [To3BosisieT yuuThIBaTh OCHOBHBIE (DAKTOPHI M BIMSHUE BHEIIHEH
Cpelsl B YCIOBHAX IIAXT, TYHHEIEH U APYTHUX MOJ3EMHBIX COOPYXKECHUM.
JlaHHas ycTaHOBKa MOJKET OBITh HCIIOJIb30BaHA JJIsl IPOSKTHPOBAHMS pa/Iio-
HEPENAOUX CUCTEM B YCIOBHUAX OTPAHUYEHHOIO IIPOCTPAHCTBA.
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Thorowsine senyasie 8 g5 (7] ‘ . |

Pucynok 1 — Mogens BupTyanbHOro uHcTpymeHTa «Kanai cBsi3u ot
yrienoOsIBaroniero KoMoaiiHa 1o ITpeKa

IlepeyeHb cCbLIOK

1. CaBunkas S.A. IlocTpoeHne BUPTyanbHON MOJAENHU A SKCIIEPHUMEHTAIbHBIX UCC-
JIeIOBAaHUI TIOBENEHHS KpOBIH B mpu3aboitHom mpoctpanctBe / S.A. Capuikas,
B.IO. Jlapun, H.W. Ynuukano // Haykosi mpami [IoHEIbKOTro HamiOHaIBHOTO TEXHiY-
Horo yHiBepcurery. Cep. O0uncioBanbHa TexHiKa Ta aBTomarm3aris. 2013. Ne 1(24).
C. 275-280.

2. Casunkas S.A. MHpopManioHHass TEXHOIOTHS YIPABJICHHUS CIOXKHBIM KOMILICK-
coM 0e3 HeroCpeICTBEHHOTO TIPUCYTCTBUS olepaTopa B onacHbIx 30Hax / SI.A. CaBu-
ukast // Iepma Mixunaponna xoudepeHuis «IIpoGneMu BHBeneHHsS 3 eKCIUTyaTaril
00’€KTIB sIICPHOT €HEPTreTHKH Ta BiHOBICHHS OTOYYIOYOro cepenoBuinay / CrnaByTh-
upka ¢imis HTYY KIII, 25-27 xsitas 2016 p. C. 185-187.
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YK 004.9
Iuno I'M.!, ®ypmanosa H.1.%, Koctsoii ILA .

3ACTOCYBAHHS TEXHOJIOT'Ti JOITOBHEHOI TA
BIPTYAJIbHOI PEAJIBHOCTEM B OCBITHHOMY ITPOIECI

B ocramHi pokm BigOyBaeTbcs CTPIMKE BIPOBADKEHHS HOBHX
iHQOpMAIIIfHIX TEXHOJIOTIH B CUCTEMY OCBITH, 1 OIHMM 3 SICKPaBUX MPHKIIA[IIB
L[OT0 € BUKOPUCTaHHS B TMPOLIECi HABYAHHS CTY/AEHTIB JOINOBHEHOI Ta
BipTyaibHOI peanbHocTel ([P Ta BP Bignosinno). Ha BiaMiHy Bij BipTyasibHOT
PEaIBHOCTI, 110 CKJIAA€THCS TUIbKH 3 HEpeaJbHUX, CTBOPEHHUX B CIICLiaIbHIN
nporpaMi 00’ektiB, JIP MOXHa ySIBUTH SK 3MilIaHy peaJbHICTb, sKa
CTBOPIOETHCSI 3 BUKOPHCTAHHSM <(JIOTIOBHEHHX» 3a JIOMOMOI'OI0 KOMITTOTepa
eJIEMEHTIB icHyI040i peanbHocTi [1]. JIP MokHa po3misaTy SIK CIIOITy4HY JIaH-
Ky MDK BIpTyaJIbHUMH JTaHUMH Ta pealbHUM CBiTOM. BOHa NMOBHHHA XapakTe-
pHU3YBaTHCS HACTYITHHUMH TPhOMa XapaKTEePUCTUKAMU: 3[aTHICTIO KOMOIHyBaTH
peampHHIl CBIT 1 BipTyalmbHI [aHi B pealbHOMY daci; 3[aTHICTIO 10
IHTEPaKTUBHOCTI Ta 3/IaTHICTIO 0aYUTH HABKOJIUIIHIN CBIT y 3D.

BP no3Bomsie 3aHypUTH KOpHCTyBada y BipTYaJbHHH CBIT Y BHIIAII
MPOCTOPY, 3aroBHEHOT0 3D-MozeNsIM, 32 JONOMOTOI0 BIpTYaJIbHUX OKYJISPIB,
MAaHIMyJIATOPIB Ta JATYHUKIB, IO BiJCIIIKOBYIOTh PYXH.

st ctBopenns JIP HeoOXifHi, sSIK MiHIMYM, TPH CJICMCHTH:

— TpWIaJ, KW BIIOBJIIOE HABKOJIMIIHE CEPENIOBHUINE Ta MPEICTABIISIE
co0oro oanH abo kKoMmOiHamito 1ioro psiiy aarunkiB: GPS, xamepa, akcene-
pOMeTp, TirpoMeTp i T. iH.;

— TIPUCTOCYBAHHS JJIsI PO3Mi3HABAHHS HABKOJIMIIHBOTO CEPEIOBHIIA Ta
MIPaBUJIBHOTO ii 3MINIyBaHHS 3 BIpTYaJIbHIMH €I€MEHTaMH;

— IPUCTPiii, AKUI TEMOHCTPY€E KOPUCTYBAdy pe3yabTaT KOMOiHAIIi].

EdextunHicts BukopucranHs BP ta [IP B HaBuampHOMY mporieci
TOJISITae y HacTynmHoMy. [lepr 3a Bce, BOHa CTBOPIOE €(PEeKT MPUCYTHOCTI, TyKe
YiTKO BifoOpakae 3B'I30K MDK pealbHHM 1 BipTyaJbHUM CBiTOM. 3D-
300pa)keHHsI JO3BOJISE Bi3yalbHO MPOHUKHYTH B IHIIY, BIPTyaJIbHY PEAIBHICTB,
1110, 6€3yMOBHO, NICUXOJIOTIYHO MIPUBEPTAE JIFOJIMHY Ta aKTHBI3ye HOro yBary i
CIPUHHATIMBICTG 710  iHpoOpManiiHOi  ckmamoBoi.  HesanmexxHo — Bim
JIOCITIJDKYBaHOTO TIPEAMETa, Ii TEXHOJIOTIi IOIOMararoTh MiJBHIIUTH HOTO
NPUBAOJMBICTH YIS CTY/ICHTIB 1 30UTBIIYIOTh MOTHBALLIIO 10 OTPUMAHHS 3HaHb.

[Ipu BukopuctanHi BP Ta JIP cTymeHTH MOXYTh YHpaBISITH
o0'exTamu, TepeMilaTu ix, IOBepPTaTH, 3MIHIOBATH MAaclITad, pPO3TISAaTH 3

'KaHy. TexH. HayK, 0L, 3aB. Kad. ITE3
’kaH]I. TeXH. HayK, J0IL., 101l Kad. ITE3
3erynent tp. PT-115 3HTY
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pisHux OokiB. OckilbKK Bi3yanbHa a00 aymianbHa iH(GOpMAIlS MOAAETHCS
CHHXPOHHO 3 THM, 1110 BiJOyBa€THCS B PEAIbHOCTI, CTBOPIOETHCS ITOBHE 3aHY-
peHHs B iH(GOpMAIiiiHy CUTYaIlI0 Ta aKTUBI3YETHCS 11 CIPUHHATTSI.

B pesynbrati pagy mociimkeHb Oyjo BUSBICHO, IO B HAaBYaJIbHUX
rpymnax, ae BukopuctoByBanacs JIP Ta BP, Bizcorok 3acBoeHHs iH(opmarii
HabmmwkaBcs 10 90%, a piBeHb 3amikaBiIeHOCTI — 10 95%, Tomi K B Tpymax 3
BUKOPHCTAaHHAM [BOBHUMIPHHX ITOCIOHHMKIB Ii TOKAa3HUKHA OyiW BABIUi Ta
BTpU4i MeHmIe BignoBinHo. HaBuanus 3 BukopuctanusMm /P ckopouye BHT-
paTH Ha 3HapSAA Ipalli BUKIAIaviB.

Henomixum 3acTocyBaHHS ITMX TEXHOJIOTIH y BUKJIAJaHHI BHXOIITH 3a
paMK{ HaBYAIBHOTO NPOLECY Ta MOB'A3aHi, B MEPIIy 4YEepry, 3 COMiaJbHUMU
HaciigkamMu (3aCTOCYyBaHHS KOHTaKTHHX JIIH3 3 JOIIOBHEHOI DPEANIbHICTIO,
npoOeMH, 0B’ s13aHi 3 KOH(IACHITIHHICTIO iH(hOpMaIlii TOIIO).

Crinbae Bukopuctanus [IP 1 3D-MoenoBaHHs MOKE JOITOMOITH IIPH
BUKOHAHHI IPOCKTHUX 3aBAaHb, JUIA Bi3yasi3amii pe3ynbraTiB poOOTH Haj
MPOEKTOM, 3pOOHBIIN HOT0 MaKCUMAJIbHO IHTEPAKTHBHHM.

Ha xadenpi «IHpopmamiiiHi TexHOJOTii €JIEKTPOHHUX 3aco0iB»
3armopi3bKOro HAIIOHAIFHOTO TEXHIYHOTO YHIBEpCHUTETY TexHomoris [P Gyna
3aCTOCOBaHA Y paMKaxX KypcOBOTO IPOEKTYBaHHSA 3 AMCHMILTIHY «TexHosoril
Ta KOHCTPYKIII MIKpOCXeM Ta MiKpo30ipok». B X0/l BUKOHAHHS TEXHIYHOTO
3aBIAHHS /10 MPOEKTY CTYACHTH MAlOTh 00paTh HEOOXiTHY TEXHOJIOTIIO IS
CTBOPCHHS IHTETPAJBHUX MIKPOCXEM, BHXOSYM 13 3aJaHUX MaTepiamiB Ta
OOMEXEHb, BUKIMKAHUX PO3MIPaMH €JIEMEHTIB TOIOJIOTIYHOTO PHCYHKA.
[Ticnst mpoBeneHHsT pO3paxyHKIB CTYACHTH IOBHHHI Bi3yalli3yBaTH pe3yJibTa-
TH y BUTJISI KpeciieHb abo 3/[-Mozerei.

Takuii miaXix 10 BUKOHAHHS KYPCOBOTO IMPOEKTY 3HAYHO ITiJIBHIIMB
IHTEpeC CTY/IEHTIB, aKTHBI3yBaB IXHI TBOpYI HAXWJIH, 10JaB €JIEMEHT 3MaraH-
HS 31 CTBOPEHHS HaWOUIBII 3pO3YMIJIOTO Ta HAOYHOTO BiZOOpaKEHHS
TIPOIIECIB.

Po3poOnennii MOOIMBHMIA JOAATOK Ta HAWKpamm 3i CTBOPEHHX
aHIManiiHUX (aiiyliB TUIAHYETHCSI BUKOPHUCTATH y CTBOPCHHI HABYAIBHOTO
MOCiOHMKA 3 BiAIIOBIAHOT AUCLUAIUIIHU.

IepeJik nocunanb

1. ®ypmanoBa, H.I. 3acTrocyBaHHS TEXHOJOTII TOMOBHEHO! PEalbHOCTI B OCBITHHOMY
MpoIieci JJIsl HaBUYaHHS CTYACHTIB PagioTeXHIUHMX cremianpHocTeil. / H.I. dypmano-
Ba, I.€. IlocmeeBa, I1.A. KoctstHolt // MikHapogHa HayKoBa IHTEPHET-KOH(EPEHIs
«IHopmamiiiHe CycIIIBCTBO: TEXHOJIOTIYHI, €EKOHOMIUHI Ta TEXHIUHI acIeKTH CTaHO-
BJIEHHsD». 30ipHUK Te3 nonosigei: Bumyck 30. — TepHonins. — 2018. — c. 85-88
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CUCTEM»
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A METHOD TO CONSTRUCT THE SIGNATURE-BASED SECURE
TOOLS ON RECONFIGURABLE ACCELERATORS

With the growth of amount and sophistication of malicious activity, in-
formation safety has become an important issue all over the world. Network
intrusion detection systems (NIDS) as well as firewalls play an important role
in detecting large number of external attacks [1]. As the number and complexity
of intrusions increase, and because the growth of the frequency of microproces-
sors stopped, the software implementation of NIDS on traditional computers is
becoming increasingly problematic. Network traffic increases day by day and
the sizes of signature databases already count thousands of rules.

So hardware devices, such as Field Programmable Gate Arrays (FPGA),
have become increasingly popular for this purpose. Combining the flexibility of
software and high performance of hardware, reconfigurable accelerators based
on FPGAs allow to effectively perform the multi-pattern matching — the most
computationally expensive task of signature-based NIDS [1].

Unfortunately, the complexity of developing the FPGA-based digital
circuits, as well as the lack of a leading technical solution, hinder the wide
adopting of reconfigurable devices.

In this paper, we have analyzed the state-of-the-art applications of
FPGAs for the signature NIDS constructing. As a solution to the problem men-
tioned above, a method for building an automated system for the synthesis of
recognition modules for network intrusion detection systems is proposed.

Now, there are a lot of studies is being done in this area. The most
common are such approaches and technical solutions as:

— finite automata realizing the Aho-Corasick algorithm [2] and its nu-
merous modifications;

—schemes based on hash-functions, in particular, the Bloom-filter [3];

— varieties of content-addressable memory (CAM) based on parallel dis-
crete comparators [4].

As their comparative analysis shows, each of these approaches has its
own pros and cons. None of them demonstrates key advantages over others

! Cand. of techn. sciences, senior researcher of Gorge Pukhov Institute for Energy
Modelling NAS of Ukraine.
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and does not fully meet the requirements for NIDS based on FPGAs. The lack
the best solution, which exceeds the competitive solutions by technical pa-
rameters, forces the developers to combine the mentioned approaches in a
wide variety of combinations.

For further acceleration, the following techniques are used:

— signature database clustering;

—parallelizing the network packets flow;

— pipelining;

— other than bytewise data processing (bit-split and so on.)

In this work, information on known solutions is structured and sys-
tematized in order to increase the efficiency and convenience of applying the
available experience. Descriptions of specific approaches are formalized in
order to quantitatively compare their features with each other.

Wherein, first, the dependence of technical parameters of various
schemes on the properties of signatures to be recognized (length, self-similarity,
the presence of regular expressions, etc.), and secondly, their ability to imple-
ment specific options are taken into account. Options may be: ability to work in
the intrusion prevention mode (IPS — Intrusion Prevention System); dynamic
update of the signature database; a mode of counteraction to special attacks on
CCOB (for example, attacks of algorithmic complexity), etc.

The method obtained as a result of the systematization allows for a
pre-defined list of signatures to automatically create a composite structure of
the recognition module, which includes, in the general case, several known
schemes synthesized and connected optimally in the sense of meeting the
specified criteria and constraints.

The criteria are performance or cost parameters; constraints are such
factors as: the family and the specific type of FPGA applied, RAM parame-
ters and other properties of the reconfigurable accelerator, as well as specific
options listed above.
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THE ADDITIONAL MEANS OF PROTECTION
INFORMATION IN CLOUD STORAGE

Currently, the proliferation of networks with high capacities, relatively
low cost of computers and storage devices, led to a wide introduction of vir-
tualization and the creation of service-oriented architectures. One example of
such architectures can be considered cloud storage services.

One of the most important features in cloud storage is the lack of the
need to think about the operation of the technological infrastructure of the
«cloud». However, this is also the main disadvantage of the cloud — the user’s
private information becomes available to third parties — the provider, besides
this, the data is under threat during their transmission through the communi-
cation channels. [1]

One way to protect data in cloud storage is through user authentica-
tion [2]. For any authentication, it is important that the parties have a common
secret, through which the user can verify their identity.

The main problems encountered during authentication are the ability to
intercept authentication data and leak the database with user keys.

Prevent interception or theft of sensitive data by using additional tools
such as authentication using public key encryption.

First, the client requests the server’s public key from the certification
authority. Then he encrypts with it a randomly chosen number and his identi-
fier. Only a real server can decrypt this message.

Next, the server accesses the certification authority to obtain the public
key of the client. The server receives a message from the client, decrypts it,
and encrypts the client’s public key with a random client number, its random
number, and the shared secret key.

Further, if the client is what he claims to be for, decrypts the server
message, finds the shared secret key, and to confirm that he was able to de-
crypt the server message, sends the server randomly the number, encrypting it
with the shared secret key.

Another way to securely store data is encryption. Encryption is the
process of encoding a message or information in such a way that only author-
ized parties can access it, and those cannot who are not authorized. Encryp-
tion alone does not interfere with interference, but does not allow a compre-
hensible interpretation of the contents of the potential interceptor. [3]

! Computer Engineering, 5 year
% Candidate of Technical Sciences, Assistant professor, Oles Honchar Dnipro National
University
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The merits of this method of protection include:

1. Confidentiality. Encryption is used to hide information from unauthor-
ized users during transmission or while storing.

2. Integrity. Encryption is used to prevent changes in information during
transmission or storage.

The disadvantages are:

1. The process of encryption and decryption is time consuming and re-
source intensive.
2. At the slightest damage to the data, the decoding becomes ambiguous.

When using this method of data protection, the encryption process
should be performed when data is directly transferred to the storage.

The data from the client is transmitted to the encryption services pro-
vided by the cloud storage provider. Further, these data from the encryption
services are forwarded to the file servers of the cloud storage, and the pro-
vider writes the corresponding metadata to the metadata servers.

Thus, the client does not need to spend the time-cost operation of data
encryption and decryption and there is no need to search for special means for
securely storing the key from the ciphers. [4]

Conclusion. As a result of the analysis, we can draw the following con-
clusions. Additional authentication tools are a more reliable means of protecting
personal data, since a more stringent identity check is performed. However, in
the event of theft of a database with client certificates or the interception of a
public key, the data can be easily obtained by a third party. On the other hand,
additional encryption is a more costly method for resources, but even if a third-
party person accesses data stored on a cloud storage server, understanding the
information contained in the files will not be possible.
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OCOBJINBOCTI 3ACTOCYBAHHSA CUCTEMM 3AIIOBIT'AHHA
BUTOKIB IHOOPMAIIII

Cuctemu s 3anobiranns BUTokiB iHdopmauii (Data leak prevention
— DLP) mpusnaueni juist 3axucty KoH(pigeHUiiHOT iHpopMalii Big BHYTpi-
IIHiX 3arpo3. OCHOBHOK METOI0 TAaKHMX CHUCTEM € 3aXHCT BiX Jiil iHcaiimepiB
Ta HEKOMIIETEHTHHUX il MPAaliBHUKIB, 110 MOXE NPU3BECTH IO BUTOKY KOH-
¢inenniiHoi iHopManii.

CyuacHi DLP-cucreMu 3acHOBaHi Ha aHaji3i MOTOKIB JaHUX, sIKi Iie-
peTnHaoTh nepuMeTp iHdopmariitHol cucremu, Mo 3axumaerses. [1pu BusB-
JICHHI B TOTOI KOH(DIICHIIHHOI iHpOpMaIii CIpariboBy€e 3aXHCT, 1 Iepenava
MTOBiTOMJICHB (TIAKETa, TIOTOKY, CeCil) OJIOKYEThCS a00 BiACTEKYETHCS.

Kpim ocHOBHOI cBoei ¢ynkIii DLP-pimenHs momomaraioTh BiAmoBic-
TH Ha TPU MPOCTHX, aje AYKE BAXIMBHUX NMHUTAHHA: «Jle 3HAXOAWUTHCA MOS
koH(ineHiiHa iHGopMaLin?y», «SIKk BAKOPUCTOBYIOThCS 1l TaHi?» 1 «SIk Haii-
Kpaiie 3axucTutd ix Bijg BTpartu?». I1lo0 Biamosictu Ha Hux, DLP-cucrema
BUKOHY€ I'NTUOOKHH aHaji3 3MicTy iHdopmarlii, opraHi3oBye aBTOMaTUUHHUN 11
3axXMCT Ha PiBHI LIUTIO3IB MEpeAaBaHHs JaHUX y CHCTEMaX CTaTU4HOro 30epi-
TaHHs JIJAaHWX, @ TAKOXK 3aIlyCKae MpOLEAYpH pearyBaHHS Ha IHIUICHTH IS
NPUHHATTS HAJISKHUX 3aXO0/iB.

CucTeMH IpeKpacHo CHPABIISIOTHCS 3 IIEI0 3a/1a4€l0, alle, BPaXxoBYyIO-
9H pi3HOMAaHITHI pexumu podoTw, DLP Tex MaroTh HEMOIIKH.

Jlnst moyaTky po3risIHEMO /1Ba METOAN POOOTH CHCTEMH:

1. JIiHTBiCTHYHI METOH, SIKi IPYHTYIOTHCS Ha JIHTBICTHYHOMY aHAaMi31
JIOKYMEHTIB 1 BU3HAuUeHI rpu(aMu CEKPETHOCTI y TOKYMEHTI, a TaKOX MPOBO-
JITh aHaJli3 TEKCTIB, SKi MePealoThCS BCEPEANHI JOKaIbHOI a00 KOPIIOpaTH-
BHOI Mepexi. JIIHTBICTHYHI METOIU aHANI3y TEKCTY JOIIOMAraloTh BU3HAYHTH,
JI0 SIKOT KaTeropii BiZIHOCHTHCS JOKYMEHT, HaJjaTh HOMY Irpud CEeKpeTHOCTI i
BIJINIPaBUTH y BIAMOBIHY KaTeropiro.

2. CtaTu4Hi METOAM aHANI3YIOTh IIOCUMBOJIbHI 1aHi OYy/Ib-sSKUX (haiiiliB
110 JA03BOJISIE X BUKOPHUCTOBYBATH, y IOPIBHIHHI 3 JIIHIBICTHYHUM METOJIOM,
HabaraTo edexTHBHIiIIE Ipu podoTi 3 Mepiadaiinamu.

Maiixe y Bcix DLP-cucteM mi 1Ba METOAM BUKOPUCTOBYIOTHCS Iapa-
JIENBHO, 110 3a0e3Medye HaaiiHICTh y POOOTI.

PosrnsHeMo Hemomiku gaHUX cucTeM. Hemomikamu iX € Te, 0 Iep-
M METOJ] MOKE IPAIIOBATH TUTBKU 3 (paiimaMu MOBH, Ky BiH pO3YyMI€.
BpaxoByroun, mo Ha puHKY YKpaiHu mpamroe Oarato Kopmopamiid 3 iHIIHX

! K.T.H., moueHT Kadempu «3axuct indopmarii», SHTY
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KpaiH, TO IXHI METO/M MOXKYTh HE IPAIfOBaTH 3 JOKyMEHTAMH Ha YKpaiHCh-
Kiii MoBi. Pociiicbki KOMIaHil, sIKi po3poOJIAIOTh AaHAJOTIYHI CUCTEMH, Kpalle
00i3HaHi 3 0COOJIMBOCTSIMHU YKPaiHCHKOT MOBH, TaK SIK pOCiiicbKa Ta yKpaiHCh-
Ka MaloTh CIUIbHI KOpeHi. XodYa Jii 1 TaKuX JIIHTBICTUYHUX METOIB HE 3aB-
KM € yCmimHUMH. TakoX JHIBICTUYHI METOM HE MOXXYTh YCIIIIHO OIIpa-
IbOBYBaTH Meniadaiimun Ta IHKEHEPHI KpPECICHHS, SKi € IHTeICKTYaIbHOIO
BiacHicTIO. TakoXk He BCi MPOOYKTH MOXYTh aHAN3yBaTH CKaHOBaHI JIOKY-
MeHTH. OCHOBHOIO mpobiemoro s DLP-cucrteM € BH3HA4eHHSA, 0 SKOTO
KaTaJory BiIHOCHUTHCS TOHM uM iHmUi noxymeHT. [Ipu ob6pobiieHHi TekcTy y
¢aiinax iHOJI BUHMKAE HEBU3HAUYEHICTh, 1 JOKYMEHT, SIKHH Mae maTH rpud
CEKPETHICTh, MOXKE OyTH BHU3HAUYCHHU sIK MyOniYHuil. Y cucTeMaX BUKOPHC-
TOBYIOTHCS aHAJIOTH CrIaM-(iNbTpiB, X04a 1 ONpaIboBaHi.

CraTu4HUI METOJ MPEKPACHO CHPABISETHCS 3 Meaiadaiinamu Ta daii-
JlaMHd, B SKHX HEMa€e HEOOXIJHOCTI BIIKPHMBATH, a TUIBKU CIiJI NEPEBIPUTH
XeUI-KJIIoYi, SIKI MOXKYTh CKa3aTH: 4¥ iH(popMallis € oJHaKkoBoIO. [Hhopmaris
TTOBTOPIOETHCS B 000X (aiiinax, sIKIIO i€ nepeBipka Takux daiiis.

HenomnixoM 1poro Merony € Te, 10 BU3HAYEHHsI CEKPETHOCTI (aiina
MTOKJTATA€THCS Ha TPAIiBHAKA, a 1[e MOXE MOPYIIUTH KOHDINCHIIHHICTD (aii-
JiB, SKIIO TPAIiBHUK HE BIAMITHUB MPAaBWIBHO CTaTyC JHOKyMEHTa (IIe MOXKE
Oyt 3po0ieH0 HaBMHUCHE ab0 MPOCTO Yepe3 XallaTHICTH mparliBHuKa). [lle
oJiHa Tpo0JieMa METOy CKIIQJIAEThCSI B TOMY, 10 (i3UYHHUN BIIOUTOK, SIKHIA
Mae (aiin, Moxe 3MIHIOBATHUCS, 1 KOJIM #Jie NepeBipka Ha HAsBHICTh 3MIH Ta
CTBOpPEHHSI HOBOTO BIJOMTKY, Lleé MOXE 3aliHATH OaraTo yacy mpu oOpoOii
JaHux 1o mepexi. s ¢daiiniB ne He Tak KPUTHUYHO, K Ui 0a3 JaHMX, IO
3MIHIOIOTBCS JICKUIbKA pa3 Ha CEKYHIY.

3aranbpHOr0 Ipobaemoro DLP-cucteM € Te, 1110 BOHM HE MOXYTh KOHT-
posroBaTH 3anuc ¢aiiIiB Ha 3MiHHI HOCIi, a 1le pOOUTH TaKy CHCTeMY IOBHic-
TIO HE MOTPIOHOIO, TaK SK BOHA HE MOXKE KOHTPOJIOBaTH poOOUYy CTaHIIIIO.
BupinreHHsIM DaHUX CUTYAaIlii € TUTHKH BCTAHOBJICHHS O€3IMICKOBHX CTAHIIIN
Ta po0OOTa BUKIIOYHO B TEPMiHAIBHOMY PEXHMIi, IO TAKOK HABAaHTaXKye Me-
PEXy i CTBOPIOE HE3PYYHOCTI.

IepeJik nocunanb
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BJIOYHE HIN®PYBAHHA JAHUX 3 BUKOPUCTAHHAM
MEXAHI3MIB 3AITIEPEUYBAHOT'O HIN®PYBAHHS

KoxxHnit enekTpoHHO-00YNCITIOBAIFHAN TIPUCTPIN € pKepesoM iH(o-
pmariii, ToMy BOHHM € 00’€KTaMH JJIsl HECAHKI[IOHOBAHOT'O JOCTYITy 3J0BMHC-
HUKIB, OJHIEI0 3 OCHOBHHUX 3a/1a4 SKUX € OTPUMaHHs iHQOpMAIIii 3 BKa3aHUX
MPUCTPOIB B OyAb-siKHii crioci6. TakuMm uuHOM, IpobieMa 3aXUCTy CTaTHYHUX
JITaHUX KOPHCTYBadiB Ha BUILEBKA3aHUX MPHUCTPOSIX 3pOCTae MOpoKy [1].

TpaaumidiHi miaXomu 10 MUpPYBaHHS JaHUX BTPAYaIOTh CBOIO HAii-
HICTB Yepe3 X HEeKOPEKTHE BUKOPHUCTAHHS 3 OOKy KopucTyBauiB. Tomy aBTO-
pH MPONOHYIOTH BHKOPHCTaHHS AJTOPHTMIB 3alepedyBaHOTO HIM(pPYBaHHS
[2, 3] mns BKazaHUX IiTel, OCKUIBKY JaHi alTOPUTMH JO3BOJISAIOTH 3arepedn-
TH (aKT iCHYBaHHS JaHHX Ta BBECTH 3JIOBMHCHHKA B OMaHy HaJaBIIU HOMY
nmyOuivHI aHi.

[TpoTe BUKOPUCTaHHS AJITOPUTMIB 3allepedyBaHOro MHU(PyBaHHS JUIs
3aXUCTy CTAaTUYHHX JAaHUX OOMEXKEHO po3MipaMH NaHUX M, 3 SKHMH BOHHU
MOXYTh TpAaIIOBaTH, Ta PO3MIpOM MyOJiuHOrOo Kito4ya N, 3rifHO BUpasy

||M || <2V . OTxe, BUXiHI aNTOPUTMH 3aMepedyBaHOr0 MU(PYBAHHS HE TPH-

CTOCOBaHi Ta HE MOXYTh BUKOPHCTOBYBATHCS JUIS 3aXUCTY CTATHYHHX JaHUX.

M. MounoBsiH 3alpoIOHyBaB aJIrOPUTM 3allepedyBaHOro MU(pyBaH-
Hi [2], AKUH TPYHTYEThCS Ha BHUKOPUCTaHHI PO3MIMPEHOi KpuntorpadidHoi
cxemu Pabina [2]. BukopucranHs BHIIEBKa3aHOI cxeMU MU(pyBaHHS HA/Ia€e
MOXJIUBICTh Aemn(pyBaTH JEKUIbKAa BapiaHTIB MyOJTIYHMX Ta CEKPETHHX
BUXIZIHUX JAHUX 3 BUKOPHCTAHHSM JIMIIE OJJHOTO CEKPETHOTo Kiroda. Takox
M. MonmoBsSH 3ampoONOHYBaB JCKUIbKA MOAIOHUX  aNrOpUTMIB, B OCHOBI
SIKMX JIGKHUTh BUKOPUCTaHHA OJIOYHOTO MU(pyBaHHSA HaHUX [4]. Ane mocii-
IUBIIMA BKAa3aHI aNrOPUTMH AaBTOPH JAHOI CTAaTTi MIMIUIM BHCHOBKY,
10 BKa3aHi aJIrOPUTMH He peali3yloTh 3alepedyBaHe MHQPYBaHHS
BUXIZIHUX  JaHMX B TOBHIM  Mipi, OCKUIbKM s AetupyBaHHs
nyOnivHuX Ta QikTUBHUX AaHuX M.A. MoNJOBSH BUKOPHCTOBYE JIBa PI3HUX
Kiroua gemmepyBaHHs. TakuM YHHOM, B pasi 3 3aCTOCYBaHHS Ipy0o0l CHIIH
3JI0BMHCHHK Ma€ MOXJIM-BICTh OTPHUMATH SIK OMH, Tak i oOMJBa KJIO4a, 110
Jla€ oMy 3MOT'Yy CaMOCTiiHO nemmdpyBaTH CEKpeTHI JaHi KOpHCTyBaya.
Bume BkazaHe He BIANO-BiIa€ BHUXIIHUM ilesM  3alepedyBaHOTO
mmQpyBaHHS.

! mpogecionan 3 oprauizawuii indopmaniiitoi Gesnexn Kasernoro miampuemcrsa «Ha-
YKOBO-BUPOOHHYOr0 KOMILIEKCY «Ickpay

% KaHJ. TeXH. HayK, HOueHT Kadeapn «lIporpaMHa iHKeHepis» 3amopi3bkoro Hario-
HAJILHOTO YHIBEPCUTETY
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Ha npotuBary pimensio [4], aBTOpH po3pOOHIN IPOTOTHIT ATOPUTMY
3arepevyBaHoro MmMu(pyBaHHs, Ha OCHOBI ajroputMy [3], sikuii 30epirae oco-
OJMMBOCTI BUXIJIHOTO aTOPUTMY 3alepedyBaHOro MH(PyBaHHS, peaiizye
MeXaHi3M OJIOYHOTO MM(PYBaHHS NaHUX Ta MA€ KPalli MOKa3HUKHU MPOIYK-
THUBHOCTI, aHiXk B [4] (Tabi. 1):

Tabmuns 1 — [TopiBHSHHS MBUAKOIT AITOPUTMIB

Asropuryi mmppyBars IBuaxozais anropurmis, Mb/c
K0032|K0064|K0128|K0256|K0512
|Anroputy [4] 0,005 | 0,009 | 0,017 | 0,033 | 0,065
IAroput™ mm¢pyBaHHS aBTOPIB 1,028 | 1,735 | 2,658 | 3,347 | 2,946
IAnroput™ nenmgpyBaHHs 1 aBTOpiB 0,038 | 0,040 | 0,033 | 0,015 | 0,005
|AsropuT™ femndpyBaHHs 2 aBTOPIB 0,025 | 0,024 | 0,021 | 0,009 | 0,003

TakuM 4MHOM, 3aTIPONIOHOBAaHMI aBTOPaMH IPOTOTHIT OJIOYHOTO aJro-
puTMy 3anepedyBaHoro mmgpysansas qanux B 200 pa3 (s anroputMy mud-
pyBauss) Ta B 100 pa3 mBunmmii (o anroputMis nemmdpysaHas | i 2), aHik
AITOpUTM OJI0YHOTO MU(PPYBAHHS 3aponoHOBaHUN M.A. MOIIOBSIHOM.
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BUKOPUCTAHHA KPUMIHAJIBHOI'O AHAJII3Y
Y NPOTUAII KIBEP3JIOUMHAM

Hocsirnennst 'y cdepi IT 3aknapmarore miathopMy Ui HOBHX
CYCHUIBHUX BIJIHOCHH, SIKi BUCTYNAIOTh MPEAMETOM KiOEp3JI0YHMHIB Ta yMOX-
JIMBIIIOIOTh TOIIMPEHHS IHIMACHTIB y cdepi 3axucTy iHpopMmamiiHOro Tta
KiOEpHETHYHOTO IIPOCTOPY.

Amnani3 kiOep3I04YMHHOCTI A€ MiICTaBU CTBEP/KYBATH, 1110 BUSBIICHI
KiOEp3JMIOYMHM TPOXOJATh IO 3BiTaX PI3HUX CTPYKTYPHUX IiIPO3JiNIiB
HauionaneHoi nominii Ykpainu, a 11e He J03BOJISIE MPOBECTU KOMILICKCHHIMA
aHaii3 kibep3nounHHOCTI. ToMy CTBOpeHO YmpaBliHHA KPHUMiHAJIBLHOTO
aHanizy HauioHanpHOT mominii, sske KOHCOJIY€e Pi3HI JpKepesa OrnepaTHBHOL
iHpopMalii Ta 3iiCHIOE TOTIMOJICHUH aHaTi3.

CpOroJiHi HEBH3HAUEHHMH y HOPMATHBHO-TIPAaBOBOMY 3a0e3ledeHHI
3aJIMIIAI0THCS MHUTAHHS I0J0 METOJOJNOTIT MiIXOIB 10 MPOOJIEeMaTHKH 3a-
Oe3rneucHHs iH(GOpPMAIlIHOT Oe3IeKH, sIKa € TEXHIYHOK OCHOBOI POTHIIl
KiOep3nmounHHOCTI. MU 3TiIHI 3 PO3IIISIOM MOHATH «iH(opMariiiHa Oe3mneka
Ta «Kibepbesneka» [1], sk 1y i CKiIagoBa, BPaxoBYIOUYHd HEOOXiqHICTh PO3-
TSy HaliOHAIBHOTO CErMEHTY KiOeprnpocTopy sIK CKJIaJ0BOi YacTUHH
iHpopMariiiiHoro npocropy aepxasu [1]. Sk pe3ynbTar JOriUHICTh MPOTHUAIIT
Kibep3arpo3aM y KOHTEKCTi 3abe3rnedeHHs iHpopMarliitHoi oe3nexu [2].

OcHoBHoOto Metoto (yHkuionyBanHs IAC e nepeopieHTallis 3 Bepcii
PI3HUX CHUCTEM YIpaBIiHHA 0a3aMH JaHWX HA BHIIMHA SKICHUN PIBEHb, SAKUAN
JI03BOJIsIE BUKOHYBATH aHANITH4YHI ekcriepTHi Jii. Pobora IAC 6a3yerbcs Ha
3aCTOCYBaHHI METOJIB, SIKi JOMOMOXYTh cmiBpoOitHukam HITY mnpuiimatu
00’€KTHBHI pilllcHHS y MPOOJIEMHUX CHTYaIlisIX, a caMe: IarHOCTHKA CTaHy,
IHTepIIpeTallis 1aHUX, NPOTHO3YBaHHS, MOHITOPHHT.

3Bijgcu, iHpopMamiiHo-aHamiTHYHA AisUTbHICTE (IAJ]) — 116 0cobnuBHit
HarpsiM 1H(OpMaLiitHOT AisTBHOCTI, OB’ I3aHUI 3 BUSIBIICHHSM, OIpaIllOBaH-
HSIM, 30€pEeKeHHSM, BUKOPHCTaHHSIM Ta TOMIMPEHHAM iHpopmauii y cdepi
ynpaeniHHs. [HcTpymeHTanbHuit 3mict [AJ[ y cucremi ympaBiiHHS

I.e.H., Tpodecop, 3aBimyBau Kadenpu MeHEKMEHTY JIbBIBCBKHMI JepKaBHUMA
HIBEpPCUTET BHYTPILIHIX CIIpaB
1.€.H., IOLIeHT, mpodecop kadenpu menemxmenty, JIpBiBchkuii JYBC
K.T.H., IOLEHT, ToUeHT Kadenpu inpopmaruku JIbBiBcekuii JJYBC
K.€.H., JIOIIEHT, JOIEHT Kadeapy mpaBa Ta MCHEIKMEHTY y chepi IUBUTBHOTO 3aXHC-
Ty, JIbBIBCBKUIT Iep:KaBHUN YHIBEPCUTET O€3MEKH KUTTEMISTTBHOCTI

L
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YTOYHIOETHCSI 4Yepe3 CYTHICTh 1H(OPMAIiHO-aHATITHIHOrO 3a0e3MeUeHHS
nisutbHOCTI  migpo3nunie HITY Ta npoBeaeHHS KpHUMIHAJIBHOIO aHAI3y
indopmanii (KAI). Ha ocroBi [3] BU3HaUMMO TEpMiH «KpUMIHATBHUM aHATI3» —
e Tporec iAeHTU(IKAIii i TOYHOTO BHU3HAYCHHS BHYTPIIIHIX 3B’S3KIB MiXK
BIJIOMOCTSIMH CTOCOBHO 3JIOUMHY Ta IHIIMMH JaHHMH, OTPUMaHUMHU 3 PI3HUX
JDKEpelT; 1X BUKOPHUCTaHHS B ONEPaTHBHO-PO3IIYKOBIH Ta IOCYIOBIH JisSUTBHOCTI;
TIPUAHATTS. aJEeKBATHUX YIPABIIHCHKUX pIlIeHb Ha OCHOBI iX aHAJITHYHOI
MITPUMKN (Ha MaTeMaTHYHUX MOJENSX 1 METO/aX IHTENeKTYaJbHOTO CeMaH-
TUYHOTO aHajIi3y, Bi3yaJbHOTO TEMIOPAJILHOTO aHAII3y, aHali3y MOBEJIHKOBOTO
npo¢isiro, aHaITi3y NPHXOBAaHNX 3aKOHOMIPHOCTEH).

BisyanbHul TeMIOpaJbHUII aHalli3 — BIATBOPEHHS Ta Bi3yalizallis
XpOHOJIOTIi NoAiH, AKi BinOynucs, X THUMYacoBe PO3MENKYBaHHS, IO CIIPUSE
ONEpaTHMBHOMY  BUSIBJIICHHIO  NIPUXOBAaHHX  NPOCTOPOBO-THMYACOBUX
3aKOHOMIPHOCTEH MK Pi3HHMH TOIiSIMH.

AmHamniz mnoBemiHKOBOro Tpodimo — BimoOpakae pi3HI acleKTH
JUSUTBHOCTI 3JI0YMHIS 3BUYHMHN CIIOCIO BUMHEHHS 3704MHY, MICISI CKOEHHS Ta
IHIII 3QJIEXKHOCTI, SIKi B CYKYITHOCTI BiJIIIOBITAIOTH OJTHOMY TPOQ1iTt0. AHAITI3
TPYIIOBOTO TMOBEAIHKOBOTO NpOo(diiaro 03BOJIsiE BU3HA4YaTH CHUIBHHMKIB 0e3
SIBHUX 3B’S3KIB M) CO00I0.

AHani3 nNpuxoBaHNX 3aKOHOMIPHOCTEW J03BOJISIE BUSIBUTH IPUXOBaHI
3aKOHOMIPHOCTI (POAMHHI, 32 pojoM TpodeciiiHoi AisTbHOCTI, TeorpadivHi
CTOCOBHO JI0 MICIIS TIPOXKUBAHHS, MICI BiJOYBaHHS IOKapaHHS TOIIO), IO
Ja€ MO>KJIMBICTh BCTAHOBUTH 1MeHTH(DIKAMIAHI 3B A3KM MDK 3JOYHHIEM 1
CKOE€HMMH HUM 3JI0YHHAMHU.

B kpuMiHambHOMY aHaji3l pO3PI3HAIOTH TakKi TUMNH aHATITHYHHX
MPOAYKTiB: 1) aHamiTUUHHMN 3BIT (cemapoBaHa iH(OpMalis 3 BHYTPILIHIX i
30BHIIIHIX JDKEpeN; BUCHOBKM; pEKOMEHJAllil, IPOTHO3HM, HACTAaHOBH;
JOJATKOBI Marepiamu (Tpadikd, CXeMH, JaHi Teojiokaiii)); 2) mpodirs
(mocbe) ocobm, 06’ekra O3[" (MakcuManbHUN OOCSIT iHPOpMAIi Ha 00’ €KT
aHaNi3y y BIAMOBITHOCTI 10 3amuTy iHiniaropa); 3) iHdopmariiiHe 3BeeHHS
(0OpobneHi Tabiau4HI JaHi NUIAXOM BUOIpKM 3 0a3 MaHWUX 3a KPHUTEPIsIMH
iHimiaropa); 4) Butar indopmanii (Bubipka iHdopmanii 3 0a3 maHMX 3a
KpHUTEpisAMHU iHiLIaTOpa).

OTxe, Ha OYMKy aBTOpIiB YCHIIIHA peai3allisi Ta BIPOBAPKCHHS
TEXHOJIOTiH KPUMIHAJILHOTO aHAIi3y JAaCTh MOXKJIMBICTh aKTHBHO BHUKOPHCTO-
ByBatH [AJ] y mpoTuaii KiGep3mounHHOCTI.
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VJIK 004.056.53
3alenKuH K.B.l, Hdpozn A.B.Z, Wsanosa E.H.?

YCOBEPHIEHCTBOBAHUE METOJA BHEJIPEHUS
OUOPOBOI'O BOASAHOI'O 3HAKA B ITIPOI'PAMMHBIU KO/
MHUKPOCXEM FPGA

Muxpocxemsl FPGA sBnsiroTcst 37eMeHTHO#H 0a30i, IIMPOKO HCIIOINb-
3yeMOH B CTPYKType COBPEMEHHBIX KOMIBIOTEPHBIX cHcTeM. Hactpoiika
FPGA Ha pemenne KOHKPETHOH 3a/1aul BBITIOJIHSAETCS TP ITOMOIIH JBOMY-
HOTO MPOrpaMMHOrO Koja (KOH(GUrypauuoHHOH wuH(pOpMaimu, bitstream).
Hemnoctaocts nporpamMmmuoro kojga FPGA moTeHImansHO MOXeT ObITh Hapy-
IIeHa KaK B pe3yJIbTaTe MPUPOIHBIX BO3ICHCTBUH, TaK M B PE3yNbTaTe 3110-
HaMEepeHHbIX HcKaxeHuil. B paborax [1], [2] Anst KOHTPOJS LEIOCTHOCTH
nporpaMMHOro Koja MukpocxeM FPGA npeanaraercst ucnonb3oBath nudpo-
Bo# BoastHOM 3HaK (1IB3). Otot 1IB3 comep UT 3TaJOHHYIO X3II-CYMMY KOH-
TPOJIUPYEMOTO MPOTPAMMHOTO KOAA U BHEAPSAETCS B MPOrPaMMHBIN KOJ BbI-
yucnutenbHbIx 6s10koB LUT (Look Up Table) mukpocxemsr FPGA.

Merons! Bueapenus LIB3 [1], [2] opuentupoBanbl Ha FPGA ¢ kiac-
CUYECKON apXUTEKTYpoil. B pamkax 3TOH apXHUTEKTypbl 3JIEMEHTapHas Mpo-

! KanaumaT TeXHHYECKHX HAYK, TOLEHT, Kadepa KOMIBIOTEPHBIX HHTEIUIEKTYaIbHbIX
cucteM H ceteit OZIeccKoro HaIMOHAIBHOTO MOJIUTEXHUYECKOTO YHUBEPCUTETa

% JIOKTOp TEXHUYECKHX Hayk, mpodeccop, Kadeapa KOMIBIOTEPHBIX HHTEIICKTYalb-
HBIX CHCTeM M ceTeit O1ecCKOro HalMOHAIBHOTO MOJUTEXHUYECKOTO YHUBEPCUTETA

3 Crapumit iperiosaBatens, kKaenpa KOMITBIOTEPHBIX cHeTeM OIECCKOro HAIHOHAIE-
HOTO MOJUTEXHUIECKOT0 YHUBEPCUTETA
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rpammupyemas sdeiika FPGA comepXuT nporpaMMHUpPyeMbIi BBIYUCIUTENb-
HbIit 6ok LUT u nporpammupyemslii Tpurrep. biok LUT umeer # BXooB u pea-
JIM3YeT OJHY JIOTUYECKYIO0 (DYHKIMIO OT /1 apryMEHTOB. Pe3ynbTaT BBIMHCIICHHS
JIOTHYECKOH (DYHKIMM MOKET I10/1aBaThCsl Ha BBIXOJ MPOrPaMMHPYEMOH sSUSHKH
FPGA uepes tpurrep (KOTOpBIH BXOIUT B COCTAB SIMEHKH) FJIM MUHYS €TO.

Buenpenue [{B3 BeIONHSAETCS 32 CUET CHCTEMBI SKBUBAICHTHBIX IIpe-
00pa3oBaHMH IIPOTPaMMHOTO KOAA Mapbl MOCIEAOBATEIHFHO COEAMHEHHBIX
omokxoB LUT, npemnoxennoi B padorax [3], [4]. Metoxs! BHeapernus (B3 B
nporpamMubiid kox FPGA [1], [2] mpeamnonararoT TOJBKO /Ba BapHaHTa II0-
cnenoBatensHoro coequaeHus 6aokoB LUT mis oOpa3oBaHUS HEIEBBIX map
6mokoB: 1) memocpeactBeHHoe coenuHeHue OmokoB LUT; 2) coenmnenme
6nokoB LUT wepe3 Tpurrep, BXOAANIMN B COCTaB 3JI€MEHTAPHON IPOrpaMMHu-
pyemoii siueiiku FPGA.

B mocnenHue roapl MMeeTcs TEHICHIMS YCIIOXKHEHHS 3JIeMEHTapHOU
nporpammupyemoii suelikn FPGA, xoTopoe 3aKiIrouactcs B: a) YBCITUUCHHU
KOJIMYECTBA, BXOAAMMX B siueliky OmokoB LUT u nmporpaMMupyeMbIx sieMeH-
TOB NaMsTH; 0) BKIFOYEHUH B SUCHKY HapsIy ¢ IPOrpaMMUPYEMBIMU OJIOKaMu
TaKKe ¥ OJIOKOB, NMEIOIINX KECTKYIO JIOTHKY (PyHKIIMOHMPOBAHMUS ((WKECTKHX
6mokoBy»). Tak, nanpumep B FPGA Intel (Altera) Cyclone V u Cyclone 10GX
AMEIOT B COCTaBE 3JICMEHTApHOW IMpOorpaMMHUpyeMoi sdeliku 2 (6) OIokoB
LUT, 2 «kecTKux cymMmMaTopa» u 4 mporpaMMHUpYEMBIX TPHUITEPa.

Mertons! Baenpenus 1IB3 B mporpammusii kog FPGA, npemnoxen-
Hble B paboTax [1], [2] He MO3BOJISIOT MCIOIB30BATh AJIsl BHEIPEHHs pa3psi-
noB 1IB3 6moku LUT, Mexay KOTOPBIMH BKIIOYEHBI CyMMAaTOpbl. B aTHX
YCIOBHSAX HCHOJb30BaHHME MeTOoAoB [1], [2] mpuUMeHUTENpHO K sueiikam ¢
YCIO)KHEHHOW (IO CPaBHEHMIO KIIACCHYECKOW) CTPYKTYypOH BO3MOXKHO, HO
OTpaHWYMBACTCS TOJBKO HeneBbiMU Osokamu LUT, koTOpble coeMHeHb! He-
MOCPEACTBEHHO WJIM 4Yepe3 TPUrrep. JTO OrpaHHYMBAET BO3MOXKHBIN 00beM
IB3, BHeapsiemoro B MukpocxeMy FPGA c 11enbio KOHTpOJIS IIETTOCTHOCTH €€
MIPOTPAMMHOTO KOJIa.

B nmannoOi#l paboTe mpeiaraercsi yCoBepIIEHCTBOBaHHE MeTOnoB [1],
[2] myTem nmoGaBieHHs BO3MOXKHOCTH BHeApeHHsA paspsamoB L[B3 B Oxoku
LUT, xoropbie (GOPMUPYIOT 3HAYCHHsI ONEPAHJOB Ui OKECTKUX CyMMAaTO-
poB» mporpammupyemoit siaeiiku FPGA. YcoBepieHCTBOBaHUE JOCTHTACTCS
3a CYET HCIIOJIB30BaHUS CBOICTB IBOMYHBIX CYMMAaTOPOB, 3aKIIOUYAIOIINXCS B
WHBEPTUPOBAHUM WJIM COXPAaHEHHM 3HAUEHHUM Ha BBIXOJE CYMMBI U IepeHoca
IpU Pa3IUYHBIX BapHaHTaX WHBEPTUPOBaHMA BXOAHBIX 3HaueHuil. Ilpemna-
raeéMoe YCOBEpIICHCTBOBAaHHE II03BOJISIET YBEIMYUTH KOJHMYECTBO OJIOKOB
LUT, npuronssix anst BHenpeHus paspaaos LIB3, B yCloBHSIX HCHOIB30Ba-
HUS 3JIEMEHTapHOU MPOrpaMMUPYEMOH SIUEHKH € YCI0KHEHHON CTPYKTYpPOM.
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AHAJIN3 BO3BYXXKJIEHUA MO/l HA PA/IMAJIBHBIX
CMEIIEHUAX COYJIEHAEMBIX OIITOBOJIOKOH

B mponecce MOHTaka ONTHYECKUX JIMHUK CBSI3M B MECTaX COYJICHEHUS
OITOBOJIOKOH BO3MOJKHO IOSIBIICHHE HEOAHOPOAHOCTEH, 00YCIIOBICHHBIX: OCe-
BBIM, PAJIHAJIbHBIM H YTJIOBBIM CMELICHHEM COCAMHAEMBIX BOJIOKOH, HE Iapa-
JIENBHOCTBIO MX TOPLEBBIX HOBEPXHOCTEH, a TaKKe HECOOTBETCTBUEM HX pa3-
MEpOB U pa3iIMYMeM B IOKA3aTellsX MPEJIOMIICHUS] MaTepHraia CBETOBOJIOB.

Ha HeoJHOpOJHOCTSX CBETOBOZOB BO3HUKAIOT TOTEPH ONTHYECKOM
MOIIIHOCTH, KOTOpPBIE O0YCJIOBJIEHBl YACTHYHBIM OTPa)KEHHEM OCHOBHOH MO-
Il OT TIOCKOCTH COWICHEHHs, e MPeoOpa3oBaHUeM B pacpOCTPaHSIOIINECs
MOJBI BBICIIHX TTOPSIIKOB M MOJIBI H3TyYCHHUSL.

OueHKa ONTHYECKUX IOTePh Ha HEOAHOPOJHOCTSX, KaK IPaBUIIO,
MPOM3BOJUTCS C TOMOILIbI0 KodduimenToB dpeHenst B MPEANoNoKEeHHH
HOPMaJBHOTO TMAaJeHHsl IUIOCKOH ONTHYECKOW BOJHBI Ha  IUIOCKO-
napajiesIbHble TPaHULIBl pa3fena AudeKTpudeckux cpen [1, 2]. boxee ctpo-
IHi aHaIu3 MPOLECCOB Ha HEOJHOPOAHOCTAX obecreynBaeT olluas Teopus
BO30yxkmeHus Mox [1].

! 1.1.1., mpodeccop, 3aBeayoutmii kKahenpoit «3ammta nHbpopMammm», SHTY
K.T.H., JOIIEHT, JOIEHT Kadeapsl «3ammra nHpopmanum», SHTY
3 acnmpaHT Kadeaps! «PagnoTeXHUKH U TeleKoMMyHHKamin», SHTY
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Jis paguanpHOTO CMEIIEHHs ONTOBOJIOKOH, IPEACTABICHHOIO Ha
puc.1, ®peHeneBckas OleHKa MOTeph BHIIOIHEHA B [1].

boode

—

Pucynok 1 — PaguanbHoe cMelieHre onToBOJIOKOH

Ienpro HacTosIIEelH PabOTHI ABISICTCS ANEKTPOAMHAMUYCCKUHN aHAIN3
BO30YXICHUS MOJI TIPU PaJHaTIbHOM CMCIICHUH COWICHSEMBIX OIITOBOJIOKOH.

IIycte B ceuenun z=0 Ha Topel] CIaOOHANPABIIONIETO ONTOBOJIOKHA
BJIOJIb €70 OCH Ia/1a€T OJHOPOJHBIA MyYOK cBeTa. Paguychl myyka U ONTOBO-
JIOKHA OJMHAKOBBI U paBHBI a. LleHTp my4yKka CMEIIeH OTHOCUTENbHO LEHTpa
BOJIOKHA Ha BeiaudyuHy d. CmeleHre HaMHOTO MEHBIIE PajJnyCoB Iy4YKa M
BOJIOKHA. Bynem cumTath, 9YTO ONTOBOJIOKHO BO30Y>KIAETCsl TOJIBKO TOH Ha-
CTBIO IIy4Ka CBETA, KOTOPHI HEMOCPEACTBEHHO MONAJacT Ha TOPEL CepALe-
BHHBI ONITOBOJIOKHA.

MorHoCTh m-i MOABI, BO30YKIAeMOH OJIHOPOIHBIM ITYYKOM CBETA,

MOKET OBITh BBIUUCJICHA 110 COOTHOIIEHHIO:

2n 2

[ TExem (p.0)pdpde

n
Pm:Aanm:ﬁ 00 : , 1)
[ [eh (p.0)pdpde
00

rae A, — aMmatyaa m-i Moabl, Ny, — K03(QOUIMEHT HOPMHUPOBKH MOIITHO-
CTH; p — PaAMyC CEpILIEBUHBI ONTOBOJOKHA; Z) — BOJHOBOE COIPOTHBIICHHE
CBOOO/IHOTO MPOCTPAHCTBA; N; — KO3(D(HUIMEHT MPEIOMIICHUS CEPALICBHHBL;

. ,0<p<a,
em(p,9) — HampsLKEHHOCTb mHonsg m-# Mmoxel; E (p): — 1oJie
0,a>p,
ITy4Ka CBETAa, HECYILETO MOIIHOCTh
2
nwa
P =—1—. 2)
27,

B umnuHapruyeckoil cucteMe KOOpAMHAT IPaHULa MOBEPXHOCTH TOpIa
OITOBOJIOKHA, 00Ty4aeMOi CBETOM, ONPEAEISETCS CIIEIYIOIUM BhIPOKCHUEM:
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o) = ad(¢,d),— 9, <@ <, 3)
’ a) (POS(pSZTC_(p07

rae §(¢,d)= 1—(%)2 sin ()’ —gcos((p),

I . (d
¢y = 5 + arcsm[g) .
Wurerpuposanue B (1) mo obnactu ¢ rpanuieit (2) gaer cieayrolee
COOTHOIIICHHE 11 MOLIIHOCTH BO30YX1aeMOil MOJIBL:
n, S,

— ’, “)
Zna Z)N

_Sl

m

rae

_ L ()
ZnaJ 2753.;, _0,
= II (X_P Cos(mq))pdpdq): %o (%) ©)
00 m X 0,m=0

P9
Sl(m,d):ZJ. cos(m(p) M
0 p((p,d) J (Xl )
— ¢ynknms beccens m-ro mopsinka, ¥; — XapaKTEpPUCTUUECKUNA mapameTp
CEpPIIICBUHBI CBETOBO/IA.
Ha ocHoBanum (2), (4) OTHOIIICHHE MOIITHOCTH BO30YKIaEMOM MOJIBI K
MOIITHOCTH ITy4YKa CBeTa OYAET OMpPeHeIAThCS CIEAYIOIIIM 00pa3oM:
2
y =1 [So(m) =S (ma)f )
" na2 D(m)

)

2

> npum =0,

Ki(m)
o(%

AfmeKH@L%Jthm
2l K% ()

K, — ¢yskuns KensBuHa m-ro nopsuka, ), — XapakTepHCTHYECKHI mapa-

D(m)=rna’

~

npum = 0,

METp 000JI0UKH CBCTOBO/A.
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CIIOCOB LIM®POBAHUS METOJIOM MACKHPOBKH
JUHEMHOI'O KOJIA

B Hacrosiiee Bpemsi Bce Oofibllie KOH(PUACHIMAILHON HH(pOPMAIUU
repeacTcs Mo BOJIOKOHHO-oNTHYecKAMU JInHUSIM cBsizu (BOJIC). D10 00B-
SICHSIETCSI TEM, YTO C TOYKH 3PEHUSI OBICTPOJCHCTBHUS, NATbHOCTH, HA/IEKHO-
ctu u 3amummenHoctd o HCU BOJIC 3aEMMaloT Bemyiee MecTo.

OjiHaKoO CYIIECTBYET psiZi METOOB cheMa mHpopmanuu ¢ BOJIC, B
CBSI3M C YeM HEOOXOANMO COBEPILEHCTBOBATH UX CIIOCOOBI 3aIUTHI.

[pexncrapnsier nHTEpPEC CIOCOO MAaCKUPOBKH, ONMCaHHBIN B [1], koTO-
pBIH 00NaaeT CleAYIONMM HEIOCTAaTKOM: NPOM3BOAMTCS MAcCKHMpPOBKAa OWT
nHpOpMaNHH, coaepkanux «1», OuTel «0» mepenaroTces mo JIMHIHA 0e3 u3Me-
HeHus. B cBs3M ¢ 3THM nepexBaTynKy MH(OPMAINH JIETKO OTJIMYNTH Nepea-
4y He3aMacKHPOBAaHHOTO «0» M BUIOU3MEHEHHOH «1».

Beime onucaHHbI cOCO0 MpeaiaraeTcsi yCOBEPIIEHCTBOBATE: TIepe]]
nepeaveii MHOOPMAIUH 110 BOJIOKOHHO-ONTUYECKOMN JIMHUU CBSI3U BBITIOJIHS-
eTcsl €€ MaCKUPOBKa.

Wudopmannio, KOTOpYIO HaIO 3aIIUTHTh, PACHPENCISIOT MO KOIY
RZ- 1/4, To ecTh Ha 4eTbIpe YaCTH TAaKTOBOTO MHTEpBana T.

JlBonuHas eaMHHLA TepeaaeTcs OJHOI YeTBEPThIO TAKTOBOTO MHTEP-
Basia T B ero Hauase, 3a/iep)kKUBaeTCsl Ha BpeMsi, paBHOe 1/2 4acTH TakTOBOTO
MHTEpPBaNIa, U NepelaeTcsl Kak B Ha4yajle TaKTOBOTO MHTEpBalla, TaK M B TPETh-
el ero 4eTBepTH BMECTE Ha MPOTSHKEHUH Ka)XI0I0 TaKTOBOTO MHTEepBaja T.

MackupoBka HHGOpPMAIMK BBINONHACTCS TAaKXKE MPU Iepenade JBo-
WYHOTO HYJIS, TIepeAada KOTOPOro MPOMCXOANUT 3aMEHOW OTCYTCTBYIOUIEH B
TaKTOBOM HHTepBajie T HyJIeBOI MOCBUIKM HA MOCBHIIKY MMILYJIBCOB COOTBET-
CTBYIOIIMX JIBOMYHOW €IMHUIIEC, W BBINOJHSIOTCS Takue e Hpeodpa3oBa-
TENIbHBIC AEHCTBUS KaK JUISl IBOWYHBIX €JNHHILI.

ITepenaua 3aMacKMpPOBAHHBIX JBOWYHBIX €AWHHIl H HYJISI IPOUCXOIUT
Ha JIByX 00s3aTEIbHO COCEAHUX /JIMHAX BOJH CTAHAAPTHOTO YacTOTHOTO
minaHa WDM, KoTopble MyJIBTUIUIEKCUPYIOTCS. U IEPEJAIOTCS. OTHOBPEMEHHO,
Ha PUEMHOM CTOPOHE I0CIIe IeMYJIbTHILIEKCHPOBaHHS HH(OPMaLUsI MAaCKHU-
POBaHHBIX ABOMYHBIX HYJIEH OTOpachIBaeTCs, a ABOMYHBIX EAWHHMIL IIEpeiacT-
csl 1S JanbHeimei o6paboTKy, B mporecce KOTopoi nHpopManus Ha 1/4 u
3/4 gactsax kaxmoro TakToBoro mHTepBasa T kona RZ-1/4 3anepxuBaercs Ha
BpeMmsI, paBHOEe 1/4 4acTH TaKTOBOTO MHTEpPBala, B COOTBETCTBUU MH(OpMAa-

! 1.1.1., mpodeccop, 3aBexyioumii Kadeapoi «3ammura nHpopManmmy, SHTY
% K.T.H., IOLEHT, JOUEHT Kadeapsl «3ammTa nadopmarmm», SHTY

3 actipaHT Kadeapsl «PagnoTeXHUKH U TeleKOMMyHUKanwin», 3SHTY

* marucTp kadeaps! «3ammra nHpopMammmy, SHTY
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U oToOpakaeTcs Ha 2/4 u 4/4 4acTax B KaXXIOM TaKTOBOM HWHTEpBAIC MPHU
nepeaavye IBOMYHON SIMHUIBI, 4 HA BBIXOJE IPUEMHHKA TTOJIy4aeTcsi HHPOp-
manus B koje NRZ.
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YK 004.056.5
Koponbkos P.1O.!

EMIIIPUYHE JOCTIIKEHHSA 3AXUIEHOCTI BE3/IPOTOBHUX
MEPEX CTAHJIAPTY 802.11 HA BYJIMIAX M. 3AITIOPIKKA

Po3Burok cranpapruzauii B pamkax npoekty IEEE 802.11, 6e3aporoBoro
BHCOKOIIBUJIKICHOTO JIOCTYITy B [HTEpHET, 3aXOIUICHHS MacoBOrO PUHKY 00Jaj-
HaumsiM Wi-Fi — Bei 1 axropu npussenu o mmpokoro BrpoBapkeHHsT WLAN.
OpHak HeOe3leuHe BUKOPUCTAHHSA a00 aIMiHICTPYBaHHS OE3IPOTOBHX MEPEK
TSITHE 3a co0010 cepito3Hi 3arpo3u. Tak, migkmoueHns 1o Wi-Fi mepexi, 31 ciab-
KHM HAJIAIITYBaHHSIM O€3MeKH, € PU3HKOBAHIM: [aHi, 110 MePEeAAtOThCS, MOXKYTh
OyTH JOCTYIHI CTOPOHHIM 0co0aM, BHACIIIOK 4Oro Best KoH(ineHwiliHa iHpopma-
IIisT MOYKE CTaTH BLAKPUTOIO JUTS 3MTOBMUCHHUKIB. JIJ1 TIEpEeXOIUICHHS BCIX HEOOXi-
HUX JaHUX JOCUTH repeOyBaTy B 30HI Ail Mepexi Wi-Fi, B sKiit Ge3nocepemHso
3HAXOUTHCS IeKTPOHHMH MPUCTPii. OTHUM 3 BXIMBHX aCIIEKTIB IPH Iepeaadi
JIaHUX TI0 Mepexi € mmdpyBaHHs TpadiKy, Tak sK I IepexoruieHHs iHopMartii,
II0 Tepe/IacThCs o0 OE3POTOBIi Mepexki, He MOTPIOHO (Hi3UYHOTO BILIMBY, a J0-
CHTB MPOCTO «CITyXaTk» KaHaJl 1 IepeXOILTIoBaTH HeoOXiTHY iH(popMaIlito.

Ha npuxnazni micra 3anopixoks, HacmaeHoro Wi-Fi Mepexamu, mpencra-
BJISI€ IHTEpeC BHKOHATH aHAN3 BPA3IMBOCTEH OE3IPOTOBHX MEpPEX 1 OIIHUTU
ICHYIOUHM Ha CHOTOJIHIILIHIN JICHb PO3MOLT MEPEX MO THITY IU(pyBaHHs 1 CIio-
cobam aBTeHTH(IKALI]i.

! cr. BuKTamad kadenpu «3axuct iHpopmari», SHTY
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Bynp-sika B3aemMomisi TOUKH JOCTYIy Ta OE3IPOTOBOTO KIIIEHTA, TIOOYHO-
BaHO Ha JBOX OCHOBHHX IIPOLICMypax: aBTeHTU(]IKAIIii (BCTAHOBICHHS aBTCHTHY-
Hocri) Ta mudpysanHi. [Iporenypa aBreHTH(IKALT BU3HAYAE, IKUM YMHOM KITi-
€HT TIPEJICTABISEThCA  TOUIl JocTymy. [JlaHa Tmponieaypa MOXIMBA B
TPBOX BapiaHTax:

— BiJIKpUTa Meperka, B sIKilf BCl IPUCTPOT, SIKi ITiIKIIFOYalOTHCSI BBAKAIOTHCS
Bxe aBTopu3oBaHuMH (Open);

— 3axuiena Mepexa Shared, B siKii mporemxypa aBTeHTH(IKALIT TIPHUCTPOIO
TIEPEBIPAETHCS KITFOYEM/TIapOIIeM;

— aBreHTUdiKawis 110 nporokoxry EAP, npu sikiii cripaBkHICTb IPUCTPOIO,
110 I IKITIOYAETHCS NIEPEBIPSETHCS 30BHIIITHIM CEPBEPOM.

Skmo mepexa BBaxaerbcs Bigkputoro (Open Authentication), To 1e
HE O3HAua€, MO JaHi SKi B HIA TepeNaroThCs 3HAXOMATHECS Y BIIKPUTO-
My Burimi. llppm  mepenmadi  gaHWX BHUKOPUCTOBYIOTBCS —Pi3HI  TPOIEY-
pu mupyBaHHS.

1. WEP — BukopuctoBye RC4 mmudp 3 nomxuHo0 Kioda 64 abo 128
Oir (xJtroui craTu4Hi a00 AWHAMIYHI).

2. TKIP — Bmockonanenwuii mpotokoix WEP, Takoxx 3acHOBaHHMI Ha aJi-
roputmi mudpysanns RC4, sikuii Bifnosinae 3a 3011bLUICHHS pO3MIpY KJI04Ya
no 128 6iT i 3a 3amiHy oaHOro craruunoro kimoua WEP kimtouamu, ski aBTo-
MaTU4HO TEHEPYIOThCS 1 PO3CHIIAIOTHCS CEPBEPOM aBTEHTHU(IKALII.

3.AES / CCMP Buxopucrosye mmopp AES 3 256 OiroBum i € Haii-
011 HAAIHHUM aJITOPUTMOM I (PYBAHHSI.

4.Bapiant None nependadae BiiCyTHICTh IIH(PPYBaHHSI.

Komo6inamis No Encryption — Open Authentication siBiste co6oto camy
HE3aXHMIICHYy MEpeKy i BHKOPHCTOBYETbCS TUIBKH B CHCTEMaX TOCTHOBO-
ro poctyny. Takum dnHOM, 06 3mamati Mepexxy 3 Open Authentication, No
Encryption — Hi40ro He MOTPIOHO, KPIM HiIKITIOYSHHS 10 Mepexi. [Ipu BUKO-
pucranni mmdpyBanns WEP, neoOXigHuii 4ac TUIbKM Ha mepebip BEKTO-
pa inimianizauii. [Tpu Bukopucranni mmdppysanss TKIP abo AES npsive ne-
mMpyBaHHs MOXIIUBO, ane Baxxke. Lli anroputmu MoxyTs OyTH 371aMaHi 3a
JIOTTIOMOT'010 TIepeOOopy BapiaHTIB MapoJisi 3 BUKOPUCTAHHAM CIOBHHUKA. [IpocTi
napoJii MigOMParOThCs 3a KiJIbKa TOJWH, B TOW Yac SK Ha Mig0ip CKIAIHUX
MAPOJTiB MOKE 3HATOOUTHCS KiTbKa THXKHIB 1 HABITH MICSIIIB.

Jliis aHamizy Bpa3MBOCTEH OE3POTOBUX MEPEX B ICHTPAIBHIN YaCTUHI
M. 3anopixokst OyB mpoBeieHHi 30ip iH(popMmarii. 3a JONMOMOror HeoOXiTHOro
oOnmamHaHHsA, a came, JBOJIAalla30HHOTO TiJICHIIOBada O€3IpOTOBOIO CHIHAITY,
HOyTOYKa, Ta GPS mpucTpoto, Mo 103BOJIsE TOYHO OL[IHUTH MiCIe pO3TallyBaH-
Hs1 0€3/IpOTOBOI TOUKH JOCTYIy, Oynu otpumani koopauHatu Wi-Fi mMepex B
LEHTPI M. 3aropbkKs, 3riJIHO 3aJ]aHOMy 3a3/(aJIeri/ib MapLUIpyToM. Y HBbOTO OyIu
BKJIFOYUEHI LIEHTPaJIbHI BYJIHL, POBYJIKM, HAOCPEKHI, TPOT3M 1 ILIOLNI 3 BelH-
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KOO PI3HOMAHITHICTIO TPOMAJCHKUX MICIlb, IO 1 JO3BOJIAIO HAJAl MPOBECTH
aHai3 3arajgbHOOCTYIHUX Wi-Fi Mepesk MicTa 3amopixoKs.

ABTOMaTHYHO Oy/M BU3HAUYCHI HACTYIIHI apaMeTpH 3HalIeHuX Oe3n-
POTOBHUX TOYOK: ineHTH(IKaTOp 1 Ha3By Oe3apoToBOI Mepexki (pobode cucte-
MHe iM’s1); MAC anpeca npuctporo ((hi3uuHy ajpecy TOUKH JOCTYILY); BUPO-
OHMK TOYKHM JOCTYITy; HOKA3HHK PiBHA CHUTHANY (MOTyXHicTh Wi-Fi curnamny);
TN WU PYBAHHS, CIIOCIO aBTOpH3ALlii; KaHAN, Ha SKOMY IPAIIO€ TMPUCTPIH;
KOOpAWHATH 3HAN/ICHOI TOYKH; Jac 1 Jara.

B pesynbrari aHamizy OTpUMaHHX JaHMX Oyjia BUKOHAHA OILliHKA
3aXHIICHOCTI 0E3/JPOTOBUX TOYOK B IIEHTPI M. 3amopixoks. OTpuMaHi OLIHKH
Oyyn 3acHOBaHI Ha aHaji3i TUY HMQpyBaHHs 1 croco0y aBreHTH(ikalii. 3a
turioM mugpyBanHs Wi-Fi Mepexxi B OCHOBHOMY 3aXWILEHI BiJ arax
3JIOBMUCHUKIB. AJie, HEe IUBJISTYUCH HA Te, 10 ONM3bKo 76% BCIX MepeBipeHUX
0e37pOTOBHX TOYOK BHKOPHCTOBYIOTH HajiliHMK Merton nmdpysanHs CCMP,
mo 3anmummcs 24%, BUKOPHCTOBYIOTH MEHII 3aXHUINEHI CIIOCOOH, TaKi SK:
TKIP, WEP a6o, B3arai, BiakpuTHii Buj mmdpyBanHs. Takox MoXHa 3poOu-
TH BHCHOBOK, IO O€3JPOTOBI MEPEki B LEHTPI M. 3amOpikoKsi B OCHOBHOMY
3axXWIIeHi Bif 3arpo3 i 3a crmocoboM ayTeHTH]iKamii: HaHOLTBII HaXiHOIO
(hOpMOIO 3aXHCTy KOPUCTYIOTHCS TIEPeBaXKHA KUIBKICTh — 65%, ajie TakoX Bap-
TO BiI3HA4MTH, M0 21% BCIX MPUCTPOIB — 1€ BIAKPHUTI MEPEXI, SKI HE MOTpe-
OyroTh aBTOpU3ALIIT KOPUCTYBAYIB.

[MinBoas4M MiACYMOK, XOTUIOCS O BI3HAYMTH, MO ICHYIOUI METOIH
aBTOpHU3aIlii Ta IUQpyBaHHs, Ta 1X KOMOIHAIIi JO3BOJSAIOTh OTPUMATH IPHIi-
HATHUH piBeHb Oe3rekn. PeKoMeHyeThCsl BUKOPHCTOBYBATH MPOTOKOJ 3aXHC-
1y WPA2 Ta mporokon mmdpysanasi CCMP 3 BUKOpPHUCTaHHSIM CKJIaIHOTO
KJII04a JIocTymy (oBXuHA mapoiist Bix 10 3HaKiB BUKOPUCTOBYIOYM HPOIHCHI
Ta paakoBi OykBu andasity, UdPOBI crielicMMBOAM. TakoX mapoJibHa
MOJIITHKA ITOBUHHA BKJIFOYATH OOMEIKCHHS 110 TepMiHY Jii apodst 10 901HiB).

VY TOi1 ke Jac, [yl CTBOPEHHS HAAIHHOT CHCTEMH 3aXHCTy, OKPIM IIpo-
TPaMHOTO 3aXHUCTY CIiJl TAKOXK BPaXOBYBAaTH HEOOXiTHICTH TOCTIHHOTO MOHI-
TOPUHTY POOOTH MEPEXKi, OpPraHi3alilo TEXHITHOTO Ta (PI3UIHOTO 3aXWCTY.
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YJIK 004.056.55:621.396.6
Kymak C.B.'

OIIHKA 3AXUIIEHOCTI CUCTEM NEXEDGE

st GarathoX Oprasizaiiii 3aXMCT pajiio3B’s3Ky Biirpae HalBaXKiIu-
Billly poJib B 3a0e3IeueHHI MI0ACHHOT TIAHOBOI IisUTBHOCTI Ta B KOODPIHHALIIT
Il B pa3l BUHUKHEHHs] HaJA3BUYalHOI cuTyauii. ¥ CTpiIMKO MIHJIMBOMY CBITI
0i3HeCy, MPOMHUCIIOBOCTI Ta TPOMAJICHKOI OC3MEKH BUMOTH JI0 3aCO0IB 3B’ SI3KYy
3HAYHO E€BOJIIOLIOHYBAIM. 3apa3 KOpHCTyBauyaM MOTPiOHI iHHOBALiiHI (yHK-
i1 HOBITHIX IIM(POBUX TEXHOJIOTIH.

CyuacHa BignoBigs Ha neil 3amut — NEXEDGE Gen2 Bin xommaHnii
JVC Kenwood [1, 2]. NEXEDGE — ne yniBepcasibHa TeJIeKOMYHiKalliiiHa
CHCTEMa, KA Ma€ IUPOKUH CIIEKTP MOMKIIMBOCTEH, 3aTpeOyBaHHX Y IepiKaB-
HUX CTPYKTypax, Oi3HecoM, MiAPHEMCTBAMHA Pi3HUX Taiy3ed. B mawiit cuc-
TeMi BUKOPUCTOBY€EThCS Iudposuii paxionporokord NXDN [3] Ta Gararocaii-
TOBI TPAHKIHT'OBI MEPExKi.

[TpoBeneHuit aHai3 TeXHIYHOT JOKYMEHTAIlIi [TOKa3aB, 1110 IIPU PO3PO-
6ui cucrem NEXEDGE Gen2 oco6iuBy yBary Oyiio NpuaijIeHO TaKUM acrie-
KTaM 3a0e3reyeHHs Oe3IeKH 3B’ 53Ky, K mudpyBaHHs iHpOpMallii, aBTEHTH-
(ikarliss aOOHCHTIB 1 3aXUCT BiJl HECAHKIIIOHOBAHOT'O JOCTYIy. BupimieHHs
IIUX 3aBAaHb JOCSITAETHCS 3a PaXyHOK TaKUX CKIIaoBuX (puc. 1):

1. BUCOKHMI PiBEHb 3aXHCTy, 110 BUKOPHUCTOBYE HAcKpi3HE IIU]-
pyBaHHS (Bij JUKepena 0 oJiep)KyBaya), st 3a0e3MeYeHHs] HACKPi3HOTO IIH-
(bpyBaHHS IONYCKA€ ONMLIOHAJIbHE BUKOPUCTAHHS: BIACHUX, BIJOMYHX 3aCO-
0iB KpunTorpadigHOro 3aXUCTY, K OKPEMHUX MOAYIIB, BOYJIOBaHUX B TepMi-
Hamn NEXEDGE, pmns doro mepenbadeHi cremiansHi (yHKIIOHATBHI
pO3’€MH; YCTaHOBKA OILIOHHHX MOIYJNIB KPHITO3aXHUCTy CHUCTEMHU
NEXEDGE, takux sk Rolling Code, Freq hopping, DES, BOynoBanux B Tep-
minamu NEXEDGE.

2. Cucrema NEXEDGE 3a6e3mieuye aBa piBHi 0e31eku iHhopMarrii:

3. CTaHAapTHHUI PIBEHb 3aXUCTY, 0 BUKOPUCTOBYE IU(PPYBAHHS
paniointepdeticy NXDN. 3acobu 3axucTy panioiHTepdeicy BKIIOYAIOTh B
ceOe MexaHi3Mu aBTeHTH(IKaIllT aDOHEHTa, a TaKoXK 3a0e3MeUcHHsT KOHDie-
HuiiHOCTI Tpadiky i mmdpysanHs indopmauii. BOynoBanuii B TepMiHamm
NEXEDGE inBepciitauii ckpem6iiep 3a0e3mnedye 3aXUCT MOBH B aHAJIOTOBO-
My FM pexumi. @ynknii AES BHCOKOpiBHEBOTO KOXyBaHHS TOJI0COBOI iH(O-
pMariii 3a0e3MmeqyoTh 3aXUCT BiJl BUIMIAJKOBOTO MPOCITYXOBYBAaHHS B IH(PO-
Bomy (digital) pesxxumi. HasBHICTE 15-0iTOBOTO KOJOBOTO KITFO4a 3a0e3medye
HaIIHHUI 3aXKCT BiJl HABMHCHOTO ITPOCIYXOBYBaHHSI;

! crapur. Bukmanau xkadempu «3axuct indopmarii», SHTY
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4. Ha koxny cucremy NEXEDGE BupoOHuK Hajae JilieH3iHHAN
KJIIOY, LIO JIO3BOJISIE MPOBOJAWTH aIMIHICTPYBaHHS CHCTEMH, HaBITH SKILO
3JIOBMHCHHUKH MArOTh TaKi )X PaioCTaHIlii Ta iH(GOpPMAIII0 PO YaCTOTH KO-
pucryBaua. be3 mineH3iiiHOro kiitoua HEMOXJIIMBO HE TUIBKH IPOMHMCATHCS B
cucTeMy 3B’sI3KY, a i IPOCTO MPOCITyXaTH paioedip.

f \
Irdpyrarms ) | Muppypanns |
15-GiTnum / O FHAMY MOTYIEMI
KOLOPAM

_ooBoM

paxioinTepdeiicy
\ NXDN

PucyHok 1 — Ckiaznoi 3a6e3neuenns 6e3nexu 38°s3ky NEXEDGE

MixMepekHI KaHaIM 3B’s3KYy TOJATKOBO 3aXHINCHI 3a OMOMOTOIO
mmdposanoro VPN-tynemoBanus. Kenwood nomarkoBo mporoHye Moydi
AES & DES mndpyBanss uist 3a0e3nedeHHst OLTbII BUCOKOTO PiBHS 3aXHUCTY.

Jns nesknx KOPHCTYBadiB KPUTHYHO BaXKIMBO MaTH TI'apaHTOBaHUH
Oe3mepeOiiHui 3B’ 130K I BUPILMICHHS OCOOJIMBO BIAMOBIAAIbHUX 3aBIaHb.
B upomy Bunanky, B cuctemi NEXEDGE Gen2 mpusHayaeThcsl 3aXHUIICHUI
NPIOPUTETHUI KaHall Uil NEBHOI TPyIH, KUIBKOX TIpyl, abo jaucrerdepa.
Unenu takoi rpynu OyAayTh MaTu MPIOPUTETHHUH JOCTYII 10 CBOTO KaHAY, 10
JIy’K€ Ba)XXJIMBO, HAIPUKJIA, JJIsl 3a0e3neyeHHs] poOOTH CIy)X0 TpomajchKol
Oe3reku.

Taxi pileHHs MaKCHMAJIBHO 3aXHINAI0Th CUCTEMY 3B S3KY B LLJIOMY 1
BUKITIOYAIOTh PU3UKK 1 TpoOIeMH, TMOB’s3aHI 3 HECAHKIIIOHOBAaHUME abo
CHPSIMOBaHUMH IPOTHUIIPABHUMH TiSIMH.

Iepenik nocunanp

1. Hudposas pammocesass Kenwood NEXEDGE [Enexkrponnuii pecypc]: — Pexum
nmoctyty: http:/www.nexedge.com.ua.

2. [ludposas cucrema cBsizu NEXEDGE [Enextponnmuii pecypc]: — Pexum mocryiy:
http://nxdn.ru/faq/#23.

3.NXDN™: A brief overview [ExektponHuii pecypc]: — Pexum poctymy:
http://www.nxdn-forum.com/what-is-nxdn/nxdn-a-brief-overview/.
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YJIK 621
Jlisysos C.I.', Bepemaka M.IT.2

KOHTPOJIb 3A OB’€EKTAMHU BE3KOHTAKTHUM METOJA0OM

KoHTpouib 32 BUAIICHUM MPUMILICHHSM [MOBUHEH 31HCHIOBATUCS TO-
CTIHHO 1, 0a’kaHO, HEIJIACHO.

MOKIIMBICTD BUSIBUTH JIIOJIHY 32 HEIPO30POI0 MEPELIKO00 3aBiKAN
[iKaBHJa BIMCHKOBUX, CIIYy>KOM CHELIIbHOrO MPH3HAYEHHSI Ta PSTIBHHKIB.
[punaam, sxi 34aTHI CHOCTEPIraTé Kpi3b CTIHW, MPAIIOIOTH 38 HPUHIUIIOM
panapa [1,2]. JlocnimKyBaHa 30Ha ONPOMIHIOETHCS €JIEKTPOMAarHiTHUMU XBH-
JISIMM Ti€l JOBXKWHH, SIKa JI03BOJISIE TIPOHUKATH KPi3b MEPEUIKOAN. 3a XapaKTe-
POM iX BiJIOOpa)KeHHS CYUIIH MPO KiJIbKICTh 00 €KTIB HA NUISXY MOIIMPEHHS
PamioXBHIIb, iX MIBUIKICTH 1 HATIPSMOK TTEPEMIIIICHHS.

[poananizoBaHa MOXKJIMBICTh IPAKTHYHOTO 3aCTOCYBAHHS PO3POOKH
AMEpPUKAHCHKUX TMPOTPAMICTIB, SKi HABUYIIUCS Oa4WTH KpPi3b CTIHH 3a IOTO-
mororo RF Capture [3]: 3a gomomororo 0e3qpoToBoro nepegapayda Oyna ckia-
JieHa TPUBMMIpHA KapTa IIPUMIIIEHHS U NOIIYyKy roneid. Ha ocHoBi curna-
JIB, IO BiZIOMBAIOTHCS BiJl JIFOJMHU, HOBUH MEXaHi3M BIATBOPIOE HOTO TO4-
HHUI CHIIyeT 1 MiCIle pO3TalllyBaHHS.

IMpunan RF Capture [4] OyB po3pobiieHuii B 1adbopatopii iHdpopmaTu-
KU Ta LITYYHOTO iHTEeNeKTy MaccauyceTChbKOro TEXHOJIOTTYHOTO iHCTUTYTY.
Bin nepenae Wi-Fi-curnamm, siki mpoXoasTh Kpi3b CTiHY i BiIOWBAIOTHCS Bif
TLJI JTFOJEH, SIKI 3HAXOJATHCS B CYCIIHHOMY IPUMILIEHHI.

Pi3Hi YacTWHY TiNa JFOAWHY BiJOOPaXKAOTh TAKUI CHTHAI MO-PI3HOMY B
3aJICXKHOCTI BiJl TTOJIOKEHHS TiJla MOA0 JpKepena onpoMiHeHHs. Llei nmpuctpiit
BIZICTEXYE, SIK IIi BITOUTI XBIJII 3MIHIOIOTBCS B 3aJICKHOCTI BiJl PYXiB JFOIUHU.
[MoTim BiH 30Kpae 11i BiTOOpaKEHHs 1 «CKIICIOE» TX B €IMHUIN CUITyeT.

RF Capture Bigcrexxye pyxu 00’ €KTIiB 3a JOMOMOIOI0 TEXHIKH 3BOPOT-
HOro pajionokaiiiiHoro cuHresyBanus aneprypu (ISAR). Texnika mpaioe
HACTYITHUM YHMHOM: KOJIM O0’€KT MEepeMIILyeThCs, BIH BiJoOpakae CUrHai 3
PI3HUX TOYOK IIPOCTOPY, IIO JO3BOJISIE JyMaTd MpPO HBOTO, SK IPO PYyXOMY
aHTeHy. [IpucTpiil 3aXOIUII0E THMYACOBY IOCHIIOBHICTh 3HAYCHb BiJOHTOrO
CUTHAJIY 1 pO3IJISIa€ iX IOCIIIOBHICTh MPOCTOPOBUX MITOK. BHKOpHCTOBYIO-
4K cTanAapTHy aHteHy, RF Capture 3gaTHuil BUSHAYNTH BIJTHOCHUH KYT PyXy
JIFOJTMHY 110 BiTHOILIEHHIO JI0 IPUCTPOIO.

Takuit mpucTpiil 37aTHAHN BIiOpPI3HATH JIOACH MO IX «CHIIYeTHHM Bij-
Outkamm». B pesyneTari, BiH 3Mir po3pizHuUTH 15 0ci0 3 TouHicTiO B 90 Bif-

! kamj. TexH. Hayk, pod. SHTY
2 cryment 3HTY
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COTKIB, a TaKOX BHU3HAYATH OCOOJMBOCTI PyXiB (HANpPHUKJIA, MHIIC JIOAAHA
200 XOAUTbH MO KIMHATI).

3aB/IsIKM 1aHIi TEXHOJIOTIT PO3IIMPIOETHCS BUOIP 3aCO0IB OE3KOHTAaKTHOTO
3axucty npuMimenss. [Ipuctpoem Wi-Fi Mmoo noexnyBatu 2 QyHKUIl: 5K
JIOCTYTI B IHTEpHET, TaK 1 KOHTPOJIb 38 BUAUICHIM HPUMILIEHHSIM 3 MOYKIIUBICTIO
CBOEYACHO BHSIBHTH NPOHHKHEHHS JIIOACH Ha TEPUTOPIIO, IO KOHTPOIFOETHCSL.
TakuM YMHOM, CTa€ MOXKJIMBHM HETJIACHUN KOHTPOJIb 33 THM, ILO BilOYBA€THCS B
npumirieHai. KpiM Toro, i BHKOPHCTaHHS TaKUX IPHUCTPOIB HE MOTPIOHO
OTPUMYBATH Oy/Ib-sIKi JOIATKOBI J03BOJIM, TOMY 1[0 BUKOPHCTOBYETBCS CTaH Iap-
THHU# 1iara30H YacToT 1 HOTYXHICTh BUIPOMIHIOBAHHSI.

Iepenik nocunanp
1. Wi-Vi: kak BUIETh CKBO3b CTEHBI U OTCIIS)KUBATH [IEPEMEILCHUS JTIOJICH 110 CHUTHAILY
Wi-Fi https://www.computerra.ru/183630/wi-vi-see-through-the-wall/
2. OObIYHBII Wi-Fi poyTep TTOMOKET BHICTH CKBO3b CTEHBI
https://nplus1.ru/news/2017/05/08/wi-fi-through-the-walls
3. JlizsynoB C.I., Bepemaka M.II. CrioctepesxeHHS 3a BHIUICHUM IPUMIIIEHHIM 3a
nonomoroto mnpucrtporo RF  Capture. Marepiann BceeykpaiHcbkoro HaykoBo-
NPaKTUYHOTO ceMiHapy «BuKopucTaHHS cydacHHX iH(OpMaIiHUX TEXHOJOTIH B
nisutbHOCTI HarionansHoi momiuii Yipaiau». 25 muctomaaa 2016 poky, Juinpo: dep-
JKaBHUI YHIBEpPCUTET BHYTpilLIHIX cripas, 2016. —c. 86—87.
4. RF-Capture: Capturing the Human  Figure @ Through a  Wall
http://rfcapture.csail.mit.edu/

YJIK 004.056.5
Henaca I'.B. ' ,Kosina I'.JI.2, [lloerentok P.B. *

BUKOPUCTAHHSA ITPOTOKOJIY KOJIEKTUBHOI'O
OU®POBOTO IMIAINMUACY B TEJIEME/UIIUHI ITPU ITPOBETEHHI
KOHCLJITYMY JIIKAPIB

@dyHnaMeHTaNbHUM 3aBJJaHHIM KOXKHOI JIepKaBH € 3a0e3NeUeHHs pa-
Ba IPOMaJsIHMHA Ha 3]I0POB’s Ta 3axHCT. B YkpaiHi iCHye BUCOKa KOHICHT-
pallisi TEXHIYHOTO Ta KaJPOBOT0 IMOTCHIIATY y BEIMKHX MiCTaX Ta METaroi-
cax. 3a Takoi cuTyaIllii sKicHa, CBOeYacHa, KBaiikoBaHa METUYHA JOIIOMOTa
HEJIOCTYIHA JUTs OUTBIIOCTI HACEICHHS, sIKE MPOXKUBAE B CLITBCHKIN MiCI[EBOC-
Ti, IO TIPU3BOIUTH JIO MOTIPIICHHS 3I0POB’Sl HACEJICHHS Ta CKOPOYCHHS Ce-
penHboi TpuBasocTi XUTTS. CydacHi €KOHOMIYHI, HAYKOBI Ta CyCIIUIBHI 3Mi-

! KaHA. TeXH. HayK, gou. 3HTY
2 KaHA. ¢.-M. Hayk, nou. SHTY
3 cryment 3HTY
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HH, PO3BUTOK Ta BIPOBAKCHHS IHHOBAIIIHMX TEXHOJIOTIH, rirobaii3ariis 00-
MiHy iH(OpMaIli€l0 TPUMYIIYIOTh JI0 BiIMOBIJHUX IMIBUAKHUX 3MiH y MEAWYHIH
raiysi, 30KpeMa IoJ[0 KOMIUICKCHOTO 3aXUCTy 1 KOH(IACHIIIHHOCTI TIepCoHa-
JIBHUX Ta KOPIIOPATHBHUX JAaHUX B CYYaCHUX TEJIEMEIMYHHUX CHCTEMaX.

OpHUM i3 MIPIOPUTETHHUX HANPSMIB JiSUTLHOCTI JIEPKABU € CTBOPEHHS
e(eKTUBHUX MEXaHi3MiB MOOYIOBH Ta (YHKIIOHYBaHHS HAIlOHAILHOI Telre-
MEIUYHOI MEepexki, PO3BUTOK CYMICHHX HAayKOBO-IPaKTHYHUX raiy3eH, mpa-
BOBE PErYJIIOBaHHS CUCTEMH HaJlaHHS TeJIEMEJUYHUX ITOCyT. TereMeauuHa
cTae Bce OUIBII BaXJIMBILIOK Tay33[0 LIONO HAIaHHA MEIWYHHUX IIOCIYT,
0OMiHY JIIKQpChbKHM JOCBIZIOM Ta MiIBUILIECHHI PiBHs KBami(ikalii MeanIHOro
MIepCOHAITY.

AKTyaNpHICTh MUTaHb 3aXUCTY TEJIEMeIUYHOI iHpopMallii Ta 3abe3me-
YEeHHS HaJIeKHOrO piBHA Kpunrorpadiuynoi Oe3neku Oe3cymHiBHa. lle
OB 5I3aHO 3 TUM, LIO JeAati Ouiblie B MPaKTHYHIH MisSUIBHOCTI 3aKiaJiiB 0XO0-
POHH 31I0pOB’S BIPOBAKYIOTHCS Ta BHKOPHUCTOBYIOTHCS HOBITHI MeIW4HI
TEXHOJIOTIT Ta 3aXOJH, B TOMY YHCIi TeleMeIudHe KOHCYJIbTyBaHHS. Ilpu
HA/IaHHI TCIIEMEINYHUX MOCTYT Mae OyTH 3a0e3meueHO 30epeKeHHs 0coOuC-
TO1, TIKApChKOI TAEMHHIII 1 IHITUX TAEMHUIb, TEPe0AYCHNX 3aKOHOJABCTBOM
VYkpainy, a TakoX KOH(iIEHIIHHOCTI MEepCOHANBHUX JAaHUX. 30KpeMa, Ipo-
rpaMHe 3a0e3MeYeHHs, 110 BUKOPUCTOBYETHCS JUIS TEIEMEIMYHOTO KOHCYIIb-
TyBaHHS TOBHHHO 3a0e3reuyBaTH BIAMOBIAHWI piBeHb 3aXHCTY iH(pOpMALT
Ta Tl aBTEHTUYHICTh LUISIXOM BHUKOPUCTAHHS €JIEKTPOHHOIO HH(POBOro Imij-
HHCY.

Po3po0ka Ta 3pyuyHa mporpaMHa peaiizaiis KpunrorpadiqHux MmpoTo-
KOJIIB IIU(POBOTrO MiANKCY HA OCHOBI ENINTHYHUX KPUBUX MOXKE OyTH THM
IHCTPYMEHTOM, SIKMH JI03BOJIUTH MEIMYHOMY IIE€PCOHAITYy NPH BHKOPUCTAHHI
IHCTPYMEHTIB TEJICMEIUIIMHY TepeIaBaTH Ta OTPUMYBATH BIAIOBIIHI TOBIJI-
OMJICHHSI Ta MEANYHY iH(OPMAIIIIO 3 JOCTATHHOIO KpUITOrpadivyHOIO CTikKic-
TIO Ta MOTPIOHOIO MBUAKICTIO.

Koncmmiym — Hapaga KiUTBKOX JIiKapiB OJHIET YU Pi3HUX CHEHiaTbHOC-
teit. Koncuniym moxke Oyt HEOOXiTHUM I BCTAHOBIICHHS CTaHY 3IIOPOB’S
00CTe)KyBaHOT0, AiarHO3y, BU3HAUYCHHS MEJUYHOIO MPOTHO3Y, TAaKTHKU MO-
JIATIBIIOr0 OOCTEXKEHHsI Ta JIIKyBaHHSI, TOLILHOCTI HAMIPABJICHHS Y CIIeliai-
30BaHE BIVIUICHHS YM IHIIUHA, TPOQLIbHUN, TIKYBAILHUN 3aKITa].

Ki1r040BOO BiJMIHHICTIO KOHCHJIIYMY JIIKapiB € KOJIEKTHBHA BiJIIIOBI-
JAJIbHICTH 32 3MICT MEAMYHOTO BHCHOBKY. [lyisi 3a0e3mneueHHs aBTeHTUYHOCTI
TaKOro JIOKYMEHTY B TeJIEeMEAWYHIN CUCTEMI aBTOpPaMH MPOMOHYETHCS BHKO-
PHUCTOBYBATH IPOTOKOJIM KOJIEKTUBHOTO (poBoro mianucy (puc. 1), 3acHo-
BaHI Ha CTaHJApTaX BIAMOBIIHAX KpaiH.
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Pucynok 1 — IIpoiec TeneMeIMuHOr0 KOHCUIIIyMY JIiKapiB 3 OTPUMAaHHIM
nianucanoro konekTuBHUM ELIT MeuuHOTrO BUCHOBKY

B paMKax JaHoro Z[OCJ'IiI[)KeHHH ABTOPAMHU TAKOX p03p06J'ICHO BiZ[HO-

BiJ[HE IpOrpaMHe 3a0e3MeueHHs Y BUIIISAL KJII€EHO-CEPBEPHOTO JI0JIATKY.

VIIK 004.056(075)

Tpyxauos A.B." , Kosuua I'.JI.

MOJEJIb KOAYBAHHS JAHUX Y ®OPMAT BASESSCHECK

JJIs1 ®OPMYBAHHS BITCOIN-AIPECH

BooninHs 6iTKOTHAMH BCTAHOBIIIOETHCS Yepe3 MUBPOBI KITFOUi, OITKO-

iH-agpecu 1 mudposi mianucu. [IpuBaTHHUIA KITF0Y KOPUCTYBada SBISLE COOOIO
256-0iTHe BUIIaKOBE YHCIIO. 3a JIOMIOMOTOI0 IIPUBATHOTO KIf0Ya (JOPMYIOTh-
¢ mMyONiYHUH KoY 1 OiTKOTH-a/Ipeca.

CxeMa repeTBOpeHHs MPUBATHOTO KIt0Ya y OITKOTH-a/Ipecy 3a3HaueHa

Ha puc. 1.

! cryment rp. PT-813m 3HTY
% k.(.-M.H., TOUeHT Kadenpy 3axucty inpopmaii SHTY
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Konypanus y Base58Check

3

BitkoiH-anpeca

Pucynok 1 — Cxema niepeTBOpeHHs IPUBATHOIO KJIFOYA
y GiTKoTH-anpecy

®opmar koxyBanHsS Base58Check OyB pospolGuieHmii mnsi BHKOpHC-
TaHHs B BITKOIH 1 IHIIMX KUPITOBAIIOTAX.

Base58 — ne migMHoxuHa Base64, 1110 BUKOPUCTOBYE HPOIHKCHI 1 3a-
roJioBHi OykBH i upu, ane 6e3 cumoui 0 (Hyib), O (3aronoBHa OykBa 0), |
(manenbka L), I (Benuka 1), i CHMBOJIB «+» 1 «/», SKi 4acTO CTAIOTh MPHYH-
HOIO IOMHJIOK 1 MOKYTh BiJOOpasKaTuCs iJCHTHYHO JesIKUMU mpudramu [1].

Jis xoHBepranii OiTKoiH-azpecu a0 IHIIMX JaHUX B Qopmar
Base58Check, no Hei momaetscs mpedikc, 3BaHMH «OalTOM Bepcii», SKUH
CIY)KUTb Ul BU3HAUCHHs THUITy KOJOBaHHMX NaHUX. HacTymHuM eramom €
00YHCICHHST KOHTPOJBHOI CyMu. [ mboro mpedikc i gaHi XemryroThCs al-
roputMoMm SHA256. [TotiM oTpuMaHU# pe3yNbTaT XEIIyeTHCS IOBTOPHO LM
ke anropuTMom|2].

ABTopamu o0yJ0BaHAa KOMI IOTEPHA MOJETH MEPETBOPEHHS IPUBAT-
HOro 256-0iTHOro Kito4a B OITKOiH-afpecy, JOCIHIIKEHO MOXKIIMBICTh KOJIi-
3iif, TOOTO criBNaiHHs OITKOTH-a/Ipec, SIKi BiJNOBIIAIOTH PI3HUM ITPUBATHUM
KITFOYaM.

Cxema koxyBaHHs JaHux y ¢popmar Base58Check 3a3nauena Hmxue:
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JaHi
Honaeamms
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) . Konrponssa I
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@ Konysauua y Base38 @

3axonosaHi y Base58Check mani

Pucynok 2 — Cxema xogyBaHHs gaHUX y ¢popmat Base58Check

epeJiie mocuiIanb:

1. Arvind Narayanan Bitcoin and Cryptocurrency Technologies [EnexrponHuii pe-
cype] / Arvind Narayanan, Joseph Bonneau, Edward Felten, Andrew Miller, Steven
Goldfeder Pexum JOCTYIIy:
http://www.uio.no/studier/emner/matnat/ifi/IN5420/v18/timeplan/resources/bitcoin-
and-cryptocurrency-techniques.pdf

2. Andreas M. Antonopoulos Mastering Bitcoin [Enextponnuii pecypc] / Andreas M.
Antonopoulos - Pexum JIOCTYTIy: https://bitcoinbook.info/wp-
content/translations/ru/book.pdf
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6 CEKIIIA «®I3UKA I TEXHOJIOI'TA MIKPO-
TA HAHOEJIEKTPOHIKH, METPOJIOI'IS»

YK 621.372.543
Ilchenko M.E.!, Zhivkov A.P.%, Kamarali R.V.,
Saychenko 1.0.?,Shevtsov K.O.*

NORMAL AND PARTIAL OSCILLATIONS IN THE MICROWAVE
FILTERS WITH MUTUALLY DEGENERATED ON FREQUENCY
RESONATORS

Using the formulas given in [1], it can be shown that for a bandpass
filter on mutually detuned resonators of different types disposed in parallel
channels and unrelated, their transmission coefficients are defined as  (for
E.= K. =K):

T =j2K*a/[(1 + K +j&)" + a7)] (1)
where & is the generalized frequency detuning with respect to f;— the central
frequency, and a generalized frequency detuning with respect to the frequen-
cies of the «magnetic» f; and the «electric» f; oscillations with respect to fj.

From the expressions given in [2] follows that the transmission and
reflection coefficients of the bandstop filters are «dual» to the expressions (1)
for the bandpass filters.

In Fig. 1 a), b) and c) the amplitude-frequency characteristics (AFC) of
transmission coefficients of the band-pass and notch filters are presented,
respectively.

According to common terminology (see e.g. [3].) that oscilations 1 and
2 of the individual resonators — «partial», and AFC 3 — resulting, exhibits
maxima at the frequencies, which are called «normal». As for the bandpass
and bandstop filter for separate oscillation frequency response peaks
correspond to detuningé,, = +a. The maxima of the frequency response of
bandpass filter corresponding to the frequencies of «normal» oscillations are
achieved by detuning

fnaziﬁ-’.'f.“: (L EJ: 2

' PhD, vice-rector of science,  National Technical University of Ukraine «Igor
Sikorsky Kyiv Polytechnic Institute» (KPI)

2 PhD, associate professor, KPI

? postgraduate student, KPI

4 student, KPI
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a) b) c)

Figure 1 — Curves 1 and 2 — the frequency response of the individual resonators,
curves 3 — AFC cavity filter as a whole. AFC plotted for values of K=10and a=15
d=-0,1 (Fig. a) and K= 10 and a =15 d=0 (Fig. b) )
and K=10and a =15 d=0.1 (Fig. ¢)

From (2) follow that the «normal» frequency lie within the «partialy.
The graphs in Fig. 1 a), b) and ¢) is confirmed what was said for both band-
pass and bandstop filters for the constructed on the basis of resonators with
different, unrelated types of vibrations. For filters interconnected resonators
all exactly the opposite [3] — «partial» frequencies lie within the «normaly. It
is possible that this is one of the consequences of «metamaterial» filters with
mutually frustrated resonators.

References

1. Ilchenko ME, Zhivkov A.P. Dual channel UHF bandpass filter // Electronic
Appliances, Microwave Electronics, vol. 9, 1989, p. 12—-14.

2. Ilchenko ME, Zhivkov A.P. Orlov A.T. Filters based on resonators with close
frequency modes as a metamaterial cell.// Naukovi visti NTU «KPI». — 2016. — Ne 1
(104). - S. 7-14.

3. M.L. Rabinovich and D.I. Trubetskov. Introduction to the theory of waves and
vibrations. — M. «Science,» Heads. Ed. Physics and Mathematics of literature, 1984. —
431 p.
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VIJIK 621.396
Bamzak I'.B.!

MOJEJBb BE3BI/IMOBHOCTI CKJIAJTHOI'O
TEXHIYHOI'O OB’€EKTY

Cxua/iHi TeXHIYHI 00’€KTH B Cy4aCHOMY CYCHLUIBCTBI MAlOTh BHUKITFOYHO
BaXKINBE 3HAYCHHS. VIJIeThCS B TIEpIILy Yepry Ipo pisHi pagioeseKTPOHHUX KOM-
TUIEKCaxX BIHCHKOBOTO 1 CIIELIaNbHOTO IPU3HAYCHHS, PaJIi0JOKAIlIHNX CTaHIIisX,
ABTOMATH30BAHMX CHCTEMax YMpaBJiHHS (TIOBITPSHUM PyXOM, 00’€KTaMu eHep-
TEeTHKH 1 T.I1.). Byt piBHS 0e3BiIMOBHOCTI TakuX 00’ €KTIB 3aJIEKUTH 000pOHO3/1a-
THICTb JIepKaBH, EKOHOMIYHA Oe3I1eKa, JKUTTSI COTEHb 1 THCSY JIFOJICH.

Taki 00’€KTH BIHOCATBCS 10 KJlacy BiIHOBIIOBaHUX 00 €KTIB TpUBa-
J0ro 6araTopasoBOro 3aCTOCYBaHHs. BOHH, SIK IPAaBUIIO, € JOPOTHMH i BUMa-
raloTh 3HAYHUX BUTPAT HA iX eKCIUTyaTallio.

[IpoGirema momnsTrae B TOMY, IO TIPU PO3POOII TaKUX 00’ €KTIB BCi TIH-
TaHHs, MOB’S3aHI 3 PEMOHTONPHUIATHICTIO 1 TEXHIYHUM OOCIYrOBYBaHHSIM
MOBMHHI BUPILIYBATHCS BXKE HA PaHHIX eTarnax MpoekTyBaHHs 00’ ekra. Ocki-
JIbKK BCI 11l MUTaHHS MOBWHHI BHUPIIIYBAaTHCS HA €Talli CTBOPEHHS 00’€KTa
(xonu o0’exTa 1e HeMae), HeoOXiHI MaTeMaTH4Hi Mojeni npouecy TO, 3a
JIOTIOMOT'0I0 SIKUX MOXKHa OyJio O mpopaxyBaTd MOXJIMBHH BUTpall B piBHI
0e3BIIMOBHOCTI 00’€KTa 3a paxyHOK npoBeacHHs TO, OLiHUTH HEOOXIiIHI ISt
LBOTO BAPTICHI BUTPATH.

Po3po0isieTbest MozeNb IpU3HaUeHa Uit OTpUMaHHs (YHKIIH HMOBI-
pHOCTi 0e3BimMOBHOI poOoTH (200 (QYHKINT PO3MOINy HAIPAIIOBAHHS IO
BiMOBH) 711 00°€KTa B MIJIOMY 1 BCiX HOr0 KOHCTPYKTHBHHUX €JICMCHTIB 3a
HasSBHOIO 1H(POPMALIEI0 MPO IMOKA3HUKH OE3BIIMOBHOCTI KOMILICKTYIOUHMX
eneMenTiB. DyHKIT i € MOKa3HMKaMU Oe3BIJIMOBHOCTI HEBIIHOBIIOBAHUX
00’€eKTIB, TOMY i MOzenb OyneMO Ha3uBaTu Mojeluto Oe3BiamoBHocTi (MB)
HEBIJIHOBJIIOBAHOTO 00’ €KTa.

OO0’eKT B LJIOMY PO3IIISIAETHCS SIK €IEMEHT HYJIBOBOTO piBHA. BiH
3aBXKIU €QUHUN 1 He BXOAUTH Hi B K1 1HII €JIEMEHTH.

Crpareris «agantusHoro TO» okpeMo He AociuimpkyBaid. [Tlapamerp
amantuBHOro TO (TOCTiHA EKCIIOHEHIIAILHOTO 3TJIa/DKyBaHHs) OyJo mo-
craBieHo piBHUM 0,5 17151 BCIX TECTOBUX 00 €KTIB.

Ile BimmoBimae HEUTpaIbHIA CHUTYaIlii, KOJIH «Bara» BUXITHUX JNAHUX
PO TTOKA3HUKHU OE3BIIMOBHOCTI €JIeMEHTIB (3aBXIHW ampiopHa iHdopMmarris) i
JMaHUX Tpo (PAKTUIHI BUMIPSHUX 3HAUYCHHIX BU3HAYAJBHHX ITapaMeTpiB (amo-
CTepiopHOI iHpOpMAIlii) MPHOIH3HO OTHAKOBHIA.

! k.T.H., DoteHT Kabempi MeTpolorii Ta MeTpoNoridHoro 3abesmedeHns, OIechKoi

Ziep KaBHOI aKaieMil TEXHIYHOTO PETyIIIOBAaHHS Ta SKOCTI
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PucyHok 1 — KoediuieHt piBHs 6e3BiIMOBHOCTI STO , %

OTpuMaHi JjaHi MOBHICTIO MiATBEP/XKYIOTh BUCYHYTE TPHITYIIEHHS PO
Te, IO CTpaTeris «azantuBHoro TO» € OUTBII Kpalo B pasi HEAOCTOBIPHOT
(uerounoi) iHpoOpMarii MPo MOKa3HUKH HAAIHHOCTI eJIeMEHTIiB 00’ €KTa.

3a oTpUMaHUMH pe3yJIbTaTaMU MOKHA 3pOOUTH TaKi BUCHOBKH:

1. EcdextuBHicTh pisHuX cTpateriii TO icTOTHO 3aeXUTh Bix Hagex-
HO-BapTiCHOI CTPYKTYpH 00’€KTa. SIKIIO pO3MOMAiT BapTOCTI BiTHOBIIOBAHUX
(B TOMY 4YHCHi 1 00CITYTOBYIOTBCS) €JIEMEHTIB OJIM3bKO KOPEIIOETHCSI 3 PO3IIO0-
JIUIOM 1X TIOKa3HHWKIB 0E3BiMOBHOCTI, BIIMIHHICTh B €(DEKTHBHOCTI PI3HHX
crpareriii TO ckopo4y€eThCsl.

2. OnruMalbHi apaMeTpy pisHuX crpareriid TO iCTOTHO 3aiexaTh K BiJ
HaJI©KHO-BAPTICHOI CTPYKTYpH 00’€KTa, TaK 1 BiJl 33aHOTO BUMOTH IO PIBHS
6e3BiaMOBHOCTI 00°ekTa. Yum Oinbllie 3amaHe 3HAUCHHS, TUM OLIbIIA KiTbKICTh
00CITyroByBaHHUX €JIEMEHTIB Ma€ BKIIIOUATHCS B ONTUMaIbHY cTpaterito TO.

Iepenix nocuianp

1. bansax I'.B. Marematuueckas MoJiesib IIpolLiecca KCILTyaTalluK CI0KHOTO TEXHH-
yeckoro oobekTa / I'.B.ban3ak // 30ipHHK HayKoBHX Hpaipb BilicCbKOBOTO iHCTHTYTY
KuiBcbkoro HarionansHoro yHiBepcurety imeri Tapaca IlleBuenka. — 2011. — No 33. —
C. 14 -20.

2. banzak I'.B. Metoamka ompeneieHUs] ONTUMAJIbHBIX MapaMeTPOB TEXHUYECKOTO
OOCIy)KUBAHUSI «II0 COCTOSIHHIO» C TIOCTOSHHOW TMEPUOANYHOCTHIO KOHTPOIS /
T".B.ban3ak, B.H.1{pmapes // Bicauk XMeIbHUIBKOTO HAI[IOHAILHOTO YHIBEPCHTETY.
—2011.— Ne4 . - C.45 - 50.
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YK 681.3(07) 1
banzak O.B.

JETEKTOP IOHHU3YIOUYOI'O BUIIPOMIHIOBAHHSA HA OCHOBI
TBEPJJOTLJILHOI'O PO3YUHY CAZNTE JJIsI JO3UMETPII

Po3pobka cygacHUX GJIOKIB I€TEKTYBaHHS, NPU3HAUYCHUX AJIsI KOHTPOJIO CTa-
Hy 3axHCHHX Oap’epiB LUIIXOM BUMIPIOBAHHS MOTYXXHOCTI JJO3M raMMa-
BUIIPOMIHIOBaHHS B TIOBITPI, B CKJIaJli cucteM panianiiiHoro kourposito AEC €
BOXKJIMBUM 1 aKTyaJbHUM 3aBIaHHSIM. 3HaxXOIsAThCs B JlaHWH 4Yac B
eKkcIutyararlii 01oku aerekryBanHs cucremu AKPB-03 BupoOwunu cBiit pecypc
(AKPB — amapatypa xoHTpomo pagianiiinoi 6esnexu) [1, 2]. Cama cucrema,
po3pobnena 6inbmie 20-TH POKiB TOMY, HE TUIbKH BUpoOWIIa CBii pecypc, aie
1 MopaieHO 3actapina [1]. O4eBHIHO, 10 HOBI OJIOKH IETEKTYBaHHS IIOBHHHI
BOJIOZITH OiJBII BUCOKMMH METPOJIOTIYHIMH 1 SKCIUTyaTaI[lfHIMH TIOKa3HU-
KaMH.

Ha ocHoBi po3pobieHoi Mojeni CTBOPEHO AETEKTOp 10HI3YHOYOro
BUIPOMIHIOBAaHHS JiIst 1o3uMeTpii. [IpMHIMIOBOIO BiMIHHICTIO HOTrO Bij
BIJIOMHX TPHJIA/IB CIYKHUTh 3aCTOCYBAaHHSI B SIKOCTI IEPBUHHOTO MEPETBOPIO-
Baya ramMMa-BunpomiHtoBanHs (natumka) kpucraniB CdZnTe. IlepeBaru Ta-
KOTO pIlICHHS, TOBEACHI MONEPeHIMH AOCIIKEHHIMH, 103BOJIHIN CTBOPH-
TH JIETEKTOD, 10 MAE:

— BEJIMKY PO3JIUIbHY 3/IaTHICTb, He Oinbiie 40 keB;

— OUTBII MIMPOKHWIA TUHAMIYHHNA Jialma30H 3HAYEHb PEECTPYETHCS
TTOTY>KHOCTI JTO3W BHUIIPOMIHIOBAaHHS — BiX (DOHOBHX /O aBapifHUX PEKUMIB
pobotu peakTopa;

— MEHIIIC 3HAUCHHSI CHEPTeTHYHOTO SKBIBAJICHTA LIIyMYy.

UyTiauBuil eJeMeHT J03MMeTpa BHKOHAHMH Ha OCHOBI KpHCTaja
CdZnTe i € 3aKiHYEHUM €JIEMEHTOM JieTeKTopa. B j0o3umeTpi 3acTocoBaHmii
QITOPUTM MPOrpaMHOI  KOpEKLil «XOHy JKOPCTKOCTI» PEeCTPOBAHOTO
BUIIPOMIHIOBAaHHSI, PO3IJISIHYTUH paHille.

OYHKIIIOHATIBHO 1HAUBITYaTbHUN HO3UMETP CKIATAETHCS 3 HACTYITHHX
BY3JIB:

— JIeTeKTyBaHHs (JE€TEKTOp, MOIEpEeNHii MiJACKIIIOBaY, HOpMAaJi3aTop
IMITyJIBCIB);

— JKMBJICHHA JIeTeKTopa (IporpaMHoO KepoBaHa 110/1a4a Harpyry Ha Jie-
TEKTOp);

— BUMIpIOBaHHS TeMmmepaTypu (KOPEKIlisS BHMIPIOBAaHHA JO3H
peamnizoBano Ha DS18B20);

! 1.1.1., 3aBixyBau kadenpr HaHOBUMIpIOBaHb Ta BUMIPIOBAIBHOI TEXHIKH, ONeCHKOH
Ziep KaBHOI aKaieMil TEXHIYHOTO PeTyIIFOBAaHHS Ta SKOCTI.
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— TOOWH pEaIbHOrO Yacy (i pO3paxyHKy TMOTYKHOCTI 03U
DS1302);

— Oe3aporoBoro iHTepdeicy (s OTpUMaHHS MITOK KOHTPOIIIO IPO-
X0y TIEBHHX 30H, & TAKOX IPUCYTHOCTI HAa poO0YOMy MicIli);

— OJHOTIPOBITHOTO iHTepdelicy (A mepeaayi JaHuX Yepe3 OCHOBHHI
610k B EOM);

— KOHTPOJIIO JKUBJICHHS (IU1s1 KOHTPOJTIO 3apSIKH aKyMyJLITOPa);

— MIKpOKOHTpoJiepa (Il 3arajbHOI Oprasizamii poOOTH YIIpaBITiHHS
npuctpoeM ATMEGAS).

IIpu CTBOpEHHI TaKOro [ETEKTOpa BHpIlICHA BAXKIIUBE 3aBIAHHS
KOpeKIii enepreTuuHoi 3anexHocti uymuBocti (E3Y). /s mporo po3pobiie-
Ha MOJIEJb, IO 3B’SI3y€ YacTOTy IMITyJIbCIB Ha BUXOJIi OJIOKY J€TEKTYBaHHS 3
CHEPri€l0 PEECTPOBAHOIO BHITPOMIHIOBAHHS. 3alpOIIOHOBAHHMN B Hiil ajro-
putM go3Boisie Kopekuito E3U 3 moxubkoro MeHm 7% s eHeprii
BunpominioBanus Big 20 xkeB 1o 1,5 MeB.

Briepiie po3po0ieHO KOMILIEKC IHAWBIAYaJIBHOTO JO3MMETPHYHOTO
KoHTpouo. KomIuteke ckiamaersest 3 iHAUBILYaIbHOTO €JIEKTPOHHOTO MpSsi-
Morokaszyrounm gosumeTrpa (BZ) i Omokxy posmmpenns (BP) 3 B,
PO3MIIIIEHIMH B OCEpEAKaXx.

3acTocyBaHHS TaKOI0 KOMIUICKCY JIO3BOJIUTH BIIEPIIE CTBOPUTH CHC-
TEMy KOHTPOJIIO pajialiiHOi 0OCTaHOBKHM Ta MEPCOHAIBHOI T03UMETPIT, 31aT-
HY BUSIBIISITH JUISTHKH 3 MIABHUIICHOKO PAi0aKTUBHICTIO, BUMIPIOBATH ITOBHUI
Ha0ip 1X mapameTpiB B pealibHOMY 4aci, 103y onpomineHHs Hocisg BJI i T.a. i
3a0e3Me4nTh BIIPOBapKEeHHs B pakTuKy podoru AEC npununn ALARA.

Ilepeik nocuianb
1. Lutz G. Semiconductor Radiation Detectors. Device Physics / Springer-Springer-
Verlag. — Berlin Heidelberg 1999, 2007. — 353 p.
2. Axumos FO.K. TTomynpoBogHUKOBbIE AETEKTOPHI B IKCIEPUMEHTANbHOH (usuke /
I0.K. Akumos, O.B. Urnatees, A.W. Kanuann, B.®. Kymaupyk. — M.: DHeproaro-
mm3zaar, 1989. — 384 c.
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VIK 536.53
Jlemenckuii A. H.', Epoxun C. 10%, Kpacros B. A%, Illyros C. B.*

JIMHAMHWKA MEPETPEBA AKTUBHOM OBJIACTH
KPUCTAJLJIA CHJIOBOTO IMOJIA

OcHOBHBIE 3JIeKTPODU3HIECKHE MapaMeTpbl KPHCTAIIOB MOMYIIPO-
BOJHUKOBBIX JUOAOB SABJIAIOTCA TEMIICPATYyPO3aBUCHMbIMU. KiroueBeiMu
(axTopamu, ONpEAENSIONIMME COCTOSHUE aKTHBHOM 00JacTH KpHCTajlia,
SIBJISIFOTCSL TEMIIEpaTypa OKpYKalollel Cpelbl, a TaK)Ke BEJIMYMHA [TPOTEKaI0-
mero uepes 1noj Toka. CyIiecTBeHHOE MOBBIIIICHUE TeMIIepaTyphl KpUCTasLIa
JIM0/1a B MIPOLIECCE IKCIUTyaTalluy HETaTHBHO CKa3bIBACTCsl HA €ro JOJroBeY-
HOCTH, a IPEBBIILICHNE MTPEEIbHON TeMIepaTyphl, YKa3aHHOW IpOU3BOIUTE-
JIEM U BOBCE NPHBOAWT K HEOOpaTnMo# Aerpananuu mnpuodopa. IIpomsinnien-
HO BBIITyCKAaEMble KPHUCTAJUIBI MOJYIPOBOAHUKOBBIX IHOIOB, KaK IPaBHIIO,
BBIITyCKAIOTCS [TPOU3BOANTEIIEM B PA3IMIHBIX BAPHAHTAX KOPITYCHPOBKHU: IS
MIOBEPXHOCTHOTO MOHTaa, 00BEMHOT0 MOHTaXa, C TEIUIOOTBOAOM H 0e3 Ta-
KOBOro U T. . COOTBETCTBEHHO OyJeT pa3IndHOl TemIieparypa, 10 KOTOpOi
HarpeBacTcsi KpUcTaul. B 3TOH CBsI3M TOYHOE OIpEAETCHHE TEeMIIEPaTypbl
JIUOJI0B, (DYHKIIMOHUPYIOIIUX MPHU OOJBIIMX IUIOTHOCTSIX TOKOB, a TaKKe B
SKCTPEMAIBHBIX TEMIIEPATYpPHBIX PEXUMAX, SIBJISACTCA aKTyaJlbHOM 3anade
JUISl MHOKEHEPOB U Pa3padOTUYMKOB COBPEMEHHOM 3JIEKTPOHHOW TeXHHUKH. J{ist
OIIpEeZIeTICHUs] TEMIIepaTypbl KpHCTaJUIa MOJIYIPOBOJHHKOBBIX NPUOOPOB B
HaCTOSAIIEe BPEMs CYLIECTBYET MHOXECTBO KOHTAaKTHBIX M OECKOHTaKTHBIX
CIOCOOO0B, HCIIOJIB3YIOUIMX pa3IndHble (U3WYECKUE TPHHIMIIBI, KOTOPBIE,
KaK MpaBHJIO, MOJPAa3yMEBAIOT HAJIMYKE JOCTYIA K OTKPHITOMY (HEKOPITyCH-
POBaHHOMY) KpHUCTaLTy. B KadecTBe mprMepa MOXHO BBIICIUTH TAKHE CIIO-
COOBI KaK: CKaHUPYIOIIAsi TEPMOMHUKPOCKOIIHSI, pAMAaHOBCKas! CIIEKTPOCKOIIHS,
TEPMOOTpaXKECHNE, KUAKOKpUCTAITHIecKass Tepmorpadus u ap. [1]. Ogaako
y’K€ CaMU Ha3BaHUsI CIIOCOOOB MO/Pa3yMEBAIOT CIOXHOCTh IPOLIECCOB M3Me-
peHust 1 HeoOXOJMMOCTh B MCIOJIB30BAHUH CIIEHUAIBHOTO JIOPOrOCTOSIIErO
o6opynoBanust. Takxke OONBIIMHCTBO M3 HUX HENPUTOIHBI ISl IPUMEHEHUS B
Cllyyae KOpIlyCHPOBaHHBIX PUOOPOB.

Jist pemieHnst mMocTaBlICHHOW 3a/laud aBTOpaMHu pas3paboTaH W 3aria-
TEHTOBAH MPOCTOH crocoO [2], MO3BOJSIOMNI ONPEACIATh TEMIIEPATYPy Kak
HEKOPITyCHPOBAHHBIX TaK U KOPIYCHPOBAHHBIX JIMOJOB, peali3alisl KOTOpO-
ro He TpeOyeT HaNM4us CIOXKHOTO oOopymoBaHus. B maHHO# pabote, mc-
TIOJIB3YS MIPEATIOKEHHBIH CIT0c00, aBTOpAaMH HCCIIEI0BATIACh JUHAMHUKA TIepe-

! m.u.c. UOIT um. B.E. Jlamkapesa HAH Ykpauusi

% i.c. UDIT um. B.E. Jlamkapesa HAH Vipaunst

* k.T.H., c.H.c. UDII um. B.E. JlamxapeBa HAH Yxkpaunbt

* K.T.H., 3aB. m1a6. Ne23 UODII um. B.E. Jlamkapesa HAH Ykpanusi
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rpeBa aKTUBHOW oOyiacTy Kprctamia cuioBoro nuoma UD05S06T ¢upmer ON
Semiconductor. CoryacHo crioco0a, ObUIM M3MEpEHbl BOJBT-aMIIEPHBIC Xa-
paxrepuctuku (BAX) uccnemyemoro npubopa B Juana3oHe TeMIlepaTryp OK-
pyxaromeit cpenbl Ta ot 0 10 100 °C 1 HOCTPOCHBI B MOTYI0TapHUPMHICCKOM
Macmrabe. Taxke ObUTH POBEAECHBI H3MEPEHHUS 3aBUCUMOCTH A depeHIn-
AJIBHOTO COIPOTHBIICHHUS ANOJA OT MPSIMOTO TOKA B OKPECTHOCTSX IPELIIOIIa-
raeMoi TOUKHU nepexoja JuHeHoro yyactka BAX k HenuHeHHOMY JUIsl Kax-
JIOTO M3MEPEHHOTO 3Ha4eHHs TeMmneparypsl. [locne yero Obl1a U3MepeHa Ka-
JTOPOBOYHASI 3aBUCHMOCTh MPSIMOTO MaJICHUS HAMPSIKEHHUSI HA TUOJE OT TEM-
HepaTypsl OKPYXKaIOIIEH Cpesibl IPU TOKE, HE MEPerpeBaroIieM KpUCTa Ul
omnpezaenenus quddepeHnnansHoi TOKOBOM TEPMOTYBCTBUTEIBHOCTH.

Ha pucyHke mnpejcTaBiieHa MojyuyeHHash 3aBUCUMOCTh meperpeBa AT
aKTHBHOW 00JIACTH UCCIIEIYEMOro JI10/ia B POLIECCe DKCILTyaTalluy OT BEI-
YUHBI TeMIepaTypbl OKpyxaroueil cpensl 7,. M3MepeHus npoBOIMWINCH NPH
BEJIMUMHE TIPSIMOTo Toka / = 5 A (MakcumasbHOE 3HaYEeHHE, YKa3aHHOE ITpo-
n3BoaureneM). OrpeneneHo npenebHoe 3HaYeHHE TEMIIepaTypbl OKpYyKaro-
el cpeabl Uil Oe3aBapuitHOM paboThI HccieayeMoro oopasua (IyHKTUpHAas
JTUHASA HA PUCYHKE).

110 - AT, °C :
1
100 - :
i
90 N i
| s475°C
1
- :
: T,, °C
70 T T L T T T 1
0 20 40 60 80 100 120

Pucynox — 3aBucuMocTs neperpesa Kpucraia A1oaa oT
TEMIIEPaTyPHI CPeIbl

Iepenik nocunanp
1. ®u3HYeckre METOIbI TUaTHOCTHKA B MUKPO- 1 HaHOANIeKTpoHuke / bemnsieB A. E. u
1p. — XapbkoB: UICMA. —2011. — C. 192-249.
2.Cnoci6 BU3HAUSHHS MeperpiBy KpUCTajda HaMiBIPOBIJHUKOBOrO Jioja /
O. M. Jlemencekuii, C. 0. €poxin, B. O. Kpacnos, O. M. Jle6ens, C. B. Llytos //
MMarent Ykpainu Ne 122011 U, omy6:1. 26.12.2017, Bron. Ne 24.
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YK 538.915
Kapauzacs S1.B.", Koporyn A.B.2

ITOBEPXHEBA OIITUYHA ITPOBIJHICTD BYIVIEHEBUX
HAHOTPYBOK TUITY <KARMCHAIR»

HesBuuaiiHi enekTpu4Hi BIAcTHBOCTI ByriereBux HaHoTpyOok (BHT)
PpOOIIATH TX OJJHMM 13 OCHOBHHX MaTepiaiiB HaHOENEKTPOHikH [ 1], mporpec y po3-
BUTKY SIKOI € icTOTHIM. Ha OCHOBI HAHOTIPOBIHUKIB 1 HAHOTPYOOK BXKE CTBOPEHO
NPaKTHYHO BCi 6a30Bi MPUCTPOI, (PYHKIIOHATIEHO €KBIBAJICHTHI Cy4acHUM Lid-
poBuM abo aHajloroBuM cxemam. [IpogeMOHCTpOBaHi eKCIIepIMEHTANbHI 3pa3Ku
€JIEMEHTapHHUX JIOTIYHUX CXEM, MOJIYJIB I1aM’sITi Ha HAaHOTPYOKax.

Kpim Toro, xomnosutHi marepianu Ha ocHoBi BHT MoxyTh OyTH BU-
KOpHCTaHi B MPHUCTPOSX MIKPOXBIUILOBOTO [iala30Hy, HAPHUKIAT B SIKOCTI
YaCTOTHO-CENICKTUBHUX NOBEpXOHb. [2]. LlIupoke BIpoBamKEeHHs TaKHX IPHU-
CTPOIB B IPAKTHUKy HEMOXUINBO 0€3 3HAHHS IXHIX eIeKTPOAMHAMIYHUX Xapak-
TEPUCTHUK, 30KpeMa, HOBEPXHEBOI ONTUYHOT MPOBITHOCTI.

[oBepxueBa mnposinHicTs oaHommapoBoi BHT B ojHOenekTpoHHOMY
HaOmmxeHHi [3] Moxe OyTH 3anucaHa y BUIISI

o(w)=0(0)+0,(0),

e
”’ “68
Gl(m) 2nh(1m ! R; [ op

(o) =13 | ”( e (’”)U lelp.)-1 Ce. )]
THRT Y, cofv(p,s)f(ooﬂr’l)

— YACTUHU TOBEPXHEBOI MPOBIJHOCTI, 3yMOBJCHI BHYTPIIIHHO30HHUMH Ta

MDK30HHUMH TIEPEX0AaMH, BiIIOBITHO; T — Yac penakcarii; R =3bm/2n —

paniyc oxnomapoBoi BHT tumy «armchair»; m — iHIEKC XipaJbHOCTI;

b=0,142 HM — MDKaroMHa BiJICTaHb y KpUCTaNi4HI{ IpaTui rpadeny; p —

KBa3ilIMIYJIbC ~ EIIEKTPOHIB, M0 3MIHIOETbCS y Mexax —-a<p<a;
f [sc ( p,s)} — posnozin Pepmi — Jlipaka; &, (p,s) — aucnepciiinuii 3aKon
PYXY T -€IEKTPOHIB y 30Hi IPOBITHOCTI; Y, = 2,7 eB — iHTerpanm nepekpuTTs;
o, (p,s)=¢,(p,s)/h — gacrora mix3oHHEX mepexofis; R, (p,s) — mar-

PHUYHHI €JICMEHT OllepaTopa JUII0JHOT0 MOMEHTY BYIJICIICBOI HAHOTPYOKH.

! Acmipant 3HTY
ZK. ¢.-m.H., mouent 3HTY
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Ha puc. 1 300pakeHO YaCTOTHI 3aJICXKHOCTI AIHCHOI YaCTUHHU MOBHOT
noBepxHeBoi npoinHocTi 1t BHT 3 pisanmu inaekcamu Xipainbaocti. Ha-
BE€/ICHI 3aJIC)KHOCTI MalOTh OCHWJIALINHUI XapakTep, MpHYoMy 3i 301IbLICH-
HSIM 1H/IEKCa XipaJbHOCTI aMIUTITYIM OCLMIIALIN 1 BiACTaHI MK MiKaMH 3Me-
HITyeThes. Lle 3yMoBiIeHO 30UIBIICHHAM KUTBKOCTI PiBHIB PO3MIpPHOTO KBaH-
TYBaHHA, 1 , BIATIOBITHO 3MCHIIICHHSM BiICTaHI MiXK HUMHU.

4

m=10

Reo, 10°Cu
3% ]

1 2 3
ho.eB

Pucynok 1 — YacToTHi 3a1€XKHOCTI AifICHOT YaCTHHH NOBHOI OBEPXHEBOT NPOBIAHOCTI
it BHT 3a pi3HUX 3HaYCHb XipaabHOCTI

Iepenik nocunanp

1. Apsuxos, I[I.LH. DiekTpoHHBIE CBOWCTBa W MpUMEHEHHE HAHOTPyOok [Tekcrt] /
I1.H. ApsaxoB. — M. : BUHOM. JlabopaTopus 3Hanmi, 2015. — 491 c.

2.Loh, K.J. Inductively Coupled Multifunctional Carbon Nanotube-Based
Nanocomposite Sensors [Text] / K.J. Loh, J.P. Lynch, N.A. Kotov // Proc. Int. Symp.
of Applied Electromagnetics & Mechanics. 2007.

3. KopotyH, A. B. BucokouactoTHa OpOBIAHICTh BYIJICLEBUX HAaHOTPYOOK zigzag-
koHoirypauii [Texcr] / A.B. Koporyn, .M. Titos, 5.B. Kapanaacs // JKHE®. 2015. —
T. 7. — Ne2. - 02021.
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YK 539.2
B. I1. Kyp6auskuii', A.B. Koporys'

OIITUKA METAJIEBUX HAHOILJIIBOK:
HABJINKEHHSA HEOBMEXXEHOI'O CEPEJJOBUIIA

BpaxyBaHHs Jucunanii y MeTaJleBUX IUTIBKaX HAHOMETPOBOI TOBLIMHHU
3IIICHIOETHCS NIJSIXOM BBEJICHHS y KiHETUUHE PIBHSHHS JJIsl CTATUCTHYHOTO
oreparopa WieHy, SKAH MiCTUTh IIBUAKICTE penakcarii y [1]:

0 c€ i
LTI R CERUSY

e HE — omneparop ['aMiibToHa €JEKTPOHA Yy IUTIBII y IMPUCYTHOCTI
eniekTpoMarHiTHoro nodsi. [lIBuakicTs penakcaiii — iHTerpajibHa BeJIMYHHA,
sKa XapakTepu3ye IUCHUMALI0 y BCiil MiiBLi, B 00’eMi 1 Ha NoBepxHi. Y 3a-
ranbHoMy Bumanaky y=y(L), ge L — ToBmmMHA IUIiBKM; Y —>7Y", KoM

L — o0, y° — mBuaKicTh penakcarii y HeoOMeKeHOMY METaleBOMY 3pas3Ky.

Po3B’s30K KiHETHYHOTO pIBHSHHA Ja€ MOXJIHMBICTD OTPUMATH
TCNeKTPUYHUNA TEH30p IUTBKHM [2] Ta BCi ii ONTHYHI XapaKTePUCTUKH. Y
poboTi [3] noBeneHO, IO /Ui OJAHOPIAHMX 33 TOBIIMHOI IUTIBOK 33 YMOBH

L0 |lm|, ze lmsvg/(y—ico) — edeKkTUBHA JIOBXKHMHA BUIBHOIO IpoOiry

CJICKTPOHIB, (0 — YacTOTa BUIPOMiHIOBAHHS, vg — MIBUJIKICTh CJICKTPOHIB HA

piBHi ®epmi, KOMIIOHEHTH Mi€NEKTPUYHOIO TEH30PY 3BOMATHCA 1O
nienexrpuynoi ¢yskuii Jlpyae OIHOpPIIHOTO HECKIHYEHHOT'O METajIeBOTO
CepeIoBHIIA

2

(O]

! o(o+iy)’

ac (,Op — I1a3MOBa 49acToTa.

TumoBe 3HaueHHS eQEKTHUBHOI IOBXHHHA BUTBHOTO TMPOOIry B
iH(ppauepBoHiii 00nacTi 4Yactor |lm| ~10 HM, TOMYy CIiJ OYiKyBaTH, LIO
IUTiBKa OyJie MOBOAUTH ceOe sIK HeOOMEXeHe CepeloBHIIe, KOIX 11 TOBLIMHA
JIOCSITAE KUIbKOX JECSATKIB HAHOMETPIB. AJie cepesi eKCIIepUMEHTATOPIB JIyKe
MOLIMPEHa MPaKTHKa 3aCTOCyBaHHs JienekTpuynoi ¢yHkuil Apyne anst onu-
CaHHsS ONTHYHUX BJIACTUBOCTEH METAJIEBHX IUIIBOK TOBIIMHOIO Y JEKiJTbKa
HaHOMETPIB (AMB., HAPUKIAZ, [4, 5]), NpUYOMY 3HAYEHHs MapaMeTpiB ©®, Ta

Y 3HAXOMSTh 3a PE3yJIbTATAMH E€KCIIEPUMEHTY.

! Kanumar disHko-MaTeMaTHYHAX HAyK, TOIEHT Kadbenpn MiHE
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denomeH ycmimHoro 3a-
CTOCYBaHHS MOJEIi HeoOMexe-
HOTO CEpCIOBHINA IS IUTIBOK
HAaHOMETPOBOI1 TOBIIUHU
3aCIyroBy€ OKpEMOTo
TOCITIIOKEHHS. IIpoBenennit
aHaii3 TTOKA3ye, o
0COOJMBOCTI JUICHIIAIN] Y HAHO-
METPOBUX ILTIBKaX HE MOXYTh
Jatu  Homy nosicHeHHs. Ha
| puc. 1 HaBemeHi pe3yJbTaTH
ho.eB po3paxyHKy 3a Teopiero Jlpyzae
Pucynok 1 — YacToTHi 3a1eKHOCTI KoedimieHTa KoedilieHTy BiIOMBaHHS ILTIBKA
BifOMBaHHA IIIBOK AU TOBILMHOK 4 HM: Au ToBHMHOIO 4 HM Yy
I-y=14-10"¢";2- y=33-100¢";3- MOPIBHSAHHI 3  EKCIICPUMEHT-
y=T.0-10° ¢ TaJIbHUMU JaHUMU .[6] 3a piSH.I./.IX
. . 3HauY€Hb MIBUIKOCTI pefaKcallii.
€KCIIEPUMEHTAJIbHI 3HaYeHHS B34Ti 3 [6]

Sk BuAHO, Bapiaiis mucHnanii y MIMPOKHX MeXax ClIadKo BIUIMBAE HAa pe-
3ynbratd. OOIPYHTYBaHHS MOJENl HEOOMEKEHOro CepeloBHINA Ui HaHO-
METPOBUX IUTIBOK CIiJ| IIYKATH y «PO3Ma3yBaHHI» PIBHIB pO3MIpHOTO KBaH-
TyBaHHSI TUTIBKU BHACJIIZIOK HEOJHOPIAHOCTI 11 MOBEPXHI.

in
[
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VJIK 539.2
Torocos B.B.!

O BJINSIHUA BAKAHCU HA XAPAKTEPUCTUKH
METAJLJIA. PABOTA BBIXO/JIA 9JIEKTPOHOB 1
INOBEPXHOCTHAS SHEPT U

XapakTepUCTHKH MeTaljla 4YyBCTBUTEIbHbl K HAIWYUIO Ae(EKTOB.
BrnusiHue TErIoBbIX BaKaHCHUil HA yIENIbHOE COMPOTUBIICHHE P MeETaylla Ofl-
penensieTcss U3 SKCIEPHUMEHTOB M0 OCTATOYHOMY COMPOTHBICHUIO. [lonaras
QJJIATUBHBIMU BKJIaJ(bl B PACCESIHUE DJICKTPOHOB HA PA3JIMYHBIX JedeKTax
MaJIBIX KOHLICHTpanui (mpaBmio MaTTucceHa), 1 OCHOBBIBAsICh Ha TEPMO/IHU-
HaMHU4YE€CKOM OIPCACIICHNU KOHUCHTPALUU BaKaHCHﬁ, 3aBUCHUMOCTD DJICKTPH-
YEeCKOT'0 CONPOTUBIICHUS OT KOHLIEHTPAllUK ¢, MOXKHO 3aIIHCaTh B BUJIE

pe,)=p’ (1+0,c,) (1)
rae p’ — 3HaYEHHE COMPOTUBIEHUS TIPM KOMHATHOM TeMIeparype, a, — Ko-
3¢ GUIHIEHT.

3aBucuMocTs (1) Hapsay ¢ TeMIepaTypHOH 3aBUCHMOCTBIO COIIPOTHB-
JICHUS Hal/IGOJ'Iee HHTEpECHA B6J'II/I3I/I TOYKH IUIABJICHUSA, I'’IC ITOHATUC BaKaH-
CHH SIBJISIETCS €IlIe BIIOJHE ONPE/IEICHHBIM U KPUCTAIMYECKOTO COCTOS-
HUsI, 2 KOHLIEHTPAIlMK BaKaHCHH MaKcuMalbHBL [locne ruaBiieHHs, cKopee
BCEro, CIEIyeT TOBOPHUTh O «KBA3UBAKAHCHSX», KOHIICHTPALUS KOTOPBIX
MPOJIOKACT YBEIUUUBATHCS C POCTOM TEMITEPATYPHL.

Pacuers! ¢a3 paccesHUsI 3JIEKTPOHHBIX BOJIH Ha MOHOBAaKaHCHHU B pas-
JIMYHBIX HpI/IGHH)KEHI/IﬂX MMPOBOAUIINCE HEOAHOKPATHO. B YaCTHOCTHU, MCTO-
nom Kona-Illema B Mozenin cTaOMIIBHOTO JKeJjie HAaMH Takoke HaiieHbl (asbl
paccesHusl AJIEKTPOHOB HAa YeIWHEHHOW BakaHcuu [1]. DTo mamo BO3MOXK-
HOCTb OLEHUTb BAKAHCHOHHBIA BKJIJl B JJIEKTPHYECKOE CONPOTUBIEHHE O, .

Paccunrannbie (a3bl paccestHUS MO3BOJSIFOT TAK)KE OIMPEACTIUTh CMe-
UIEHHs JIHA 30H TPOBOAMMOCTU €’ [] ¢, DJEKTPOHOB, 06YCIIOBIEHHbIE HAJH-
YUEM CHUCTEMBI HEKOPPEIHUPOBAHHBIX U YIOPSAAOYEHHBIX B CBEPXPELIETKY
BaKaHCHil B OJHOPOJIHOM MeTale (6e3 yuera noBepxHocTH). Bemuuuny &’
MOXKHO OXapaKTepU30BaTh KaK OTCYET JHEPrHH 3JICKTPOHOB B Je(ekTHOM
Metamie. B [2] mpemtoskeH moaxo, B KOTOPOM JIOTIOTHUTEIIFHO YIUTHIBACTCS
pellicHHe BapHUAIlMOHHOW 3a[aul il HEOJHOPOJHOTO METaia ¢ OJHOPOJI-
HBIM 00EMOM MOHMXEHHOH IUIOTHOCTH BCJIC/ICTBHE HAJTWYNS BaKaHCHH.

'TIpodeccop 3HTY
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3aBucumocty Buaa (1) it paboThl BBIXOAA IEKTPOHOB M MOBEPXHOCT-
HOM 3HEpruu MeTajula 10 CHX MOp HE MPHUBOAWIMCH. 3aBUCUMOCTb OT C, TIpE-
CTaBIICT MHTEPEC I HEPABHOBECHBIX CHTYAIIMH, a TAKKe TaeT HHPOPMALIHIO O
B3aNMOJICHCTBIM BakaHCHA. Hampumep, 11 pocToil KyOMIecKo# cBepXperieT-
KA M KOHIEHTpalui c, = 107 HeoGxomuM y4eT B3aUMOJICHCTBUI BakaHCHIi-
coceneit [1]. B kmacrepax-mMHOrorpaHHuKax ¢ 4ucioM atomoB N <100 mpwu
TIOBEPXHOCTHOM IUIaBJIeHUH (TIpeIUIaBlieHin) Habmoaaercst qudys3ust BakaH-
cHil BIIOJb pedep, a ¢ MOBBIIICHHEM TEMIIePaTyphl BO3MOXKHA Takke Muddy3ust
MOBEPXHOCTHBIX BaKaHCHI B 00beM. Hammame maxe omHOM BHYTpeHHEH BakaH-
cuu ipu N =100 TPHBOIMT K aHOMANBHO BBICOKOMY 3HaueHHIO ¢, =107, a
caM KJIacTep CTAaHOBUTCS BaKaHCUOHHOM sSTUEHKOM.

B pamkax wmeroma Komna-lllema mnpemiokeH METOJ| OIpeaeieHHs
3aBUCHMOCTH palbOThl BBIXOZAA 3JIEKTPOHOB M Y/EIbHOM IOBEPXHOCTHOM
SHEPrUU MeTalia OT OTHOCHTEIBHOM KOHIICHTPALWU BHYTPEHHHUX BAKaHCHUH.
CoxpaHsisi CTHIIb MOJICTH CTaOMIIFHOTO JKeJe, B OMHOMEPHBIH (QYHKIIMOHAT B
KauecTBe «zero-point energy» BBOIUTCS, PACCUNTAHHBINA paHee OOBEMHBIN
CIBUT JHA 30HBI TIpoBoaUMOcTH &
Hcnone3ya ¢, B KauyecTBE Majoro InapaMmerpa, HalIeHbl JTUHEHHBIE 10 C,

B KOHKPCTHOM OJHOPOJHOM MCTAJIIIC.

MOTIPaBKHU K paboTe BBIXO/a AJIEKTPOHOB U IIOBEPXHOCTHOW SHEPIHU METaJlIa.
Koadummentsr  pa3nokeHHS  BBIpAXAIOTCA  Yepe3  XapaKTEePUCTHKH
OeznedekTHOro Mertayia. B TepMOAMHAMHYECKOM Hpeneiie IOCTPOCHEI
TeMIepaTypHbIC 3aBUCUMOCTH XapaKTepUCTHK Al.
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VK 621.3.049.774
Ipockypin M. I1. !
HUHTEI'PAJIBHI CXEMHU 3 OITUYHUMMU 3BSI’3KAMMU:
KOHCTPYKIIII MIKPOIIOTYKHUX CBITJIOAIOIIB.

Beryn. 11IBunkoairoui HEKOTePEHTHI BUIIPOMIHIOBAYI THITY CBITJIOJIOJNIB
(C) BUKOPHCTOBYIOTHCSI B ONTOENEKTPOHHHX IPHUCTPOSX (TaybBaHIvHI
PO3B’si3KK Ha 0a3i ONTPOHIB), BOJIOKOHHOONTUYHUX JIiHIsAX 3B’s13ky (BOJI3) no-
BxkuHO0 0,01MM...3KM, a TakoXK B HU(POBUX MPHUCTPOSIX PO3IMOILTY MOTOKIB
(Thmy omroenekTpoHHMX Marpunb Komytaiii- OEMK [1]). IlepeBaramu
tBeproTutbHUX CJ1 € ix mami po3mipu, npuemne 3HaueHHst KK/ (10...50% i
Oinpine) [2], momipHa BapTiCTh, MOXJIMBICTH BHPOOHHMIITBA IO CyYacHUM
TEXHOJIOTiSIM, II0 BU3HAYAE X IIMPOKE 3aCTOCYBaHHSA B TEXHII, €JICKTPOHHNX
MPUCTPOSIX Ta TexHOuorisx. OcTaHHii Yac OUIbILe MPUILISETHCS YBArd 10 BUKO-
PHCTaHHsI HaJIIBUIKICHUX IHTETPaJIbHUX MIKpPOMOTYXHUX iH(ppauepBonux (1Y)
CJ1 onTpoHIB Uil CTBOPEHHS ONTUYHMX KaHATIB 3B’f3Ky, iHTepdeiiciB Ha
Mamx BigcTaHsx IMkwm...10MM B iHTerpampHuX cxemax (IC) i/a6o po3poOku
OITOEJIEKTPOHHUX JIOTTYHHUX eneMeHTiB it mudposux IC Ha ix ocHosi [3-4].
IIpu mpoexrysanni Y C]] 3a3Buvait ¢gopmMyroTs Hadip BHMOr (y BUIILIAL
TexHiuHOoro 3aBaanHs — T3) Ta GopmaizyoTh iX y BUMIsiII HAOOPY MapameTpis.
Osnaueni tumu Y CJl € 1aHapHi romoreHHi abo — reTeporeHHi
HaniBrpoBiqauKoBi ctpykTypr (HIIC) Ha ocHOBI npsiMo30HMX MarepiaitiB A;Bs 3
p-n nepexonom (GaAs i/ado 3 gomimkoro Al: AlyGajAs, iH.). [lepedir gepes
HBOTO TPSIMOTO CTPyMY IIE€BHOi BEJIMYMHM — OCHOBHMX HOCIiB 3apsny (H3),
IKekTyeMux B akTuBHUE mpormapok CJI (3a3Bmuait p+ 001acTh) BUKIHKAE
CIIOHTaHHY peKoMOiHalilo 3 HeocHoBHMMHM H3 y Bkazawiii pt+ oOmacti i
iHTeHcuBHe BunpoMinoBanHs 3 ToBuwHu HIIC. Xapakrepuctiku GaAs (OCHOB-
HUH npssMo30HHME Matepian it CJ1 IY miamasoHy) Ta eTanu, METOIUKH po3pa-
xyaky noro HIIC crpykTypw, BXiJHUX/BUXIJHHX HapaMeTpiB Ta ONTHMi3amil
HABEJICHO B CJIali/iaX MpEe3eHTallil J0 IHX Te3.

AHaJi3 1ocaimKens i myomikamiii. Y po0oTi aBTopa Te3 [3] HaromomeHo
Ha MOXJIUBOCTI CTBOPCHHS B} CI[ JUTS iHTep(beﬁciB IC 3 onTruHMMHE 3B’3KaMH
(ICO3) Ha OCHOBI TIAHAPHIX MIKponoTyxHuX iHTerpanbaux ontpouis (14 CJ1 i
p-i-n doromion — d)JI) i3 HOBerHeBI/IM/TopHeBI/IMI/I BUXOJIOM BHITPOMIHIOBaHHS
(IIBB/TBB) y Burmsaai HIIC, sxi moxyTs Oyt po3MimieHi B GaAs me3ax, 10
cdopmoBani Ha mifxaam Si-SiO, (MeTon rerepodazHoi emnitakcii — [PE). Taxi
ONTPOHM MOXKYTh OYyTH BHKOPHCTaHI B €KCHepUMEHTaJIbHMX IUiaHapHux IC 3
ontuuanmiu 3B’si3kamu (ICO3), HanpukiTaza, maTeHT aBTopa Ii€i cTaTTi [4].

Heupimena npooieMaTuka.  3aBIaHHSIMH aHAJi3y, IPOSKTYBAHHS 1
cropennst [ CJ] YBY pianazony (y ckiaji iHTErpajibHUX MIKPOHOTYXHHX
OIITPOHIB) € OIJISI, BU3HAYCHHS Ta BiIOIP BiOMUX, MPUAHATHUX MiXOMIIB A0 X

"K.1.1., 3HTY, nouent, gouent kadp. KCM
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po3pobku, po3paxyHok HIIC CJI i @/, ix pexumiB poOOTH Ta MOAEIIOBAHHS 3
METOI0 OTPHIMAHHS MEPCIICKTUBHUX 1HTETPATbHUX KOHCTPYKILiH onTpoHiB. [Ticms
HONEPEHBOIO OISy aBTOP OKPECINB KiIbKA CKJIAJ0BHX MO0 BHOOPY KOHCT-
pyKTUBHO-TexHoJIoriuHOro pimennsi (KTP) ans mikporoTykHOro onrpoHa
YBUY nianazony i Horo iHTerpaibHOI MOIEIT:

1 — tim momysiii [4 CJ] ( peskuMu  « MaJIMI/BENMKHUN CUTHAID);
2 — koHCTpyKIi MikporoTyxHux CJ] mo TexHomorism mmanapaux HIIC: a — CII
i3 [IBB/TBB; 6 — @ /1 3 miacmwiroBadeM JeTeKTOBAaHOTO ONTHYHOTO CHTHAITY (Ha-
npukian: p-i-n ®J] 3 BU mincumosavem — Ginossipauit/M/IH tpanzucrop, in.); 3
— cnoci6 ¢opMyBanHs onTHyHUX MikpokaHaiiB Tuiry BOJI3 na mosepxni HIIC
(Big CJI mo ®JI). AHati3 KOXKHOT 03HAYEHOT CKIIaZ0BOT MOMKIIMBO 3HANTH B OKpe-
MHX (PaxoBHX ITyOJiKalisx; ajge ix o0’€THaHHS 1 KOMIUIEKCHE 3aCTOCYBaHHS B
enuaomy KTP me He mpoBommiock. Lle Moyke puBeCTH 10 pO3B’sI3aHHS 3aB/IaH-
HSI: CTBOPEHHS MIKPOTIOTYKHUX iHTerpanpHiX ontpoHiB YBY miamazony (I4 C/]
i p-i-n ®/JT) st tmdposux ICO3 1 ix inTepdeiicip.

BucHoBku. 1. B Te3ax BHUCBITICHO JesiKi €Tary aHaji3y, [POSKTYBaHHI,
po3paxyHKy 1 monemroBanHs MikporoTyxuux [4 CJI YBY mianasony (0,3...3,0
I'T1) s miaHapHUX iHTErpabHUX onTpoHiB y ckitaai ICO3. AkiieHToBaHo, o
qutst Buxony Ha npuiHATHe KTP (110 yacroti mepemukanns CJI), HeoOXigHO BU-
KOpHCTaTH KoMOiHamiio 3 Tpbox migxoxis: 1 —3menmenns ctpymy CJ y 10...
100 i Oinpln pa3iB  (TOPIBHSHO 3 HOMIHAJIBHUM CTPYMOM TIPOTOTHITY);
2 — BUKOPHCTAHHS PEXXUMY MOJYJISILIT THITY « MaJIMid CHTHaDY; 3 — 30UIbIICHHS
KOHIEHTpAIlii JOMimK# po6odoi o6macti BuIpoMiHIOBaHHS po >10"cM™ 1 i
orrTumizanis (ToBumHa Z aktuBHOTO mapy p+ < 1,0...2,0 Mxm).

2. OtpumMani po3paxyHKOBI JaHHI OyJ0 (hOpMaTi30BaHO i IHTETPOBAHO B MOENL
KUTBKOX BipTyansHHX onTpoHiB YBY mianazoHy (3a OCHOBY OyJio B3STO ONTPOH
249KII1C: CA-DTp.), sixi mpomonensosano B [IC MAEC-IL.

3. INposenene moxemoBannst [Y CJI YBUY nianazony B nox cxemax KI'T (na
OCHOBI TPHOX IHBEPTOPIB 3 MIKPOIIOTY)KHHUMH ONTPOHAMH) HAJIAJI0 HACTYIIHI pe-
syaprati: dactotd F mepemukanns U C/I Bix 0,333 no 1,61 T (3naveHHs
crpymy C: ICA1makc~113MKA i IC/I2makc~ 84MKA BiamosimHO) [5].

4. TTpu Bubopi KTP (mmsa crBopenns B ICO3 iHTepdeliciB Ha MIKPOIOTY>KHHX
orntpoHax YBY niana3oHy) nepcrneKTMBHUMH € TIaHapHi Si TEXHOJIOTT.
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VK 538.915
PesaB. 1!

PO3MIPHA 3AJIEXKHICTh EHEPT'TI YTBOPEHHSA
BAKAHCIA Y METAJTEBUX HAHOKJIACTEPAX

ITepcriekTHBHIM 00’ €KTOM HAHOCIEKTPOHIKU € METaJIeBi rpaHyiH (OC-
TpiBL, KJIaCTEPH aTOMIB), 3B’I3aHi CIIA0OKMMHU TYHEIBHUMH B3aeMoisiMu [1].
Krnactepu, mo MicTsITh BakaHCii, MOXKYTh MAaTH 1HIIII Mari4Hi 4uclia aTOMIB,
Hix O6e3medextHi. Lle Moxe mpuBOIUTH, 30KpeMa, 10 PO3MUTTS BILUTUBY 000-
JIOHKOBUX €()eKTiB Ha HAAMPOBITHI KOPEISAIil, BKIFOYAIOUN IIUTHHY CIEKTPa
30y KECHHS.

st po3paxyHKy eHeprii yTBOpeHHsI BaKaHCI y KJjacTepax Ta BIUIMBY
Ha HEi KBAaHTYBaHHS EJIEKTPOHHOTO CIEKTpPa BHUKOPHCTOBYBAJacs MOJCIb
CTabUIBHOTO XKeJle, 0 HEe MICTUTh MiATOHOYHUX HapaMeTpiB.

Po3MipHi 3aIeKHOCTI Il €Heprii yTBOPEHHS MOHOBAaKaHCII po3paxo-
ByBaJIKCs 3a [BoMa MexaHizmamu: [1I0TTKI Ta «BHIyBaHHS MyXHPIL» [2].

Bignosinao mo mexanismy IlloTTki 3 cynineHOi N — atoMHOi chepu
paniycom R, = N" 3r0 1 IOBHOIO eHeprielo £, BUIAIEThCS HA HECKIHYCHHICTh
OIUH aToM; 7, — pazaiyc koMipku Birnepa—3eiiTia. ¥V KiHIEBOMY CTaHI MaeMO
cepy Takoro x pagiycy (R, ,, =R, ), ane 3 enepriero E, , , IO MICTUTH
N —1 atoMmiB Ta 0fiHy BaKaHCIito pazaiycoM 7, y LeHTpi chepu. Chepuunuii map
MK =7, i r=R,_, mictute N —1 aromis. Toxi ans 3apsmKeHOl 3apsaoM
O cdepu eHeprist yTBOPEHHS BaKaHCIl BU3HAYAETHCSI BUPA30M

£ Va0 Sh.0 :[EQ +Eat]_E/% , )

N,v N-1,v

ae E, — enepris atoma (xene-cepu pajiycoM 7, ) y BaKyyMi.

1 . .
CT. BHKJIana4 kKad. Mikpo- Ta HaHoenekTpoHiku SHTY
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CyTbh Apyroro MexaHizmy, Ipu SIKOMy YHCJIO aTOMiB y cdepi He 3Mi-
HIOETbCS [2], y «BUOyBaHHI BakaHcCii» (cdepuunoi Hipku pamaiycoMm 7y y

ueHTpi chepn):
8vac,blOW»Q — El\Q/,v _EI\Q/ . (2)

Ny
Ha puc. 1 HaBeneHi pe3ynbTaTH pO3paxyHKIB PO3MIPHHX 3aJISKHOCTEH
eHeprii yTBOpeHHs BaKaHCil 3a IBOMa MeXaHi3MaM, MOPIBHAHHS SIKHX, 30Kpe-
Ma, MiATBEPIDKYE EHEPreTHYHY BUTITHICTh MEXaHi3My BHyBaHHS BaKaHCIi:

vac,Sh vac,blow dis

Eny TEy, o FEN,. 3)
Junst nanoro inTepBainy N i 3aJI€)KHOCTI CHIIBHO OCIHJIIOIOTH, 11O € Pe3yJib-

TaTOM KBAaHTYBAHHS CIIEKTpa €JIEKTPOHIB 1 3aIIOBHEHHS EJICKTPOHHHUX 000JIO-
HOK. HeodikyBaHUM BUSIBUJIOCH T€, IIIO0 B ACUMIITOTHIII PO3MIpHA 3aJI€XKHICTh

vac,Sh

€y, (akTHYHO BiACYTHS.

11
1 L
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1e wl
12
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5~ 16 [T
g 15 (13-
3 14
13 820
1z pa b
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szt
ZS 3d 35 4D 45 5B 55 25 3D 35 4B 45 5D 55
N® N®

. . ,Sh
Pucynok 1 — Po3paxoBaHi eHeprii yTBOpeHHs BaKaHCii Sj:/w
v

(1) a gvac,blow (2) y 3apsuKeHHX Ta HEHTpaNbHIX KiacTepax Na;
Y LITPUX-ITYHKTUPHI JIiHIT — aCUMIITOTHKH [3]
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BILJIMB METPOJIOTTYHOI HAIIMHOCTI HA SIKICTh
OYHKIHIOHYBAHHA BUPOBHUYUX CUCTEM

PoGoTa mMeTponoriuHoi city01 MPOMHCIOBUX MiJIPUEMCTB HaIpaBJie-
Ha Ha BHUPILICHHS 33]a4 3 METPOJIOTIYHOTO OOCIyrOBYBaHHS 3aCO0iB BUMIPIO-
BasbHOI TexHiku (3BT). BaxuBimmM moka3sHHKOM SIKOCTI METpPOJIOTIYHOTO
00CITyTrOBYBaHHS € BJIACTHBICTh 30epeyKeHHs mparie3natHoro crany 3BT ympo-
JIOBXX JISIKOTO yacy (MEeTpoJIoTiuHa HamidHICTb). [ XapakTepucTuku MeTpo-
noriyHoi HaxiHocTi 3BT 3acTocoByeThes psif moKa3HHUKIB. OCHOBHUMH TIOKa-
3HHMKamMu MetposoriyHoto HaniitHocti 3BT €: T, — cepenHs HapoOKka (Hamparito-
BaHHs) Ha sABHY BiZIMOBY; T, — CEpPEJJHE HANPALIFOBAHHSA HA PEMOHT [1].

Mertpornoriune o6ciyropyBants 3BT noBHHHO miyisiraTy TOJIOBHIHN 3a/1a-
Yi camMOro BUPOOHMITBA — 3a0e3Ne4eHHs] He0OXiTHOro 00’ eMy BHITYCKY BUPOOIB
TIPY MiHIMaJIbHUX BUTpartax. MeTpooriyHe 0OCIyTroByBaHHSI MOXHA PO3TIIAAaTH
B IIbOMY aCTIEKTi sIK 3a0e3meuyrouy miacucTeMy BupoOHuITBa. CTpyKTypa i cTpa-
Terisi KepyBaHHsI LI€I0 MMICUCTEMOI0 BH3HAYAIOTh BUTPATH, MOB’s13aHi 3 il yTpH-
MaHHSM Ha BHPOOHHMIITBI, @ TAKOXK BUTPATH, BUKIMKAHI BUITYCKOM: OpaKoBaHOT
npoaykuii yepes 3acrocyBanns 3BT 3 HemocToBipHUMYU ToKazaHHAMH. HeoOxin-
Ho BuKopuctanus 3BT, ski 0 3a0e3meuyBain KOMIIPOMIC MiXK BTpaTaMH BiJl BH-
poOHHMIITBa GpaKOBaHOI MPOAYKIIIT i BUTpaTaMH Ha METPOJIOTIYHE 00CITyroBYBaH-
a1 3BT, T00TO B TOCSATHEHHI MIHIMyMY 3arajJbHIX BTPAT BUPOOHHUIITBA.

[Tpunyctumo icHye P THIIB poOOYHX MICIIb 110 BUTOTOBJICHHIO IIPOTY-
Kuii, 1e BuKopuctoBytothes 3BT, p, — KinbkicTh pobounx Micp k-ro Tumy, k
=1, ... P. Ilapkx 3BT mignpuemcrBa Hapaxye M tumiB 3BT. ¥V koxxHOMY j-My
tini 3BT € n; onuanue 3BT, (=1, ... M).

CymapHi BTpaty Big Opaky 1o NpH4HHi MeTpoJsoriuHuX BimMoB B 3BT

BUPAXKAIOTHCA:
M P

6 [§
Cp:;(lfKﬂj)kZ:lqjkPijf , (D
p -

ne Ky — KOe(IIIEHT BipOTIMHOCTI (TOCTOBIPHOCTI) TIOKA3aHb j-1 TPYITH OXHOTHITHHX

IPWIAJIB, ¢ j; — BEIHYMHA, SKa BKasye THII i KitbKicTh 3BT kokHOro Trity Ha poo-

! k.1.H., foueHT kadeapu Mikpo- i HaHoenexTponiku SHTY
2 1.7.H., mpodecop Kabeapn anapaTypu pagio3s’si3Ky, PagiOMOBICHHS 1 TenebadeHHs
JIHITPOA3EPKMHCHKOTO JEP>KaBHOTO TEXHIYHOTO YHIBEPCUTETY

K.(b.-M.H., moueHT Kadeapu Mikpo- i HaHOenekTpoHiku 3HTY
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. 6 . .
4oMy MicLi aeskoro vy, C jlf — rrpadHi KoedillieHTH 3aCTOCYBaHHS IaHOTO THITY

3BT 3 MeTpOIIOriYHOIO BiZIMOBOIO Ha BU3HAYCHOMY THITL POOOYOTO MICIISL.
HesBaxaroun Ha mpoctoTy Bupasy (1), y HhOMy HETPUBIaIEHOIO KOM-

0] . .
TIOHCHTOIO BHCTyIIa€ BEIMYMHA C_]l? OcTaHHS 3aJIC)KHICTh BiJl MHOXHHH

(haxTOpiB: THIy BHPOOHMITBA BUPOOHUYOI MPOrpaMH, TEXHOJIOTIYHHUX IPO-
1IeciB, CKJIa[ly OCHOBHOTO i JOIIOMIDKHOTO YCTaTKyBaHHsS i HOro KOMIIOHY-
BaHHS Ha BUPOOHMYMX ILIOINAX, CTPATerii KepyBaHHs BHPOOHUITBOM Ta iH.,
TOOTO BiJ OpraHi3amiifHO-BUPOOHHYOI CTPYKTYpH. BUBUECHHS TOBOIKCHHS

6p . . .o .
BCINMYNHHU C]k HOTpe6y€ aHan3y OpraHISaLIlI/IHO—BI/IpO6HI/III01 CTPYKTYypH

i IIPUEMCTBA.

J7st 3MEHIIICHHS BTPAT BiJ BUPOOHHUIITBA OpPaKOBAHOI MPOAYKIIT HEOO-
XimHO 30inbIIyBaTH KoediuieHT gocToBipHOCTI nokazans 3BT, mo norpedye
JIOCII/KEHHST 3B’SI3Ky IOTO Koe(illieHTa 3 MOKa3HUKAaMH METPOJIOTIYHOIO
HagiiHocti 3BT. Ha mifcraBi MaTreMaTHYHOTO MOJICITIOBAHHS METPOJIOTIYHO-
ro oociyroByBauss 3BT [1, 2] oneprkaHi 3a1eXHOCTI TOKa3HUKIB METPOJIOTI-
YHOI HAIIHOCTI BiJI OCHOBHUX IapaMeTpiB CUCTEMH METPOJIOTIIHOTO 00CIy-
roByBanus 3BT.

Busnaueno, 110 koeQillieHT BiporiiHOCTI Oy/ie 3pocTaT 3i 3MEHIIICH-
HSM CepefHE HalpalOBaHHSI Ha PEMOHT BiIHECEHOTO N0 cepelHild HapoOKH
Ha SIBHY BiJIMOBY .
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T'IIPOJJMHAMIKA TA TEILIOOBMIH B KPUBOJIIHIHHUAX
KAHAJIAX 31 BCTABKAMMU ITPU MAJIUX
YUCJAX PEHHOJIBJICA

OnmHMM 13 MOXJIMBUX TEXHIUYHMX PO3B’SI3KIB MpoOJieMn HaAiHHOTO Bif-
BEJICHHSI €JICKTPUYHOI TEIJIOTH, 10 BUALISETHCS MIPOLIECOPAMH, € CTBOPEHHS B
MIAKIaAl KpUCTajla CHCTEMH KaHAIIB, 3allOBHEHHX PIAKHM TEIIOHOCIEM.
Harpituit TeruoHociii mo TpyOkax MoOXe HaJXOIUTH B OKPEMO BHHECEHHH
TETUIOBI/IBIJI, SIKMI JO3BOJIUTH OJIEpKaHy TEIJIOTY IepeiaTy B 30BHIILIHE cepe-
JIOBHIIIE.

AHari3 TeIIOBUX 1 TiIPOAWHAMIYHUX IPOIIECIB y KaHANAX ITOKa3ye, M0
B JTaHi{ CHCTEMi Ma€ MicCIie JBa HAMOUIBII BaXKJIMBI MEXaHI3MH TeTrIonepeaadi:
MOJNEKyJIApHa JuQy3is, BHUKIMKAaHAa IIepefadero Temia 3a PaxyHOK
OpOYHIBCBKOTO PyXY, 1 KOHBEKTHBHHUII IIEPEHOC, BUKIMKAHUIT Ilepeadeto Tera
3a paxyHOK pyXy TEIUIOHOCIs B KaHai [1].

PosrisimaeTbest  JBOBMMIpHAa  33Jada  KOHBEKTHBHO-IH(Y3iHHOT
TeIIonepeayl BiJi 30BHIIIHFOTO TBEPJIOI0 CEPEAOBHUILA B PiAKUI TEIIOHOCIH.

OCHOBHUMH PIBHSHHSIMH, IO ONKCYIOTh TiJPOJMHAMIUHI IpOLECH
BCEpelMHI KaHally 1 IMpoIlecH Teruionepenadi, € piBHsHHSI Hap’e-Ctokca,
PIBHSIHHSI HEPO3PUBHOCTI 1 pIBHAHHS IIepHOCY Teruia [2]:

N w-vyu=-Lvprou &
ot P
V-U=0, @)
a—T+(U~V)T=aAT ©)
ot
ne U — nose mBUAKOCTI, p — TOJIe THCKY, 1 — TOJIe TeMIleparyp, p — FyCTHHA
piauHH, v — KiHEeMaTHYHUH KOe(IIi€HT B’S3KOCTI PIJUHHU, 00 — KOe]illieHT
TEMIIEPaTYPONPOBIIHOCTI TEIIOHOCIs, V — omnepaTtop ['aminbToHa, A — ore-
parop Jlamnaca.

3ajaua poO3B’s3yBajach YHMCEIBHO HA PIBHOMIPHIH CITHI 3 KPOKOM
MPOCTOPOBOI TUCKPETH3aIlii 0 1 KPOKOM A 3a 4acOBOIO 3MIHHOK. I'eoMeTpist Ka-
HaJly 3a7aBajiacs B OKpeMoMy (aiiii 3 mo3HaueHHsAMH: «0» — By30J1 HaJIGKUTh
KaHaity, «1» — By30J1 BIJTHOCHTHCSI /10 30BHIIIHBOTO TBEPJOTO CEPEIOBHIIIA.

Jns  aHamisy riIpoiMHaMiYHUX [apameTpiB  Tedii BcepeauHi
KpHUBOIIiHitHOTO KaHamy (puc.l) i mporecy Teruionepenadi i3 30BHIITHHOTO
CepeOBHIIA B TEIDIOHOCIH OyIo mo0yI0BaHO HACTYITHHA KaHAJL.

! .1.H., cTapmmit Bukmanay, kapeapa AIIEIIC, KIII im. Iropst Cikopehkoro
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VYcepenuHi kaHaly MOKE MepeOyBaTH CHCTEMa CUMETPHYHHUX 1 HECH-
METPUYHHUX BCTABOK BHUCOTOIO /1, 3 IIUPHHOIO ¢, sIKI PO3TAIIOBaHI Ha BiJCTaHi
@ BIZTHOCHO OJJH OJIHOTO.

02 b o he g1

KawanB || s- h=02

| KawanC || +- h=03

3 .05 ==t 0'010 20 100 200 Re
2 3 4 5 6 T x 20 30 40 50 x

Pucynok 3 — 3anexHicts xoedimienta
BIZIHOCHOT e(eKTUBHOCTI I 3HUI3a-
ToNo/iOHHUX KaHAJIB BiJ 3Ha4YeHb Re

Pucynok | — Teomerpis Pucynok 2 — Posnzin Q(x,y) B
3UI3aronoAiGHOro KaHay KaHaii 6e3 BctaBok npu Re = 150

[Tpu manux 3HaueHHsX yucen PeifHonmbaa B kKaHal popMyeThes Tedis,
sIKa XapaKTepU3YEThCs TIaBHUM OOTIKaHHSIM KyTOBHUX obOiacrtei kaHaiy. Ha
pucC.2 OoKa3aHo PO3MOALT Mmojist Temmeparyp Q(x,y) B 001acTi, MPUICTIIAX 10
BXOJy KaHaJy IpPH JOCSITHEHHI CTAaIliOHApHOTO pexuMy Tedil. Bumno, mo
MaKCUMAaIIFHIH TPAJIIEHT TIOJI TEMIEPaTyp 3’ IBIIEThCA OJIM3HKO TTOBEPXOHB,
IO SIKMX OCHOBHUM MOTIK HAOMIKAETHCS 3 IHEPIIIEIO.

Ha puc.3 mokasana 3anexHicTh KoedilieHTa BiIHOCHOI e()eKTUBHOCTI
3WI3aronoAi0OHMX KaHAJIB 31 BCTABKaMH 10 BiHOUICHHIO JI0 KaHay 0e3 BcTa-
BOK. BUIHO, 1110 JUIs BCIiX BHIIB KaHAJIB 1 reOMeTpii BCTaBOK 3Ha4eHHsI K MEH-
e oqunuLi. Lle o3Hauae, 110 30UIbIIEHHS BTPAT HA THCK y 3UI'3aronoicHoMy
KaHaJli epeBUIILYIOTh BiJIIOBIqHE 30UIbIICHHS PIBHIB TEIIOBUX IOTOKIB Kpi3b
MOBEPXHi, 1110 00MEXKyI0Th. LlikaBo BiA3HAUUTH, IO 3 EHEPreTUYHOI TOYKH 30-
Py cucTeMa BCTaBOK MaJIoi BUCOTH € OiIblI e()eKTUBHOIO B IIOPIBHSIHHI 3 KaHa-
JamMH, 1O MicTaTh Benuki (4> 0.1) BCTaBKM, 4epe3 ICTOTHE 3MEHIICHHS
e(eKTHBHOI IUPHHH TIepepi3y KPHBOJIHIHHOTO KaHaTy.

Ilepesik nocujaanb
1. Chen, Y. Heat transfer and pressure drop in fractal tree-like microchannel nets
[Text] / Y. Chen, P. Cheng // International Journal of Heat and Mass Transfer. — 2002.
—Vol. 45, Issue 13. — P. 2643-2648. doi: 10.1016/s0017-9310(02)00013-3
2. Kyrarenanse, C. C. OcHoBsl Teopun Teruoodmen / C. C. Kyrarenanze. — M.: Ato-
mm3aar, 1979. — 416 c.
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AHAJII3 BIMETAJIEBUX ATOMHUX CTPYKTYVYP,
CO®OPMOBAHHUX 3 BUXITHUX AHYC-IIOAIBHUX
HAHOKJIACTEPIB IIIJ JI€I0O IOHHOTI'O BOMBAPIYBAHHSA

OO00JI0HKOBI HAHOKJIACTEPU CHOTOJHI MPEACTABISIOTh BEJIUKHNA 1HTE-
pec 3aBISKH 3HAYHIA PI3HOMAHITHOCTI X MOMKIJIHMBOIO 3aCTOCYBAHHS: OYH-
IICHHS HAaBKOJIMIIIHBOTO CEpPENIOBHUINA, CydacHa OlOMEIUIIMHA, BiJHOBIIOBaHA
eHepreTuka Tomo. Xo4a JesKi 3 TAKNX aTOMHHX HaHOKJIACTEPIB JIEMOHCTPY-
I0Th OYIKYBaHI Ta JeII0 CUCTEMHI BJIACTHBOCTI, iHIIII — MEHI NepeadaydyBaHi
Ta MalOTh HECIIO/iBaHI XapaKTepUCTUKH. B paMkax KIIaCHYHOI MOJICKYJISIPHOT
TUHAMIKH TPOBOAMIOCE MoxaentoBaHHA no0 500 mc epomromii 390-aToMHHX
BibHUX OimeraneBux kmactepiB Cu-Au i Cu-Bi B yM0oBax HMU3bKOCHEPreTHY-
HOro OoMOapmyBaHHS YyacTWHKaMH Ar i Arj;. BuximHi kiactepu manu siHyc-
NOAIOHY CTPYKTYpY, LIO0 CKJIANAETHCSA 3 OBOX PO3ALICHHX MOHOKOMIIOHEHT-
HUX YaCTHH 3 HE3HAYHUM B3a€EMHUM NEPEKPUTTSAM 1 pIBHUM YHCIIOM aTOMIB.

Bzaemogzis aToMiB MeTaliB ONMCYBajach 3 BHKOPHCTaHHAM Oarato-
ATOMHOTI'O MOTEHIliay AKJIaHAa 3 J0JAaBaHHAM BiIITOBXYHOUOrO MOTCHIIATY
bopH-Maiiepa y aiana3oHi Bucokux eHeprii [1]. BimmToBxyrounii moreHmian
ZBL 06yno BUKOPHUCTAHO JUIS MOJEIIOBaHHS B3a€MOJII aTOMIB MeTaiy Ta ap-
roHy. B3aemonii Ar-Ar BusHavanucs notenniazom HFDTCS]1, 3 nonaaum 1o
HBOTO ToTeHITiasToM bopH-Matiepa.

Bisyaunizariisi eBOJIIOLIII KJIacTepiB MOKa3ye, Mo aroMu kiactepis Cu-Au
MIEPEBAYKHO B3a€EMONPOHUKAIOTh 3 OJIHIET YACTHHU B IHIIY, IIO € BiJOOpasKeHHSIM
TeH/IeHIii 10 nepepo3nofiy atoMmiB Cu o BHyTpimmHboi yactmHH Cu-Au Ta
aTroMiB Au 110 #ioro 30BHIIHBOI YacTuHH. ATomm KiactepiB Cu-Bi mparayTs
copMyBaTi CTPYKTYpy SAPO-000JIOHKA 3 TIEPEBAKHO MiTHUM SIPOM Ta 000JI0-
HKOIO 3 BICMYTY, aJie¢ JJOCSTalOTh JIMILE MEBHOI CTail pO3MO/iily KOMIOHEHTIB,
Tak 3Bany «ball-and-cup». Kpim toro, micis 100 nc mogudikosani kiactepu Cu-
Au i Cu-Bi n1eMOHCTpyOTh 3HAUHY €KCIIEHTPHYHICTD Yy PO3MOJIUTY KOMIIOHEHTIB
CyMIIlli MiJIi Ta 30JI0Ta, a TAKOXX B PO3TAIIyBaHHI 30arayeHoro MiiIio sapa Bee-
peIiHI MOHOKOMIIOHEHTHOI YaCcTHHH BicMyTy. Kpim Toro, 30aradeHe Mimmro -
po B xnacrepi Cu-Bi Moke po3TammoByBaTHCs 11032 IEHTPOM, 3 BEIMKOIO HMOBI-
PHICTIO HaBiTh y MPHUIIOBEPXHEBIi o0sacTi cepenosuiia, bararoro Ha Bi, mix yac
eBoyolrii. 1le Moke OyTH SIKICHO IHTEPIIPETOBAHE SK «KBa3i-STHYC» CTPYKTYpA.
IoniOHi PO3MOIUTH KOMITOHEHTIB 30epiratoThess HaBiTh micist 500 Iic eBoJrOILIii
KJactepiB. B3araii, iHTEHCHBHICTH IMX TPOLIECIB aTOMHOTO TEPEHECEHHS! CITiB-
BiZTHOCHTBCS 3 TEMIIEpaTypaMH KIIACTEPIB, sIKi IpeIcTaBIeH] y poOoTi [2].

"acucrent kadeapn CA ta OM 3HTY
% 1. d.-M. H., mpodecop, 3aB. kapempn CA Ta OM 3HTY
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VY Bunaaxy knacrepy Cu-Bi 3HauHe mepeBUILIEHHS paiyCy MOHOKOM-
HIOHEHTHOT YaCTHHKHU BICMYTY B IODIBHSHHI 3 PaJlycoOM Miji BOAHOYAC 3 He-
BEJINKOIO MIXKIIEHTPOBOIO BiJICTAHHIO BKa3y€e Ha iCHYBaHHS Bxe c(hOpMOBaHOI
CTPYKTYPH SAPO-000JIOHKA /It BUNaAKy BIUMBY Arys micist 100 e eBosmronii.
Jns Bunaaky 300 eB MokHA BUAUTUTH BHYTPIIIHIO cepy 3 paaiycoM OJn3b-
ko 6 A, B skiit cmocTepiraeThes MpakTUYHO 0iHaKoBe uncio atomis Cu Ta Bi,
TOJI SIK 32 HU3bKHUX Ta BUCOKUX CHEPTiSX CIIOCTEPITa€ThCs TOMiHYyBaHHS aToO-
MiB Cu 710 9 A. Takum 4yuHOM, BHYTpilIHS 06J1aCTh, 36arauena Cu, po3Tario-
BaHa HABKOJIO IIEHTPY Mac Kiactepa. Kpim Toro, € 30BHilIHIH 1map, 30araye-
HUI aTOMaMH BICMYTY, 1 BIIHOCHO HEBEJMKA KUIbKICTh aJCOPOOBAHUX aTOMIB
000X THIIIB Ha MTOBEPXHI KiacTepiB. Takoxk 0YEBUIAHO, IO MPOLIECH ATOMHOTO
nepeneceHHs B knacrepi Cu-Bi akruBytotbest pu 300 eB ynapHoi eneprii
HaBiTh y iHTepBaii yacy 100-500 mic, Ha BiaMiHy Bix kinacrepa Cu-Au. [Ticns
500 nc xnacrepu Cu-Bi npencraBisioTs 30araueHe MiiIro Sapo, HKAICYIbo-
BaHe B 000JIOHKY, 30araueHy BiCMyTOM, 3 MAaKCHMaJIbHOIO Pi3HHIICIO KUIBKOC-
Ti aromiB Cu Ta Bi npubmusHo 35% Bix 3araibHOI KUIBKOCTI 000X aTOMIB y
30BHINIHBOMY CpepryHOMY I1api. HacTijnpku BenaMKa pi3HHULS KUTBKOCTI aTo-
MiB Cu Ta Bi y 30BHIIIHBOMY IIapi MOSICHIOETHCS psiAoM (hakTopiB, a came:
OULTPIIIM pPO3MIPOM aTOMIB BICMYTY, TIOMITHO OUTBIIOI CHEPTi€l0 3B’SI3KY
atomiB Cu Ta OJATHOIO TEIUIOTOIO IEPEMIITYBaHHS BiNIMOBIIHUX aTOMHHX
KOMITOHEHTIB, 1[I0 IPU3BOAUTH 10 SIBHOT 000J0HKOBOT CTpYKTYpH atomiB Cu
Ta Bi B kiacTepi Ha (hOHI BUCOKUX TeMIieparyp. 3a HU3bKUX Ta BUCOKUX SHe-
prisix 6oMOaplyBaHHsI CIIOCTEPIraeThCs Taka ) TEHJASHIIIs IO Mepepo3Ioairy
atomiB Cu Ta Bi, Xx04a 32 BUCOKMX €HEprifx NepeMillleHHsl aTOMIB CYIPOBO-
JUKY€EThCS 3HAYHUM TEPEBKHUM PO3IUIICHHAM aToMiB Bi. O4eBuaHo, Koe-
KTUBHUI BIUIMB [HX TPHhOX (HaKTOPIB MPU3BOJUTH IO MOMIOHHUX TEHACHIIIH
nepeMilieHHs aToMIB y BUNa Ky kiactepa Cu-Au, Xo4a BOHM MEHII iHTCHCH-
BHI 4epe3 BiTHOCHO HM3bKY MOOIIBHICTH aTOMiB Au y Kiactepi. ExcrienTpu-
CHUTET B KOMIIOHCHTHHX PO3MOiJIaX KIACTEePiB MPAKTHYHO BIACYTHIN 32 TAKUX
yMOBax O0MOapayBaHHS.

Iepenik nocunanp
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7 CEKIIA «CACTEMHHUI AHAJII3 TA YIIPABJITHHS»

UDC: 004.94:007.5:519.6
Kovalenko A.E.!

DATA COMPRESSION IN REGULAR STRUCTURES
FOR PMC DIAGNOSIS MODELS

Abstract Some important properties of PMC system-level diagnosis
model in a self diagnosable distributed systems are discussed. Fault identifi-
cation in this system in great extent depends on the number of fault patterns
under given system syndrome. Complexity of such analysis define the whole
productivity of diagnosis. Some new of these complexity evaluations are
given in this work.

PMC diagnosis system-level model/ Autonomic, fault-tolerant self-
managing systems rely on the technical states of system units (modules, ser-
vices of built-in self-diagnosis) [1,2].

The structure of self — diagnosable distributed system may be defined
by diagnostic graph G(V,E), where V is the set of system autonomic units and
E is the set of directed links (vi , vj ), vi , vj €V, between these units[3]. Every
graph G(V,E) may be decomposed on regular sub graphs G; - structures L; , in
such a way, that

G.E)=JG; Gi=0.E;), n; =l V;cV.E; ck,
J

v=Ur.E=E,; - Diagnostic ~ syndrome 4; = { j}
J J

Ai- = {axy 3(vy,v,) € E j} must be processed, where a,y is the state test result

for a unit pair (vy, vy).

There are different diagnostic models (DM), which may be used for
given A;. The most known are PMC models [1,2]. Thus there is a problem of
system state space comparison, especially for typical regular structures
(chains, rings, stars).

For example, the chain structure Lj = lj (Gj, A’l) = (nj, Vj,Ej, Ai<),

' PhD, Assoc. prof., Institute for Applied System Analysis of NTUU «Igor Si-
korsky Kyiv Polytechnic Institute

251



E; :{(vi,vi+1)| ViVis1 €V =12, —1}

Syndrome compatible sets/ For every structure Lj and given DM
there are syndrome compatible set (SCS) of unit states for the every syn-
drome. The maximum number of SCS for structure Lj is called as maximum
syndrome appreciation (MSA).

Expanding structures Let as Ny, N; is a number of system states with
v; =0 or v; = 1. Thus we have following lemmas.

Lemma 1. The number of admissible state patterns N,, x =0 or x=1 for
interacted —system S with element v; €S with directed links (vi , vj), (vj, vi)
with test results a;;= 1 or a;;= 1 for PMC-model is defined as: N;(n+1)= Ny(n)
+ Ni(n), No(nt1)=Nj(n)

Lemma 3. The number of admissible state patterns N,, x =0 or x=1 for in-
teracted -system S with element v; €S with directed links (v;, vi ), with test result
a;;= 0 for PMC-model is defined as: Ny(n+1)= Ny(n), N;(n+1)= Ny(n) + N;(n)

Lemma 4. The number N of admissible state patterns N for the —
system S with n element, v, vi+ €8S, i= 1, ...,n-1 with directed links (v, vi+),
(Vis1, vi) with test result a;;; = 1 or a;1y; = 1 for PMC-model is defined N =
fu, f=fi1 + fi,, fi =1, =1 (fibonaccies number)

Lemma 5. The number N of admissible state patterns N for the —
system S with n element, v;, vi;; €S, 1= 1, ...,n—1 with directed links (vi, Vi+1)
and test result a;;;; =0 for PMC-model is defined N = n+1

Data compression. Some problems on compression of system-level
diagnostic data were investigated. To study the algorithms were used soft-
ware-certified products. The encoding and compression of diagnostic data
with their use was carried out. Especially the gzip based on the DEFLATE
algorithm (LZ77 and Huffman), bzip2 (a Borrow-based algorithm based on
the Huffman method and the modified RLE) and xz based on the LZMAZ as
a combination of LZ and LZMA were used [3] for 10°-10” elements (syn-
drome links or nodes). The dependence of the encoding and decoding time, as
well as the total time consumed were investigated. Thus some preferences has
bzip2 in comared with xz and gzip.

References
1. A.E. Kovalenko «Distributed information systems» Kyiv:NTUU «KPI», 2008.244
p. (In Ukrainian)
2. Manik M., Gramatova E. «Diagnosis of faulty units in regular graphs under the
PMC model. Proc. of IEEE DDECS, 2009. P. 202-205.
3. D.A.Huffman «A method for the construction of minimum-redundancy codes»
in Proc. IRE, vol. 40, pp. 1098-1101, Sept. 1952.
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YK 519.7:004.48
Bakyposa A.B.!, Tepemenxo E.B.? Iaciunnk M.C.?

®OPMYBAHHS HABUAJILHOI BUBIPKH JJIS1
ICHIIP B IOPUCIIPY JEHIIIT

[Ipu 1oOymOBi IHTENEKTYaNbHOI CHCTEMHU MIATPUMKU MPUUHATTS Pi-
wenb (ICIIIIP) B ropucnpyzaeHuii npodiiemMoro € ciiabka CTpyKTYpOBaHICTh
JIAHUX B TEKCTOBUX JIOKYMEHTaxX BUPOKIB, L0 3aiiMae Jyxe Oarato 4yacy s
ix 300py.

B naniit po6GoTi IpoNOHY€ETHCS OpraHizyBaTi (GopMyBaHHS HaBYaJIbHOI

BubOipku it [CIITIP B ropucnpyIeHInii 3a JOMOMOTO0 IPOrpaMHoi peatizariii
IMIIOPTY JIaHUX BUPOKIB 3a CIIPaBaMH 3 €IMHOTO JICP>KAaBHOTO PEECTPY CYHO-
BHX pimreHs http://www.reyestr.court.gov.ua.
Jns mocmimkeHHs poOiaeMu mmependadacThesl MPOBEICHHS aHANI3Y MPEICcTa-
BJICHHS IJAaHUX Ta HAIIMCaHHs CKPHUIITa JUIA 1X IMIOPTY 3 BeO-pecypcy, 3 BUKO-
PHCTaHHSM TEXHOJIOTIi MapCUHry Ha MOBI R 3 1BoMa ocHOBHMMU 0i0iioTe-
kamu st napcunry library(XML) Tta library(RCurl).

Sk Bimomo, mapcunr (Parsing) — e npuiiHsate B iHGOpPMATHII BH3HA-
YEHHS CHHTAKCHYHOT'O aHaJi3y, /IS YOTO CTBOPIOETHCS MAaTeMAaTHYHA MOJETb
MOPIBHSIHHA JIeKCceM 3 (DOPMAaJbHOIO TPaMaTHUKOIO, OMNHCaHa OJHOK0 3 MOB
nporpamyBanHs. [Iporpama (CKpHIIT), 10 1a€ MOXKIIUBICTH KOMIT IOTEPY «UH-
TaTWw» — IOPIBHIOBATH 3allpOIIOHOBaHI CJIOBAa 3 HasBHUMH Yy BcecBiTHilt
Mepexi, HasuBaeTbcs mapcepom [1, 2]. HesamexxHo Bim TOro Ha sKid
(opManbpHiii MOBI mporpaMyBaHHsS HAaIMCaHUI Tapcep, alroputM Horo il
3aJIMIIAETHCS OJHAKOBHM: |)3aBaHTa)KEHHSI KOy CTOPIHOK, 3 SIKHX OepyThCs
HeoOXigHi maHi; 2) aHami3 orpuManoi iHopmarii. Ha meoMy erarmi BuTsTa-
I0Th HEOOXigHy iH(opMamiro 3 yciei orpumanoi. s i€l MeTn BHKOPHUCTO-
BYIOTh peryJjisipHi BUpasu; 3) oOpoOka 1 nmepeTBopeHHs naHux. B pamkax na-
HOro (hparMeHra TMpolecy IEePEeTBOPIOIOTh JAaHI B HEOOXigHWUH (opmarT;
4) reHepatlisi pe3ysbTary i Horo BuBe/ieHHs B (ailir abo Ha expaH.

[ndopmarris, 1m0 mpeacTaBiIeHa Ha CAWTI JEPKABHOIO PEECTPY CYIO-
BUX pillleHb J3a€ MOXIIMBICTh IOLIYKY 332 KOHTEKCTOM Ta Ma€ CTPYKTYpy y
BUNIAAI Takux TaOmuie. Tabn. 1. Cyn ta cymmi: Perion cymy (o6macts,
perion, BC BMC); HaiimenyBanus cyay; Kon cyny; Incranuis (nepiua; are-
naniitaa; kacaniiaa); 116 cymni. Tabmus 2. CynoBe pimeHHs: PeecTpariiii-
Hui Ne pimenns; [lepion yxBaneHss (nocraHoBieHHs) (3_ 1o ); Ilepion Han-
X0/pKeHHS (3_ 1o ); dopma cyoBOro pimieHHs (BUPOK, IIOCTAHOBA, PIIICHHS,

! ek H., mpodecop, 3aropisbKuil HAIIOHANBHIIT TEXHIUHMIT YHIBEPCHTET
% K.(b.-M.H., JIOIICHT, 3amOpi3bKHil HAL[IOHATBHAH TeXHITHAH yHIBEpCHTET
3 acriipaHT, 3amopi3bKHil HALLOHATBHIH TEXHIYHIH YHIBEPCHTET
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CYJZIOBHI Haka3, yxBaja, OKpeMa yxBaJjia, OKpeMa aymka). Taou. 3. Cynosa crpa-
Ba: dopma cyIouMHCTBA (aIMiHICTPAaTHBHE, TOCTIOAAPCHKE, KPUMIHAJIBHE, LIUBI-
JIbHE, CTIpaBW PO aAMIHICTpaTHBHI nopyieHHs); Kareropis cripaBu (aamiHicT-
paTHBHI, FOCMIOIAaPChKi, KPUMIHAJIBHI CIIPAaBH, CIIPaBH MPO aIMiHIIPABOIOPYIIEH-
Hsl, Y TIOPSAKY MPOLECYaIBHOTO 3aKOHOJIABCTBA, IMBUIBHI cripaBn); CripaBa Ne;
Cratycu cTopin cynoBoro mnporecy ([lepkaBHuid opraH, MAIPHEMCTBO, YCTaHO-
Ba, opranizaris; FOpumrana ocoba; Pizndna ocoba).

BinmoBini Ha 3amWT MOMIYKY ITOAAIOTHCS Y BUTISAL TAOIHIIL, IO Mic-
TuTh cToBi: Ne pimenns, ®opma cymoBoro pimenHs, Jlata yxBaieHHs pi-
mieHHs, Jlata HaOpaHHsi 3aKoHHOI cui, Popma cymouuHcTBa, Ne cymoBoi
cipasu, Hassa cyny, Cynzas.

[ToGynoBana paniie aBTopamu 3aransia monens [CIIIIP B ropuctpy-
JeHmii g yactuau Tpethol cT. 185 KK Vkpainu npo kpamikky [3] Mae Bu-
s Years = F(Severity, Personality, Mitigation, LM, Burden, LB, Lawyer),
ne F — BiNMmOBiTHUIA aNropuT™ HEUITKOTO BUBCACHHS.

[ndopmanito npo ocoby odBunyBaueHoro (Personality), obcraBunmy,
mo nom’skuryrots (Mitigation) Ta o0TsDKyI0TH (Burden) mokapanssi, a Takox
TSDKKICTB 37109uHY (Severity) MOXKHa BUTATHYTH 3 IIE€PIIO] YaCTHHU BHUPOKY
«BcranoBuB». CTymiHP OCTATOYHOTO IOKAPAHHS 32 CYKYIHICTIO 3JIOYHHIB
(Years) MOXHA OTpHMATH 3 JIPyroi YaCTHHU BUPOKY «3acyIuB», TOOTO Bcs
iHpopMmallis 3100yBaeThCs 3 aHaN3y TEKCTOBOTO JOKYMEHTY CYyJIOBOTO pi-
meHHs. MHOXMHA IOPHOMYHUX TEPMIHIB YTBOPIOE MHOXHHY PErYJIIPHHX
BUpa3iB, HEOOXIIHUX JUIS pealtizallii APYroro eray TEXHOJIOTI MapCHHTY.

Ilepeaik nocuianb

1. https://habr.com/post/162583/

2. http://rstudio-pubs-static.s3.amazonaws.com/6955 _
2c6760795680448f8ab9f47c08669cal.html

3. bakypoBa A.B., Tepemenko E.B., Ilaciuauk M.C. Anroputm CyreHo y cuctemi
MiATPUMKN TPUHAHATTS cynoBux pimens [Tekcr] // Tesn momosined. MikHapoxHa
HayKOBO-TIpaKTH4YHA KoH(pepeHis «[HdopMariiHi TexHOIOri Ta KOMIT FoTepHe Moje-
JIOBaHHAY, IBaHO-PpankiBebk, 14—19 tpaBus 2018 poky. — IB.— dpankosesk, 2018. —
c. 830-834.
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VIK 004.896
Bipko O. C.', Xexepa I. B.2, Bacunses B. O.%, ®ipcos C. M.*

METO/IUKA KOPEKIIIi CATHAJIIB BIHC HA OCHOBI
BI3YAJILHOI IHOOPMAIII

AxryanbHicTh Temu. [linBuinenHs epekTUBHOCTI Ta OE3NEKH 3aCTO-
CyBaHHs Oe3MUIOTHUX JiiTanbHuX anapariB (BI1JIA) y BiiCbKOBUX Ta UBUIb-
HUX LUISIX, TIOB’s3aHE 3 PO3POOKOI0 aBTOHOMHHX cucTeM yrpasiinas (CY),
CIPOMOXHHUX (DYHKIIOHYBaTH 0€3 y4acTi oneparopa y pa3i 4acTKOBOi BTpaTH
npanesnaTHocti. OcHoBHaA mpobiiemaruka po3poOku Takux CVY mnoisrae B
TIPOLIEC] Mepexo.1y Bij KIACHYHOIO YIpPAaBIiHHS JI0 iHTENeKTyanbHoro. Y Oi-
sbmocti BITJIA BcTaHOBJIEHI ONTHYHI CHCTEMH, IO HPENCTaBIEHI KypCOBH-
MU KaMepaMH Yd LUThOBUM HaBaHTaKEHHSAM. Bi3yaipHi TaHI MOXXHA BUKOPH-
CTOBYBATH B SKOCTi AIbTEPHATHBHOTO JKEeperna iHpopMaIllii, CHHTE3yI0UH IIPH
BOMY [TAPAMETPHU IIPOCTOPOBOTO MOJIOKECHHS.

MeTa A0CITiZKeHHs TI0J1Tae y 3a0e3rnedeHH] (PyHKIIOHAIBHO CTIHKOTO
YIIPaBJiHHSA PYXOM Majoro aBTOHOMHOTIO JIITAJILHOTO arapary 3a JOINOMOIO0
[IIMOOKOTO JIarHOCTYBaHHS Ta KOPEKIii curHaiiB Oe3ruiatgopMeHHol iHepiia-
nbpHOT HapiramiiHoi cuctemu (BIHC) 3a ocHOBI BizyaibHOT iH(pOPMAITIT.

MiHiMaJIbHOIO 1 HEOOXiJHOK BHMOIOIO JIO araparHOi BiIIOBiTHOCTI
JUIsL PO3po0JIeHOI CUCTEMH YNpaBIIiHHA € HAasBHICTH BIANOBIIHOrO HabOpy
BHMIPIOBAIFHHUX 3aC00IB: MIKPOEIEKTPOMEXaHIuHI CHCTEMH, JI0 CKIaay SIKHX
BXOZATH 3X OCHOBHH aKCEIEPOMETP, 3X OChOBHH JaTYMK KyTOBHX IIBHUIKO-
cTeil Ta 2—-3X OChOBHH MAarHITOMETp, MpHUiiMad CYIMyTHHUKOBOI HaBiramiiHO1
CUCTEMH, a TAKOX ITiJBIC 3 KAMEPOIO 3 OIIIIEI0 TIPOCKOIYHOI CTad1Ti3alii.

Po3pobOka mporpaMHOi YaCTHHU MO OOYUCIICHHIO HABITAIlifHUX Mapa-
METpIB BHKOHaHa Ha rpadiyHOMy MpoIecopi 3 BUKOPHCTAHHSIM MOBHU IPO-
rpamyBanHsi python, ToMy HeoOXiJHa MIATPUMKA JaHOT MOBH Ha amaparHii
YaCTHHI 3 YpaxyBaHHSM YCTaHOBKH BCIX CYIYTHIX MOAYJIB Ta 0i0iioTex.
OnepariiiHa cucTeMa akTUBYBATHCS aBTOMATHYHO IIPU 3aIyCKy JIITaJbHOTO
anapara. Takox cucTeMa aBTOMAaTUYHO NEPEMHUKAETHCS B PEIKUM BiTHOBJICH-
Hs MapaMeTpiB 3a paxyHOK BizyasibHoT iH(popMallii i Ha3ax (B pa3i BiIHOBIJICH-
HS CUTHAITy IPUPOTHOTO JKEpEa).

CucremMa aBTOHOMHO BUPIIIy€ 3aBJaHHs 3a0e31edeHHs (QyHKIIOHAIIb-
HOI CTiMKOCTI B Oy/b-sIKiii MiclIeBOCTi (3 PI3HUMH THUIIAMH TTiJICTUIIEHOI MTOBe-

CTyJlIeHTKa 5 Kypcy «XAl»

acmipaHT kadenpu enekTpoTexHiky i MmexaTpoHiku (305) «XAl»

acmipaHT kadexpu enekTpoTexHiky i MmexaTpoHiku (305) «XAl»

I.T.H., mpodecop kadeapu enekTpoTexHiku 1 MmexatpoHiku (305), B. 0. JekaHa aky-
JBTETY PAKETHO-KOCMIYHOT TeXHIKH «XAl»

1
2
3
4
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PXHi), TIpH Pi3HUX MMOTOJHUX YMOBAax (3a MiJBHUIIEHOI XMapHOCTI, HEIOCTAT-
Hiif OCBITJICHOCTI Ta B TeMIepaTypHOMY aiana3oHi Big— 10 g0 + 40C).

OyYHKITIOHATBHO CTiliKa CHCTeMa SBISE COOOI0 3aMKHYTY CHCTEMY
(puc. 1), mo cxyianaeTbes 3 OIOKIB AIarHOCTYBAHHS, BiJTHOBJICHHS Ta PEKOH-
¢iryparii, BUMipIOBaIbHOT CHCTEMH Ta 00’ €KTa yIpaBIIiHHS.

r(ty e(ty elft zi{tye(t) mit) Un(t) (1)
- "(?_’ SR g I oy
BC
z{t}

Pucynok 1 — 3aranpaa cxema (yHKIIOHATBHO CTIHKOI CHCTEMH
YIPaBITiHHS JIITAJTBHOTO amapaTa

ne (£} — sanaBanmpHuMit curnHan kepypamms; elil. gll£l e2(#) — curmamm
KOPeKLii; z¢ (£} — curnan niarsocTyBanHs; Mt} — cHrHAN IPUAHATTS pilCHHS
10710 peKOHMirypartii; dy Lkl — Buxinnmit curnan cucremn ynpasninms; ¥(E] —
disvunnit mapamerp pyxy; =fil — curman BumipioBaua; JI — 610K
nmiarHoctyBaHHs, BP — Oiok BimHOBJIEGHHS Ta pekoHdiryparii; CY — cucrema
yrpasniHas; OY — 06’ext ynpasininas; BC — BUMiproBajIbHI CHCTEMH.

[Ipouec niarHOCTyBaHHS NOIMIMPIOETHCS B PEXKUMI PEabHOTO Yacy Ha
Bci icHyroui BC, mo Oepyrs ydacte y (yHKIIOHaJBHOMY 3a0e3redeHHi
BIJIA mig gac pyxy. Y pasi nosiBu no3amrataoi curyanii (I1C), Ha migcrasi
OTpUMaHOI iHpOpMAILIii, TPOBOIUTHCS BiIHOBICHHS IPAIE3IATHOCTI IOIIKO-
JODKCHOI CHCTEMH 3a JOIOMOTOI0 PEKOHQITypallii anropuTMy OOYHCICHHS
IPOCTOPOBHX IapaMeTpiB JiTaJbHOTrO amapara. Ilpu 1poMy iHTepBan ydacy
JarHoCTyBaHHs, pPeKOH(]Irypamii Ta BIIHOBICHHS 3HAYCHHS CHTHANY Mae
OyTu MeHIIIe caMOT0 1HTepBaly KBaHTYBaHHs CHTHAILY.

OCHOBHOIO IE€peBaror napaMeTpUyHOro MiIX0/1y, € aBTOHOMHICTh Bij
TECTOBOT'O CHT'HAIY, TP 1IbOMY OTPUMAaHHS OLIHOYHUX 3HAa4YeHb BiZ0yBa€Th-
Cs HA MiZCTaBl BUMIPIOBAHHS BXIHOT'O 1 BUXiIHOTO CHT'HAJIB a0o0 i3 3aCTOCY-
BaHHSAM IapaMeTpuyHoOl ineHTHdikanii. MaTeMaTnyHe OOIPYHTYBaHHS IIiJ-
xomy crBepaxye, mo MHoxwuHa [IC XapakTepusyeThCs IapaMeTpamu, IO
BXO/ISITh B NEBHI (PYHKIIOHANBHI 3aeXHOCTI KoediienTiB cucremu. Ha min-
cTaBi uX (HYHKIIOHATBHUX 3aJIC)KHOCTEH 1 pe3ysIbTaTiB MapaMeTpU4IHOl ite-
HTH(IKaL] cTae MOKIMBUM oOuncieHHs napamerpis I1C.
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YK 519.17
Kpusys O. B!

PO3MIPHICTb ®PAI'MEHTAPHUX CTPYKTYP

@dparMeHTapHi CTPYKTYpPH 3aCTOCOBYIOTHCS TIPH MOIIYKY HaONMKEHUX
PO3B’SI3KIB HM3KHM JMCKPETHHUX ONTHMI3allifHuX 3amad [1, 2], mpu 1pomy
Oy/nyeTbcss MaKCUMaJIbHUN 32 BKJIFOUEHHSIM (DparMeHT 3a Jornomororo ¢par-
MEHTapHOrO  aITOPUTMY, SIKHH € <« KaaiOHMM»  aJrOpuTMOM  Ha
(dparmenTapHiii cTpykTypi. @parMeHTapHa CTpyKTypa — Li¢ BIOpSIKOBaHA

mapa (X,®P), ne X - me ckiHueHHa MHOXWHa, @ = {EO, E, ,...,En} -
cIMENCTBO 1i MIMHOKHH, E cX,i=0,..,n, Takxe, 110
VE e®,E #0 3Jeck,E \{e} € ®. EnemeHTH MHOXMHM @ Ha3uBa-

10Thcs pparmMentamu. MHOXKUHY X OylieMO Ha3MBATH YHIBEPCAJILHOI MHO-
JKAHOIO0. 3 O3HAuYEHHS BMIUIMBAE, IO CIMEMCTBO MIAMHOXHUH @ 3aBXKIH
MICTHTB JOIMyCTHMHAI ()ParMeHT — MOPOKHIO MHOXHUHY (£, = ).

Osnauenns 1. [Jomyctumum  rpadom  [3] Oymemo  HasuBaTH
HEpO3MIYCHUI 3B’s3HUI oprpad 3 OJHUM JUKEpEeIoM, SIKUi BIANOBINae aes-
KoMy Kiacy F i3oMopdHHX pparMeHTapHUX CTPYKTYp [3] TAKUM YHUHOM, IO
WOro CyMDKHI BEpLIMHM BIAMOBIJIAIOTH IOCTIIOBHUM (pparMeHTaM IHX
CTPYKTYp, NpPH LOMY HAmpsiM Jyrd 30Ira€TbCs 3 HAMPSIMOM CIIiAyBaHHS
(parMeHTiB.

JIBifikOBHIA 71 -BUMIipHHIA OpPi€HTOBAaHUI KyO, III0 BU3HAYAE BIIOPSIKO-
BaHMii OyineaH, € aiarpamoro ['acce. Bin Mae oJjiH icTOK (KOPEHEBY BEPIINHY)
i onuH crok. Ha puc. 1 300paxkenuii opieHTOBaHU# rinepky0d po3MipHOCTI 2,
TOOTO KBaJpar, po3MideHHii TaK, 1110 BiAMOBigae aiarpami ['acce.

Jlema 1. Jns TOrO, 100
YA HEepO3MIUeHHI alMKIIYHIHA oprpad 3 oHie0
(0.1) A >A(1 1) KOPEHCBOIO BCPIIMHOIO 6yB J0ITyCTUMUM

HeoO0XiTHO, oOu BiH OyB miaArpadom aesko-
TO OPIEHTOBAHOTO TiNEepKyOa.
MHaumi nix miarpadom rinepkyba Oyme-

>—> MO  po3ymitd  oprpad, HOIA  SKOTO

(0,0) (1.0) X  BHKOHYyeTHCS yMOBa JIEMH 1.
Pucynok 1 — [liarpama 'acce Ha Homyctumuii Fpa(b, IO BiAIOBiAaE
KBajparti (po3MipHicTh 2) knmacy F i3omophHuX  (parmeHTapHHX

crpykryp (X, @), BuU3HAUAE CTPYKTYpY
cimelictB miaMHOXMH @ . Jns Oyap-sikoi ¢parmeHTapHOi CTpyKTypH 3 F

! Kann. diz.-Mar. Hayk, mouent kap. CA ta OM 3HTY
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BHKOHYy€TbCsi HepiBHicTe | X |>|U7 E,|. Tomi, mixiOpaBiiu BiAmoBimHy
PO3MITKY, 3a JONYCTMMHUM TrpaoM MOKHA BHU3HAYUTH MiHIMAJIbHY
HOTY)KHICTh YHIBEPCAIBHUX MHOXHH LHUX (parMEeHTapHUX CTPYKTYyp, sKa
b n

nopisuioe U7 E, |.

Osznauenns 2. byaemo HasuBat# MiHIMaIbHy TOTYXHICTE N
VHIBepCaIbHUX MHOXHH (pparMEHTapHUX CTPYKTYp 3 KiIacy F pO3MipHICTIO
[3] momyctumoro rpada Ta BiIMmoBimHUX HOMY i30MOpPGHUX (PparMeHTapHIX

CTPYKTYD,
N=|X|

— 1 n
min m[}n | Ui:l Ei | .

Po3mipHicTs He MOXe OyTH MEHIIA 32 JOBXHHY MaKCHUMAJIBHOTO IILIS-
xy y rpadi Ta He Moxke OyTH MEHIIIa 3a HaIBCTEiHb BUXOAY KOPEHEBOI Bep-
IIMHY. Y3araJbHEHHAM LBOTO TBEPKEHHS € HEPIBHICTh

Nz2max ([, +p,),

ne [, — Homep sipycy i -i BepuinHH, p, — il HaliBCTEMiHb BUXOLY.

Bynemo HaszuBaru rinepky0 posmipHocTi N JIOCTaTHIM rinepkyoom
JUI TAaHOTO JOMYCTUMOro rpada, a Tinepky0 MiHIManbHOI pPO3MipHOCTI,
miarpadom SIKOro € 3afaHuil AomycTuMuid rpad, HEoOXimgHMM TinepKyOoM.
Od4eBHIHO, IO PO3MIPHICTH HEOOXITHOrO rimepkyda IomycTUMOro rpada €
HIDKHBOIO OIIIHKOIO PO3MIpHOCTI HOT0 JOCTaTHBOTO TilepKyoa.

Iepenix nocuianp

1. Kosun U. B., Kpusnyn E. B., [Tunuayk B. II. DBonrounoHHo-(pparMeHTapHas Mo-
Jieb 3a/la4M TpaccupoBKH. KuOepHeTHka M CHCTEMHbIH aHAIM3 : MEXIyHap. Hayd.-
TeoperT. xypH. 2015. T.51, Ne 3. C. 125 - 131.

2. Koszun U. B., Kpusnys E. B. MozennpoBanue 0JHOCIONHBIX U IBYXCIOWHBIX Tpac-
CHPOBOK. YTPABILSIOIINE CHCTEMBI M MAIIMHBI | MEXIyHap. Hayd. xKypH. 2016. Ne 2.
C. 58 — 64.

3. Kpusnys O. B. ®parmenrapni Mozeni 3aiad TpacyBaHHs, TaKyBaHHS 1 JIOTI4HOTO
npoekTyBaHHs [EmexTponnuii pecypc] : muc. ... kaHn. ¢i3.-mar. Hayk : 01.05.02 /
Onena Bonognmupisaa KpusiyH. — 3anopixoks, 2017. — 184 c. — Pexum nocrymy :
http://phd.znu.edu.ua/page//dis/06_2017/Diss_Kryvtsun.pdf
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YIK 519.85
Hososxwunosa M.B.!, Uy6 O.1.%, Muxaiinoscska FO.B.?

MOJIEJTFOBAHHSI TIAPAMETPIB JIOT'ICTUYHOI
IHO®PACTPYKTYPHU TEPUTOPIi B YMOBAX JIKBIJIALII
HAJI3BBUYAMHUX CUTYAIIA

CyuacHi €KOHOMIYHI YMOBH CHPUSIOTh BHHUKHEHHIO HOBUX BHMOT i
HOTped TepUTOpiaNbHUX IPOMaJ, L0 MPHU3BOIUTH 10 CTPYKTYPHUX Ta (QyHK-
LIOHAJIbHUX 3MIH B YIPaBIiHHI COIialbHO-€KOHOMIYHHUM PO3BUTKOM TEPUTO-
pii. TlinBuIueHHs SIKOCTI ynpaBiiHHS Hependavae BUPIMICHHS 3aj1adi IUIaHy-
BaHHS, KOOpAMHALIT, PO3NOUTY MaTepialibHUX, (hiHaHCOBUX iH(opManiiHuX
MIOTOKIB, TOOTO BU3HAUCHHSI ONTUMAJBHUX IapaMeTpiB TEPUTOPIaIbHOT JIOTi-
CTHYHOI IHPPACTPYKTYPH.

VY 3araJbHOMY BHIQJIKy 1€ OJHUM KPUTHYHHM PECypCOM CTa€ 4ac,
TOMY JaHa 3aJa4a € OaraTOKpHUTEpiadbHOI OaraTOBHMIPHOKO HEINIHIIHOIO
3aJa4yel0 JMHAMIYHOTO NPOrpaMyBaHHs, MHOKHHA €K30T€HHHX I1apaMeTpiB
SIKOT HOCUTh WMOBIPHICHUIT 200 HEBU3HAYCHHH XapakTep.

30KpeMa, HEeBiJI’EMHOIO CKIIAJIOBOIO 3ajiadi ONTHUMi3allii TepUTOpiaibHOT
JIOTICTHYHOI 1HQPACTPYKTYPH € BU3HAYCHHS ONTHMAIBHUX OOCSTIB JIOTICTUIHHX
MTOTOKIB B ITPOIICCI JIIKBi/IAIii HAA3BUYAIHOI CHTYyaIlil TEXHOTEHHOTO XapaKTepy
cypcax Y={yl,..., yq, ..., y£} B paiioHax (IIyHKTax JIOCTaBKH) ¢ {=gi}i€l, mo-
crpaxpanux Big THC [1]. TIpu upoMy 00’ €KTHBHA HEBU3HAUEHICTh MICIIA 1 4acy
uaukHeHHS THC, 1i THITy Ta piBHA BaKKOCTI 3HAYHO YTPYIHIOE OIIHKY OOCATIB
pecypciB mono i JoKami3ari Ta JiKBIAIli,II0 MOXKE CTaTH MPUINHOIO BTPATH
JIFOJICBKMX JKHTTIB, MIKOJW 3/I0POB’I0, IIOPO/DKYBAaTH 3HA4YHI MaTepialibHi,
¢iHaHCOBi, mcuxonoriuHi  30uTKH. ToMy BaXJIMBUM €  BHU3HAYCHHS
palliOHAIBHOIO TIAXOMYy B OLIHIOBaHHI PECYpCIB TEPUTOPIABHOI MiJCUCTEMH
CHCTEMH TEXHOTCHHOI Oe3MeKH.

MeToro JaHOTO JIOCIIPKEHHS € Po3p0o0Ka METOIMIHOI0, AITOPUTMIYHOTO
Ta MPOrPaMHOro 3a0e3NeUeHHs! OIIHKKA 00CATIB HEOOXIAHMX PECYpCIB JKBiAaLil
THC i3 3acrocyBaHHSsIM anapaTy HEYiTKUX MHOXUH 1 HEHITKOT JIoriku [2].

Jliis peanizariii mocTaBieHOT METH MIPOBEICHO aHalli3 Ta Kiacu(iKaIlio
moxJaBux TiiB THC 3a perionamu YkpaiHu, BUIUICHI THIIOBI JJIsl IEBHUX

" 1. d.-m.H., mpod., 3aB.Kad. XapkiBchkuii HALIOHANBHUIT YHIBEDCHTET MiCHKOTO
rocriogapcria imeni O.M.bekeroBa, kadeapa npukiagHol MaTeMaTHKH 1 iHpopMaItiii-
HUX TEXHOJOTil

% K. €.H., CT. BUKNaa4 XapKiBChKAH HAI[IOHATBHIUH YHIBEPCHTET PamiOeIeKTpOHIKH,
kadeapa eKOHOMIYHOT KIOEPHETHKH Ta YIIPABIIHHSA €KOHOMIYHOIO OE3MEKOr0

* HauionansHuit YHIBEPCUTET [MBLIBHOTO 3aXMCTy YKpaiHH, &/’ FOHKT KadeapH Io-
JKEKHOT TPO(DITAKTHKY B HACETICHUX IMyHKTaX
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teputopii Bunu THC [3]. Ha npukiani XapkiBcbkoi 00iacTi BU3HAYEHI Ipy-

K
mu  BiuactuBoctet P> P, k=1,2,...K, card(P)= anrde , Pi={puils
k=1
i=1,2,...,I, mo xapakTtepu3yrots pi3Hi acnektd THC Ta oTouyrodoro cepezno-
BUILA T € BATOMHMHU JUIS BU3HAYCHHS PIBHIB pECYpCHOTO 3a0e3Ie4eHHs Mpo-
Tecy Jokauizamii Ta JikBigamii Hacmiakie THC.

Jlns omucy YMHHUKIB Py, 110 9acTKOBO BUKOHAHWH y BIAIOBITHOCTI i3
Knacudixaropom nagzsuuaiianx curyamid K 019:2010 [3], iHmmx HOpMa-
TUBHHX JIOKyMEHTIB Ta JOBIIKOBOI iH(popmalii, copMoBaHi BXifHI 3MiHHI
(TepM-MHOXHHH) Ta TEPMHU ty;, 110 03HAYAIOTH PIBEHb peasizailii YNHHHUKA Py;.
Kpim ToOro,3Baxarodu Ha HEAOCTATHIO M CTATHCTUYHOI OOPOOKH IOBXUHY
PAiB BUXIIHUX JIaHHX, TICBHA YaCTHHA TEPM-MHOXKHH BU3HAYaIach Ha OCHOBI
00pOOKH pe3yJIbTaTiB EKCIICPTHUX OMUTYBAHb.

IIpoBeneHna Qopmamizallisi HEYITKUX MHOXXKHH BXIIHHUX Ta BHXITHHX
3MIHHHX 33Ja4l CTae OCHOBOIO IOOY/I0BU HEWiTKOI 0a3M 3HaHb MIOJ0 BH3HA-
YeHHs piBHIB 3a0e3neueHHs Y, sika MICTUTh MHOXKHHY TTPOIYKIiH

VY I 4 _ad) i _

U Al =) |- b =a%). 7120 12, 8,
ne {a%},j=12,.. .Jq — MOXXIJIMBI 3HAYEHHS PiBHIB pECYPCHOr0 3a0e3MeYeHHs,
110 € OCHOBOIO 3aCTOCYBaHHS KOMITO3UIIIHHOTO TIPaBHJTy BUBEACHHS.

TakuM 4MHOM, HEYiTKe JIOTiYHE BHBEACHHS JI03BOJISIE 3IMCHUTH BU-
3HAYCHHS OLIHKA A HEOOXiTHUX 00CATIB pecypcHOTO 3a0e3levyeHHsT Ha CTpa-
TEriYHOMY DiBHI 3 ypaxyBaHHIM DiBHA HEOE3MEKH, TOOTO MOTOYHOTO PiBHS
TEXHOT'€HHOI 0e3MeKH sK (YHKIIT MHOKHHHN BiacTuBocTeil P moxximmBoi THC
1 OTOYYIOUOTO CepPEIOBHIIIA.

Ilepenik nocunanp

1. 1L.Uy6, FO.Muxaitnosceka, M. HoBoxunoBa «@opmaizaitisi 3aj1a4i pecypcHOro 3a-
Oe3medyeHHs JTKBiAaIii TEeXHOTeHHOT HaI3BUYaliHOI cuTyaii», [IlpobGiemu Hag3BUUAii-
HUX cutyanii, dum. 25. c. 153-158, 2017.

2. A. Caufmann Introduction a la theorie des sous-ensembles flus. Masson:Paris-
NewY ork-Barcelona-Milan, 1977.

3. HarionanpHa IONOBiIb PO CTaH TEXHOT'€HHOI Ta MPHPOIHOI Oe3neku B YKpaiHi y

2016 poui. — K.: YkpaiHChKMI HayKOBO-IOCHIAHMI IHCTHTYT LMBIIBHOIO 3aXHUCTY
JCHC VYkpainu, 2017.
4. Knacugikarop HaI3BHYAWHHUX CHTYyaIlill JK 019:2010. Kuis:

JepxcnoxuBcTangapT Ykpainu, 2010.
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VIK 681.5
Opnuosoin M.M. ! , Amitpies B.1. 2

CUCTEMHA IIEHTU®IKAILISA TEXHOJIOT'TA TA TPOLIECIB

P03BHTOK TEeXHOJIOTIH Ta MPOLECIB CKIAJal0Th OCHOBY YAOCKOHAICHHS
Ta KOHKYPEHTHY CHPOMOHICTh MPOAYKIIIi y PI3HUX rajy3sXx BUPOOHHIITBA Ta
00yMOBJIIOIOTH 30€PEIKEHHSI PECYPCIB, COLIaIbHI MepeBary, CKOJIOTIUHY O~
JIBHICTB Ta 1HIIIE.

CyuacHili cTaH Ta MOXJIMBOCTI KOXHOI KpalHH XapaKTepU3yIOThCS
TEXHOJIOTISIMH Ta ITPOILIECaMH, SKi BUKOPHCTOBYIOTHCS [UIsl TIEPEPOOKH CHPO-
BUHH, CKOPOUYCHHS BUTpAT, MJBUILEHHS SIKOCTI MPOXYKIii, ITOKPAILIEHHS CO-
LiaJIbHOTO PO3BUTKY.

V¥ BimoMux myOmikanisx Ta jitepaTypi [1] mpuBeneHo ommcH 3BICHUX
TEXHOJIOTi!l Ta MPOIECIiB Ui KOHKPETHOI MPOMYKIIii, MUIAXiB iX YIOCKOHA-
JICHHS, BUKOPUCTaHHIO PECypCiB (CHPOBHHHHX, CHEPIeTHYHHX, KaIpPOBHX),
MO/ISIIFOBAHHS TPOLECIB Ta ONeparliif, MOXKJIMBOCTSIM aBTOMATU3aIlil, Ta iHIIIE.
AJie IpaKTUYHO BiJICYTHI MaTtepiaiii CUCTeMHOT ieHTH]IKaIil, 110 103BOJISATH
ineHTH(IKyBaTH HOBI TEXHOJIOTII Ta MMPOIIECH, CydacHi Ta epeKTHBHI, PO3po-
OJSITM HOBY NPOJYKIIiIO, 3 HOBUMH XapaKTEPUCTUKAMH Ta MOIIUBOCTSIMH,
BUKOPHCTOBYIOYH 3aKOHU (pi3MKH, Ximii, 0i0JI0Tii, €HEepreTHKH, MPUBaAOIIOI0-
9M IHBECTHIIIT A1 iX peaizatil.

MerTa J0TIOBi/II TIOJNSATAE B BH3HAYCHHI MiAXOJIB A0 CHCTEMHOTO (op-
MYBaHHsI TE€XHOJIOTIi Ta MPOIECiB, 3BAKal04M Ha MOJIMBOCTI, pecypcH, Mo-
TpiOHY MpoayKiiro, 3a0e3medyoun iX e(eKTUBHICTh Ta KOHKYPEHTHY CIIPO-
MOJKHICTb, COLlIaJIbHY 3HAYUMICTb, Ta EKOJIOTTIHICTb.

B nmpakTiuHiit AiSUTBHOCTI, TIPU OOTPYHTYBaHHI TEXHOJOTiH BUPOOHHIITBA
02)KaHOTO MPOJYKTY, PO3IIISIAIOTH JIIF0YM TEXHOJOTI], 3 BUKOPUCTAHHIM 00J1a/1-
HaHHS, SIKEe JO3BOJIAE IIEPETBOPIOBATH CHPOBHHY, 3 BHKOPHCTaHHSAM DECYpCiB
SHEePreTUYHHX, KaJpOBHX, CHPOBHHHHX Ta 1HILE B KiHLEBUH MPOAYKT 3 BU3HAUe-
HUMHU XapaKTePUCTUKAMHU Ta BIACTUBOCTAMH. Jlaymi (hOpMYIOTBCS MPOIECH Ta
orepallii, BAKOHYETbCSl X MOJICITIOBaHHS Ta ONTHMI3allisl, OPraHi3yeThCsl CTPYK-
Typa YIpaBJIiHHS IMpoOLecaMH 1 BCi€l0 TexHOJorieo [2]. BrpoBamkeHHs Takol
TEXHOJIOTIi ITOB’SI3aHO 3 Y3TO/PKEHHSIM XapaKTepPHCTUK Ta BUMOT 10 00JIaJHAHHS,
TIPOIIECIB, omepaliil sl 3a0e3reueH s KUTbKICHUX Ta SIKICHUX XapaKTepHCTHK
KIHIICBOTO MPOYKTY, 3MEHIICHHS BiIXO/IB BUPOOHHMIITBA, BIUIMBY HAa EKOJIOTIIO
CEpeOBHIIA, YPaXyBaHHS COLIATHHIUX HACTIIKIB.

1 .. . . .
JOLEeHT Kadeapu cucteMHoro anaiisy i ynpasiinas HarionansHoro TV «/lHinpos-
CBbKa IOJITEXHIKA»

2 N . . .
CTapLIMil BUKJIanay KadeIpu CHCTEMHOr0 aHalisy i ynpasninas Hanionaigsnoro TY
«/IHITIPOBCHKA MOJITEXHIKA»
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B nitounii 4ac po3BUTOK HAyK CHCTEMHOTO aHaji3y, imeHTH(dikarii, Moaemro-
BaHHsI TOIIO, J03BOJIE 3HAYHO MOKPAIIUTH CHCTEMHY 1MCHTU(IKAIII0 TEXHO-
jorid ta mpoueciB. CHCTEMHICTh Ta MOMJIMBOCTI ifeHTHGiKamii namu mo-
IITOBX  PO3BUTKY  3acaj MEXHON02IUHO20 — NIONPUEMHUYMBA
[http://ru.wikipedia.org/ wiki/TeXHOIOTHYECKOE NPEANPHHAMATEIBCTBO |, IO
00yMOBIIFOE CTBOPESHHSI HOBOI TEXHOJIOTIi Oi3HECY, B OCHOBY SIKOTO 3aKJaja-
€ThCs IHHOBAIIII{HA (HAyKOEMHA) BUCOKOTEXHIYHA i/1es .

B momnoBini po3risiHyTO TpY 3aKOHW TEPMOIWHAMIKH, SKi pealli3yroTh-
csl B OyAb-SIKUX BUPOOHUYUX TEXHOJIOTISX 1 SIKI MOSICHIOIOTH OUIBIIICTh MPO-
LIECiB MEPETBOPEHHSI Ta OOPOOKU CHPOBUHH, J03BOJISIOTH BUKOHATH 1E€HTH-
¢ikailito Ta MOAEIIOBaHHS PU CTBOPEHHI HOBOT TEXHOJIOTI.

Anroput™ cucteMHOI ieHTH(dIKalil, Ha Hally AYMKY, MOXE TaKOX
CKJIaZIaTH PsiJl TIOCIIIIOBHUX €TaIliB, sIKi B AesKid Mipi popMai3yoTh miaxoau
JI0O CTBOPEHHS HOBHX TEXHOJIOTiIH Ta IPOLECIB Ta BOJIOJIIOTh NPUHIUIIAMHU
cmapmana. lepmmii eran Bkiodae (GopMyBaHHS iei, TOCTAHOBKY LTl Ta
oruc 3axady peamizauii inei. Ha npyromy i mociinyrounx erarnax BUBYAIOTH Ta
aHaJI3YIOTh HAsIBHICTh CHPOBHHH, PECYPCIB, Ta (POPMYIOTH YSBJICHHS 110 HOBY
MPOAYKIi0, 1 KOHKYPEHTOCIIPOMOJXKHICTh, aHANi3YIOTh 3BICHI TEXHOIOTII,
OIHIOIOTHh HEOOXITHICTH iHBecTHIiH. [meHTH]IKAMisI CTPYKTYpH HOBOI TeX-
HOJIOTI] ITOB’s3aHa 3 BUKOPHUCTAHHAM SIK JIiF0YOTO OONIaJHAHHSI, TaK i popMy-
BaHHS BUMOT Ta XapaKTEPUCTHK JO HOBOTO 0ONaJHaHHA, 10 3MOXe 3abe3re-
YHUTH TPOLIECH Ta orepallii TexHoorii. Bech mpoliiec CMHTE3y TEXHOJIOTIT BU-
KOHYIOTh OJIHOYAaCHO 3 HEOOXIJHICTIO aBTOMaru3aulii Ta aBTOMaTHYHOI'O
YIpaBJIiHHS, ONTHUMI3allil IPOLIECIB Ta Orepaliid, BAKOHYIOTh 1X MOJIEJIIOBaH-
HS 1 mapaMeTpuuHy igeHTH(dIKaIio s Y3ro/KeHHs XapaKTepUCTHK Ta (op-
MYBaHHS PEXXHUMIB POOOTH.

IToniOHa cucTemMHa ieHTU(IKALIS MOKIIMBA, HA HAII ITOTJIS, TIPH yMOBax [2]:
— TpaHcdepa HaAyKOBHX JIOCSTHEHb Y Oi3HeEC;
— HAsIBHICTh 1HBECTHIIIii;
— PO3BUHYTHI PUHOK TEXHOJIOTIH.

Iepenik nocunanp

1. amyrun B.C. Ilpouecu Ta anapaTtu MPOMHICIOBHX TEXHOIOTIH.
Haguaneanii nocioruk / B.C. Hlanyrun. -LlenTp yu. mitep., 2008. — 392c.
2. BykeroB A.B. Inentudikartist Ta MOIEIIIOBaHHS TEXHOJIOTITHIX
06’exriBra cucreM /A.B. Bykeros.— Tepromnins: CMIT «Taiin»,2009. —260c.
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V]IK 548.53:548:536.4
IMapxomenko JLA.'

CUCTEMHBIN AHAJIU3 MUKPOCTPYKTYPbI
OCTPOBKOBBIX IIVIEHOK

CoBpeMEeHHBIM 3Tan Pa3BUTHA MUKPOIJICKTPOHHMKU XapaKTEpU3yeTCs
HMIMPOKUM HPUMEHEHHUEM Pa3HOrO THIA IUIEHOYHBIX HWHTETPaJbHBIX MHKpPO-
cXeM ¢ o0ecrieYeHueM MUKPOMHUHHUATIOPH3ALUH PAIHO3JIEKTPOHHON armapa-
Typbl. KauecTBO 1 Ha/e:)KHOCTh pabOTOCIIOCOOHOTO COCTOSIHUSI MUKPOCXEM, B
rporecce X (QYHKIMOHUPOBAHUS, B OCOOEHHOCTH, I10J BIMSHHEM BO3/IEHCT-
BUSI KAKUX-JTMOO BHEIIHUX (PAKTOPOB, CYIIECTBEHHO 3aBUCST OT CTPYKTYpPHOM
CTaOMJIBHOCTH TUIEHOYHOT'O MaTepHasa.

CucTeMHBIH aHaN3 CBOJUTCS K BBIBICHHIO KMHETHYECKUX OCOOEH-
HOCTEH MPOLECCOB, MPOTEKAIONMX B MHOTORJIEMEHTHOW CHCTEME, IPUMEHH-
TEJIFHO K OCTPOBKOBBIM TOHKHM IJICHKAM.

PaccMaTpuBaroTCsl METAJUTMYECKHE TIIIEHKH OCTPOBKOBOIO THIIA, TIOJBEP-
JKEHHBIE OrPyOJICHHIO N3-32 OCTBAJIBIOBCKOM KOAryJISIIIMA MUKPOOCTPOBKOB.

OCTpOBKOBBIE IUIEHKH MPEACTABIAIOT HHTEPEC TOTOMY, UTO UX CTPYK-
TYpHOE COCTOSIHHE SBJISETCA HMPOMEKYTOUHBIM MEXAY KPUCTAJUIMYECKUM U
aMOp(HBIM, TTOCKOJIbKY OHM SIBIISIIOTCS OJHUMHU U3 NPEJCTABUTENEH KepMe-
ToB. Tak, Hampumep, HECMOTpPS Ha METAUIMYECKYIO MPUPOAY IUICHKH, €€
IeKTpou3NIEcKre CBOMCTBa BCe OJIIKE K ITOJIyITPOBOAHUKAM, YTO SIBIISIET-
Csl OJTHOHM M3 NMPUYMH MOBBIIIEHHOTO MHTepeca K HUM. [lectabummsanus ux
JIEKTPUYECKHUX M MPOYHOCTHBIX CBOMCTB CBsI3aHA C YKPYITHEHHEM OCTPOBKOB
B IIpOLIECCE KOAIECIICHIINH.

DopMHUpOBaHHE OCTPOBKOBOH IUICHKH Ha ITOJUIOKKE XapAKTEPU3yETCs
00pa3zoBaHNEM M POCTOM OCTPOBKOB, & CBOOOHAS IOBEPXHOCTb MEKAY HUMH
TIOKPBIBAETCS CJI0EM agaToMOB (aICOpOMPOBAHHBIX aTOMOB) C Pa3HOM T'yCTO-
TOH B 3aBHCHMOCTH OT ee MHKpopenbeda. CTeneHb BEDKUBAEMOCTH OCTPOB-
KOB (HaImpuMep, 30JI0Ta, IUIATHHBI, MU U Jp.) B TAKOH AUCIEPCHOMN crcTeMe
CYILIECTBEHHO 3aBUCHUT OT MX pa3Mepa, OIPaHKH U CTPYKTYPHOTO COCTOSHUSL.
[epexon nieHku B Oosee CTaOMUIIBHOE COCTOSIHUE TIPOUCXOIMT IyTEM yKpYII-
HEHHS1 OCTPOBKOB U COIPOBOXKJIAETCS 3HAYUTEILHBIM YMEHBIICHHEM CBOOOI-
HOW MOBEPXHOCTHON DHEPTUM.

B ocHOBe pacueToB JISKUT MaTeMaTHYECKOE MOJIeIMpoBaHme (uznye-
CKHX mporeccoB. Maremarnueckas MOJETb (PU3NYECKOTO SBICHHS — 3TO
OOBIYHO CHCTEMa YPAaBHEHMH, ONKCHIBAIOINAS 3JIEMEHTApHBIC (hu3MUecKue
TIPOIIECCHI, U3 KOTOPBIX CKIIaBIBACTCS ITO SBJICHHUE.

! K.-m.H., gom. kap. CAOM 3HTY
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B ciryyae qucnepcHOi cuCTEMBI OCTPOBKOB, UMEOLIHX (popMmy chepu-
YEeCKOro CErMeHTa, MPEUIOKeHA MaTeMaThueckas MOJENb ypaBHEHHs pas-
MEpHOT'O JBHKCHUS

dr a-Dg-K-V(1 1

dt DS+K~r2 e r

B

rae 9, "y — CKOPOCTb M3MEHEHHs MPOCTPAHCTBEHHOIO PasMepa OCTPOBKOB

I, o
pamuyca r = %ne’ 7, — >(hQeKTUBHBIN paguyCc OCTPOBKOB B ILIOCKOCTH

HOAJIOXKKH, O — KpaeBolt yroi.; D; — xKo3(p(UIMEHT MOBEPXHOCTHOM Iud-

¢dy3un agatoMoB; V' — yAenbHBINM 00BeM BellecTBa IUICHKH; K — CKOPOCTH
MIPUCOETUHEHMSI aJATOMOB K MMOBEPXHOCTHU OCTPOBKOB.
[lepepacmpeneneHue BemecTBa OCTPOBKOB MPH HATrPeBaHWHU IUICHKU

ONpeJeNAeTCa BEIMYMHON MX KPUTUHECKOTo paauyca ¥, . OCTpOBKH JOKpH-

THYECKOTO pasMepa (7 < 7, ) MOCTENEHHO PACILIBIBAIOTCS IO IOBEPXHOCTH

TIOJJIOXKKH, @ pacTH OyAyT TOJIBKO T€ U3 HUX, pa3Mep KOTOPHIX OOJbIIE KpH-
TtHyeckoro (7 > 7, ). Takoil mporecc CONPOBOXKAACTCS yMEHBILICHHEM HUX 00-

mero 4ucia, CTCICHU MEPEChICHUA aJaTOMaMU IMOBEPXHOCTHU MOAJIOXKKH, a

3HAYUT, U POCTOM CPECIHETO T’S , KPUTHIECKOT'O l"k , MOJaJIbHOI'O I"m , Hau-

Oompirero ¥, Pa3MEPOB M pasMaxa PaCIpeeNCHHi (O, 7, ). Beens 6e3pas-
MEpHYIO IEPEMEHHYI0 U = % , TIOJYYWJIA BBIp@KEHHE ISl TPOU3BOJICTBA
k

(hyHKIMIA pacrpesiesieHns] OCTPOBKOB 10 MX OTHOCHTENIBHBIM pazMepam. Ilo-
CTOSIHHAsI MHTETPUPOBAHUS OIIPEEIISIeTCsl N3 3aKOHA COXPAaHEHUsI Macchl Be-
IIECTBa OCTPOBKOBOH IIJICHKH.

HNudopmanuto o mpupone M OCOOCHHOCTAX MPOTEKAHUS BHYTPHCHC-
TEMHBIX MPOLECCOB MOXHO MOJYYUTH IyTE€M HWACHTU(HKAIUK TEOpeTHdie-
CKHX paclpeieNeHni ¢ SKCHEPHMEHTAIbHBIMH THUCTOTPaMMaMH C TIOCIIe-
JIYIOIIUM BBIIBICHHEM HX CXOACTBA M pazinnuusa. CHCTEMHBIH aHain3 ObLI
MPUMEHEH K 3KCIEPHUMEHTAIBHBIM PACHPEIEIICHUSAM IIIATHHOBBIX OCTPOBKOB
Ha Y — ALO; moioxkke 1o ux 3HeKTUBHBIM pauycaM.

IIpennaraemslii aHaJIU3 SKCIIEPUMEHTAIBHBIX PACIpENEICHUN C Teope-
TUYCCKHUMMU 110 MPU3HAKY COBIIAJICHUA UX XapPaKTCPUCTHUK IMO3BOJIMUT MOJYy4YaThb
LEHHYI0 MHPOPMAIHMIO O BIMSHHUU BO3JEHCTBHS psina (HakTopoB (Jeruposa-
HUSI, IPUCYTCTBUS aTMOC(ephl, IEPEOrpaHKH PACTYIIMX OCTPOBKOB U Jp.) Ha
nporecc orpy0IeHHs TFICHOYHOTO OCTPOBKOBOTO MaTepHala.
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VJIK 519.7:330
Pomanio I'.M.!

METO/IUKA TEHEPAILIl HEUITKHUX JOT'TYHUX MTPABAJI
BU3HAYEHHS E@EKTUBHOCTI AITEYHOI MEPEXI

Jis omepaTUBHOI OLIHKK CTaHy alTEYHOI MEPEXi, BISBICHHS ii Tpo-
OJIEMHUX TOPTIBEJILHUX TOUYOK, MPUHHSATTS PIlICHHS LIOAO BIAKPUTTS HOBOL
anTeKku po3pobJieHa METOAMKa TeHepallii HeUITKUX JIOTIYHUX HpaBHJI, 3a JI0-
MIOMOT'OI0 K0T OYJIO MpoaHali30BaHO €()EKTUBHICTh (DYHKLIOHYBaHHS arTek.
JociimkeHo BijioMi MOzeni aHalizy AaHUX 3 BUKOPHCTaHHSIM MaTeMaTHYHO-
rO amapary HEYiTKMX MHOXXUH JUIsS aHaJli3y JaHuX Ta MOOYyIOBH alrOpuUTMy
reHepariii HeJiTKUX JIOTTYHUX HpaBHJL.

OCHOBHI eTanm METOOUKH TOOYIOBM HEWITKHX 0a3: BHOIpKa
BHXITHOTO HaOOpy MaHUX, MIATOTOBKA JAaHWUX, IEPETBOPECHHS JaHUX, pO3P00-
Ka aJrOPUTMY HEYiTKOTO BUBOLY.

Jiist TeHepyBaHHSI Ta HACTPOWKM HEYITKOI 0a3u 3HAHb BUKOPHCTAHO
JaHi OONIKOBOI CHCTEMHM anTeYHOi MEepexi, II0 XapaKkTepH3YIOTh MiCIe
PO3MillleHHs anTeKH Ta (iHAHCOBI OKA3HUKK (DYHKI[IOHYBaHHS TOPTIBEIBHOT
TOYKH. Pesynbryrounm NOKa3HHUKOM BUCTYIIA€ e(peKTUBHICTh
¢ynkuionyBanns  toprienbHoi  Touku (Ef). Ilim ouinHkoro  piBHA
npuBaOIMBOCTI MicLs Ui PO3MIIlEHHS anTeKu B AaHiii poboti Oyaemo
PO3YMITH 3Ha4YeHHsS BHXimHOI 3MiHHOI Ef 110 3aimexuTh BiJ MIECTH BXiITHUX
3MIHHHX:

Ef =f(A,B,C,D,E,F), 1)
ne: A — tpadik, B — skicte mimoxigHoro mnotoky, C — KymiBenbHa
CIPOMOXHICTh, D — Tum paiiony, E — konkypentHe cepenopuiie, F —
BiZICTaHb IO MEIWYHUX yCTaHOB. [ moOyInOBH NpaBHI BUKOPUCTOBYETHCS
MaTEeMAaTHYHUI amapaTr HEYITKMX MHOXHH, 3TiHO 3 SKMM KOXHIM BXITHIH 1
BUXIMHIN 3MiHHIA HEOOXiIHO MPHU3HAYWTH BIAMOBIMHI JIIHTBICTUYHI TEPMH
(HanpuKIIag «BUCOKUI», «CEPEAHIN», KHU3bKHI):

4 :{al,azwam} s :{bI,bZ,mhm} c :{61962"“5m} b :{d17d2wdm}

E :{el,ez»---em} Foelt 2l g 2l g
1 J { } mel.M )

a™ pM, M, g M, (M Er™ —JITHTBICTHYHI TEPMHU 3MIHHUX 4, B,C, D, E, F, Ef

Basyrounce Ha mux maHux Oyno copmoBaHO 6a3y HEUITKUX MpPaBUI,
0 CKJIAJAa€ThCsi 3 HEUITKUX BHCIOBIOBaHb y (opmi «SIKIO ... TO».

! AcripanT, kadeapa CHCTeMHOTO aHATI3y Ta 064HCTIOBANTBbHOI MaTeMaTiki SHTY
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HeuiTki TpaBwia BHU3HAYAIOTh B3a€MO3B’SI30K MK BXOJaMH 1 BHXOJaMH

JIOCIIZPKYBaHOTO 00’ €KTa, iX MOXKHA MPEJCTAaBUTH HACTYITHUM YHHOM:
SAKLO (A= a®) TA(B=b")YTA(C = c)TA(D = d"YTA (E =TA(F = £2) 450
U=aYTaB=pYTA(C=cYTA(D=d" Y14 (E=3)TA(F = %) 450

T0 Ef=ef! IHAKILE
SAKIO (A=a>)TA (B =b>)TA(C =) TA(D=d*)TA(E = e*)TA(F = £ 2)AFO
(A=a®)TA(B=b>)TA(C=c2)TA(D=d>)TA(E = e)TA(F = 1) 450 3)

TO Ef=ef? IHAKIIE

SAKLO(A = a®)TA(B = b3)TA(C = ¢)TA(D = d3)TA(E = e)TAF = £2)450
(A=a)TA(B = bYTA(C = 2)TA(D = d2YTA(E = )TA(F = £3)450

0 Ef =of?

[eHepallis Takux MpaBHi 03BOJsi€ copmyBatH 0a3y 3HaHb, SKY
MOJKHA 3aCTOCYBATHU TIPH MOOYOBI MOJEIi HEYITKOTO JIOTIYHOTO BUBOIY IS
MPUAHATTA BiAIOBITHOTO PIiMIeHHS (BHOIp MICIS U PO3MIIIIEHHS HOBOI am-
TEKH, Tepei3 I, 3aKPUTTA Y PeOpeH/IHT icHyroUoi anTekn). byna chopmoBana
0a3a 3HaHb HEYITKHX JIOTIYHHMX IPaBWJI Ta IPOAHAII30BAHO BCI AaNTeKH
JIOCITIZPKYBaHOT anTeyHoi Mepexi. 3riTHO TaHUX OOIIKOBOI CHCTEMH anTeqyHOol
Mepexi 3auMHEeH] i peOpeHI0BaHI allTeKH MaJId HU3bKY €(DeKTUBHICTb.

HoBu3Hy naHoi poOOTH CKIIaaae 3ampOIOHOBaHA METOJIMKA TeHeparril
HEUITKMX JIOTIYHMX MpaBWJ BU3HAYCHHS €(QEKTUBHOCTI (DYyHKLIOHYBaHHS
anTeyHol Mepexi. 3ampornoHOBaHA METOAMKA J03BOJISIE TPUHAHATH PillICHHS
MIOJ0 BIJKPUTTS. HOBOI anTeKd ab0 3aKpUTTS ICHYHOYOI, IO MAa€ HHU3BKY
e(heKTUBHICTE.

Iepenik nocunanp

1. bakyposa A.B., Pomamo I'"M. Cucrema miITpuUMKH NMPUHHATTS PIlICHHS 1IPO PO3-
MIIIIEHHS aNTeK Ha OCHOBI HEYITKOI JIOTiKY /YTIpaBliHHS MPOSKTaMH, CHCTEMHHI aHa-
mi3 inorictuka — K.: HTY, 2018

2. Omneitauk A.A., Cy66otun C.A. Penykuus 6a3 HeUeTKUX MPaBHI HA OCHOBE MYJlb-
THareHTHoro noaxona // Coopuuk HayuHbix TpyaoB «Bectauk HTY «XIT»: Indop-
Matuka i mozemoBanus Ne43 — Bectauk HTY «XITH», 2009.

3. PakursHcpka . B. IToOynoBa knacudikamiifHIX HEUITKHX MpaBWI HA OCHOBI 00ep-
HeHoro Jyiorigoro BuBefeHHs / ['.b. PaknTsHcbka //BicHuk BiHHUIBKOTO MOMTITEXHIY-
Horo iHctuTyTy — Ne 6. — C. 99-107.
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YK 621.396.96
Tapmmn B.A. ', [leproycos M.IO. 2

MOJIEJIb YIOCKOHAJIEHOI BACOKOTOYHOI
CUCTEMU HABEJEHHSA CHAPAIIB PEAKTUBHUX
CUCTEM 3AJIIIOBOI'O BOT'HIO

VYpaxkeHHs 1ieil 3 BUCOKOI TOYHICTIO € OJIHIEIO 3 T'OJIOBHUX YMOB
o0 eQEeKTUBHOrO BeleHHs OoioBuX Aild. OCHOBHA yBara MpPUALISIETHCS
BHUCOKOTOYHUM 3aC00aM ypaKeHHs, 10 B MPOLECI MOJbOTY MArOTh MOXIIH-
BICTb 3[IIICHIOBaTH KOpPETYBaHHS HAaBE/ICHHSI.

Keposani 3aco0u ypakeHHS, 10 SKUX BIIHOCATHCS W CHAapsIU peaKTh-
BHOI cuctemu 3aimoBoro BorHio (PC3B) «Cmepu», He T03BOJAIOTH ypaxaTu
LT 3 BUCOKOIO TOYHICTIO. [IpHYMHOI0 TOMY € HEOCKOHAIICTh POOOTH CHC-
TEMH HaBEeJICHHS, 10 BUKOPUCTOBYETHCS B CHapsAgax JaHOro THiry [1], sika B
TIPOIIECi MONBOTY HAKOMUYYE MOMIJIKHA. B CBOIO depry Iie MpU3BOAUTH JI0
HEJIOMYCTUMHUX 3Ha4eHb KPYrOBOTO IMOBIPHOTO BIIXMJICHHS CHapsy BiJHOC-
HO 1. HetouHicTh HaBeIeHHs CHAPSILy Hece 3a COO0I0 PsiJl CYTTEBUX O0OMe-
KeHb 10710 3acTocyBanHs PC3B B yMoBax cydacHOT BilHH.

AHai3 noOyn0Bu Ta QYHKI[IOHYBaHHS CUCTEMH HAaBCICHHS CHApSIiB
PC3B «Cmepu» [1, 2], ocTaHHIX TOCATHCHb B 00JIACTI BUCOKOTOYHOI aBTOHO-
MHOI HaBiramii Oe3MiJIOTHUX JITAIBHHUX arapariB Ta HaBEICHHS KEpOBaHUX
3aco0iB ypaxeHHs, 30kpemMa [3—5], BKasye Ha MOXJIMBICTh Ta JOULIBHICTh
MIPOBEJICHHS] HAYKOBUX JOCIIIXKEHb CIPSMOBAaHUX Ha yJIOCKOHAJICHHS iCHYIO-
4oi iHepIiitHoi cuctemu HaBeneHHS cHapsaniB PC3B «Cwmepu» moisixom 3a-
CTOCYBaHHS KOPUTYIOYOI CHCTEMH OUIBII BHCOKOTO IIOPSAKY TOYHOCTL. Y
SIKOCTI TaKOl CHCTEMH, IO 3[aTHA Y aBTOHOMHOMY PEXHMi 3a0€3IIeYUTH BH-
COKOTOYHE BH3HAYEHHS MPOCTOPOBOTO IIOJIOKEHHS CHApSAa, MPOTOHYETHCS
3aCTOCOBYBATH OINTHKO-EIEKTPOHHY KOPEIALIHO-EKCTPEMANbHY CHCTEMY
naBenenus (KECH)[6].

s BuBueHHs1 ocobnuBocreii nooynosu KECH, ¢yHkiionyBanHs ii y
HpolLeci HaBeJCHHs CHapsly Ha Ha3eMHI 1[Il B yMOBaxX MPOTHUIi IPOTHBHU-
Ka, po3po0JIcHa MaTeMaTHYHa MOJIeib mpoiecy GpyukiionyBanus KECH, sika,
Ha BIMIHY BiJl ICHYIOUHX, OKPIM ITOCTYIaJbHOTO PYXy CHApSIy BPaXOBYE
Hioro oOepTaHHs HaBKOJIO CBOET OCI, 1110 TIPU3BOAUTH JI0 CIIOTBOPEHHS II0TOY-
HOTO 300pakeHHSI 00’€KTa NPHUB’S3KH Ha IOBEPXHI Bi3yBaHHS, OTPHMAHOTO

! IOKTOp TexHiuHMX HayK JOUEHT, mpodecop Kapeap 036POEHHS PaJiOTEXHIYHHX
Bilicbk XapKiBChKOro HalioHaJbHOro yHiBepcutery I[loBitpsnux Cui imeHni IBana
Koxenyo6a.

% a’IOHKT HAayKOBO-OPTaHI3aIifHOro Bimmimy XapKiBChKOTO HAIOHANBEHOTO YHIBEp-
curety lloBiTpssaux Cun imeri IBana Koxeny6a
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Ha OOpTy cHapsza, Ta HOro BiIMIHHOCTI Bii c(hOpMOBAHOTO 3a3/aJeTiab eTa-
JIOHHOTO 300paKEeHHS.

3acTrocyBaHHS PO3pPOOIICHOT MOJIEN 3a0€31MeUy€e MOKITUBICTh BUBYCHHS
BIUIMBY MOCTYNAJILHOTO Ta 00EpPTAIBHOIO PyXy CHapsaa Ha OTPUMAaHE y Ipo-
1eci MojboTy 300pakeHHs 00’ €KTiB 1 (DOHIB MOTOYHOTO 300payKeHHSI, 10 Ma-
I0Th Pi3HUIA ACKPaBICHO-KOHTPACTHHUN CKIIAJ Ta BIAPI3HAIOTHCS PO3MIIICHHIM
Ha MIOTOYHOMY 300pa)KeHHI, a TaAK0K MPOTHIII0 IPOTUBHUKA, Y TOMY YHCII 1 3
3aCTOCYBaHHSAM CYYacCHHUX 3aC00iB 3HMKCHHS IOMITHOCTI [7], pe3ynbTar sKoi
MPU3BOJIUTB JI0 CIOTBOPEHHSI 00’ €KTA MPUB’A3KU Ta HABKOJMIIHHOTO (JOHY.

CTBOpeHa MOJIellb € OCHOBOIO JJIS PO3POOKH METO/IIB BUCOKOTOYHOTO
HaBezieHHs cHapsitiB PC3B Ha TOYKOBI 1ili B yMOBaxX pO3BUHEHOT iHPpaCTPyK-
TypH Ta HEMOXJIMBOCTI OTPUMAHHS YITKHX 300pakeHb IJICH, a TAKOX PO3p0o0-
KU IMiTaliiiHOT MOIei Ipoliecy BUCOKOTOYHOTO HaBezeHHs cHapsiaiB PC3B.

Ilepeaik nocuianb

1. T'ypos C. B. PeaktuBHas cucrema 3anmoBoro oras 9K58 «Cmepu» // PeakTuBHBIC
cucTeMbl 3anmnoBoro orusa. O63op. M3n. 2, 35eKTpOHHOE, NEPUOAMYECKOe HCI. U
qor.. — Tyma: ®I'YII T'HIIIT «Crutay, 2010. — C. 206.

2. Tesu 3 IHJI OBT.

3. CotnukoB A. M., Tapmmn B. A. [IpoGneMbl 1 IEPCIEKTUBBI Pa3BUTHSI HABUTAIIH-
OHHOr0 00ECIeUCHHs JICTATENIbHBIX aIaparoB. 30ipHUK HAyKOBUX IMpallb XapKiBChb-
koro yHiBepcutety IloBiTpsaux Cumi im. IBana Koxemy6a. Xapkis, 2013.Bun.3(36).
C.57-63.

4. CotnikoB O. M., Tapumn B. A., Onensko 1. B. [Ipo6nemu Ta HanpsiMKu pO3BUTKY
KOpeJSILiIHO-eKCTPEeMaNbHUX CHCTEM HAaBEICHHS KEPOBAHUX JITAJbHUX araparis.
CyuacHi inpopmauiitai TexHosorii y cdepi Oe3nexu ta o6oponu. 2013. Ne 3(18). C.
93-96.

5. A method for localizing a reference object in a current image with several bright
objects / A. Sotnikov, V. Tarshyn, N. Yeromina, S. Petrov, N. Antonenko. Eastern-
European Journal of Enterprise Technologies. 2017. Vol. 3. Ne 9 (87). pp. 68—74.

6. KoppensunoHHO-3KCTpeMasbHble paJroHaBurannonHbie cucremsl / B.JA. Coipsim-
kuH, B.C. Illuanosckuit. — Tomck: M3a-Bo Tom. yH-Ta, 2010. — 316 c.

7. Development of radioisotopic-plasma technology for the protection of radio
electronic means from powerful -electromagnetic radiation / O. Vorobiov,
V. Savchenko, A. Sotnikov, V. Tarshin, T. Kurtseitov. Eastern-European Journal of
Enterprise Technologies. 2017. Vol. 1, Ne 5 (85).pp. 16-22.
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YK 519.176
Tepemenko D.B.'

CBOMCTBO KBA3HUIIOJTHOTHI IBYXKPUTEPUAJILHBIX
3AJIAY HA TPA®AX KJIACCA «CYMMAPHbII
BEC-KPUTHUYECKOE PEBPO»

CumMBonom Z,, Oyzmem 00603HauaTh IBYXKPHUTEPHANBHYIO 3a1ady Ha
nByxB3BemieHHOM rpade G=(V,E), c BEKTOpHOH IeneBoil (QyHKIUH
Fi,(x), COCTaBIAIOIMMYA KOTOPOW SBIAIOTCS Kpurepuu Fi(x)u F,(x).
Kpurepuit F|(x) npencrasiser coOoli neneByo (GyHKIHIO HEKOTOPOI OJIHO-
KPUTEPHAIBHON 3alauil Z; «00 SKCTpEeMajbHOM CyMMAapHOM Bece», HallpH-

Mep, «00 OCTOBHOM JIEpEBe», «O IyTH MEXYy JAByMs BepiinHaMu». Kpurepuit
F,(x) npexacrasinsier co00ii neneByo QyHKINIO OTHOKPUTEPHAILHOH 3a/1a4u

Z, «ob0 »skctpemanbHOM pebpe» [1]. Kaxmomy pebpy e €E n-—
BepuHHOTO rpada G =(V,E), |E|=m, t=1m MIPUCBOCHA Tapa BECOB
w(e), i =12, t=Lm. Bekropnast neneBas ¢ynkuus (BL®D) 3agaum
F,(x) omnpenenseT MHOXeCTBO AomycTumux pemennid (MAP) X, = {x},
naperoBckoe Muoxkectso (IIM) X |, ¥ TIOJHOE MHOKECTBO aJlbTEPHATHB

(IIMA) X° > [1] u umeer Bug

F(x)=(F(x),F,(x)) , (1
F(x)= Y o) > extr, )
F,(x)= e)%t: w,(e) — extr 3)

1

rae E, — MHOKeCTBO pebep moarpada x, :(Vx,’Ex,)’ KOTOPBIA BXOIHT B
MJP X, 3agaun Z,.

MHOroKpUTEepHaIbHYIO 3aJjauy Z Ha30BEM KBA3UIIOIHOM, eClHu Cylie-
cTBYIOT Takue mapameTpbl BII® F(x), mpu KOTOPHIX MaKCHMabHBIE MOIII-

woctu MJIP X, IIM Xu IIMA X° HOIUUHEHBI COOTHOILIEHUIO
x| =] X| < |x] 121,

1 o N N
K.().-M.H., IOI[EHT, 3aTI0pOKCKUH HAIOHAIBHBIA TEXHHYECKUH YHIBEPCUTET
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IToctponm anropuT™ o, pemreHus 3agaun F,(x). Ha nepsom srame
ainropurma o popmupyercs MIAP X = {xlu }, |X 1| =M, p :I,_M 3a1a4u
Z,. Kaxnoe nomycTuMoe pelieHue xI“ € X| mpexcrasisier coboit monrpad
Xl = (Vl“,EI“) rpapa G=(V,E),, V}' <V, E'  E. Ha Bropom stane mo

3HA4YEHHIO BTOPOTO Beca m,(e), e € EI“ Ha Kaknom noarpade x{', p=1LM

pemaercs 3agada 0 HaXOXXAEHUH pedpa skcTpemanbHoro Beca (3). [Ipumenus

STOT MPHUEM JUIA Kaxaoro Homepa p=1,M , popmupyem MJIP X, = {x*}
3amaun Z,,. Jjist Kaxaoro OMyCTUMOTO PElleHHst x" snauenne BU® (1)

(3) ompeneneHo B BHAE mMaphl (Fl (xM), Fy (x“)). Ha Tperpem stame uz M/IP

X, ,outenserca [IM X, , n TIMA X°i2 coracHo HanpaBIeHHIO KPUTEPHEB

2-3).

H606XOZ[I/IMOCTI) TPETHCTO JTalla B aJITOpUTME « ACMOHCTPUPYET

CIPaBENIMBOCTL HEPABEHCTBA ‘X 1’2‘ < |X ,,2| . CornacHo ompeznenenuto IIMA

[1], oueBuIHO paBEeHCTBO ‘X . 2‘ = |X 1°2| . SIBnsieTcst cripaBeNTUBOM

Teopema. JIBykputepHalbHas 3anaua Z,, C BEKTOPHOW IENEeBOH
¢yskuumeit (1)—(3) sBigeTcs KBa3WIIONHOW, T.€. CIPABENINBO COOTHOIIICHHE

‘)?1,2‘:|X32|<|X1’2|. Mouocte MJIP X, omnpenensercss MOIIHOCTBIO

MJP 3amaun Z,. MomHocts IIM X Iy IIMA X°.» ONPEIENAIOTCS KOJIU-

YecTBOM KiaccoB pasbuenns MJIP X, mo nmpu3HaKy «3KCTpeManbHBIH BTO-

poii Bec pebpa». Momuoctn [IM X v IIMA X %2 OTpaHMYEHBI CBEPXY

KomyecTBOM pebep rpada G.

IlepedeHb CCHLIOK

1. Ilepenenuua B.A. MHorokpurepuaabHble MOJIEIH U METOBI JUISl 3a]]a4 ONTHMH3a-
uun Ha rpadax. — Saarbriicken :LAP LAMBERT Academic Publishing, 2013. —
337c.

2. Ilepenemuua B.A. O nojHbIX U KBa3UIIOJIHBIX JIBYXKpPUTEpUAJIbHBIX 3afadax Ha
rpadax / B.A. Ilepenenuua, 3.B. Tepererko // KubepHernka u CHCTEMHbIH aHaIH3.
—2018. — Ne3. — C.3-17.
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YVIK 519.8
Ve C. AL Kopsimxuna JI. C.2, Cranuna O. }1.3

MOJAEJIUPOBAHUE U OITUMMN3AIIUA IBYXI3TAITHOTI'O
TPAHCIIOPTUPOBAHUSA PECYPCA, HEITPEPBIBHO
PACHPEJIEJIEHHOI'O HA 3AJIAHHOM TEPPUTOPUH

PaccMoTpeH ABYXATamHBI IPOLECC PACHPENEICHHUS MaTepUabHbIX
MIOTOKOB B TPaHCHOPTHO-JIOTUCTUYECKON CHUCTEME, CTPYKTYPHBIMHU 3JIEMEH-
TaMH KOTOPOM SIBJISIIOTCS MIPEANPHSATHSI, OCYIECTBIISIONINE COOp HEKOTOPOTO
HETIPEPBIBHO PacIpe/IeJIeHHOT0 Ha OIpeeIeHHOI TeppuToprn pecypcea (1ieH-
TpPBI IEPBOTO dTana), ¥ MPEANPUATHS, KOTOPBIE 3TOT PeCcypc MOTPEOISIOT WK
nepepadaThIBalOT (LEHTPHI BTOPOro 3Tana). B Takmx cucreMax 3a KaXKIbIM
LIEHTPOM TIEPBOTO 3Tama 3aKpeIuisieTcss TePpUTOpHs (30HA) ero oOCIyKHuBa-
Hus. J[BM)KeHHE MaTephalbHBIX ITOTOKOB OCYIIECTBIISIETCS CHadala B Ha-
MIPABJICHUH OT KXJO0H TOYKH paccMaTpHBaeMOM 00IacTH HETOCPEICTBEHHO
0 OOCITYXHMBAIOIIETO €€ MPEeANpPHATHS, a 3aTeM IMEepBHYHO 00paboTaHHBII
WJIN pacCOPTUPOBAHHBIN PECYPC B ONPEICICHHBIX KOJIMYECTBAX HAMpPaBIseT-
Csl Ha MpeNIpUsTUs-IoTpeduTenn 3toro pecypea. IlpumepaMu Takux JIoru-
CTHUYECKUX MPOILIECCOB U CBA3aHHBIX C HUMU ONTHMU3AIMOHHBIX 3aj]au sIBJISI-
IOTCSI: PALMOHAJIBHBIA COOP CENbCKOXO3SCTBEHHBIX KYJBTYP M UX JOCTaBKa
CHayaja B 3pHOXPAHIININA, a 3aTeM K KOHEYHOMY MOTpeOuTento; (opMupo-
BAaHUE CETH COBPEMEHHBIX MYCOPOIEPErPY30UHBIX U MyCOPOCOPTHUPOBOUHBIX
CTaHIIMH C LEJbI0 COKPAILCHUS YAEIbHBIX CyMMapHbBIX 3aTpaT Ha BBIBO3 OT-
XOJIOB; TUIAHMPOBAHME JIECOCEYHBIX pabOT M MOCIEAYIOIEH BEIBO3KU JIpeBe-
CHHBI C OpTaHHU3aLMEH MPOMEKYTOUHBIX CKIAN0B; (HOPMHUPOBAHNE CETH MOY-
TOBBIX CITY’K0 JOCTaBKH | Ap.

IIpennoxena mMaTeMaTHdecKasl MOJIENIb ONMHMCAHHOTO Ipolecca — He-
IIPepbIBHAS 33/1a4a ONTHMAIBHOTO Pa30MEHNs KOHTHHYaJIbHOTO MHOKECTBA C
pa3sMelIeHNEM IEHTPOB IOAMHOXKECTB U JJONOIHUTEIBHBIMH CBSI3SIMH.

Teopernueckoe 000CHOBaHHWE METOZOB M aJITOPUTMOB DEIICHHS He-
MIPEPBIBHBIX 3a/1a4 ONTHMAIBHOTO pa30HeHHss MHOXKECTB C JIONOJHUTEIbHBI-
mu cBsa3simu (OPM/I3) ocyliecTBICHO C HCHOJIb30BaHUEM OCHOBHBIX MMOJIO-
KEHUH TEOPHH ONTHMAIBHOTO pa3OueHus MHOXeCTB [1], Teopuu 1BOWCTBEH-
HOCTH, a TaKK€ METOJOB PEUICHUs 3a/Jad JIMHEIHOro NporpaMMHpOBaHUS
TpaHcriopTHOro Tumna. [IpumMeHeHne pa3pabOTaHHOTO MaTeMaTH4ecKOro arl-

' Ve C. A. — xaug. ¢us.-Mar. Hayk, npodeccop kadeapsl CHCTEMHOTO aHATH3a H
ynpasnenus HanmonaneHoro TY «/IHenpoBckas OJUTEXHUKAY

* Kopsimkusa JI. C. — kanz. $u3.-Mat. HayK, IOUEHT Kad)eApbl CHCTEMHOTO aHATH3A U
ynpasnenus Harmonansnoro TY «JlHenpoBckast OJIMTEXHUKA»

* Crammra O. JI. — accHCTeHT Kadeapsl KOMITBIOTEPHBIX HH(OPMAIHOHHBIX TEXHOIOTHIt
JBH3 «YxpauHCKHif TOCYAapCTBEHHBIN XUMHUKO-TEXHOJIOTHUECKUAN YHUBEPCUTET»
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rapara AaeT BO3MOKHOCTb HAMTU ONTUMAJILHOE PELICHUE HENPEPBIBHON JBYX-
STamHOM 3agaudl pa3MelleHHs-paclpeiesieHnss B aHaluThdeckoM Buzae. He-
CMOTpS Ha TO, YTO AHAIUTUYECKOE BBIPAXKEHHUE COJACPIKUT IapaMeTphl, ABIISIO-
LIUECS] ONTHUMAJIBHBIM PELIEHUEM BCIIOMOTAaTEIbHON KOHEYHOMEPHON ONTUMHU-
3aI[MOHHOM 337aun C HeTJIaJKOW 11eneBoil QyHKIwmel, hopMynmpoBaHue MHO-
TOATAHOW TPAHCIIOPTHO-TOTUCTUYECKON 3a/1a4l B HEMPEPHIBHOM BapUaHTE B
BHUJIE 3371a4M OECKOHEYHOMEPHOW ONTUMM3AINH IIEIeCO00pa3Ho B Clydae, KO-
I71a KOJIMYECTBO MOCTABIINKOB PECYPCa OTPAaHUYEHO, HO OYEHB BEIIHKO.

[TpensoxkeH UTEPAIMOHHBINA aNrOPUTM pellleHus: ChOPMYITHUPOBAHHOM
3agaun OPM/I3 ¢ pa3melnieHreM IEHTPOB MEPBOTO dTana, KOTOpbId pa3pabo-
TaH Ha OCHOBe r-ajropurMma Illopa ¢ mpUMeHeHHEM MeTOoJa IOTEHLHAIOB
pelieHus TpaHCIOpTHOH 3amaun. YUMcieHHas peanu3aius ajJropuTMa Hpes-
nojaraeT JUCKPETU3alMI0 3aJaHHOW oOyacTu. JIisi BBIYMCICHUS] KpPaTHBIX
MHTETpaJoB B pa3paboTaHHOW Mporpamme NpuMeHseTcs KyoarypHas (hopmy-
J1a Tparenuii.

BeruncnurensHble SKCIEPUMEHTHI MPOBOJAWINCH C LENBIO MPOBEPKU
KOPPEKTHOCTH PabOTHI allTOPUTMOB; BBISBICHUS 3aBUCHMOCTH PE3YJIBTATOB U
Bpemenn perrenus 3agadn OPM/I3 ot pa3mepa ceTKkd IUCKpeTH3aIy odac-
TH; BBIACHEHHS IapaMeTpPoOB 3aJaud, BIMSIOMMX Ha (HOpMY IPaHUL MEXKIY
MOAMHOXKECTBaMH. Taxke OIEHMBAJICS BBIUTPHIN (CHWXKEHHE 3aTpar), IOIy-
YaeMBbIil 32 CUeT IOCTAaHOBKU M pelIeHHs HempepbIBHBIX 3amady OPMJI3 npu
(I)OpMI/IPOBaHI/II/I CHUCTEM JIBYXOTAITHOI'O TPAaHCIOPTUPOBAHHA MATCPUAJIbHBIX
(CBIPBEBBIX) PECYPCOB, CIUIONIb 3aHUMAaEMbIX OIPE/EICHHYIO TEPPUTOPHIO.

Pa3paboTaHHble METOIbI, aJrOPUTMBI M MPOTPAMMHBIA TPOJYKT I0-
3BOJISIIOT PELIaTh LENbIH Psi MPAKTHYECKUX MPoOIIeM, CBSI3aHHBIX, HAITPUMeED,
€ 33Jla4yaMM CTPATETUUECKOro MIAHUPOBAHMS, KOTOPbIEe BO3HUKAIOT B MPOU3-
BOJICTBEHHOM, COIIMAJILHOM, 3KOHOMIUYeCcKO# cdepax. [lomydeHnsie TeopeTu-
YECKHE pPe3yIbTaThl JOBEACHBI 1O YPOBHS KOHKPETHBIX PEKOMEHIAIMH,
KOTOpBIE MOTYT OBITh HCIIOJB30BAHBl T'OCYJApCTBEHHBIMH M YaCTHBIMH
OPEeJNpUATHSAMHA TPH PEIICHUM JIOTUCTHYECKMX 3a[a4, CBA3aHHBIX C
opraHm3aield coopa ONpeAeIeHHOro pecypca U ero JTOCTaBKOM O ITyHKTOB
nepepaboTKy, a Tarkke AAJTbHEHIIEH MEpeBO3KM IMOIYYEHHOTO MPOAYKTa K
MeCTaM Ha3Hauye-HUsl.

Iepenik nocunanp

Kucenesa E.M. HemnpepsiBHbIC 33a41 ONTHMAIBHOTO Pa30HEHHsT MHOXKECTB: TEOPHS,
aNropuTMBI, prioxenus: MoHorpadus / E. M. Kucenesa, H. 3. lllop. — K.: Haykosa
nymka, 2005. — 564 c.
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®OPMHUPOBAHUE COIJIACOBAHHBIX PEIIEHUI
OPT'AHU3AIIMA MAPAJLIEJBHBIX BBIYACJIEHUI

Opranuzanus MapaulelbHBIX BBIYUCICHUN SBISIETCS IEHCTBEHHBIM
CIOCOOOM YBEIHMYCHUS] TMPOU3BOJUTEIILHOCTH HWH()OPMALMOHHBIX CHCTEM
Pa3IMYHOrO Ha3HAYCHUS C PA3IMYHON apXUTEKTypOH OT YPOBHSI MHOTOSIEP-
HBIX IIPOLECCOPOB [0 YPOBHS PACHPENCIICHHBIX BBIYMCIMTEILHBIX CHCTEM.
[TosTOMYy pemieHnIo BONPOCOB OpraHM3alMU TMapaIeIbHBIX BBIYUCICHUH
TTOCBSIIACTCS OOIBIIOE KOJINYECTBO Iy OIMKALINi.

Oco0eHHO Ba)XKHBIM JJTaHHOE OOCTOSITEIHCTBO CTAHOBHUTCS C MCIONB30-
BaHUEM pecypcoB obmauHbx TexHonorui (Cloud computing), O3BOIITIOIIX
OTIEPAaTHBHO MEHSTh apXUTEKTYPY CHCTEMbI B 3aBUCUMOCTH OT ITOTpeOHOCTEH
00paboTKM B COOTBETCTBUH C 3aJaHHBIMU KPUTEPUIMH € 3P PEeKTHBHOCTH.

YcnoBusi PUMEHEHHSI PECYpPCOB OOIAaYHBIX TEXHOJIOTHH, Ipeaiarae-
MBIX Pa3IMYHBIMH TIPOBaiiiepaMy, MO3BOJISIOT YUUTHIBATh OCOOEHHOCTH Tpe-
00OBaHMII peann3alui MPOIecCOB 00PaOOTKU IS TIOCTPOCHHUS W aJalTaIliu
ApXHUTEKTYpBI HH)OPMAIIMOHHOW CHCTEMBI B pexume online.

OmnpeneneHne apXUTEKTYphl CUCTEMBI M €€ XapaKTEPUCTHK MOKET
OBITH BBINOJHEHO HA OCHOBAaHHMHW IOCTPOEHMSI MaTeMaTH4eCKOW MOJAEIH WH-
(hOpMaIIOHHOW CHCTEMBI, OTPaXKAIOIIEH XapaKTEpPUCTHKN JaHHBIX M 0COOEH-
HOCTH pElIaeMbIX 33/1a4, BO3MOJKHBIC BapHUAHTBI MCIIOJIH30BAHMS BBIYHCIIHU-
TEJIBHBIX PECYPCOB C TPeOYEMBIMH ITapaMeTPaMH, OTPAHUYCHHS 110 TEXHHUIE-
CKUM H JIOCTYIHBIM ycJIOBUsIM. VIcKoMBIe perieHns (GopMHUPYIOTCS € UCTIONb-
30BaHMEM PEIICHUS 331a9H MaTeMaTHIECKOTO MPOrPaMMHPOBAHHUS HA OCHOBE
MaTeMaTU4YECKOM MOJEIH, TOCTPOEHHON B COOTBETCTBUH C U3JI0KEHHON KOH-
LeNuueld, U BKIIOYCHHUEM psfa KPUTEPHEB ONTUMAIbHOCTH. JTO, MPEXIE
BCETO, MPOU3BOAUTEIBHOCTD, HAIC)KHOCTh U CTOMMOCTb. YKa3aHHbIC KpHTe-
pHUH SIBJIAIOTCSI IPOTUBOPEYMBBIMHU, YTO IIPEIIIONaraeT HeOOXOAMMOCTh IO-
CTpOeHHs1 MHOXKeCTBa d((PeKTUBHBIX pemieHnit. OLeHKN 3Ha4eHHU 1oKa3are-
niei 3 PEKTUBHOCTH MOTYT OBITh IOJYYEHbI M C UCIIOJIB30BAHHEM allTOPUT-
MHYECKHX MOJIEJICH, MO3BOJISIOMNX XapaKTepHU30BaTh 3HAYECHHS MTPOU3BO/IN-
TENIFHOCTH WM HaJeKHOCTU JUIS OTAEIBHBIX BapHAHTOB KOMIIO3HIMH BHUPTY-
IBHBIX MAIIMH C BBIOPAHHBIMH aPXUTEKTYPHBIMH PELICHHUSIMHU.

[IpeanodTuTeNbHBIMYA BapUaHTaMH PEIICHUH CIIETyeT CUYMTAaTh HCIIONb-
30BaHHE MMEHHO AJITOPUTMUYECKHUX MOJIENEH, KOTOpbIE IPH ITPUEMIIEMbIX 3Ha-
YEHUSIX TOYHOCTH TTO3BOJIAIOT O0Jiee OBICTPO OMPENeTATh TpeOyeMble TapaMeT-
PbI apXUTEKTYPbl BUPTYaIbHOH HHPOPMAIIMOHHOM cucTeMbl. J{jist 3TOro 10ImK-

! .1.1., mpodpecop kapempu IIITY HTY «XITI»
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HBbI 6I)ITI) NpeaABaprUTEIIbHO MPOBECACHBI MMHUTAIMOHHBIC SKCIICPUMCHTBI C LE-
JIBIO MOCTPOCHUA PAAOB CTATUCTUYCCKHX OIICHOK, KOTOPLIC MOI'YT 6I)IT]) uc-
TIOJIE30BAHBI /IS BBIICJICHUSI ICKOMBIX (DYHKIIMOHATBHBIX 3aBUCHMOCTEH.

CorlacoBaHre NCKOMBIX BApHAHTOB 10 3HAUCHUSIM OTIEJIBHBIX KPHUTE-
pHeB (HarpuMmep, ¢ MPUMEHEHHEM METOJa YCTYIOK), TI03BOJISIET CPOPMHPO-
BaTb MHOXXECTBO 3(P(EKTUBHBIX PEIICHHUH, 3JIEMEHTBI KOTOPOIO MOTYT CIIy-
’KHATHh OCHOBOH JUIS MPE/ICTABIICHUS OIIEPaTHBHOTO 00pa3a apXHTEKTYphl BUD-
TyanpHOW MHpOpMaoHHoH cuctemsl B cpene Cloud computing, obecrieun-
BaIOIICH pelIeHre BRIACICHHOTO MOTOKA 3a7a4 ¢ 3()()eKTHBHOCTHIO, OIM3KOI
K MaKCUMaJIbHOM.

I[Tpu ncroap30BaHUM METOA YCTYIIOK ISl COTTIACOBAHMS MTOTydaeMbIX
pelIeHuil 11e1eco00pa3HbIM SIBISIETCS UCIIOJIb30BAHUE B KAUECTBE KIIFOUEBOTO
(hakTOpa 3HAYEHUS] CTOMMOCTH BBIYMCIICHUH, BIUSIOIIETO Ha BCE KOMITOHEH-
ThI 3(dexkTuBHOCTH 00paboTku. CrommocTth BhluMcieHuil B cpene Cloud
computing onpenensercs (HaKTHIECKAM HCIIOIb30BAaHUEM BCEX KOMIIOHEHT
BUPTYaIEHON BBIYHUCIUTEIBHONW CUCTEMBI C 3a/JaHHBIMU TEXHUYECKUMH ITapa-
METpaMHu U XapakTepucTukamu. Takum oOpa3oM, online-BbIOOp TpeOyeMmbIX
apaMeTpoB BBIYUCIHUTEIBHON CHCTEMBI IO MPEAaracMoil METONUKE TO3BO-
JsIeT TUHAMHAYECKH OTCIIC)KMBATh W3MEHEHHS COCTaBa M XapaKTePHCTHK pe-
IIaeMBIX 3a]1a4, 00eCcIIeYnBas PUEMIIEMbIE YCIIOBHUS BBIYUCICHHH.

IIpennaraemslii TOAX0A MOXKET CIYXUTb OCHOBOW I CO3LAHMSI CHUC-
TeMBI YIPABJICHUs ONEPaTUBHOrO (HOPMHUPOBAHUS 3asiBOK IpOBaiaepaM Ha
BUPTYyaJIbHBIC BRIYHCIUTENBHBIC pecypchl B cpeae Cloud computing.
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SPARSE REPRESENTATION OF ECG SIGNALS WITH
MULTI-SCALE OVERCOMPLETE DICTIONARIES

Electrocardiographic Signals

Since the development of the first practical apparatus for the recording of
the electrocardiogram (ECG) by Willem Einthoven in 1903 (see Fig. 1), ECGs
have been extensively used by physicians to diagnose and monitor many cardiac
disorders. The ECG provides a glimpse of the electrical activity occurring within
the heart: an electrical impulse originates at the so-called sino-atrial (SA) node in
the left atrium, propagating initially through both atria and then through the ven-
tricles (which are electrically connected to the atria only through the atrio-
ventricular (AV) node). This electrical signal is responsible for the coordinated
contraction of the atria first (thus expelling the blood received from the body to
the lungs for oxygenation) and then the contraction of the ventricles (thus pump-
ing the oxygenated blood to the rest of the body). Hence, many cardiac disorders
can be diagnosed by examining the ECG.

Indeed, the use of the ECG has become so widespread that it is nowa-
days routinely used both in clinical and ambulatory settings to obtain a series
of indicators related to the health status of patients [1]. This ubiquitous pres-
ence of ECGs in the medical field has been greatly enabled by digital signal

! Universidad Politécnica de Madrid (Spain)
2 Shamoon College of Engineering (Israel)
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processing (DSP) techniques: ECGs were the first biomedical signals where
DSP algorithms were extensively applied to remove noise and interferences,
detect and characterize the different waveforms contained in the ECG, extract
the signals of interest (e.g., the fetal ECG) from the composite ECG, etc.[2]

Figure 1 — Willem Einthoven making use of the novel electrocardiograph
devised by himself in 1903

Two types of ECGs are available in the literature. On the one hand, the
external ECG has traditionally been obtained non-invasively by attaching a
set of electrodes (normally 2—12) to the chest and limbs of the patient, al-
though alternative wearable and even wireless devices to acquire the ECG
signal have been recently developed [3]. On the other hand, internal ECGs
(a.k.a. electrograms (EGMs)) are obtained by setting one or more (typically
10-20, but can be as high as 64 using basket catheters) electrodes in direct
contact with the inner surface of the heart. EGMs are used in implantable
devices (e.g., pacemakers and defibrillators) for the identification of ventricu-
lar tachycardias, early alert of the presence of acute myocardial infarction,
arrhythmia classification for appropriate therapy delivery, etc. They are also
acquired during heart surgery performed on patients with sustained atrial fib-
rillation (AF), which is one of the most common heart disorders [4], to guide
catheter ablation for patients not responding to drug therapies [5].

By its own nature, both the clean external and internal ECGs are typi-
cally sparse signals, composed of regular activations (e.g., the QRS com-
plexes and other waveforms like the P and T waves in the external ECG) and
periods of inactivity (corresponding to isoelectric intervals like the PQ or ST
segments), plus noise and interferences (baseline wander, motion artifacts, al-
ternating current (AC) interference, electromyographic noise, etc.) [1, 2]. Fig. 2
shows an example of two clean external ECG signals, whereas Fig. 3 displays
time and frequency examples of typical ECG noises and interferences.

276



AlmV)

MLl
B . . . . .
4L$¥‘*$v“AtvF~LV“Amv-AtVH
5 | | )
] 1 ] 3 4 £
tis)
. Vi

5

4} ]

3 h ) | .

0 1 2 3 4 £
[{£3)]

Figure 2 — Example of ECG signals corresponding to register 118 of MIT-BIH
arrhythmia database [6]

Single Channel Sparse ECG Modelling
As previously discussed and seen in Fig. 2, the clean ECG signal is a sparse
signal, composed of several relevant waveforms plus isoelectric periods
where no significant electrical activity exists. Altogether with this desired
activity, ECG sensors record interference and noise signals like the ones
shown in Fig. 3. Taking all this into account, a uniformly sampled ECG sig-

nal (with a sampling period Is = 1//s): yInl = y(Ole=t,=nr for = 0,1, ...
, N—1, can be represented using the so-called shot-noise model,

Almv)

o0

yinl = ) Bty = T + el

k==

where @k represents the shape of the k-th observed waveform (in general,
waveforms can change over time), T is its arrival time, E is its amplitude,

and € [n] includes all the noises and interferences.

The true Pk are usually unknown, but in many applications they follow
some typical shape that allows us to build a multi-scale overcomplete dictionary
by using a collection of translated waveforms with different length scales. Using
this approach, the ECG signal can be expressed more compactly in matrix form:

y=AB+¢
where y=[y[0], ..., y[N —1]]" is the signal vector, A is the Nx(N-M)P dictionary
matrix (with being the number of waveforms used to construct the dictionary and

their length in samples), Pis the (N -M)Px1 coefficients vector, and & is the
Nx1 noise vector. The problem of finding a good sparse reconstruction can be
formulated as an optimization problem that corresponds to the well-known
LASSO (Least Angular Shrinkage and Selection Operator) [8]:
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B = arg ming lly — ABII3 + AllBll;

2
where 1|1l 2 denotes the squared L, norm (i.e., the Euclidean norm), ” ) ” 1 is the

L, norm (i.e., the sum of the absolute values), and A is a parameter that controls
the trade-off between the quality of the signal approximation (i.e., the value of the

lly — Aﬁ"é achieved) and the sparsity of the vector of coefficients (i.c., the

value of ||Bll1): the larger the value of the sparser the obtained solution, but also
the higher the reconstruction error.

S A e

a)Baseline wander (time) b)Electrode motion (time) c)Muscle artifacts (time)

d)Baseline wander (freq.) e) Electrode motion (freq.) f)Electrode motion (freq.)

Figure 3 — Examples of noises and interferences (in time and frequency)
taken from Physionet [7]

However, although the previous approach leads to a sparse solution, it
does not exploit the specific characteristics of ECG signals. In particular, it does
not take into account the refractory period of ECG signals: a period of time after
the depolarization of cardiac cells where they are not sensitive to a new electrical
stimulus. Hence, applying the LASSO can easily lead to sparse reconstructions
that do not make sense from a physiological point of view. In order to enforce a
minimum separation among the detected waveforms, one simple possibility is to
add a post-processing stage that ensures the fulfillment of the refractory
period [9, 10]. In short, this stage performs a greedy search, taking the
coefficients ob-tained by the LASSO as input, looking for the largest ones
sequentially, and in-corporating them to the set of accepted coefficients only
when their time differ-ence is larger than the refractory period. Fig. 4 shows
an example of the results
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obtained, both for a synthetic and a real signal (EGMs). Alternatively, the restric-
tion about the refractory period can be incorporated to the optimization problem
[11]. However, this leads to a non-convex optimization problem which is much
harder to solve, both theoretically and computationally.
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(a) Synthetic data (b) Real data (sinus rhythm)

Figure. 4. Examples of QRS complexes detected by taking into account
the refractory period [10]

Multi-Channel Sparse Models, Efficient Optimization
Algorithms and Learning the Dictionary

In the previous section, we have shown that ECG signals are naturally
amenable to sparse modelling and that important features of these signals can be
taken into account in order to improve the reconstruction. In this section, we
briefly enumerate other important topics related to sparse ECG modelling:

1. Typically, multiple ECG signals are simultaneously acquired (2—12 for
external ECGs and up to 64 for EGMs). These channels can be processed one by
one following the approach previously described, but a better alternative is con-
structing a joint sparse model using the so-called group LASSO approach [12].
A first attempt to apply group LASSO with non-overlapping groups has
already been performed [13], but the use of overlapping groups is still a pending
issue. 2. The ECG registers to be processed can often be very long, with lengths
spanning up to several hours. Therefore, efficient optimization algorithms that
exploit the characteristics of the multi-scale overcomplete dictionaries used are
required. Recently, efficient algorithms (based on the computation of matrix-
vector multiplications using the FFT) to solve the LASSO and group LASSO
optimization problems have been developed [14,15].

3. In order to obtain the sparsest representation, dictionary atoms that resemble
the characteristic waveforms that can be found in ECGs should be used. In the past,
Gaussians and several types of wavelets (like the Mexican hat wavelet) have been
used, and a dictionary based on real waveforms has been recently constructed [16].
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BILIMB IIJIACTUYHOI IE®@OPMAIIII HA MEXAHIYHI
BJIACTHUBOCTI CIIJTABY MEJUYHOI'O ITPU3HAYEHHS HA
OCHOBI MATHIIO

3acTocyBaHHS CIUTaBIB Ha OCHOBI MarHir0 B SIKOCTI OIOMEIUYHUX Ma-
TepiajiB MOB’3aHO 3 X 0I0PO3UYMHHICTIO 1 HEOOXIMHUMHM JJIs SKCIUTyaTallii B
MEAMYHHMX MUIAX (DI3MKO-MEXaHIYHMMHK BJIACTHBOCTAMH. PasoMm 3 1uM, Ha
CBOTO/IHIIIHIM MOMEHT 4acy TOJIOBHMM HEJOJNIKOM IPOAYyKIii 3 MarHi€BHX
CIIaBiB € 1X HEBHUCOKA MIIHICTh. B SKOCTI METOJIB, 3MaTHUX IMO3UTHBHO
BIUIMHYTH Ha MEXaHi4YHi BJIACTHBOCTI, MOXYTh OyTH BHKOPHCTaHI MpOIECH
00pOOKH THCKOM.

Mertoro 1aHO1 poOOTH CTa0 BUBYEHHS BIUIMBY IUIACTHYHOI nedopma-
[ii Ha MeXaHIYHI BIIACTHBOCTI MATHI€BHX CIUIABIB i BH3HAYCHHS paIliOHAIb-
HUX PEeXHUMIB st IX 00poOKH. B sKOCTI HOCIIIKYBaHOTO MaTepiaily BUKOPHU-
CTOBYBaBCsI JIpiT 3 MarHieBoro cruapy MJI10. Llei Bupi6 3acTocoByeThcs B
oTiepallisx Mnpu 3’€HaHHI TKAHUH JIFOJICBKOTO OpraHi3my.

OTpyMaHHi 1IUIIXOM rapsiuoro neopMyBaHHs ApIT HiamMeTpoM 1 M
nepopMyBaBcs IUTIOIICHHSIM Ha jabopatopHomy MiHi-ctani 100x100 douba-
CBKOI Jiep>KaBHOT MamMHOOYAIBHOT akajeMii. [IromeHHs: 3aroToBOK MpOBO-
WM 3 pisHUME oOTHcKaHHsaMHE (€ = 0,4 1 € = 0,7) B X0JIOIHOMY CTaHi, a Ta-
Ko Harpitux a0 temreparyp T =200°C, 300°C 1 400°C.

Meska MIITHOCTI Ha pO3TSTYBAHHS 1 3HAYCHHS BITHOCHOTO TTOAOBKECHHS
Br3Haudanucs Ha po3puBHii MammHi «INSTRON» 2801 3a T'OCT 1497-84 i
I'OCT 2856- 79. Makpo- i MiKpocTpyKTypa 3pa3KiB Oyiia BUBYEHa METOAAMH
cBiTnoBoi Mikpockomii («Neophot 32», «OLYMPUS 1X70»), a Takox 3 BU-
KopucTaHHAM KoMmiuiekey «Bineorect-Ctpykrypa 5.0» Ha 6a3i metanorpadi-
yHoro Mikpockona «Axiovert 40MAT». TpasneHHst 3pa3KiB MPOBOIAMIOCS
PeaKkTHUBOM, KU MaB HacTynmHuM ckian: 1% azoTHoi kucnotu, 20% ouroBoi
KucoTH, 19% muctunboBanoi Bogu, 60% eTHICHIIIKOIIO.

PesynpraTi JOCHiIKEHHS MIIHOCTI CBIJYUTH PO T€, IO NPOKaTKa
3pasKiB 3a J1Ba MPOXOIH MPHU3BOAUTH O 3pOCTAHHS MIIHOCTI Ta MIKpOTBEp-
JocTi 3paskiB. Lle MoB’s13aHO 31 3MEHIICHHSIM PO3Mipy 3€pHa B JIOCHIKEHUX
3pasKax B pe3yJbTaTi HAKOIMYEHHs JiedopMarlii, 0 MiATBEPIKY€ETHCS MiK-

' K.x.H., 1011, Kadeapy KoMITIOTepHHX iH(opManiiiaux Texmomorii (KIT) JloH6ack-
Koi aepkaBHOI MamHOOy niBHOT akanemii (JJJIMA) (M. Kpamaropcrk, Ykpaina)

2 I.1.1., mpod., 3aB. kadeaporo KIT JJIMA (M. Kpamaropcek, Ykpaina)

> K.1.H., mpod., 3aB. kadeIpor0 HAPHCHOI TeOMETpii, IFKEHEpHOI Ta KOMIT IOTEPHOI
rpagiku 3HTY

* JI.1.1., no., kadeapn KIT JJIMA (m. Kpamatopcek, Yipaisa)
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pocTpykTypolo 3pa3kiB. [lmactuunicts 3pa3kiB 3i ciuiaBy MJI10 micns nedo-
pmalii 3HaYHO 3MEHIIYEThCS. 3HAUEHHS BIJHOCHOT'O MOIOBXKEHHS IJIS 3pas-
KiB, 06po6IeHX mpu 20 C 3MEHIIYeThCs MPUOTH3HO B 2,5 pasH IHC/s KOX-
Horo eramy napiOHoi medopmarii. s TOCHiIKEHHS BIUIMBY TEMIICPATypH
IUTacTHYHOT JehopMariii Ha MeXaHI4HI BIIACTHBOCTI MarHi€BOTO CIUIABY 3pa3-
KH JpoTy 06poGnsmu mpu Temneparypax Bix 20°C 1o 400'C. BeranosieHo,
mo mpu Temmeparypax 20 C i 200°C 3pa3ku Many HaifGiIbII 3HAYEHHS TIO-
nosxkenns &. [pu Temneparypax 300°C i 400 C BinGyBanocs 3HIKEHHS 3Ha-
4YeHbp 0. AHAJOTIYHMHA XapakTep 3MiHM MEXaHIYHHX BIIACTHBOCTEH TaKOX
croctepiraBcsi B po0oTi [2] asst MarHieBoro cruiaBy Mapku AZ31, sikuii 006-
POOIIABCS METOJOM PIBHOKAHAIBHOTO KYyTOBOTO IPECYBAaHHSA B JAaHOMY TEM-
nepatypHoMmy iHTepBaii. [lomiOHMIA XxapakTep 3MiHH BJIACTHBOCTEH JIEMOH-
CTPYIOTh MIIIHICT 1 MIKpPOTBEPAICTh 3pa3KiB. MOXKIIMBO 1€ TIOB’SI3aHO 3 IPO-
11eCaMi 3MiHH CTPYKTYPH B XOJi Pi3KOro 0X0J0MmKeHHs Harpitux 10 300 C i
OinbIne 3pa3KiB JPOTY MPHU KOHTAKTI 3 MACUBHUMH BaJIKaMH MPOKATHOTO CTa-
Hy. Pe3ynbratu nociipkeHHS MIKPOCTPYKTYPH 3pa3KiB, OTPUMAHUX TIPH Te-
mmeparypax 20 C i 200°C, npokaTanux 3 pisHEM cTyneHeM aedopmarii, cBi-
JT9aTh MPO Te, IO TPH 30UTBIICHHI TeMIepaTypu 0OpoOKH po3Mip 3epHa CyT-
TEBO HE 3MIHIOETHCS.

TakuMm 4MHOM, pe3yNIbTaTH JOCITIIPKSHHS BIUIMBY IUIACTHYHOI aedop-
Mallil Ha BIIACTHBOCTI 3pa3KiB 3 MarHieBoro cruiaBy MJI10, 110 3acTocoByeThCs
B MEJMYHUX IUISIX, CBIAYHUTH MPO Te, IO ICHYE JIBa TEMIIEPATYPHHUX IHTEPBAIH,
110 BU3HAYAIOTh OCOOJIMBOCTI MOBEIHKA MEXaHIYHUX BIIACTHBOCTEH cIuiaBy. B
inTepBani Temmeparyp 10 200°C 3MiHa BIacTHBOCTEH MOB’s3aHa 3 AehopMa-
HiiiHEMK TIporiecamu. 30UTbIIeHHS Temieparypu oopooku mo (0,5...0,7) Ty,
Martepiany 3pa3KiB MPU3BOIUTH J0 3MCHIIICHHS IUIACTHYHOCTI 1 MiKPOTBEPIOCTI
3pa3KiB, 10 MOXKJIMBO I1OB’S3aHO 3 MO/ABJICHHIM PEKpPHCTATI3AIHHNAX TpoIie-
CiB 3a paxyHOK Pi3KOT0 OXOJIOJPKEHHS B BaJKax mpu npokarii. CTyIiHb IbOTO
BIUIMBY 3POCTAE 3 ITiIBUIICHHSM TEMIICPaTYPH.

Iepenik nocunanp

1. Yepnstit B. H., fuyn E. B., I'onosaxa M. JI., llanomees B. A. HoBslil pacTBopu-
MBIH CIUTaB Ha OCHOBE MarHus JUIsl IPUMEHEHNs B TpaBMartosoruy // Opronenus, Tpa-
BMaToJIOrus U nporesuposanue. —2016. — Ned. — C. 26-33.

2. Ilunrorskanud B. M. Biusxue Temnepatypsl ¥ uuciia IpOX0A0B paB-HOKaHAIBHOI'O
YIJIOBOTO MPECCOBaHMsI HA MUKPOCTPYKTYpY ciuiaBa AZ31 // dynnameHTalbHbIe UCC-
nepoBanus. —2012. —T. 9, Ne 2. — C. 437-441.
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YJIK 004.021
Broserko P.O.", o6psik C.K.2

PO3POBKA ITPOI'PAMHOI'O KOMILJIEKCY JJIsA BUPIIIEHHA
3AJJAY JIOTICTUKU POSMIIIEHHA MEPEXI AIITEK 3
BUKOPUCTAHHAM METOJA TUHAMIYHOI'O
INPOI'PAMYBAHHSA

AnrteuHuil 0i3HeC B OCTaHHI POKHM BBR)KAEThCS OJHWUM 3 HaHOLIbLI
noxiguux. IIpo Te, HACKINIBKY BiH BUTITHHIA, TOBOPHUTH 1 BCE 3pOCTAIOYE YHCIIO
anrek. Yacro BiJ TOro, HACKIIBKM NMPUBAOIMBO BUIIIAJA€E alTEKa 30BHI 1 3ce-
PEeIUHY, 3aJICKUTh 1 KUTBKICTh ITOKYIIITIB.

Mertoro 1aHoi poOOTH CTajl0 BUBYEHHS METO/IIB PO3TAllyBaHHS arTey-
HUX IMYHKTIB, a TaKOXX PO3pOOKa MPOrpaMHOTo 3a0e3MedeHHs s pearizarii
ANTOPUTMIB TOIOJIOTIYHOT OTITUMI3aIlil.

3 orsiy Ha MOKJIMBOCTI, HASIBHOTO HA ITIIPHUEMCTBI OOJIaHAHHS Ta
MIPOrpamMHOTO 3a0e3MedYeHHs], HEOOXITHO CTBOPUTH CyYaCHHH MpPOTPaMHUI
MPOJIYKT, YHUKAIOUM TAKUX HEIOJIKIB ICHYIOUMX KOMEPIIHHUX MPOTMO3HILii,
SIK BACOKA BapTICTh BIPOBAKEHHS 1 CYIIPOBOJY Ta cj1adKka OpIEHTOBAHICTh Ha
KOPHCTYBaya 3 Pi3HOI (paxOBOIO MiArOTOBKOK. ToMy i po3poOKu mporpa-
MHOTO KOMILJIEKCY JUIsi BHPILICHHS 3a]ad JIOTICTHKH PO3MIIEHHS MEepexi
anTeK 3 BUKOPUCTAHHSAM METO/a AUHAMIYHOTO POTrpaMyBaHHs OyJu oOpaHi:

1. CYBJ] MySql — Haiae moTy>xHi 3aco0M JUIsl IOCTYILy, HaJallTyBaHHs,
aJIMiHICTpyBaHHs, PO3pOOKH BCiX KOMITIOHEHTIB 0a3H aHWX 1 yrnpas-
i HUMHA. MySql — 1e pensmiiiHa cucrtema ynpasiliHHA 0azamu
JAaHHX.

2. Cepenosuie PhpStorm 2018 i moBy nporpamysanns PHP. PHP — nie
LIMPOKO BUKOPHUCTOBYBaHAa MOBA CLIEHApIiB 3arajJbHOIO NMPHU3HAYEH-
HS 3 BIAKPUTHM BUX1THUM KOZOM.

Jnst BUpimIeHHs 3aa4i 3HaXODKEHHS ONTUMAIBHOTO MICIS pO3Tally-
BaHHs 00’€KTa ICHYIOTh Pi3HI METOIH 1 TEXHOJIOTI: MAaTeMaTHYHI, EBPUCTHY-
Hi, reoiHpopMauiiiHi. EBpuCTHYHI MeTOmM MO3BOJISIOTH PO3MNIANATH Pi3HI
KpuTepii onTuMizalii po3MilleHHs. Y TOpIBHAHHI 3 HUMU HaWOLIbLIYy TOY-
HICTb B OTPUMaHHI KiHIIEBHX PE3yJIbTAaTiB MOXKHA OYiKyBaTH BiJl MaTeMaTHy-
HUX METO[IB, @ HAOYHICTh pIlIEHHS — BiJ reoiHGopManiiHUX TEXHOJOTIH.
IcHyroui MeToaM HE MalOTh JOCTATHHOI MipH YHIBEpPCAIBHOCTI 1 HE TapaHTy-
FOTh B TIOBHIH Mipi ONTHMATBHICTh PilICHHS.

' cryment-marictp kad. KIT, JlomGacbka IepikaBHA MAIIMHOOYNiBHA aKaaeMis,

M. Kpamaropcrk, Ykpaina, e-mail: vdov.romanoffi@gmail.com
K.T.H., cT.BUKI. Kad. KIT, Jlonbaceka nepkaBHa MammHOOYIiBHA aKaIeMis,
M. Kpamaropcek, Ykpaina, e-mail: sergd1127@gmail.com
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JIns migBUINEHHS YHIBEPCAJIbHOCTI HAsBHUX METOJIB IPOMOHYETHCS
BUKOPHCTAHHS 3alpPOIIOHOBAHOT METOAUKH, KA 00’€IHY€E MOMJIMBOCTI JCKi-
JIBKOX METOJIB JJIsi OTPUMAaHHS HAWOUTBII ONTHMANBHOTO pimeHHs. BoHa
I'DYHTYETBCSl Ha PillICHH] onTHMi3aniiHoi 3amadi. Meroyka BKiIO4Yae B cede
HACTYITHI eTaIy pillieHHs 3a1a4i:

1. 3Haxo/mKeHHS pIMICHHS 3a7adi Mpo PO3MIMICHHS i3 3aCTOCYBaHHSIM
BIIOMUX MaTeMaTHYHHX MeTOAIB. Po3paXxyHOK IOKa3HHKIB
e(heKTUBHOCTI PO3MIIIICHHS: BUTPAT, IPHOYTKY.

2. ITobynoBa Ha OCHOBiI METOTy HAHMEHIINX KBaApaTiB IUTFOBOT (PYHKIIIT
BUTpAaT abo mpuOYTKy 3a JOIOMOTOIO alpOKCHUMAIlii pe3ysIbTaTiB OT-
pUMaHUX pilleHp Ha HoIepeAHboMy erami. [licns oTpumaHHA
PIBHSIHHSI TIPOBOJIUTHCSI HOTO OLIIHKA 32 JOIOMOIOK0 CTaTHCTHYHUX
KpHUTEPIiB: CepeHs IOMMJIKA allpOKCUMAIlil, KpUTepiil JeTepMiHaliii.

3. ®opmyBaHHSI 0OMEKEeHB 3a1a4i onTuMizaltii. J[ist 1boro BU3HAYAETHCS
rpajlieHT WibOBOI (YHKIII B PI3HUX TOYKAaX 00JACTI PO3MIILCHHS
00’exra. BusHauaeThCsi KpOK TIpajlieHTa B CTOPOHY MAakKCHMyMY
nUTbOBOT  (YHKIIi 1 BIA3HAYAETBCS TOYKA MEXKI MOMKIHBOTO
PO3MIIIeHHS 00’€KTa Ta MOIIYK ONTUMAIBFHOTO MICIISI HOTO peaibHO-
T'O PO3MIIICHHS Ha MalTi.

Jis  TpUCKOpPEHHS pPO3paxyHKIB B  TPOTPAMHOMY  KOMILIEKCI
BHUKOPUCTOBYETHCSI METOZ AWHAMIYHOTO mporpamyBaHHs. Lleil meron € ox-
HUM 3 HallpsIMKIiB ONTHMAaJIBHOTO porpamyBaHHs. [loain 3amaui Ha eTany 1ae
MOJKJIMBICTh PO3PaxyBaTH MiClle PO3TAIlyBaHHSA OJHOYACHO IS MEKIIBKOX
paiioHiB.

TakuM 4MHOM, Pe3yJbTaTOM PO3POOKH IPOrPaMHOrO KOMIUIEKCY IS
BUPINIEHHS 337a4 JIOTICTHKHA PO3MILICHHS anTeK 3 BUKOPHUCTAHHSIM METoJa
JMHAMIYHOTO TPOTpaMyBaHHS € MPOTPaMHHUN KOMIUIEKC, TIPU3HAYEHUN ISt
MICBKOI BJIa/IM MICTa, 3aBJJaHHS SIKOT € ONTHUMaJbHE PO3TAIlyBaHHS arTek.

Iepenik nocunanp
1. Kommr’toTepHe MoJeIIoBaHHS CHCTEM Ta TporieciB. Meroau obuncinens. Yactuna 1
: HaB4anbHUI nocionuk / Keernwii P. H., borau 1. B., boiiko O. P., Codpwuna O. 1O.,
Hlyurypa O.M.; 3a 3ar. pen. P.H. KetHoro. — Binnunsa: BHTY, 2012. — 193 c.
2. bibnioreka cryaeHTa — Bu3HaueHHs ONTUMABHOTO 3HaXO/DKeHHs 00’ ekty [Enext-
ponnwuii pecypc]: http://library.if.ua/book/134/9096.html
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I'nagkosa O.M.!, Xopsees 1.O.*

PO3POBKA CUCTEMM JJIsA 3D CKAHYBAHHA JIFOJAUHUA

Y cydacHOMy CBiTi ocTaHHIM dacoM Habyino momysspHocTi 3D ckany-
BaHHA 1 MOJENIOBaHHA. B pe3ynpTaTi TPUBHMIPHOTO MOJAETIOBAHHS CTBOPIO-
€ThCS Bi3yalibHUIN 00’ eMHHIT 00pa3 OaxkaHOro 00’ exta. 3D MOIEIIOBAaHHS YacTo
3aCTOCOBYETHCS IIPU CTBOPCHHI HOBUX BHUJIIB MPOMAYKIIii, 800 KOJIM HAasBHE JIBO-
MipHE 300paKCHHS MPEIMeTa € HEJOCTATHIM JUIs peaiallil MoCcTaBICHUX Ili-
neir. 3D ckaHyBaHHS € OJJHHM i3 croco0iB moOymoBu 3D-mozeni. 3D-monmens
MOXHa o0y yBaty i 6e3 Bukopucranusi 3D-ckanepa — npodeciianmu CAD-
cucremami (Creo, SolidWorks i T.i.) 1yt poOOTH 3 TPUBUMIPHHUMH 00’ €KTaMHU.
Aue 3D-ckaHep 3HAYHO CIIPOIIY€ i MPUCKOPIOE TIeH MpoIiec.

BuxopucroByroun 3D ckanyBaHHA 00’€KTiB 3 ypaxyBaHHIM iX (iznd-
HHUX [AapaMeTpiB, MOXKHA B €JIEKTPOHHOMY PEXHMI IIPOTECTYBATH 1X MOXKIIH-
BOCTI, HOBEPTATH IX IMiJ PI3HUM KyTOM OISy, BU3HAYATH HEAOJIKH Ta Iepc-
NIEKTUBH TTOKPAICHHS.

3aBIsSKH PO3BUTKY TEXHONIOTiH 3D ckaHyBaHHS CTaJl0 MOYJIUBO CTBO-
PHUTH pEaNliCTUYHY MOJEIb JIOAWHH JUIsl Pi3HUX Iineid. Haloinbm nomyisip-
HHMH € CTBOPEHHSI PeaiCTHYHUX MOJEJIeH NepCOHaXIB B irpax, «BipTyajbHi
MIPUMIPOYHI», CTBOPEHHSI MOJENEH PI3HUX YaCTHH JIIOJICHKOTO Tija JUIs po3-
poOKM mpoTe3iB i T.i. BukoprcTanHs Ta BAOCKOHAJICHHS 1HCTPYMEHTApIO IS
CTBOPEHHSI TaKUX MoJjienieil OyJe CHIpHSATH MOAANBIIOMY PO3BUTKY irpoBOi
IHAyCTpil, MPOMUCIOBOCTI, ONITUMI3aIlii BHPOOHHIITBA Ta METUIMHU [1].

3D ckaHyBaHHS i Bizyamizallisi JaHUX 00’ €KTiB HEOOXiTHI NP CTBO-
PEeHHI TIPOTOTHIIIB BHPOOIB 1 CTBOpPEeHHS 00’ eMHOI aHiMarii. 3D Moxmeni — He-
BiZ’€MHA CKJIaJ0Ba SIKICHMX MPE3CHTALll, a TAKOX — OCHOBA [UISl CTBOPEHHS
MIPOTOTHUITY BUPOOY.

Byno po3risiHyTo AeKijabka HAWMOMyJIpHIIIMX ceHcopiB it 3D cka-
nyBanHs (RealSense[2], Kinect v1, Kinect v2[3]) Ta Tx xapakTepuctuku. Jls
BUOOPY HaHKpaIoro, 3JaTHOI'O 3aJ0BOJBHUTH IIOCTABJICHI BHMOTH [0
rotoBoi 3D Mopmenmi, yci ceHcopu Oynu TIOpIBHSAHI 3a JEKUIbKOMa
HaWBaXIIMBIIIMMHU KPUTEPISIMH, a caMe: 3a Jiana3oHOM INIMOMHHM, KOJIbOPO-
BAM TIOTOKOM, TJIMOMHHUM ITIOTOKOM, TOPH30HTAIFHHM Ta BEPTHKAIBHUM
rmojieM 30py. Buxojsium 3 mpoBeseHoro AociikeHHs Oysio oOpaHO CEeHCOp
Kinect v2, sikuif TOBHICTIO BiANOBia€ MOCTaBICHUM BUMOTI'aM, a OTXKE 3a J0-
TIOMOTOIO [[bOTO CKaHEpy MOXKHA CTBOPHUTH peanicTuiHy 3D mMonens o quHu
BHCOKO{ SKOCTI.

! Crapummit BuKTamad Kadeapu mporpaMHix 3acobis 3HTY
2 Cryment rpymi KHT-424m, 3HTY
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Taxox OyJ0 MpoBeIeHO MOPIBHSUIbHUIA aHalli3 MPOrpaMHOro 3abdesrie-
yennst (I13) crBopenoro mis moOynoBu 3D moneneit soaunu (Scanect,
RecFusion, KinFu, RecMe, PmScanner). Byno BusiBneno, mo yci po3risHyTi
NPOrpaMH MICTATh HEJOJIKH 3 TOYKM 30pY SIKOCTI OoTpuMaHoi rotoBoi 3D
Mmozeni. Hampukian, 6imbmicTs moTpedye BUKOPUCTAHHS JIMIIE OJHOTO CEH-
copa, o He J03BoIste 3poduTtn 3D Moaens TIOAWHU y TTOBHUH 3pICT 3 BUCO-
koo TouHicTIO. [ly)xe wacto Ttake II3 morpebye crimamHoi KanmiOpoBKH
JIEKUTBKOX CEHCOpPIB MpH HU3BKIH TOYHOCTI rotoBoi 3D Momeri, a Takox IO
MOSIBU BEJHKOI KUTbKOCTI apredaktiB. OCHOBHHUMHU MiHyCaMHU BUKOPUCTAHHS
TaKUX NpOrpaM € He TUIbKM HU3bKa TOYHICTH TOTOBOI MOJENI, aje i BEeNHUKI
E€KOHOMIYHI Ta KaJpoBi 3aTpaTu, HampamieHi Ha cTBOpeHHs 3D-mozeni
HU3BKOI SIKOCTI.

TakuM 4MHOM, 3 OTJISIIOM Ha BUINE3a3Ha4YeHe JOCIIKCHHS Ta IPOBe-
JICHE MOPIBHSHHS, 3a/1a4a PO3POOKH MPOTrPaMHOro 3a0e3MeueHHs s OiIbIi
ToyHoro 3D ckaHyBaHHS JIIOAWHY € akTyaibHOI0. Po3podimosane I13 s 3D
CKaHYBaHHS JIFOIMHHU MOBUHHE OYTU IPOCTUM y BUKOPUCTAHHI, 3 APYKHIM JI0
KopucTyBada iHTepdelicom, a roroBa 3D Moxens TOBHHHA OyTH
pEaNiCTAYHOO Ta 3 MIHIMAJIEHOO KUTBKICTIO apTe(aKTiB.

VY pesynbraTi, U peanizaiii nporpamMHoro 3abesnederHs 3D ckaHy-
BaHHS JIIOJMHH, OyB BUOpaHuii irpoBuit pymiit Unity3D. Takox Oyio ob6pano
MOBY nporpamyBanHs C# 11t HaMCaHHsI CKPHUIITIB IrPOBOTO PYIILIisi, TA MOBY
nporpamyBanns C++ i HanucaHHs AuHaMiuHuX Oibmiotek. Takox OyB
oOpanuii anroput™ Tpianryisuii Jenone [4] mis renepauii 3D moneni mmo-
JIMHHU 3 XMap TOYOK OTPUMAaHHX 3 CEHCOPIB.

Ilepeik nocuianb

1.3D ckanyBaHHsi 00’cktiB. https://koloro.ua/3d-skaner-3d-skanirovanie-obektov-i-
trehmernoe-modelirovanie.html.

2. XapakTepucTuka ceHcopa Real Sense. https://software.intel.com/ru-
ru/realsense/d400.

3. Xapakrepuctuka ceHcopa Kinect v2. http://zugara.com/how-does-the-kinect-2-
compare-to-the-kinect-1.

4. Anroputm TpiaHTyIIAIIT Jenone. http:// posibnyky.vntu.edu.ua/
k g/zmg/zmg/42 htm.
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I'pubkoB E.H.l, IBUeHKOB M.B.z, Tapacos O.CD.3,

KOMIIETEHIIII TA 3MICT JUCIUILIIH 3 BABUEHHSA
MEJUKO-BIOJOI'TYHUX CUCTEM TA OBPOBKHA
BIOMEJNYHUX CUT'HAJIIB

[MpodinroBanus cnenianbHocTi 122 «KoMm’oTepHi HayKkn» 3 BBE/ICH-
HSM CIIeLiani3amii MeJHuK0-010JI0T19HOr0 Ipodisito 103BOJISIE 301IBIIUTH KOH-
KypEHTOCHPOMOXXHICTh BUIIYCKHHKIB IIpU TIpaleBIaIlITyBaHHI. 30KpeMa BBe-
JICHHSl y HABYAIBHHUH IPOIEC AMCLMIUIIH 3 MEIMKO-Ol0JIOTIYHMX CHCTEM i
00poOKM OiOMEIUYHHMX CHUTHAIIIB JIO3BOJISIE CTYJCHTaM 3pO3yMITH NPUHIUIIN
CTBOpPEHHs, pOOOTH 1 HajamTyBaHHS OloMequuHOI amaparypu. Ane Ui
BIIPOBAKEHHS IUX KypciB [1, 2] B miATOTOBKY (haXiBIiB 3 KOMIT IOTEPHHUX
HayK HeoOXiJHa iX ajanTarlis i BUKIAJAaHHSI IPEIMETIB 3 YpaxyBaHHSIM 0C00-
JUBOCTEH 0a30BO1 CIICIIaIEHOCTI.

BpaxoByroue 3a3HaueHe, cepesi OCHOBHHX BUMOT JI0 3HAHb Ta BMiHb ITiCIS
BHBYEHHS KYPCIB 3 ME/IMKO-010JIOTTYHMX CHCTEM Ta 00pOOKH OIOMEMYHNX CUrHA-
JIB IS CTY/ICHTIB KOMIT FOTEPHHMX CIICIIAIBHOCTEH CITiJI BIZIMITUTH HACTYIIHI:

— 3HAHHSA TEPMIHIB 0OJagHAHHSA OIOMEAMYHHMX CHUCTEM, TCHICHIIN 1
npoOJIeM IpH iX MPOCKTYBaHHI, BOJOIIHHS MPOTPAMHUM 3a0C3MCUCHHM IS
ABTOMATH30BaHOI PO3POOKH 0IOMEIUYHOrO OOJIaJHAHHSI, PO3yMiHHA (yHIa-
MEHTAJIHUX MOHATH 00pOOKH NM(POBUX CHTHANIB, 3aCTOCYBAaHHS HU(BPOBUX
(GUIBTPIB U IEPETBOPEHHS 3BYKY 1 300pakeHb;

— 3HAHHSA METOMIB, KaTeropii i BHAIB cTaHmapTu3amii OioMequaHOL
amapaTypu, BMiHHS KOPHCTYBAaTHCS CTaHAAapTaMH s OiomemuaHoro obman-
HaHHS i (HOPMYITIOBATH BUMOTH JI0 HHOTO;

— 3HaHHA 0a30BUX MOHSATH B 00J1aCTi HAHO-1 MIKPOEIEKTPOMEXaHIIHUX
CHCTEM, MOXKIIMBOCTI 1X 3aCTOCYBaHHS B MEAUIINHI,

— BMIHHS 3aCTOCOBYBAaTH METOAM MAaTeMaTHYHOT'O MOJENOBaHH: 0io-
MEIUYHOI arnaparypH, CTBOPIOBAaTH MaTeMaTH4YHI MOJIEN, sIKi ONHCYIOTh PO-
60Ty OioMeIUYHOI amapaTypu Ta MporpamMHe 3a0e3MeUYCHHs I MOJICIIOBAH-
Hs1; BUKOHYBATH JIIarHOCTUKY HECIIPaBHOCTEH;

— BOJIOZIIHHS METOJJaMU KOHTPOJIIO, TTPaBUIIAMH €KCIUTyaTallii i BUIIpO-
OyBaHb OiOMeANYHOT anaparypu;

' Jlth, pom., mon. kabeapu KOMI'IOTepHMX iH(popMamiiiaux Texuonoriii (KIT)
Jonbacekoi ngepkaBHOl MammHOOyaAiBHOT akazemii (JJIMA) (M. Kpamaropcbk,
VYkpaiHa, email: gribkov.eduard@gmail.com).

2 T.H., JOIL., 10L. KadeIpH eneKTpOMEXaHidHHX crucTeM aBroMatmsamii JUIMA (M.
Kpamaropcrk, Ykpaina, email: ninjanickolascage@gmail.com)

3 JI.r.H., mpod., 3aB. kadeaporo KIT JJAMA (m. Kpamaropcek, Ykpaina, email:
alexandrtar50@gmail.com)
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— OyTH KOMIIETEHTHUM B CTBOPEHHI IPOrpaMHOTO 3a0e3IeueHHs s
PO3paxyHKy HaJiHHOCTI O10MEIUYHOI arapaTypu;

— BOJIOJIIHHSI HABUYKAaMH TECTyBaHH, 300py JaHHX Ta 0OpoOku 1mp-
POBUX CHTHATIB OIOMETUYHOTO NMpHU3HAYCHHS, BMIHHS 3aCTOCOBYBATH pi3HI
METO/IY IIEPETBOPEHHSI Ta aHAIi3y CUI'HAIIB B KOMIT I0TEPU30BaHUX CUCTEMAX
MEIMYHOTO NMPU3HAYCHHSI.

Jis mpakTUYHOI MATOTOBKH CTYICHTIB JOIUIBHO BIIPOBAKYBATH
NPaKTUYHI 3aHATTS 3 HACTYIHHX TEM: 3aCTOCYBAaHHS CHCTEMHOTO IiJIXOXYy
JUIL ONHCY Ta IHTEpPIpeTalii CKIAAHUX CHCTEM; IO0OyZOBa CTPYKTYypHO-
(GYHKIIOHATBHOT CXEMH JIIarHOCTHYHOT CUCTEMH; peajtizallis MEeTOiB 00po0-
Kd O10JIOTIYHMX CHTHANIB; (DYHKIIOHAIbHA Ta MapaMeTpuyHa iaeHTugiKaris
0J10KiB OIOTEXHIYHMX Ta MEIMYHHUX €JIEKTPOHHUX araparis; Mo0yaoBa CTPyK-
TYpHO-()yHKI[IOHAJILHOT CXEMH MOHITOPHOI CUCTEMH; T00Y10Ba CTPYKTYpPHO-
(hYHKITIOHAJIEHOT CXEMH CHCTEMH Ha OCHOBI (Di3MYHOTO JIKYBaJbHOTO c(eK-
Ty; TIPUHIWIN y3TOJDKEHHS BHMIPIOBAIBHHUX IIEPETBOPIOBAUIB 0i0€IEKTpUY-
HHUX TOTEHLialiB 3 OloJOriYHMMH 00’€KTamu; aHai3 HUPpoBUX (iIBTPIB;
METOJH 3IJIQJDKYBaHHS 1 JAU(EpeHIiIOBaHHS TUPPOBUX MEIMKOOIOIOTTYHUX
curHaniB (MBC); momiHOMiHANBHI (QIIBTPH, CYTHICTH METOMY 1 peai3alis;
aANTOPUTMH 3TJa[KyBaHHS, ITU(epeHIifoBaHHs, iHTerpyBanHs MBC 3 BHKO-
PUCTaHHSIM AITOPUTMIB PEKYPCUBHOI i HEPEKYPCHBHOI MTUPPOBOI (PibTparii;
BU3HAYEHHS OCHOBHHUX XapaKTEPUCTHK CEPLEBO-CYAMHHOI CHCTEMH Ha IpH-
knani curnanis EKT; ckananns anroputMiB 00po0ku curnanis EKIT'; anano-
ro-uugpoBi Ta HUPPO-aHAIOrOBI NMEPETBOPIOBaUi SIK (YHKIIOHAIBHI BY3JIH
MEIUYHUX CHCTEeM; Kiacudikallis, OCHOBHI IPHHIMITY PO3paxXyHKy OCHOBHHUX
napamerTpiB, anepTypHi ciorBopenHst ALTL.

Hns npupbaHHS NPaKTHYHAX HABUYOK JIOIUIBHO BIPOBAPKYBATH
nabopaTopHi poOOTH 3 HACTYNHHX TEM: BUBYEHHS MPUHIMIIB 3HAXOKEHHS
ONTUMAJBHOTO DIlIEHHsT B MEAMIMHI METOJIOM JIHIHHOTO NpOrpaMyBaHHS;
TOCTIKEHHS OCOONMBOCTEl BUPIMICHHS TPAaHCHOPTHOI 3a4adi JiHIHHOTO
MporpaMyBaHHs;, MOOyA0Ba (DYHKIIIOHANBFHOI Ta CTPYKTYpPHOI CXeM 1 airo-
pUTMYy pOOOTH TIPOIECOpPIB Ta KOHTPOJICPiB; BU3HAYCHHS ITOKA3HUKIB
e(eKTUBHOCTI OIOTEXHIYHMX Ta MEIUYHHX CJICKTPOHHUX  amapaTis;
HerepepBHi 1 auckpeTHi Oiomennuni cucremu (BMC); mMozentoBaHHs 1iepe-
TBOPEHHS aHAJIOrOBOTO CHUTHANy y LU(POBHUH; aBTOMATH30BaHMH aHaui3
criporpaM 3a JONMOMOIOI0 TNPOTPAaMHOTO 3a0e3NeYeHHs; aBTOMaTH30BaHa
cucrema ananizy EKI'; ciektpansHuii Ta Kopemsiuiiauii ananiz bBMC.

Ilepeaik nocuianb

1. Oppenheim A.V., Schafer R.W. Discrete-Time Signal Processing. 3rd edition. —
Prentice Hall, 2009. — 1120 p.

2. Joseph D. Bronzino. Biomedical Engineering Handbook. — Boca Raton, CRC Press
LLC, 2000. —3189 p.
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YK 004.93
Jennciok C.0.!, Bacunbepa JI.B.2

PO3POBKA ITPOI'PAMHOI'O 3ABE3IIEYEHHSA )11 OBPOBKHU
BIOMEJUYHUX MOHOXPOMHHUX 306PA’KEHb

O06poOKkoro 300pakeHb MOXKHAa BBaKaTH OyAb-iKy (Gopmy oOpoOKu
iHpopmaii, s sKoi BXIAHUMH NaHUMH OynyTh 300pakeHHst (poTo- abo
Bizeo- kaapu). Ha qaHuii MOMEHT BiOMI JiBa OCHOBHHX IIAXOIU 10 (opmy-
BaHHI Ta 30epeIKCHHsI 300pakeHb: BEKTOPHA Ta pacTpoBa rpadika.

O0pobka 300pakeHb € OaraToInTaHOBHM 3aBAaHHSAM. CHOJU BKITFOYA-
I0Th pileHHs 3aaa4 (irbTpanii OIyMiB, TTOCHIEHHS JIOKaJbHUX KOHTPACTIB,
pi3KOCTi, BiZHOBJEHHsS 300pa)keHb, MOLIYKY JIHIHHUX pPO3MIpiB, KOPEKLil
KOJIbOPY TOLLIO.

OcHoBHI Hampsimu 00poOku 300paxens [1]: Image Processing — Bi3y-
aNbHE TOKPAIICHHS SIKOCTI 300pakeHHs (3MiHa KOHTpACTy, SIPKOCTI Ta iH.);
Image Understanding — po3mizHaBaHHsl 00pa3iB (TEKCTy, CUMBOIIIB, ICTOT TO-
m0); Image Analysis — mpoBe/ieHHs] BUMIpIOBaHb Ha 300payKeHHI (HaIpUKJIa],
BU3HAYCHHS JIIHIHHUX PO3MIpIB 00’ €KTA TOILIO).

B naHuii mpoMikoK vacy icHye Oe3iidu mporpam Ta MpOrpaMHUX KOM-
TUIEKCIB, SIKI MOXKYTh PO3B’SI3yBaTH 3a[aui Pi3HOro IUIaHy, HANpPHKJIAJ, Cer-
MeHTaliss 300pakeHHs Ta MOJANbIIMKA  aHali3 KOXHOIO 00 €EKTY,
KOMIT'IOTepHe OaueHHs Ta posmizHaBaHHs Towo. [Iporte, OibLIiCTh 3 iCHYIO-
YUX MPOJYKTIB MAKOTh HAa METi MIOOATBHHUN MiAXiJ O pPO3B’SI3KYy NEBHHUX
po6IIeM, IO YCKIaTHIOE Ta CIIOBLIFHIOE TIPOIIEC POOOTH 3 HUMHU.

Tomy Mmertoro pobGoTH Oyi0 CTBOPEHHS MPOTPAMHOTO MPOAYKTY 3
ORI BY3BKUM (DYHKITIOHAIOM, HEOOXITHUM JUIS pO3B’SI3aHHA JIAIIC ACKUTh-
KOX 3ajJa4 (HampuKial, IHTePaKTHBHUIA TMOMIYK JHIHHUX MapamerpiB
00’exTiB, 6a30Ba 00poOKa 300pakeHHs Ta iH.). sl po3poOKKM MpOrpamMHOTO
npoaykry Oyjo obpano MoBy mporpamyBanHs C# Ta 6i0nioTekn oOpoOKH
300paxkens: EMGUCYV ta AForge.

B pospobneHoMy mporpaMHOMY TPOAYKTI  BHKOPHCTOBYETHCS
JIeKiIbKa aNTOPUTMIB TIOIIYKY JIHIHHMX XapaKTepHCTHK 00’€KTa Ha
300pa)XCHHI, a TaKOX AJITOPUTM, SKHH JI03BOJISIE BU3HAYMTH INEPETHH JIBOX
a0o Oinplire JiHIHM i 4ac BUKOPUCTAaHHS iHCTpyMeHTY «[losiron» Ta He 103-
BOJIMTH 3aMKHYTH (Qirypy y pasi BUSIBJICHHS IIEPETHHY.

Hdus  inctpymeHty «JIiHiiika» peani3oBaHO [Ba  ANTOPUTMHU
KamiopyBaHHS MacmTaly 300pakeHHs. [lepmuii anropuTM OCHOBaHHA Ha

! marictpanT Kadempn KoM IOTEpHHX iH(pOpMaLiiiHnX TexHomorii JloHGackKkoi aep-
JKaBHOI MaIIMHOOYAIBHOT akaaemii (M. Kpamatopcek)

2 K.T.H., IOLL., JOIEHT KaempH KoM IOTepHHX iHpOpMAIifHIX TexHomoriH JoH6a-
CBKO1 ZieprkaBHOT MaIMHOOYAiIBHOT akaaeMii (M. KpamaTopcerk)
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IHTEPaKTUBHOMY MOIIYKY MaciTady Ha 3HIMKY. Jpyruii anroputm 103BoJisie
KOpHUCTYBa4eBi 3aHECTU JaHi Npo (Pi3HudYHy MIMPUHY 300paXKCHHS, MiC/Is YOT0o
iHcTpyMeHT «JliHilika» aBTOMaTHYHO BU3HAYMTH Horo macmrad. OCHOBHUM
METOZIOM B IIMX JIBOX QJITOPUTMaXx € IMOUIYK JIOBXXWHM MK JIBOMa TOYKaMH B
EBxutinoBomy nipoctopi. OcoOMHMBICT APYroro alnropuTMy IMojisirae B TOMY, IO
Tepes; THM, SIK BU3HAYUTH JOBXHHY BiIpi3Kka, HEOOXiTHO ITEPETBOPUTH CHICTE-
My KOOpJHMHAT TOJIOBHOT'O BiKHA IIPOTPAMH Y CHCTEMY KOOPAMHAT 300paKeHHSI.
e moTpiOHO TOMI, KOMU BiIHOIIEHHS CTOPIH BiKHA IPOTPAMH BiIPi3HIIOTHCS
BiJI BIIHOILIEHHS CTOpIH 300paXkeHHsI. B pe3ynbTaTi [bOro BUHUKAIOTh «ITyCTi
MPSIMOKYTHUKI», TOOTO 00nacTi, e BiacyTHii ¢oro-3nimok. st iHcTpymMeHTy
«[Toniron» GyJI0 BUKOPHUCTaHO AEKIIbKA aJIrOPUTMIB IOLIYyKY NEPETHHY IIpsi-
MHX, a caMe: BU3HAYCHHS OPIEHTOBAHOCTI BEKTOPIB Ta KyTa MiX JIBOMa MPSIMHU-
MH, TIepeBipKa OKPEMHX BHITAJIKIB TOIIO [2].

Po3pobnennit nporpamuuii komiuiekc «Active Image» peanisye:
iMIopT Ta excriopT (aiiniB Gopmary jpeg Ta png, 6a3oBi QibTPH NEpenood-
poOku 300paXkeHHs, KajxiOpyBaHHS MaciuTa0y Ha OCHOBI JIBOX aJTOPHTMIB
(TT0 mMpHHI Ta ABOM TOYKaM), IHCTPYMEHTH BUMIPY JTiHIHHUX XapaKTEepPUCTHK
«Jliniiika» Ta «[lomirom», meronm cermeHrarii 300paxenHs Kaxui Ta
BIIXWJICHHS OCTaHHBOI M1 PLIBTpY.

OCHOBHHMM HAIIPSIMOM BJOCKOHAJICHHS IIPOIPaAMHOTO HPOAYKTY € 30i-
JBIICHHS KUIBKOCTI PI3HOIUIAHOBUX (DUIBTPIB 0OPOOKH 300pasKeHHSs, METOIIB
cerMeHTallii Ta 30UIbIICHHs Omepaiii 11010 MONIroHaabHOI 00sacTi Ha 30-
OpaskeHHI, a TAKOXK BIPOBAKEHHS MIATPUMKH 1HIIKX (hOPMATIB 300pasKeHHSI.
JlpyruM HampsiMOM BJIOCKOH&JIEHHS € po3poOKa iHTYITHMBHO-3pO3yMLIOTO Ta
koMmdopTHOro iHTEpdeicy mporpamu, MO JO3BOJIUTH MPUCKOPHUTH IPOLEC
00poOKHU 300pakeHHS Yy MaiOyTHROMY. TakoX CHOIU CIiJ JOJATH MOXITU-
BICTh MaciiTaOyBaTH 300paKeHHS, 3MIHIOBaTH HOTO pO3MipH, BUKOHYBaTH
TIOBOPOT, BiZIOOpa)XEHHsI 110 TOPU30HTANI Ta BEPTHKAJII TOLIO.

Iepenik nocunanp

1. Medical Image Processing. Introduction. [Enexrponnnii pecypc]: [Be6-caiit]. Pe-
xuM Joctymy: https://www.slideshare.net/pantechsolutions/medical-image-processing
(nara 3BepHenHs 23.03.2018) - Hazpa 3 ekpana.
2. Non-Lecture F: Line Segment Intersection [Enexrponnuii pecypc]: [Be6-cait].
Pexum  goctymy:  http:/jeffe.cs.illinois.edu/teaching/373/notes/x06-sweepline.pdf
(mata 3BepuenHs 15.02.2018) — Ha3pa 3 expana.
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Bamo6osenkuii 511", Tapxomenko A.B.2

JOCJIIJKEHHSA TA PO3POBKA CEPBICIB IHTEPHETY
‘bPEUYEN JIJISI COEPH OXOPOHH 3/I0POB’SI

OxopoHa 310pOB’s - IIe Taly3b, B AKiil [HTepHET peueii Mae Benn4e3Hy
NOTEHUIHHY IHHICTh 1 BruuB [1]. O0’eqHaHHs MOXIMBOCTEH [HTEpHETY pe-
4yell 3 MeAMYHUM OOJIaJiHaHHAM 37aTHE HabaraTo IMOJIMIIMTH SKICTh 1 edek-
TUBHICTh OCIYT Ta CTBOPUTH Kpalli YMOBH JJIsl MAl€HTIB, SKUM HOTpiOHE
MOCTIHHE MEINYHE CIIOCTEPEXKEHHsI Ta/ad0 MPEeBEHTHBHE BTpyUYaHHs [2].

Opranizanii 0XOpoHHM 370pOB’S NpParHyTh e€(peKTUBHO 3iHCHIOBATH
30ip IaHuX, sSIKi TeHEepYyIOTh NMpHUCTPOi [HTEepHeTY pedel, 3 MeToro iX 30epe-
JKCHHS Ta aHaJi3y IS MiABHUIICHHS ¢()EeKTUBHOCTI YNPABIIHCHKUX PIlICHb 1
6i3Hec-miporieciB. Ilpm mpomy maHi HeoOximHO 30epiratm Ta 0OpOOIATH B
xXMapi, o0 Iel mpoIiec 3aIUIIaBCs MPOTYKTHBHIM 1 HE BIUIMBAaB HA MEepeke-
BU# Tpadik.

Inmra npobnema cyyacHoi MEIHMIMHU (B TOMY YHCII B YKpaiHi) mos-
rae B ToMy, 1o 6mm3bko 80% Bcix JaHWX, HAKONMMYEHHUX (axiBIsAMH 3a Oara-
TO POKIB (KapTKU MAIli€HTIB, MIarHOCTUYHI JaHi, Pe3yJIbTaTH JOCIIIKCHb Ta
iHIIIE) 3aJIMIIAIOTHCS HEAOCTYITHUMH Ta He3aTpeOyBaHUMU B CHILY BiZICyTHOC-
Ti 3araJIbHOT CTPYKTYPH JUIsl TAKUX JaHHX.

TakuMm 9MHOM, OXOpOHA 37I0POB’Sl € OJHIEI0 3 HAWOIIBII MEPCIIEKTHB-
HUX KIIFOYOBHX cep, 0 CHOXKMBA€E BEJHKI JaHi, siki Tpeba 30epiratu Ta 00-
pobnsatu. [leski kommawnii (IBM, Siemens, Apple Ta iH.) BXe HpONOHYIOTh
CBOi pILIEHHS, 10 HaJaroTh AOCTYII JO BEIWYE3HHX CXOBHII OiOMETPHIHMX
JAaHUX KOPHCTYBadiB, ajle IX BapTICTh 3AIMIIAETHCS JOCHTh BHCOKOIO. ToMmy,
CTBOpPEHHSI KOTHITUBHOI CHCTEMH, 10 OPI€EHTOBaHA Ha CHeUU]iKy YKpaiHCh-
KOI CHCTEMH OXOPOHHM 37I0pPOB’Sl € aKTYaJIbHOI0 HayKOBOI Ta MPaKTHIHOIO
3aJavero.

Iepeik nocunanb

1. CoBpemMeHHass MeQMIMHA: WHTEPHET Belleil Kak OOBIICHHAs 4YacTh IIpoLecca
https://techfusion.ru/sovremennaya-meditsina-internet-veshhej-kak-obydennaya-chast-
protsessa/

2. Kak uHTEpHET Bemieit MeHseT O0MUK MenuImHbI? http://cognitive.rbe.ru/internet-of-
things

! AcmipanT kathenpy mporpamumx 3aco6is 3HTY
2 K.T.H., 1011, KadeapH nporpamMHnx 3aco6is SHTY
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Kacesutok O.C.!, Jlo6psik C.K.

TPUBUMIPHE BIJOBPAKEHHS PE3YJIBTATIB
MOJEJIOBAHHSA HAITIPY KEHO-JE®@OPMOBAHOT'O CTAHY
OB’€EKTIB, PO3PAXOBAHOI'O METOJIOM CKIHYEHHHUX
EJEMEHTIB

Ha nanuit MomeHT vacy icHye Garato CAE-cucteM, siKi MPOBOIATH
po3paxynkd HJIC 00’€ekTiB 3a JOIOMOTO METOAA CKIHUCHHHMX CIEMECHTIB 32
NEBHUMH BHJaMH MOJEIIOBAaHHS: IEpeBipKa Ha MILHICTh 1 )OPCTKICTh, MO-
JICTIIOBaHHS PI3HUX TEXHIYHMX 1 Qi3myHmx mporeciB Ta inmi. Lli cucremu
YHiBepcalbHi, MacIITaOHI i IPOBOAATH O€3JiY Pi3HUX PO3PaxyHKIB, aje st
KOHKPETHOI TpeIMeTHOi oOJacTi BOHM HE BHIAIOTH MOBHOI iH(opMarii y
Bi3yallbHOMY BUTIISII 200 MaroTh oOMexeHuit Habip iHcTpyMeHTiB. [Ipu 1mpo-
My KOpHCTyBaua I[iIKaBUTh pO3MIHUPECHHSA HAO0py I1HCTPYMEHTIB IS
aBTOMAaTHU3alii PO3paxyHKIB 1 JEMOHCTpAlil pe3yJbTaTiB MOJCIIOBAHHS B
Horo npeaMeTHii 06aacTi.

OpnHi€l0 3 TakuxX MpoOJeM € HarIAgHe TPUBUMIPHE NPEICTaBICHHS
iHpopmanii npo HJIC i nmepernsig pizHHX XapaKTEPHCTHK 00’€KTa B MEBHUX
HOTO TOUKax He TUIKH Ha MOBEPXHI, ajle 1 y BHYTPILIHIX [Iapax.

MeTot0 IpOBEACHOT0 OCHiPKeHHS OyB aHai3 THITIB €IEMEHTIB CITKH,
Ha sKi OyB MOAUICHUN 00 €KT 3TiJHO 3 METOJIOM CKIHYCHHHX EJICMCHTIB Ta
BUOIp 3pYYHOrO BiIoOpakeHHs TaKUX 00’ €KTIB Y TPUBUMIPHOMY IIPOCTOP.

Hus pospaxysakie HJIC o06’exta BukopucropyBamm CAE — cucremy
ABAQUS [1], sxa sBise coboro Habip mporpaMHOTO 3a0e3meucHHs st
agamizy HJIC o0’ekta MeTomOM CKiHYCHHHX eJleMeHTiB. Bemmka
pisHOMaHIiTHICTH OibmioTekn enementiB B ABAQUS [2] 3abesneuye
THYYKICTh IIPY MOJICTIOBAHHI pi3HMX KOHCTpyKuUiil. EnemenTn xapakrepusy-
I0TBCS TAKMMH ITapaMeTPaMH: CIMEHCTBO, YHUCIIO BY3IiB, YHCIIO CTYIEHIB CBO-
6oxu, ¢opmymtoBaHHs, iHTerpamis. Jns cTBopeHHs 00’€MHOI MOJeni BHKO-
PHCTOBYBAJIM CHUCTEMY aBTOMAaTH30BaHOro mpoekTyBanHs SolidWorks. IIpo-
nyktu ABAQUS BHKOPHUCTOBYIOTBCS 3 BIAKPUTHM BHXITHHAM KOJOM MOBHU
nporpamyBanHs Python s pisHMX cueHapiiB pospaxyHkiB. Cucrema
ABAQUS Takox mae API s MmoBu nporpamysansst Python, 3aBisiku skomy
MOXIJIMBO OTPHUMATH JaHi Pe3yJbTaTiB PO3PaXyHKY 00 €KTY: XapaKTepHCTHKH
€JIEMEHTIB, KOOPAWHATH BY3IiB, IEPEMIIICHHS BY3JiB ITiJ{ 9ac 0OpaHOTO st
MOJICITIOBaHHS ITPOLIeCy HABAaHTAXKEHHS, CUITM Y By3J1aX Ta Pi3Hi MapaMeTpH y

crynent-marictp kad. KIT, onbacbka nepikaBHa MaIIMHOOYHiBHA aKaaeMis,
M. Kpamaropcek, Ykpaina, e-mail: oleksandr.kasianuk@gmail.com

k.T.H, cT.Buki. kagp. KIT, Jlonbaceka nepkaBHa MaImIMHOOYAiBHA aKaaeMis,
M. Kpamaropcek, Ykpaina, e-mail: sergd1127@gmail.com
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eseMeHTi 00’exty. Lli naHi B MOJajbLIOMYy MOXIIMBO BHKOPHCTOBYBATH Y
CICIIaIbHO CTBOPECHOMY IPOrPAMHOMY 3aco0i Ui HArJIsIHOI TPUBHUMIPHOT
Bizyalri3auii pe3yJbTaTiB MOJICIIOBaHHS HABaHTAKEHHs 00 ekTa [3].

SIK MM BBa)Ka€EMO HaMOUTBII 3pyYHOIO POPMOIO BioOpaxeHHs 00’ ekTa
Oyne #ioro Bi3yamizallisi y BUTJISII BY3JIB, CITKH, SIKa 3aJI€KHUTh B/l THITY eJie-
MeHTa 1 cdep, fAKi OYyOyTh almpOKCHMAIlii €IeMEHTIB, MATUMYTh MOXIIUBICTh
3MIHIOBAaTH CBifl pajliyc B 3aJ€KHOCTI Bif MoOakaHh KOPHUCTYyBada i MaTH
KOJIp B 3QJICKHOCTI BiJl 3HAUYCHHS B JAaHOMY €JIEMEHTi i IIKalo, IO
MacuTabyeThbes JJisi HAHOLIBIIOTO 1 HAMMEHIIIOT0 3HAYEHHS 32 BCIMa eJIeMEeH-
TaMu.

Jns moxpameHHs aHamizy o00’€KTy KOpHCTyBad Oyme Martu
MOJKJIMBICTh (DUTBTPYBATH BiJOOPaKCHHS BY3JIIB 3aJIC)KHO BiJl 3HAYCHHS B HUX
Ta (iIbTpalist BioOpakeHHsT BY3JiB B 3aJ€XKHOCTI BiJ| rutoumuH (inbrparii
(mapanensaux X0Y, X0Z, Y0Z). Takox Ma€e ceHC MPOBOJIUTH Iii OIepariii He
HaJl BCIM 00’€KTOM, a HaJl HOr0 YaCTHHOIO, SIKy BHOepe KOPHUCTYBau 3a J0Io-
MOTOI0 IpaHMYHUX TutonyH (mapanensaux X0Y, X0Z, Y0Z).

BukopucraHHs CTBOPEHOro IPOTPaMHOTO  IPOAYKTY  JIO3BOJISIE
MiIBUIMUTH SKICTH TPUBHUMIPHOI NEMOHCTpaIlii HampyXeHO-Ie(OpMOBAHOTO
cTaHy 001’€KTy MpH 3MiHi Horo GopMu Ta 00’ €My B IIpoIIeCi MOAETIOBAHHS Ta
MABUIICHHSA MOXKJIMBOCTEH KepYBaHHs IPOLIECOM IEMOHCTpALil TaHHHX.

IepeJik nocunanb

1. ABAQUS. Umxenepusile mnporpammel. TE3WC. [Enmextponnmii pecypc]:
http://tesis.com.ru/cae_brands/abaqus/

2. Kopuuenko 10.B., Cypesauao H.I'. OcoGeHHOCTH OMOIMOTEKH KOHEYHBIX 3JIeMe-
HTOB rnakera ABAQUS. [Enexrponnuit pecypc]:
http://www.rusnauka.com/26_NII 2009/ Tecnic/51771.doc.htm

3. ITatent 122254 Ykpaina MIIK (2006), GO6N 5/04, GO1M 7/00. Crioci6 TpuBuMip-
HOI ieMoHcTpanil HanpyxeHo-aepopmosanoro crany (HIC) o6’exriB / O. ®. Tapa-
coB, C. K. lo6psak, O. B. Antyxos, JI. B. BacunseBa. — Ne u201707822 ; 3asBi.
25.07.2017 ; omy6u. 26.12.2017, Bbromn. Ne 24.
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Kymuuna B.O.", Jo6psx C.K.2

PO3POBKA ITPOIT'PAMHOI'O KOMILJIEKCY 3 ONTUMI3ALIIL
TEXHOJIOI'TYHUX MPOLHECIB LITAMITYBAHHSA
IMIIJIAHTATIB

TexHonoriuHMi Mpolec BUPOOHMITBA IMIUIAHTATiB 3aCHOBAaHMH Ha
00po6ui merainiB TuckoM (OMT) mae nepeBary, y NopiBHSHHI 3 IHIIMMH BU-
Jamu o0poOKM MeTaiy, B TOMY YHCII BHCOKY ITPOXYKTHUBHICTB, 3a0e3neuye
3MEHILCHHSI BUTpAT MeTany. CTBOpEHHS Ta BJOCKOHAJICHHS! TEXHOJIOTIYHOTO
NpoLeCy IITAMIOBKM 3aliMa€ KIIIOYOBY pOJb y BHUPOOHMITBI IMIUIAHTATiB
CKJIaJTHOT TEOMETPHYHOI (DOPMHL.

Po3poOka TEeXHONOTIYHOTO TMPOIECY IITAMIIOBKH 3aiiMaE€ TpPUBAIHN
yac, SKIIO BUKOHYBaTH YCi HEOOXiIHI pO3paxyHKH Ta MOJICIIOBAHHSI, Ta
BEJIMKI BUTPATH Ha OOJNaJIHAHHSI Ta CHPOBHHY, SKILO MPOBECTH (Hi3HYHUH eK-
CIIEPUMEHT 3 HENOBHMMH JaHUMH. B CBIiTI NOCTIHHO CTBOPIOETHCSA Ta
PO3po0IIsieThCs Oe31MiY PI3HOMAHITHUX TPUCTPOIB, SIKI B CBOIO Yepry CKJIajia-
IOTBCS 3 CYKYIHOCTI, IIOB’SI3aHUX MK co0oro0, AeTaneld. Buankae norpeba B
BEJIMKIA KITBKOCTI IUX JETaliei, yepe3 Te, 10 BOHHU BUXOATH 31 CTPOIO, Y
pasi 3HomeHnocti. KoxkHa neranp mae BiAnmoBigaTH BHUMOraM npu poOOTi B
CHCTEMI, a caMe HaBaHTaXKEHHIM

Jns MiHiMi3alii BUTpaT Ha eKCIIEPUMEHTH Ta OUIBII IIBUIKUI po3pa-
XYHOK TTPOTiKaHHs HPOLECy MITaMIIOBKH, PO3pOOJIEHI CUCTEMH, SIKI MOJIYJIIO-
I0Th caM Tpomec. TakuMH cCHUCTeMaMH € TporpamMHi KomImiekcu Abaqus,
QForm Ta iHmIi, sIKi BUKOPUCTOBYIOTh METOIN KiHIICBO-CIIEMEHTHUX 200 cHC-
TeM nuepeHIifHIX po3paxyHKiB. [laHuil MeTON HO3BOJISIE HAWOUTBII TOYHO
po3paxyBaTH pyX MeTally IiJ Yac IITaMIIOBKU. AJie yepes Te, 10 ,3a3BUYai,
Juisi OUTbII TOYHOTO PO3PaXyHKY MOTPIOHO sIKOMOra OulbllIe HUX CaMHX
SJIEMEHTIB, PO3PAXyHOK MOXKE TPUBATH 3HAYHUH Hac.

Jlnist 3a0e3neueHHs oAabIIOro po3BUTKY TexHodorii OMT noTpiOHa
TUMI3aI[is TEXHOJOTIYHUX mporeciB. s I1pOro HEOOXIMHO BHILIMTH
3arajbHi YMOBH MPOILIECY, a caMe KOHCTPYKIIis 1 cocTaB BUpoOy Ta 3aroTiBKH,
TEXHOJIOTIYHI 03HAKH MPOIIECY.

Himtro nanoi pobotu Oys0 CTBOPEHHS MPOTrPaMHOTO KOMILUIEKCY IS
onTuMizalii  po3poOku  HOBOro  a00  BIOCKOHAJIEHHS  iCHYIOYOTO
TEXHOJIOTIYHOTO TPOoIIecy OOpOoOKH MEeTalliB TUCKOM, a caMe JJIS IITaMIIOBKH.
Uepes me Oyrmo TMpoBeAeHE OCTIMKEHHS B 00JacTi KOBAJIBCHKO-

! crynent-marictp kadeapn KIT, Jlonbackka AepikaBHA MAIIMHOOYXIBHA aKajgeMis,
M. Kpamaropcek, Ykpaina, e-mail: vadim.kulinich.93@gmail.com

K.T.H., cT.BuK. kadenpu KIT, JlonOacpka nepkaBHA MalIMHOOYAiBHA aKaaeMis,
M. Kpamaropcrk, Ykpaina, e-mail: sergd1127@gmail.com
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HITaMIIOBAHOTO BHPOOHHIITBA JUIsi TOTO, 00 BU3HAYMTH NpPOOJIEMATUKY Ta
ICHYI0U1 TEXHOJIOTIi y AaHii cdepi MPOMHCIOBOCTI.

ITpu po3poOui mporpaMHOro KOMIUIEKCY Oyjo HMpoaHalli30BaHO, Bij
SKHX JIJAaHUX TA YMOB IIPOTIKaHHS MPOLECY MAIOTh 3JEXKHICTh XapaKTepPHUCTH-
k1 BUpoOy. IlmacTwymicTh i omip MertamiB aedhOpMyBaHHIO 3aJISKUTH Bij
XIMIYHOTO CKJIay MeTaly, TeMIIepaTypH, IpH sKiii BimOyBaBcs Iporiec jae-
(opMyBaHHS, DIBUAKOCTI Ae(OpPMYBaHHs, HANPSAMKY TOJOBHHUX HAIPY>KCHB,
IpoLec OXOJNOMKEHHS Micis NPOIecy. 3 POCTOM IIBHIKOCTI IUIACTUYHICTB
Marepiaily, 3a3BUYaii, 3MEHILYEThCA, ajle IIPU TyXKe BENHKIH IIBHIKOCTI ae-
(dopMyBaHHS ILIaCTHUHICTH 3pocTae. Temmeparypa nedopMyBaHHS Ta IPO-
LIeC OXOJIO/KCHHS BIUIMBAaE Ha CTYMiHb pekpucramizamii. Temneparypa
peKpucTatizaiii BU3HAYAETHCS 32 JOMMOMOI'0K0 XIMIYHOTO CKJIaJy Marepiany.
Cryninp pekpucTaiizalii BIIMBaE Ha 3MEHIIEHHS Ae(EKTiB, IO B CBOIO Yep-
Ty MiJIBUIIYE XapaKTEPUCTUKU MIITHOCTI BUPOOY.

Jiis Toro, o0 cporHo3yBaTH HEOOX1THI YMOBH MPOTIKAHHS MPOIECY
JUIL  OTPUMaHHS TIEBHUX XapaKTEPUCTUK, BHKOPUCTOBYETHCS METO
perpeciiitHoro anamnizy. Jlanuii Metox Oyno oOpaHO uepe3 Te, IO BiH Hajae
ORI TOYHI ampoOKCHMAIlil, 31 301IBIICHHSM PO3PaXyHKOBHUX AaHUX. T00TO,
yuM Oimpmioro Oyze 0a3a HmaHUX i3 pe3yJibTaTaMH MOJIENIOBaHb a0o
EKCIIEPUMEHTIB, THM O1NTBII TOYHUM OyZe MporHo3. [laHnii MeTox po3paxoBye
HACKUTBKH CHJIBHO BIUIMBAIOTH HE3aJEXKHI (aKTOpH Ha 3aJeXKHi, I IBOTO
o0uncIroeThest KoedimmieHT Kopemsamii. 3amexHuMu (akTopaMH € yMOBH
MPOTIKaHHS MPOIECY Ta XapaKTCPUCTHKH METAY, a 3aJICKHUMU € HECOOXIiIHi
XapaKTEePUCTUKU BUPOOY.

Byo po3pobiieHo mporpaMHUil KOMILICKC, SIKUH JT03BOJISIE CKOHOMUTH
Yac, SIKHA MOTpiOeH TeXHOJIoraM JUIs PO3paxyHKy Ta IepepaxyHKy YMOB Ta
MO/IEITIOBaHHS MPOIIECY INTAMIIOBKY, a00 KOIITH MiANPUEMCTBA, SIKI MOXYTh
BUTPAYaTHCS NPH 3AIHCHEH] €KCIICPUMEHTY.

Ilepeik nocunanb

1. «McTopus TeXxHUKU 1 TexHOoruu: yaeOuuk» [.H. 3aitnes, B.K. dearokuH,

C. A. Atpomenko. — CII6. : [Tonutexunuka, 2007 — 416 c.

2. benokomneitoB A. B., Cmupros B. JI. «MeToap! KOppeIsLiuOHHO-PErPECCUOHHOTO
aHaJIn3a B DKOHOMETPUYECKUX HcciaeioBaHuax». — Cmonenck, 2004.— 150 c.
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V]IK 004.891
Ky A.B. ', ®pomnosa A.10. %, ITapxomenko A.B.*

PEKOMEHJIAIIMHA CUCTEMA JIJ151 BABOPY
MEJIUYHOI'O OBJIATHAHHA

CtpiMKHil pO3BUTOK iH(GOPMALIHHOTO MPOCTOPY CYCINbCTBA Ta 30i-
JblIeHHsT 00’eMiB iH(popManii B ycix cdepax AisUIBHOCTI JIFOJUHU, TPU3BO-
JIATh 10 HEOOXiTHOCTI pO3pOOKH Ta BIPOBAPKCHHS HOBHX IH(pOpPMAIidHKX
TEXHOJIOTiH Ta cHCTeM, siKi Oynu 6 37aTHI Brioparucs 3 00pooOkoto iHdopmarii
BEJINKUX 00CSTIB.

Onmiero 3 obnacreid, o MOTpedye BUKOPUCTAHHS Cy4acHHUX iH(opMa-
HIHHIX TEXHOJOTIH JUII CUCTeMaTH3aIlii Ta 00pOOKH BEIMKOI KUTBKOCTI 3HAHBb
e memumuHa [1]. 30Kpema, €JIEKTPOHHUI PUHOK MEIWYHOTO OOJIaTHAHHS
MPONIOHY€E BEIMYE3HY KUTBKICTh PI3SHOMAHITHUX TPIJIAAIB Ta CHUCTEM, IO
CTBOPIOE MEBHI CKIIATHOCTI ITiJT 9ac MOMIYKY Ta BUOOPY TIEBHOTO PIIICHHS IS
KOpHCTYBadiB. [ly1s1 BUpIilIeHHS JaHOT IPOOIeMH aKTUBHO BUKOPHCTOBYIOTHCS
PI3HOMaHITHI €KCTIePTHI Ta peKOMEHIAIIIIHI CHCTEMH.

ExcriepTHi cucTeMH — i€ IHTENEKTYalbHI CUCTEMH, SIKi IOTIOMararoTh
JIIOZIMHI TPUMMATH OOTPYHTOBaHI pIllICHHA. BaXKIMBOIO YaCTHHOK MaHHX
cucrem € 6a3a 3HaHb (b3), sKa MiCTHTB y CO0i CyKYIHICTh 3HaHb, IO BiJJHO-
CATBCS 710 TIEBHOT mpeaMeTHOi obnacti. b3 npencrasisioTs y BUMIISAL CyKyI-
HOCTi (aKTiB Ta MpaBWJI BHBOJY, IO JIOIYCKAIOTh JIOTIYHUM BUBiA Ta 001y-
MaHy 00poOKy iH(popmarii.

PexomeHmaniifai cCTeMHU 3MIHHJIM CIOCIO B3aeMOIIii KOpUCTyBada 3
Be0-caliTOM, OCKUTBKM 3aMIiCTh HaJaHHS CTaTUCTHYHOI iH(popMarii 30iTbIry-
I0Th CTYIIiHb IHTEPAaKTUBHOCTI UISl PO3IIMPEHHS MOCIYT IS KOPHCTyBaya.
[Jani cucremu GopMyroTh peKOMeHAamii 411 KOKHOTO KOHKPETHOTO KOpHC-
TyBa4a Ha OCHOBI HOro MUHYJIMX MOKYIIOK i MOIIYKIB, & TAKOX Ha OCHOBI MO~
BE/IIHKM IHIIMX KOpUCTyBauiB. PexoMeHnamiiHi cucteMu MmpucyTHi Ha Oara-
ThOX BeO-pecypcax (LinkedIn, Amazon, Hulu, Netflix) ta caiitax (Facebook,
Twitter, Google, MySpace, Last.fm, Del.icio.us, Pandora, Goodreads) [2].

3riiHO 3 NMPOBEJCHUMHU JOCIIIPKEHHSIMH, OTHUMH 3 HaHOLIbII mormy-
JsipHUX [HTEepHeT MarasuHiB Mean4HOro obsaaHanHs € Med-magazin ta Me-
raMenMapket [3—4]. lo mepeBar 000X CaiTiB BiTHOCATHCS MOKIMBOCTI COp-
TyBaHHS TOBapiB, BiIOOpaKeHHs Pi3HOI KiJIBKOCTI TOBapiB Ha CTOpIHII, 3BO-
pOTHil1 3B’5130K 3 oreparopoM. Med-magazin mponoHye cBoiM KirieHTaM (yH-
kmito «[linbip 3a mapamerpaMm» Ta HassBHICTH PEKOMEHIOBAaHHUX TOBAPIB, IO

"cr. rp. KHT-715 3HTY
2 cr. tp. KHT-715 3HTY
3 K.1.H., 1011, Kadye[py IporpaManx 3aco6is 3HTY
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JI03BOJISIE KOPUCTYBa4aM MOJIETIIUTH moulyK. B Toii ke uac, y Med-magazin
NPUCYTHE HarpomajpkeHHs iHpopmanii Ha cropinni. Jlo HenoxikiB MeraMe-
JMapKeT MOXKHA BiJIHECTH HaJTO BEJIMKY KHOIIKY 3B’SI3KY 3 OIIEpaTopoM, siKa
3aBaXkae ITiJ1 4ac Meperssiy ToBapis.

ToMmy, po3poOka peKOMEHMAIIITHOI CUCTEMH Ha OCHOBiI 0a3W 3HaHB,
sIKa JI03BOJIUTH IIBUAKO Ta e(heKTUBHO OOMPAaTH MEAWIHE 0OJIaHAHHS 3TiTHO
BUMOT KOPHCTYBaya € aKTyaIbHOIO.

Ha croronnimHiil 1eHb, po3poOISIe€ThCS NU3aliH CalTy, AETAILHO BH-
BYAIOTHCS BUIM MenoOJafHaHHA Ul PO3MOAUTY IX MDK IBOMa OCHOBHHMHU
kareropisimu, a came «lIIpodeciiine menoOnanHanus» ta «MeaodaagHaHHS
JUIsl IHIMBIyalbHOTO BHKOpUCTaHHs». [lepenOaveHi HacTymHI Kareropii:
JllarHOCTUYHE 00JIa/IHAHHS, BUMIPIOBAJIbHI MTPHUIIaJH, KOCMETOJIOTI4HI MpuIia-
I, TIPOTE3HO-OPTOTEAMYHI BUPOOH Ta THIII.

Po3po0iieHO apXiTEeKTypy CHCTEMH, a TaKOX CTBOPEHI MOIYJI ayTeH-
TUdiKalii KOPUCTYBa4iB Ta TeONO3WIIOHYyBaHHSI. Moxyib ayTeHTHdiIKamii
KOPHUCTYBaYiB JI03BOJISIE PEECTPYBaTH KOPUCTYBayiB Ta BH3HAYaTH iX poIi
BIJITIOBITHO JTO BBEJICHUX JIOTiHY Ta mapodro. [lepenbadeHo qBi rpymu KOpHC-
TyBadiB: aJMiHICTPAaTOp Ta MOKYII, IO MArOTh Pi3HI MOXIuBOCTi. [anwuit
MOy PO3pO0OIIeHMIA 3a moromororo mratgopmu Node.js Ha MoBi JavaScript
3 migTpumKkoro 0a3 marmx PostgreSQL. Momyiie Teono3nIlionyBaHHS TO3BO-
JIsie BiJOOpa3UTH Ha Marli MapKep MarasuHy, B SIKOMY € B HasIBHOCTI OOpaHHi
TOBap, 3 BKa3iBKOw Horo ampecu. anuit Momymp po3poOieHO Ha MOBI
JavaScript 3 Bukopuctanasam 0i6miorekn OpenStreetMap.

CTBOpEHHSI Ta BIPOBAKEHHS] PEKOMEH/IAIIHIX CHCTEM B Pi3HOMaHi-
THI chepr OXOPOHU 3I0POB’Sl T4 MEIHUIIMHU JO3BOJIMTH IMIBUAKO Ta e(hEKTUB-
HO BUPIIIyBaTH 3aJiayi, OB’ s3aHi 3 BAKOPUCTAHHSIM BEJIHMKHX 0a3 3HaHb.

Iepenik nocuiians

1. BypueBa A.JI., BepectneBa E.B., Crenanenko H.I1. Co3nanue 6Ga3bl 3HaHUH 1S
MEULIHCKOM SKCIIepTHOH cucTeMbl / CoBpeMeHHbIe HayKOeMKUe TeXHOIOoruu. Ne 3—
2.2016.- C. 14-17.

3. Ixonc M. Yacte 1. BBenenue B moaxoasl U anropuTMsl PekoMeHaaTensHble CUC-
TEMBI, 2014. https://www.ibm.com/developerworks/ru/library/os-
recommender1/index.html.

4. Med-magazin.ua. IarepHer-marasus. https://med-magazin.ua/ua/cat_92.htm

5 MeraMenMapkert. [nrepHer-marasun. https://med-mm.com/special
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V]IK 004.93; 004.5
Mixeenko J1.1O.!, /lzepxuncokuii 1. B.?

PO3POBKA ITPOI'PAMHOI'O KOMILJIEKCY
JIJIsI BABYEHHSI AHATOMII JIFOJIUHA 3 BAKOPUCTAHHSIM
JOMOBHEHOI PEAJIBHOCTI

JlomoBHeHa peanbHicTh (Augmented reality, AR) moeanye B cobi pea-
JbHUH CBIT Ta uM(poBi naHi. B nanuii yac OLIBLIICTH 1OJATKIB BAKOPUCTOBYE
KHBI BiI€0-300pakeHHsI, SIKi cucTeMa 00pobJsie B udpoBiii Gpopmi it 10-
JlaBaHHs KOMIT'I0TepHOI rpadiku. [HmIMME clioBaMu, cHcCTEMa JOIOBHIOE 30-
OpaxeHHs nupoBUMH JaHuMH. EHiuknonenis Britannica nae HacTymHe
Bu3HaueHHS s AR: «/[ommOBHEHa peanbHICTh, MPH KOMIT FOTEPHOMY IIPO-
rpaMyBaHHI, TIporiec 00’ €qHaHHSA a00 TOTIOBHIOBAaHHA Bifleo a00 (oTo, HaKIa-
BIIM 300paKCHHS 3 KOPHCHUMH 3 TEHEPOBAHUMH KOMIT IOTEpOM JaHuMH «[1].
JlommoBHeHa peanbpHICTE 00’€qHYE TIONS KOMITIOTEPHOTO OadeHHS Ta
KOMIT’ FOT€pHOT Tpadiku.

IcHye nexinbka aHAJOTIB MPOTPaMHUX KOMIUIEKCIB JUIsi opraHizariii
JIOTIOBHEHOT PeajybHOCTI, OUIBIIICTD 3 SKUX € MOBHOLIHHUMH KOMEPLiHHUMHU
MPOEKTaMH, aJie TaKOX ICHYIOTh TaKi KOMIUIEKCH 3 BiJKPUTHM CHUPLIEBUM KO-
oM. HIBuakuii po3BUTOK (DYHKIIOHATY, Ta 3MEHIICHHS MOPOTY BXOAY IJIS
BUKOPUCTAHHS Ii€1 TEXHOJIOTIT MPHU3BEIN 0 OyMy MOMATKIB 3 BUKOPHUCTAH-
HSIM JIOTIOBHEHOI peasibHOCTI. Tak, mo 3apa3 NMpakTUYHO B KOXKHIHM Tamysi €
KUTbKa TakuX jgoaatkiB. Li momii He OMUHYH 1 OCBITHIO Tally3b 3 MEIUYHOIO
cnemianpHicTIO. Jlo yBaru OyayTs OpaTrcs MEIUYHI TOJATKHU 3 JOTIOBHEHOIO
peamsHicTIO: HoloAnatomy, Anatomy 4D, Ta KOMIUIEKCH 3ac00iB pO3pOOKH
Vuforia ta EasyAR.

Mertoro naHoi poOOTH € po3poOKa MPOrpaMHOTO KOMIUIEKCY JUIsi BH-
BYCHHsI aHATOMIi JIFOJUHU 3a JOTIOMOTOK0 JIOTIOBHEHOT peajbHOCTI, 3 ypaxy-
BaHHSM CYYacHHX TEXHOJIOTIH KOMII'IOTEPHOTO 30py Ta (YHKI[IOHAJIHHUX
BUMOT ]ISl HABYAJILHOTO JIOJIATKY, & TAaKOK MPOCTOTH 1 3pyYHOCTI y HOro BU-
KOPUCTOBYBAaHHI.

s po3poOKK MPOTrpaMHOro KOMILIEKCY Oyiio BukopuctaHo Vuforia
SDK [2]- kpocmatdopmHuuii Habip 3ac00iB po3poOKH T CTBOPESHHS J0/aT-
KiB 3 JIONOBHEHOIO peanbHicTi0 (AR) Ta 3mimanoro peanpHicTio (MR), mm1o
3abe3nedye HadiiHE BiJICTEKEHHS Ta BUCOKY MPOJXYKTUBHICTh Ha Pi3HOMaHi-
THHUX alapaTHUX 3aco0ax (BKIFOYAIOYH MOOLTBHI MPUCTPOI Ta MIOIOMHU JOTIO-
BHEHOI peanbHOCTI, Takux 5K Microsoft HoloLens) . [arerparmis Unity [3] 3

' K.r.H., crapumii BHKIamad Kadeapd KOMI'IOTEPHHX iH(OPMALIHHHEX TeXHONOTi
Jonbacekoi neprxkaBHoi MaHOOy 1iBHOT akagemil (M.Kpamatopchk).

2 CryzmeHT crierianbHocTi iHGOpMAIliiiHi TeXHOMOTii TpoeKTyBaHHs JlOHGACHKOT Tep-
’KaBHOT MalmHOOYAiBHOT akageMii (M. KpamaTopcerk)
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Vuforia 103BoJisle BaM CTBOPIOBAaTH JAOJATKM Ta Irpu IS NEperiimy Ha
Android [4], iOS Ta iH.

Jist poboTy 3 mporpaMHUM KOMIUIEKCOM JIJIsl BUBYEHHS aHATOMIT JIto-
JIMHU 3 BUKOPHUCTAHHSIM JIOTIOBHEHOI PEaibHOCTI, KOPUCTYBay, IEpII 3a BCe,
TIOBUHEH 3aIlyCTUTH JI0JaTOK. Binpasy micis 3amycky Ha eKpaHi 3 SIBUTBCS
300paXeHHs 3 KaMepH, 1 BCe IO MOTPIOHO KOPHCTyBady, 1€ — HABECTH Kame-
Py Ha cIiemiaigbHy PO3APYKOBaHY MITKY, SIK ITOKa3aHO Ha puc. 1. I Ha expani
3’ IBUTHCS 300pakeHHs BianoBiaHoi 3D Moneni oprany.

Pucynok 1 — Ileperssin 3D moneni gepemny

Po3po0iieHnii nporpaMHUil KOMIUIEKC HA/Ia€ KOPUCTYBaYaM MOMKIIUBO-
cti nepernsaay 3D moperneit opraHiB JIOAWHK JJIsl BUBYCHHS aHATOMIl. Horo
PO3po0OKa NPOBOAMIIACH 3 BUKOPUCTAHHIM Cy4acHoOro Habopy 3acobiB Vuforia
SDK, mns camoi momyJjsipHOI Ha JaHMA MOMEHT MOOUIBHOI IUTaThopMu
Android, 1o pobuTh npolec B3aeMoii KOpUCTyBaya 3 MPOTPaMHUM IPOIYK-
TOM OLTBII KOM(OPTHUM Ta JPYKETFOOHHM.

Iepenik nocuiians

1. Augmented reality in: Encyclopedia Britannica 2010. URL:
http://www.britannica.com/ EBchecked/topic/1196641/augmented-reality (mata 3Bep-
Tannsa 05.05.2017)

2. Bikinenist - Vuforia SDK [EnextponHuii pecypc] URL:
https://ru.wikipedia.org/wiki/Vuforia (zata 3Bepranns 05.05.2018)

Bikineniss — Unity [Enexrponnuii pecypc] URL: https://ru.wikipedia.org/wiki/Unity
(mara 3Bepranns 05.05.2018)

3. Bikinenist - Android [EnexTponHwmit pecypc] URL:
https://ru.wikipedia.org/wiki/Android (ara 3Bepranus 05.05.2018)
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YK 004.031
Mapxomerko A.B.", Tynenkos A.B.?

BBYJIOBAHI BFIOMEJUYHI CUCTEMMU TA
BE3/IPOTOBI CEHCOPHI MEPEXI

3a maHUMH aBTOPUTETHOI HAayKOBO-AOcHigHOI kommaHii Frost &
Sullivan [1] go 2020 poky «po3yMHi» Mequ4Hi npucTpoi 3aiimyTh 15% Bce-
CBITHBOT'O PUHKY «PO3YMHHX» MicT. I[pbOMy CHpHs€ BCECBITHS TCHICHIIIS
PO3BHUTKY HHU(POBOT OXOPOHHU 3I0POB’sI, TEXHIYHUX 3aCO0IB iarHOCTYBaHH,
CaMOJIiarHOCTYBaHHS Ta BIJIAJIEHOTO JiarHOCTYBaHHS O10JIOTIYHUX MapaMer-
PIiB KHTTS JIIOJCH. 3TiMHO 3 JOCTIHKEHHIMI KOMMaHii Aruba, 10 HAIEKHUTh
Hewlett Packard, Ha chOTOHINTHIHM JEHB IIICTH 3 AECATH OpraHi3aIliii 0Xopo-
HU 3[I0POB’S y CBITI BXX€ BHKOPHCTOBYIOTh TEeXHOJOTii [HTepHEeTY peueit
(IoT). OcHOBHMMH HampsIMKaMH 3aCTOCYBaHHS «pO3yMHOI» TexHiku Ta [oT
TEXHOJIOTiH B MEAWIIMHI €: MOHITOPHHT Ta TEXHIYHE OOCITyTOBYBAaHHS MEIU4-
Horo obnagHauus (73%), normsin 3a naientamu (42%), NOCIyrd TeoJoKallii
obnagHanHA (47%), GyHKUIT BigageHoro ynpasIiHHA Ta KOHTPOIIO 3a 00Ja-
JTHaHHAM Ta npuwiagamu (50 %) [2].

Ha nanwii uac B YkpaiHi peanizyeTbcs eIeKTPOHHA CHCTEMa OXOPOHH
3mopoB’st [3], mo nependavae opraHizauito BijgaineHoi iHGoOpMaliiHOI B3ae-
MOJII maiienTa 3 JikapeM (eJIeKTPOHHI MEeIUYHI KapTKH Mali€HTIB, JOKyMEH-
TOO0OIT) Ta MOXJIUBICTh IIAKIIOUYEHHS PI3HOMaHITHUX 1HQOPMALiHHUX CepBi-
ciB Ta obOmagHauHs [4]. Buxoasum 3 cTpiMKOro po3BHTKY iH(opMamiitHHX
texnounoriit (IT) y chepi MenumuHi Ta TMEPCIIEKTHB PO3BUTKY «PO3YMHHX)»
MEJHYHUX CUCTEM, aKTYalIbHOIO € 3a/1ada KOMIUICKCHOI IATOTOBKH MaricTpiB
3 TOTNIMOJICHNMH KOMITETCHIIIMI B MeAWdHid, TexHiuHii Ta IT cdepi 3a
OCBITHBOIO ITPOrpamoro «bioTeXHIUHI Ta MEINYHI anapaTH Ta CUCTEMUY.

Meroro aucuuruiinu «BOyaoBaHi 0ioMean4HI CUCTEMH Ta 0E31pOTOBI
CCHCOPHI MEpeXi» € BUBUCHHs MPHUHIMIIIB PO3pOOKH Ta (YHKI[IOHYBaHHS
0e3IpOTOBHX CHCTEM MEIWYHOI AIarHOCTHKH CTaHy marieHTiB. [IpakruuHa
CKJIaJIoBa KypcCy Oyjie cCpsMOBaHa HA BUBUCHHS arlapaTHUX 3aCcO0iB MOHITO-
PHHTY MEIMYHUX MapaMeTpiB Ta TEXHOJOrid 0e3ApoTOBOi mepenayi JaHuX,
10 30MPaIOThCA Ta aHANI3YIOThCS. [IIaHyI0ThCS HACTYIIHI HAIIPSMKH J1abopa-
TOPHHX PO3POOOK Ta JOCII/PKEHb: CTaHLlisi MOHITOPUHTY 3arajbHUX XapakTe-
PHCTHK CTaHy MallieHTa; CHCTeMa MOHITOPHUHTY Kap/io-apaMeTpiB Halli€eHTa;
MPUCTPi MOHITOPUHTY AWHAMIYHUX TIApaMETPiB PyXOMHX TAIli€HTIB.

CraHIlis MOHITOPHHTY 3aralbHUX XapaKTepUCTHK CTaHy IalieHTa 0a-
3y€eThesl Ha i/1e] «PO3YMHHX» CHUCTEM, IO HAJalOTh MOXIIMBICTH MPOBECTH

! K.1.1., o1 Kaenpy mporpamMunx 3aco6is 3HTY
% AcripanT Kadeapy nporpamMHnX 3aco6is SHTY
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oco0KcTe caMOCTiliHe J[IarHOCTYBaHHS IapaMeTpiB malieHTa (Temmeparypa
Ta BOJIOTOCTI TiJIa, ITyJIbC, TUCK, HACHYEHICTh KPOBI KHCHEM, PiBEHb I[YKPY B
KpoBi) 0€3 3BepTaHHs 0 MEJUYHOTO 3aKJIaay JJIsl OTPUMAaHHS 3araJibHUX pe-
komeHpauii. JlaboparopHa pobora nepenbauae Bukopucranus loT-cepsicis,
MYJIBTUMEIIMHUX TIPUCTPOiB BHBOAY iH(opMamii, mocT-o0poOKy Ta iHTep-
mperarito iHGopMmariii. i mepenadi JaHUX 3aCTOCOBYEThCS TEXHOJIOTi Wi-
Fi ta HTTP mpoTokor.

CurcremMa MOHITOPHHTY KapAio-IapaMeTpiB MAIi€HTa TO3BOJISIE BUBYH-
TH MPUHIMITA CTBOPEHHS CUCTEM J000BOT0 200 HIYHOTO MOHITOPHUHTY €JIEKT-
pokapjiorpam namienra. [lepenbauaerbcss podOTa 3 JAHUMH IYJIbCY, €IEKT-
poKap/iorpaMoro mnaiieHTa 3 rpagiuHIM BUBOJOM Ha JUCIUICH Ta mepenayueto
JaHKUX y cepenoBuile Processing is Bizyauizailii Ta 00pOOKH.

JocnimkeHHs: 0co0NMMBOCTEH MOHITOPHHTY AWHAMIYHUX IapaMeTpiB
PYXOMHX MAIli€HTIB J03BOJISIE BUBUUTH NPUHILUIN PO3POOKH Ta (YHKIIOHY-
BaHHSA IIOPTAaTUBHHUX IPHUCTPOIB OE3NEepepBHOIO MOHITOPUHTY IapaMeTpiB
PYXY JIFOAMHY, IPOBECTH aHaJi3 IIPOTOKOJIIB Ta allapaTHUX 3ac00iB IS TOTO-
KOBOi nepenaui gaHux. KpiM Toro, akTyanbHUM € BHBYECHHS NPHUHIMIIIB OII-
THMi3alii JXUBJICHHSA Ui NOPTATHBHUX NPHCTPOIB, IO BHKOPHCTOBYIOTH
aKyMYJISITOPH, @ TaKOXX BUKOPUCTAHHS €HEeproe(eKTHBHUX TEXHOJOTIH s
repenadi ganux. JlaboparopHa poboTa mependadac BUKOPUCTAHHS TEXHOJO-
riii Bluetooth/BLE, Wi-Fi, 3aco6iB Bi3yamizaiii JaHuX Ta 3aCTOCYBaHHS aK-
ceJepoMeTpa-TipocKoma.

BuBucHHS HaHOT QUCHHUIUTIHU 3a0€3MEeYNTh CTYACHTY BUCOKUMN PiBEHb
PO3YMiHHSl TPUHLUIIB CTBOPEHHS BOYNOBAaHMX CHCTEM Ta BHUKOPHCTaHHS
0e3IPOTOBHUX TEXHOJIOTIH MpU PO3pOOI OIOMEIUYHUX arapaTiB Ta CHCTEM
KOMIT IOT€PHOT A1arHOCTHKH CTaHy TalliEHTa.

Iepenik nocuiians

1. Frost & Sullivan. https://ww?2.frost.com

2. The Internet of Things: Today and Tomorrow.
https://www.arubanetworks.com/assets/eo/HPE_Aruba IoT Research Report.pdf

3. Enexrponna cuctema oxoponu 310poB’st eHealth. https:/portal.ehealth.gov.ua

4. MenuuHni indopmaniitai cucremu. https:/portal.ehealth.gov.ua/providers.html
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VYIK/UDC 378.14, 378.1.14
[Monsecuuii C.B.!

E®EKTUBHE BUBYEHHS OCHOB BIOMEXAHIKHW HA BA3I IKT I
MYJIbTUMEJIIA HACHUEHUX NPE3EHTAIIIN

B cury Bimomux obctasun 3 2014 poky Ha 6a3i JlonOacekoi geprkas-
Hoi MamrHOOyniBHOT akajemii (JJJIMA) po3ramyBascst JloHelbkuii HallioHa-
nbHUE MenuuHui yHiBepcuter (AHMY). ¥V cmiBmpani o6ox 3BO B pamkax
cneuianpHocteit 122 Komm’rotepni nHayku 1 151 Apromarmzamis Ta
KOMIT FOTEPHO-IHTETrpoBaHi TeXHOJIOTii Oyyn cTBOpeHi crienianizauii «IHbop-
MAITiifHi TEXHOJIOTii B MeTUIHHI» i «CHCTEeMH YIIPABIIHHS 1 MiKPOCXEMOTEX-
Hika 6ioMeTpuYHOro mpu3HadeHHs». L oOcraBuHa, a TaKOXK HAKOIMMYECHUH
Ha Kadeapax HaAyKOBHUI TOopoOOK, mo3oiman JJAMA momyduTics 0 BHKO-
HaHHA [HHOBaMiHOI OaraTompodibHOI HABYANBHOI IPOrpaMu B iMILTaHTaH-
tax g OiorexHomorii BSc / MSc Degrees 586114-EPP-1-2017-1-ES-
EPPKA2-CBHE-JP [BIOART].

OnHa 3 OMCLMIUIH, 10 BUKJIAIACThCA I JaHUX CIeliaaizaii, saxa
BXO/IUTh JI0 HABYAIbHOI Nporpamu bioapT i siky MOXHa BiJHECTH JI0 KaTero-
pii pynnamenranbuux — 1e «biomexanika». 3 orsiay Ha 0OMEKEHICTh KiJlb-
KOCTi TOJHMH MO AMCIMUILUIIHI, epea0aYeHnX HaBYaIbHUMH IJIaHaMH, Tpeba
OyJi0 BHPIIIUTH KOMIUIEKC MHUTaHb M0 CTPYKTYypi Ta 3MICTy NUCLMIUTIHH i
e(eKTHBHIN opraHizamii HaBYAIFHOTO IpoLecy JuIs 3a0e3nedeHHs MoTpiOHOT
SIKOCTI HiJITOTOBKH (haxiBIiB.

Bupinrenns npo0Giremu migBUIeHHES e()eKTUBHOCTI HaBYAITBHOTO TIPO-
Ilecy TOB’si3aHe HacaMIIepel i3 3aCTOCYBaHHSAM Yy HaBYAIBHOMY TIpoIeci HO-
BUX METOJIB i mpuiiomiB HaBuaHHs. [1lupoke BUKOPHCTaHHS B HABYAILHOMY
nporeci IKT — e He Moza, a BiONOBiAs Ha BHYTPIIIHIO MOTPeOy PO3BUTKY
OCBITH. YMOBHM Cy4aCHOTO HaBYaHHs, CTBOPIOBaHI MYJIbTUMEIIHHUM iH(DOP-
MaLiifHUM CEepeloBHILEM, IIOBHHHI CIIPHUATH PO3BUTKY NpodeciiiHoro Mmuc-
JICHHSI CTyJIeHTa, OpPIEHTYBaTH HOro Ha IMOUIYK OYEBUAHUX 1 HEOUEBUIHHX
CHUCTEMHHUX 3B’SI3KIB 1 3aKOHOMIPHOCTEH, HaJaHHsS IIOIIOMOTH CTYJCHTaM B
PO3yMiHHI 0arathboX SBHUII i 3aKOHOMIipHOCTEH. JlilicHO e(DeKTHBHUM MOXKHA
BBa)KaTH JIMIIE T€ HABUAHHS Y BUILIHN IIKOJI, IPH SIKOMY CTYJICHTaM IpHIIEH-
JIIOIOTHCSl HABUYKU IPOQECIiHOr0 MHCIIEHHS, NPHUYOMY MHUCIICHHS HOBOTO
THUITy, SIKE TIEBHUM YWHOM BiJPi3HSETHCS BiJl MUCJECHHS, C)OPMOBAHOTO Ha
OCHOBI OTIEpYBaHHS APYKOBAHOO iH(OPMAIII€TO.

CrrermigHi 0cOOMMBOCTI MyJIBTHMEIA JO3BOJISIOTH OPTAHIYHO 3aiy-
YUTH CTYJCHTIB B MPOOJEMHY CHTYAIif0 1 CTBOPIOIOTh MOTYXHHUHA CTUMYJ

! Jlexan (hakymbTeTy aBTOMATH3ALI MAIIMHOGYLYBAHHES Ta iHMOPMAIIITHAX TEXHOIO-
riii, Jlonbacbka aepkaBHa MalIMHOOYJiBHA aKajaeMis, sergeypodlesn ymail.com
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iHTEpecy A0 IOCIipKyBaHoi podeciiHoi npodiiemu. MynbTUMeIia TEXHOIO-
rii, ik HaOUIbII epeKTUBHMH 1 GaraTodyHKIIOHANBHUI 3aci0, 10 IHTErpye B
co0i MOTY>KHI pO3MOJIIEH] OCBITHI pecypcH, Moke 3abe3neunTty cepeny ¢op-
MYBaHHSI 1 NIPOSIBH KJIIOUOBHX KOMIIETEHIIIH, IO SKWUX BIAHOCSATBHCS B IIEPIILY
yepry iHdopmariiiHa Ta KOMyHiKaTuBHa. MyJbTHMeia TEXHOJIOTI] TOETHY-
FOTH Pi3HI TUIH TU(PPOBOTO KOHTEHTY, TaKi AK rpadiky, TEKCT, Bieo, PoTo-
rpadito, aHIMAIlIO, 3BYKOBI €(EeKTH, BHCOKOSIKICHAN 3BYKOBHH CYIpOBIA, B
iHTerpoBaHe MYJBTHCCHCOPHE IHTEPaKTHUBHE CEPEHOBHINE, BIIKPUBAIOTH
HNPUHIMIIOBO HOBI METOAMYHI IiIXOJIU 1 MOXKIIMBOCTI.

MynbpTUMezia TEXHOJOTiS MICTUTh YOTHPH OCHOBHHUX KOMIIOHEHTH.
[o-mepmie, moBuHEH OyTH KOMII 10T, 100 KOOPAUHYBATH Te, III0 BU OauynTe
i uyere, 1 B3aeMoAiaTH 3 Bamu (3BOpoTHIH 3B’5130K). [To-npyre, noBuHHI OyTH
NIOCHJIAHHS B HABYAJILHUX ITpOrpamax, siki 3’ eAHy1oTh iHdopmarito. [To-Tpere,
NOBUHHI OyTH HaBiTalliiiHI IHCTPYMEHTaJIbHI 3aco0M (TiNeprocuiaHHs), sKi
JIO3BOJISIIOTH BaM JIETAJIbHO BMBYAaTH HeoOXiaHy iH(opmanito. Hapemiri, Tak
SIK MyJIbTHMe]lia B HABYaJIbHOMY IPOIIeCi BAKOPUCTOBYETHCS HE JUIsl PO3Bar, a
JUIS TIpUA0aHHS MOTPIOHWX KOMIICTEHI[iH, BOHO TOBHHHO MAaTH 3[aTHICTh
cpusaTH GopMyBaHHIO IPOPeciHHOTO MUCICHHS CTYICHTA.

[puifHsiTa 32 OCHOBY MyJNbTHMENia TEXHOJIOTiS MOOYIOBH KypCy
«bioMexaHika» T03BONMIA ONTHMIi3yBaTH CTPYKTYpPY i 3MICT yChOTO HaBya-
JBHO-METOJMYHOI'0 KOMILIEKCY AUCLHIUIIHY 3 METOI0 ()OPMYBaHHS y CTYIICH-
TIB HEOOXIJHUX KOMIIETEHIii, 3HaHb 1 yMiHb: 3HATH OlOMEXaHIYHI XapakTe-
PHUCTHKHM PYXOBOT'O arnapary JIOJIMHU, BMITH JaTd OOIPyHTOBaHY OLIHKY py-
XOBHX SIKOCTEH 1 pI3HUX BHJIB PYXOBOi (QYHKIIi JIIOAWHY, aHANI3yBaTH KiHe-
MaTUKy Ta JUHAMIKy PYXOBHX il 32 MaTepiajamMu 00’€KTHBHOI peecTparitii
(i3MYHEX BIPaB, KUIBKICHO OIHIOBATH OlOMEXaHiYHI XapaKTEPHCTHKH Tijla
JIOJIMHY Ta 11 pyXOBUX SIKOCTEH 1 Ail, MO/enoBaTH pi3Hi OioMexaHiuHi Xapa-
KTEPUCTHKH Ta iH.

3acrocyBanHa B Kypci «biomexaHikay MyIbTUMEIIIHOI TEXHOJIOTIT
MTOPOJIKY€E HOBI ()OPMH HAKOTIMIECHHS TEKCTOBOI, ay/Ii0Bi3yalbHOI i HaBYAIb-
HO-JIOBiTKOBOI iH(OpMAIlii; Hagae MOXIIMBICTh OpPraHi30BYBaTH TaKi HaB4Ya-
JBHI cUTyarii, siKki Oy HEMUCIIUMI B MUHYJIOMY: CTYACHTH caMmi BUOHUPAIOTh
MOTPIOHMH PO3IUJI, BUBYAIOTh KOHKPETHHUI Marepian, MOTIM MepeBipsSIOTH
OTpUMaHi 3HAaHHA, NPOUIIOBIIM MiIICYMKOBHH TECT; a IPH HE3aJ0BLIEHOMY
pe3ysbTaTi MOXYTh CKOPUCTATHCS TiNEPIOCHIIAHHSAMH JJIsi IOBTOPHOTO BH-
BYEHHs MOTPiOHOT iHpopMalii 1 3HOBY MpoiTH TecT. MUTTEBUI PO3LIMPEHHU
nouryk iHgopManii i onepatMBHa BHAada ii Ha MOHITOp, JO3BOJISIOTH MO-
HOBOMY IPOLTIOCTPYBATH CIIOBO BHKJIa/Iaya i IUTiTHO OPraHi3yBaTH CaMOCTiii-
Hy poboty. Hanaroun pizHOMaHITHI BHpa3Hi 3aco0u aiisl BijoOpakeHHsS Ha-
BYaIbHOI iH(opMaLii B MOEIHAHHI 3 IHTEPAKTUBHICTIO, MyJbTHMelia 3a0e3-
TIEYNTH SKICHUHA PiBCHb HABUAHHS.
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V]IK 004.031
Ipecaiizen €.P. ', Tynenkos A.B.?, ITapxomenxo A.B.?

MPOT'PAMHO-AITAPATHUN KOMILJIEKC
MOHITOPUHI'Y KAPJAIOJAHUX

OcTaHHIM YacOM 3HAYHO MiJBUIIMBCA iHTEpEC IO MPOoOIeMH BUMIpIO-
BaHHS CEPIEBOTO PUTMY JIIOJWHHM, IO OOYMOBIJIEHO SIK HEOOXIIHICTIO BJOC-
KOHAJICHHS CY4aCHMX METOJIB JIarHOCTHKH CTaHy CEpLEBO-CYJAMHHOI CHUCTe-
MU, TaK 1 HiIBUIIEHOIO YBArol0 JI0 TPAJULIHHOT CXiHOT MyJIbC NiarHOCTHUKH.
Bigomo, mo curnan nepuepudHOro IMyJjbcy MPOMEHEBOI apTepii € OJHUM
HalO1bII 1H(OpMaTHBHUX (Qi3ionoriyHux curHainis. Bin Hece B co0i iHbOp-
Mallifo Ipo Pi3HOMAHITHI POLECH, 1110 NPOTIKAIOTh B OPraHi3Mi JIIOANHH.

[Tynecomerp, a00 MOHITOP CEpPLIEBOrO PUTMY - HPHCTPIi MEPCOHAIB-
HOTO MOHITOPHHTY YaCTOTH CKOPOYEHB CEpIls B pealbHOMY 4Yaci abo 3 MEeTOro
3aIMCy VIS MOAANBIIOTO IOCTipKeHHs. [IIMpOoKo BUKOPHCTOBYETHCS IIij Yac
TpeHyBaHb 1 3MaraHb CIIOPTCMEHAMH 3 PI3HUX BUJIB CHOPTY, a TAKOX B JTiar-
HOCTHYHHX CHCTEMaX KOHTPOIIO (PyHKI[IOHAIBFHOTO CTaHy MaIMHICTIB HOTH-
TiB, KOCMOHABTIB, THOTYHKIB, BOJIIiB aBTOMAIINH (KOHTPOJIb 3aCHUIIAHHS).

Jist BUMiproBaHHS nepu()epUuHOro IyJIbCy MOXYTh BUKOPHCTOBYBa-
THCS Pi3HI MATYUKHU: I’ €30CICKTPUYHI, EMHICHI, TCH30METPHYHI, ONTOCICKT-
pOHHI Ta iHm. Hait0inbnr mupoke 3acToCyBaHHS 3HAXOJSTh ONTOCIEKTPOHHI
JATYUKH, IO BiPi3HSIOTHECSA TOCUTh BHCOKOI UYTIHBICTIO, CTaOLIBHICTIO,
CTIHKICTIO JIO EJIEKTPUYHHX IMEPEIIKO]I, TIPOCTOTOI0 BUKOPUCTAHHS, OE31IEKO0I0
Ta 3PYYHICTIO JUTS MAIli€HTA.

ba3yrounch Ha NMPOBENEHHUX IOCITIKECHHSX, OyJIO HPHHHATO pIilICHHS
PO aKTYaJbHICTh PO3POOKHU BIACHOTO MPOTPAMHO-AIIAPATHOTO KOMILIEKCY UL
TOYHOTO BHUMIPIOBaHHS KapiofaHuX, KWl 3a0e3e4UnTh HA0UYHY Bi3yalli3ailito
Ta 30epexKeHHs Pe3yJIbTaTiB 3 METOIO MOIAJIbIIOT 0OPOOKH Ta iHTEepIpeTallii.

CTBOpeHUii IPOEKT 0a3yeThCsl Ha BUKOPHUCTAHHI IOMYJIAPHOI amapat-
Ho-miporpamHuoi mnargpopmu Arduino Mega, mynascomerpa, TFT mucruero.
TectyBaHHsI 1MOKa3ajo, M0 KOMIUIEKC € Tpalle3JaTHUM Ta BiJIOBinae 3ana-
HUM BUMOTaM, a HOr0 MPaKTU4HE BUKOPUCTAHHS € JOLIJIBHUM.

B nopansimoMy mianyeTbest po3MIMPUTH (DYHKIIOHAIBHICTh KOMILIEK-
Cy IIUIAXOM JIOAaBaHHS JI0JIaTKOBUX JIaTYHMKIB CTaHY Malli€HTa.

' cr. rp. KHT-226¢m 3HTY
% AcripanT Kadeapy nporpamMHnX 3aco6is SHTY
3 K.1.H., 1011. Kadye[py IporpaManx 3aco6is 3HTY
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YK 621.7. 043 + 669.295
Tapacos O.®.", Anryxos O.B.'

OTPUMAHHSA CYBEMIKPOKPUCTAJIIYHOI CTPYKTYPH B
3ATOTOBKAX IMIIJIAHTATIB 3 TUTAHY BT1-0

VY cy4acHiil MEQUIIMHI TIOCTIHHO PO3MIMPIOETHCS 3aCTOCYBAHHS METOIIB
BIZIHOBJICHHS (DYHKLI OpraHiaMy JIIOIMHMA 32 JOIOMOIOI0 IMILIAHTATIB.
Haii6inpim 3aTtpeOyBaHuM € mTydHe 3a0e3neucHHs (QYHKIIH OIOPHO-PYXOBOTO
amapary TallieHTa y BHIAJKaX TPaBM Ta30CTETHOBUX, KOJIIHHHX, JIKTBOBHX
Cyrio0iB, a TakoXX BUKOPUCTaHHS NPOTE3iB JUISl BIAHOBJIEHHS BiJCYTHIX
KIHIIIBOK, B INEJENTHO-JINIBOBIH Xipyprii, NpH BiJHOBJIEHHI ()parMeHTiB
YyepenHoi KopoOKH, ToIo. [yt BUTOTOBIICHHS! IMIIAHTATIB BUKOPUCTOBYIOTHCS
pi3HI Matepiany, ajne HaHOUIbIIE MOIIUPEHHS MTOMYYWIA HEPXKABilOUi CTANH i
CIUIABU THTaHy 3aBISKH iX BHCOKAM BJIACTHBOCTSAM MILHOCTI, BHCOKIii
KOPO3iiiHi# CTIHKOCTI Ta 3a0BLIBHIN 6iocymicHOCT [1, 2].

Benuke 3HaueHHs JJIsi HAAIHHOCT] eKCIUTyaTallii IMIJIAHTaTIB Ma€e CTpy-
KTypa MeTaiy, TOMy aKTyaJIbHUMH € HUTaHHs 11 noninmenHs. [IpaktudHo yci
MeTalli Ta iX CIUIaBU JOOpe 0OpoOISIOTECS METOJaMU OOpOOKH METAIiB THC-
koM (OMT) Tomy HeoOxigHa (opMa iMIUIaHTaTy MOXe OyTH OTpUMaHa IITaM-
nyBaHHsAM. CydaCHHMMH METOJaMH TMOJIMILIEHHS CTPYKTYpH MarepiajiB st
IMIUTQHTATIB 3 OTHOYACHUM ITiIBHIICHHAM (Di3MKO-MEXaHIYHUX BIACTHBOCTEH €
pisHi npomecu inTeHcuBHOI muactuunoi aedopmanii (ITIJT). Ix 3acTocysanns
JIO3BOJISIE 3aMIHHUTH CIDIaBH 1 BUKOPHUCTOBYBATH YHCTIII, aje MEHII MilHi Ma-
Tepiamm. 30KpeMa, BUKOPHUCTAHHS TeXHIYHO uncToro tutany BT1-0 micms o6-
po6xu 3 ITI1, mokparnrye 6i0CyMiCHICTh BUPOOiB MEAMIHOTO TIPH3HAYCHHS.

IIpote metomu II1]] He € ocTaTOYHOIO OTEpaIli€l0 OOPOOKH, a BUKOPHC-
TOBYFIOTBCS [ULs OTPUMAHHS 3aroToBoK. [l HamaHHsA ocTaTo4HOl (popmMu BUPOOiB
micist 00poOku mporiecamu 1I1]] BukoprcroBytothes onepatii OMT Ta/abo me-
XaHo0OpoOKka. TakkM YMHOM, JUIsi OTPUMAHHSI SIKICHUX BHPOOIB I MEAWIIMHU
HEOOXiZTHO BHKOPHCTAaHHs KOMOiHOBaHOT 00poOku meromamu II1]] i THmoBumMu
onepatissmu OMT. Meroau IT1/] nocuts nodpe 3apekoMeHayBalk ceOe MpU BU-
POOHHMIITBI ISSKKX BUJIIB IMILIaHTATIB, IIPOTE LIMPOKE 3aCTOCYBAaHHS 1X 0OMexe-
HO CKJIJIHICTIO (pOpMH BUPOOIB, SIKi HEMOKIIMBO OTpuMyBaHuX merofamu II1/1, i
HEJIOCTAaTHIM IIPOMHCIIOBIM BIPOBADKEHHSIM CaMUX METOJIB.

ToMmy akTyanbHUM 3aBJaHHSIM € pO3pOOKa TEXHOJIOTIYHUX IIPOIECIB
JUTS TIOBUIIEHHS BIACTHBOCTEH MilHOCTI THTaHy Mapku BT1-0 3a momomo-
roro KoMOiHOBaHOI OOpOOKH Ta 3MiHEHHSI CTPYKTYpPH METaly, IO TOETHYE

! JlonGacbka mepskaBHa MammHOOYIiBHA akamgemis, M. KpamaTopcbk, YkpaiHa, e-mail:
kit@dgma.donetsk.ua
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00pobky meronamu II1]] i HajmaHHA OCTaTOYHOI (POPMHU TOTOBOTO BUPOOY
oneparisimu OMT 3 ofaJIbIIO0 YHCTOBOIO MEXaHOOOPOOKOI0.

Jlist oTpuMaHHs IMIUIAHTATIB i3 TUTAHOBUX CILIABIB 3 CyOMiKpOKpHC-
TAJII'YHOI0 CTPYKTYPOIO 3alpOINIOHOBaHI HOBI TexHojorivHi npouecu IT1/1, sxi
MOXYTh OYTH 3aCTOCOBaHI OKpeMo, abo B KOMOiHamii 3 KIIACHYHUMH IpoIie-
camu OMT, Hampuknaza, mpokatkoro. [Iporecu peBepcuBHOTO 3CyBY IO CXe-
maMm P3-180 [3] Tta P3-60 m03BOIISIIOTE OTpUMATH 3aTOTOBKH 31 3MIITHEHOIO
CEpLEBHHOIO, 0 MOXKe OyTH KOPUCHHM NPH BHTOTOBJICHHI iMIUTaHTaTiB. Ta-
KOX 3allpOIIOHOBAaHO MOIM(IKOBAaHYy CXEMY pPEBEpCHBHOrO 3cyBy. s
HOJIINIIEHHS BIACTUBOCTEH 3arOTOBKH 3allPOIIOHOBAHO KOMOIHOBaHY CXeMy
nedopMyBaHHS, sSiKa BKIIIOYAE PEBEPCUBHUI 3CYB Ta TBUHTOBY €KCTPY3i0.

CrineHo 3 Jon®TI HAH VYkpainm mnpoBeneHO JOCIIKEHHS
KoMOiHOBaHOT 00poOKHM 3arotoBok i3 Turany BT1-0 mporiecoM rBHHTOBOT
ekcTpy3ii Ta mnpokaTku. OTpuMaHi 3pasku OyJad JOCIIIPKEHI METOAOM
npocBidytouoi enekTpoHHOi Mikpockonii y IIIM HAH Vkpainu, ne
HiATBEPKEHO HAsIBHICTh CTPYKTYPHU KOMIPHOTO THILy 3 PO3MIpOM KOMIpOK
30-50 nm.

Jns npoexryBanns npoueci II1]1, siki MoxxyTh OyTH 3aCTOCOBaHI ISt
OTPUMAaHHS MaTepialiB ¢ CYOMIKPOKPHCTAIIYHOIO CTPYKTYPOIO, PO3pOOIIeHe
nporpamue 3abe3nedeHHs (dactuau kKomruiekcHoi CATIP) s aBromaTu3arii
MOZEIIOBAHHS IIpouecy AehOpMyBaHHsS 3aroTOBOK 3i CIUIABiB TUTaHy M
BUTOTOBJICHHA iMIUTaHTaTiB [4]. Po3poGmieHi mporpaMHi MOyl TO3BOJSIOTH
aBTOMaTH3yBaTd MonemoBanHs mnporeci II1J] 3a mgomomoror cydacHol
npomucioBoi CAE-cuctemu ABAQUS, ska [103BOJSE  MiIKIFOUCHHS
30BHINIHIX MOIYJiB 10 Pre- Post-tiporiecopis. Po3pobiene nporpamue 3a0e3-
MIEYCHHS! JTO3BOJIMIIO CKOPOTUTH Yac MPOEKTYBAaHHS IITAaMIIOBOTO OCHAIICHHS
Ta MOJICNIOBAaHHS TOBEAIHKM 3aroTOBKHM, Ta BHSBUTH ONTHMAJbHI
TEXHOJIOTIYHI PEeXUMHU Tpouecy nedopMyBaHHS Uil 3arOTOBOK 31 CIUIaBiB
TUTaHy ¥ BU3HAYHTH MOTPiOHI TapaMETPH iHCTPYMEHTY.

Iepenik nocunanp

1. Titanium in Medicine / D. M. Brunette et al. / Springer-Verlag Berlin Heidelberg,
2001, 1018 p.

2. Mechanics of Biomaterials. Fundamental Principles for Implant Design /
L.A. Pruitt, A.M. Chakravartula // Cambridge University Press, 2011, 696 p.

3. Tlatent 88811 Vkpaina, MIIK B22F 3/00. Cnoci6 6aratopa3oBoi peBepCcHBHOL
iHTeHcuBHOI mactTudHoi nedopmariii 3arotiBku / O.®. Tapacos, O.B. Anryxos. Ne
a2013 07911; 3asBmn. 21.06.2013; omy6um. 10.04.2014, Brom. Ne7.

4. ABTOMaTH30BaHE MPOCKTYBaHHSA 1 BUTOTOBJICHHS BHPOOIB 13 3aCTOCYBaHHSIM
CAD/CAM/CAE-cuctem: monorpagis / O.®. Tapacos, O.B. Antyxos, I1.1. Caraiina,
JI.B. BacunbeBa, B.JI. AHocoB. — Kpamatopeek: LITPI «/Ipykapcekiunit gim», 2017. —
239 c.
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Tapacos O.®.", Cy6orin O.B.%, ITepir O.B.?, Pyxenxo B.M.*

KOMITETEHIIII CTYJIEHTIB KOMIT'FOTEPHUX
CHEIIAJIbBHOCTEM JJIs1 JOCALKEHHS CUCTEM
BIOMEJUYHOTI'O INTPU3HAYEHHSA

BBenenHs cneunianmizaiii MeAMKO-O0IONIOTiYHOTO  CHpsIMyBaHHS B
HaBYaJIbHI TUIAHU CTYJCHTIB KOMIT FOTEPHUX CIENialbHOCTEH CHPUSIOTH PO3-
BUTKY 1 KOHKYPEHTOCIIPOMOXKHOCTI TEXHIYHUX 3aKJIadiB BHIIOI OCBITH.
HaromicTh 1ie BUMarae cuCTeMHOI afamnTallii OCHOBHUX 3acaJl, KOHIEMNIii Ta
ICHYIOUMX MaTeMaTH4YHUX MOJIEJIEH, 10 MIMPOKO NPEJCTaBJIEH] y Cy4acHUX
Creliai30BaHNX BITYM3HSHUX Ta 3aKOPJOHHUX MiIpyuHHKax [1, 2].

3acTocyBaHHS KOMIT IOTEPHUX TEXHOJIOTIH B HaBYAJIBHUX MEIHKO-
010JIOTIYHMX JOCIIPKEHHSIX Nepeadavae, mo-nepiie, 03HAOMIICHHS 3 TIPH3HA-
YEeHHSIM, (QYHKUIOHAJIBHUMH MOXKJIMBOCTSIMH, OCOOJHMBOCTSMH TOOYIOBH 1
eKCIDTyaTallii KOHKPETHUX 3pa3KiB eJIEKTPOHHOI MEIMYHOI TEXHIKH (HATPHUK-
naj, exeKkTpokapaiorpadu, enekrpoentedanorpadu, romorpadu, anapata Y3 /]
Ta iHOI) Ta, MO-Ipyre, BHUBYEHHS OCHOBHHMX CXEMOTEXHIYHUX pIlIeHb Ta
NPUHIMITB NOOYI0BH BY3J1iB MEANYHOI TEXHIKU y CydYacHIH MiarHOCTHYHIHN Ta
TeparneBTHYHIN anapaTypi.

AHaJi3 1okasas, 1110 B HaBYaJIbHHI TPOLIEC HEOOX1THO BKJIFOUMTH HACTYIIHI
OCHOBHI WIAKTUYHI MaTepiaid: 3arajbHi MPUHIWINA TOOYIOBH KOMIT IOTEPHHX
cucteM 300py Ta OOpOOKM JaHHMX OIOMEIMYHMX JOCIIDKCHB;, KOMII FOTEPHI
TEXHOJIOTii OOPOOKH pE3yJIbTaTiB MEIUKO-OI0JOTIYHMX JOCIHKEHD, SKI MarOTh
(opMy OIOETEKTPUYHMX CHTHAIIIB; KOMIT'FOTEPHI METOM peecTparliii Ta 0OpoOKu
GiormoTeHIiasliB poOOTH cepid 1 ENEeKTPUYHMX CHUTHAJIB TOJIOBHOTO MO3KY;
KOMIT IOTEpHI CHCTEMH peecTparlii Ta 0OpOOKH eNeKTPOIMIIEAAHCHHUX JaHWX, 00-
poOKM 300pakeHb B MEAMKO-OIOJIOriYHIN MPaKTHLl, OTPHMMaHHS Ta OOPOOKH
MAarHiTOPe30HaHCHUX 300paXkKeHb, YIBTPA3BYKOBOI Bi3yalli3allii, KOMIT IOTEpHi
MepeKHI TEXHOJIOTIi Ta iX BUKOPHCTAHHS B MEIMKO-OIONOTIYHMX JTOCITIDKCHHSX;
MeanuHi iHdopMariiiHi TexHooril Ta iHdopMariiiiHa 6e3reKa; NepereKTUBA Po3-
BUTKY MEIMYHKX 1H(QOPMAIIIIHAX CHCTEM.

' JLT.H., mpod., 3aB. Kaheapor KOMITIOTEpHHX iH(opMariianx TexHomorii (KIT)
JlonOacbkoi nepikaBHOI MammHOOymiBHOT akanemii JIJIMA (M. Kpamaropcek,
VYkpaina, email: alexandrtar50@gmail.com).

2 K.1.H., mo1t., moueHT kadeapu apromarusaiii BupoOoHnunx mporecis (ABIT) JJJIMA
(M. Kpamaropcrk, Ykpaina, e-mail: o.v.subotin@gmail.com)

3 K.r.H., non., mouent kadenpu ABIT JJIMA (m. KpamaTopcek, YkpaiHa, e-mail:
olexander.perig@gmail.com)

4 K.r.H., pou., mouent kadeapu ABII JJAMA (M. Kpamaropcek, YkpaiHa, e-mail:
vl _rudenko@ukr.net)
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B pamkax BHBYEHHS AMCIMIUIIH OlOTEXHOJIOTIYHOTO CHpPSMYBaHHS
CTYIGHTH TIpU PO3B’s3aHHI YHCIICHHUX MPUKIAIHUX 3a7ad BHBYAIOTH, SIK
MPUKIIAA, CIIEMCHTU TiIpaBIiKH, PEONOrii Ta Teopii MOMiOHOCTI mis Tewil
010JIOTIYHUX PITUH JIFOJICBKOTO OpraHi3My, OLIHIOIOTH HAlpYXEHHH CTaH
CepIIeBUX IUIYHOYKIB 1 KJamaHiB TOmo. TOMy BUBYCHHS O10TEXHOJIOTIYHHX
CHCTEM 1 TEXHOJIOTi BHMarae IMOTEpeTHhOT0 3HAHHSA CTYICHTAMH 0a30BHX
MEIWYHHUX KypciB aHaToMil Ta (i3ioyorii, BMiHHSA 3aCTOCOBYBaTH 3HAHHS 3
BHINOi MaTeMaTWKu (iHTerpyBaHHA Au(epeHIiaTbHUX PIBHSAHB), 3arajabHOT
(hi3nKu, MeXaHiKH, a TAKOX 1H(GOPMATUKY Ta IPOrpaMyBaHHSI.

I[lpy  MareMaTMYHOMY  MOJICNIIOBAHHI  TPOLECIB Ta  CHCTEM
0lOMETpUYHOrO  TpU3HAYEHHS  JOJAaTKOBO  MOTPiOHI  3HaHHA 3
€JIEKTPOMEXaHIKH, Teopil aBTOMATHYHOIO KepyBaHHs, TEXHIYHHUX 3acobi
aBTOMaTH3allii Ta eNEKTPOIIPUBO/A, BY3JIiB Ta €IEMEHTIB MEANYHOT TEXHIKH, a
Takox iH(opmaTuku, HaykoBoro Python-moniOHoro akaysambHOro mporpa-
MYBaHHS BiIKpHTOTrO Tporpamuoro 3abesnedens JModelica.org — Optimica
Ta pobotH i3 cucremamu Maple, Wolfram Mathematica, MatLab ta SciLab.
Hapasi ne 03HalioMHUTb CTYAEHTIB i3 0OUMCIIOBAILHUMH MOXIIUBOCTSMH Ta-
KHX Cy4acHUX CHCTeM Kibep-dizuanoro mozemoBaHHs sk JModelica.org Ta
Optimica, Maple Ta Wolfram Mathematica, a Takox MatLab Ta ScilLab mo
MaTEeMaTUYHOTO MOJENIOBaHH, YHCENBHOTO IHTETPYBaHHSA, Bizyalizalii,
ontuMizaiii, Ta Bepudikamii MeXaHIYHMX Ta MYJIbTU(IZUYHUX SBHII,
MpOLIECIB Ta AMHAMIYHUX CHCTEM y OloMenuuHii iHxeHepii, GiomexaHil,
¢iziororii, MeaUIHI Ta TEXHIYHIN OiodizuIi.

[lomanpiie BUBYCHHS METOIB MAaTEMAaTHYHOI OOPOOKH MEIUKO-
010JIOTYHUX TAaHUX O3HAHOMHTBH CTYICHTIB 13 OOUMCIIOBAIBHUMH MOIIHBO-
CTSIMH TaOJIMYHMX TPOLECOPIB, 3aCTOCOBYBAaTH Cy4YacHI CTaTHCTHYHI Ta
MaTeMaTH4Hi TaKeTH 10 aHajily, oOpoOKu, iHTepHojsuii, anmpoKCHUMAIlii,
3TNIQJDKYBaHHS, KOPEISIIMHOTO Ta perpeciiHoro aHajildy, YHCEIbHOI
omTuMizalii, Bi3yami3amii Ta TIyMadeHHS CIIEKTPIB, CHTHANIB Ta HAasSBHUX
MACHBIB UHCIIOBHX JaHUX Yy OioMenuwuHid imKeHepil i3 ypaxyBaHHSIM
ramy3eBoi CIemudikd, a TaKoXK CYJacCHHX IHXKCHEPHO-(PI3UYHUX Ta
iHpOpMAaIIHHIX 00MEeXKEHb Ha MPAKTUYHY POOOTY i3 YHCIIOBOIO iH(OpMaIIiero
MEIUKO-010JI0rYHOTO MOXOIKEHHS.

Iepenik nocunanp

1. Doi S. Computational Electrophysiology: Dynamical Systems and Bifurcations /
S.Doi, J. Inoue, Z. Pan, K. Tsumoto. — Tokyo: Springer, 2010. — 140 p.

2. Nomura T. Harnessing Biological Complexity: An Introduction to Computational
Physiology / T. Nomura, Y. Asai. — Tokyo: Springer, 2011. — 190 p.
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YJIK 004.031
Tumesnxko LA.", [Tapxomenko A.B.2

JOCJIKEHHS TA PO3POBKA API JIUISI IEPCOHAJIBHOI
EJIEKTPOHHOI MEJJUYHOI KAPTKHA

[MocriiiHui1 pO3BUTOK MEIMYHOI chepH crpusie 301IBIICHHIO KUTBKOCTI
MEIWYHUX 3aKJajliB MPHUBATHOI (OPMHU BIIACHOCTI, AKi CIICIiaNli3yIOThCA Ha
OKPEMHX TAIIy3X OXOPOHH 37I0POB’s, @ TAKOXK 3POCTaHHIO NPHUBaOIUBOCTI iX
nocnyr. BHacninok Toro, mo rpoMansiHi KOPHCTYIOThCS IOCTyTraMy JeKilb-
KOX KJIHIK BiJjpa3y, Mean4yHa iHdopMarlist 0COOH 30epiraeThcsi po3MoIiIeHO B
pizHEX Qopmarax. BigcyTHICTh «icTOpii» IMamieHTa MiIBUILY€E PU3UKH HEKO-
PEKTHUX [iarHO3iB Ta 3MEHIIYe eEeKTUBHICTH JIIKyBaHHs B Lijomy. Bce me
CHpusie TPsAMIH 3aIlikaBICHOCTI 0CO0M y 300pi BIACHOT MEAWYIHOI iH(popMarii
HE3aJIeXKHO Bix MemudHoro 3akiarxy. OcoOmmBo 30MpaHHSA Ta 30epeKeHHS
MeIN4HOI iH(OopMarii YCKITaJHIOEThCS JUTS JIIOJIeH, sIKI YacTO HMOAOPOKYIOTH
200 3MIHIOIOTH Miclie TIpOXXHBaHHA. ToMy, aist OyIb SKOI JIOIUHN BaXKINBO
MaTd NepcoHaNbHY eyekTpoHHy MenmuHy kapTtky (IIEMK). Lle mo3omuts
Kpalle CIiIKyBaTH 3a CTaHOM BIJIACHOTO 3/0pOB’Sl Ta MaTH MO>KJIMBICTH JO-
CTyIy 10 HeoOximHo1 iHpopmarii y 3pydHomMy opmari (Tekct, hoTo, aymio),
a TaKOX 3 Pi3HUX IIaT(opM.

Ipu 30epiranni inpopmarnii [IEMK BaxiiBo BpaxyBaTH iCHYIOYi BHU-
MOTH 3aKOHOJIaBCTBa I10/I0 30epiraHHsi MepcoHaNbHOI iH(pOpMalii, Taki, K
286 crarrs L{uBinsHOTO KOnekcy Ykpainu. Jlist 3a0e3neueHHs [IpaBa Ha Tae-
MHHIIIO CTaHy 3/10pOB’sl Ta psijy iHmMX, iHGopMarito HeoOXiaHo mmdpyBarty,
Hanpukian anroputMoMm Advanced Encryption Standard (AES-256), sikuii €
HaJIAHUM 751 BUPILIEHHS TAKOTO POJY 3a/4ad. TakuM 4WHOM, BHPILICHHS
3aja4l TpUBAJoOro 30epiraHHs MeaudHOi iHpopMarlii pizHoro ¢opmary Ta ii
3aXHMCTY NOTpeOy€e BUKOPUCTAHHS XMapHHUX TEXHOJIOTIH Ta Cy4aCHUX alropH-
TMIB mHU(pyBaHHS.

I[MEMK axtuBHO BukopuctoBytoThes B CILA, BenukoOpuranii Ta iHIIHX
po3BUHYTHX KpaiHax. Cepel OCHOBHHX HOMYJISIPHHUX DillleHb MOXKHA BUIIUTHTH:
Microsoft HealthVault, Zweena, Health Companion, Healthspek. OpienroBanicts
Ha IHTerpario 3 Jiep>KaBHUMH CHCTEMaMH1 NIEBHUX KpaiH Ta BiJICYTHICTb JIOKai-
3alliii HakKjIajae 3Ha4YHi OOMEXEHHS Ha BUKOPHCTAHHS PO3IVLIHYTHX pillleHb B
VYxpaini. XapakrepHo, 110 BC1 PO3IIITHYTI CUCTEMH MaJIH MIEBHI MPOOJIeMH 3 T10-
LIyKOM cepeq| 30epeskeHol iHpopmMaii — Bijl ITONIYKy JIMIIE 32 TeKCTOBUMH Jia-
HUMH 32 PETYISIPHAM BHPA30M, J0 BiICYTHOCTI MOMTYKyY B3araii. Takox, Hemoi-
KoM € 3aKkpuTicTb API mepeBaHOi OUTBIIOCTI 3 PO3IIITHYTHX CUCTEM Ta BiIICYT-
HICTBh JOKYMCHTAIII.

! Be6-pospobruk kommanii BAHJIEPCJIAB, 3amopisxoks
2 K.T.H., 1011, Kadeapy nporpamMHux 3aco6is SHTY
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Tomy, nana poboTta NpUCBSYEHA AOCIIIKEHHIO i po3po0ii myOmiyHo-
ro API ans [IEMK, sika 103BOJIUTH 30€piraTi il IMBUIKO MIYKATH PEe3yJIbTaTH
o0cTexxeHb y BUTIISII POTO/ay/1i0 JOKYMEHTIB Ta TEKCTOBUX 3aIIHCIB.

B pesynbrari pobotn Oyiio po3pobieHo mporpaMHui iHTepdenc s
IMTEMK. ITpoekT MO>kHa yMOBHO IMOJITUTH HA TaKi YACTHHH:

— nomrykoBa cuctema ElasticSearch, sika 3a0e3nedye mBuakuii momyx
cepen apTeakTiB KOPHUCTyBava B 0a3i JaHUX;

— nokymenranlis API, skxa Hamae po3poOHUKaM iHPOPMALiO PO BXij-
HI Ta BUXIJIHI JjaHi U1 POYTIB;

— API-sapo - 9acTHHA CUCTEMH, SIKa BIAIIOBIAE 32 MAPIIPYTH3AIIIIO Ta
00pOoOKy 3amuTiB KOPHCTYBAYiB.

Po3pobienuii APl € momaTkom, SKHii BCTAaHOBJIIOETHCS HA THIIOBUH
BeO-cepBep 3 Node.js 6 (LTS Boron), MongoDB 3.4.*, Elasticsearch 5.6.*.
BiH € mocTynHHMM i1 BUKOPUCTAHHS KiieHTamu depe3 http/https npotokod,
¢dopmat oOminy nanumu — JSON.

[Ipoektr peani3oBaHO 3 BHUKOPUCTAHHSIM MOBHM IIPOIPaMyBaHHS
JavaScript, sxa no3Boisie 3a0€3MEYMTH JOCHTh BUCOKY IIBHJIKOJIIO, 3pyd-
HICTh 1 MPOMYKTHBHICTh HANHUCaHHS KOAy. s po3poOKu mporpamMHOro iH-
Tepdeticy Ha cepepi Bukopuctano Node.js. B xoni anamizy iHCTpyMeHTapito
Oyno mpwifHATO pimmeHHS Tpo 3actocyBaHHs Oibmiorek Elasticsearch,
Express.js, Mongoose Ta iHmux. Came Iii pillieHHS JTO3BOJIIOTH 3MEHIIUTH
co0iBapTiCTh PO3pOOKHK MPOTrpaMu MpH 30LIBIICHHI 11 SKICHUX MapamMeTpiB, a
oTKe 3a0e3mneunTH ii KOHKypeHTonpuaaTHicTh. B sikocti Node.js ¢hpetiMmBop-
Ky Oysio obpano Express, 1110 3a0€31e4mII0 JIETKICTh CYIPOBOY KOJY; BEJIUKY
IIBUJKO/II0; BIAHOCHO JCHICBI XOCTHHIHM Ta X BEJIMKHHA BHOIp; THYYKICTh
¢peiiMBOpKy; MiHIMyM BUTpaT Yacy Ha peajli3amlilo pyTHHHUX AiH. B skocti
cepeoBHUIIa PO3poOKH s BeO-caitty Oyio oopano WebStorm Bix JetBrians,
0 € yMOBHO Oe3komToBHUM. Lle cepenoBuile Bifpi3HIETHCS 3pYUHICTIO Ta
MIUPOKUMH (DYHKIIOHATIBHUMH MOIIMBOCTSIMH, a HOTO 3aCTOCYBaHHS 3MCH-
IIy€ 9acoBi 3aTpatd i 30UIBIIye MPOAYKTUBHICTH Tparli mporpamicra. Po3po-
Omenmit API moxHa 3amyctuté Ha Oyne-sikoMy cydacHoMy VPS cepsepi Ha
6asi Linux.

Po3po6nennit API myst IIEMK Bifpi3Hsi€ThCS BijJf ICHYIOUHX aHAJIOTIB
BIZIKPUTICTIO, peallizalli€to MIBUIKOTO TTOBHOTEKCTOBOIO MOUIYKY iH(popMallii
Ta HasIBHICTIO OKyMeHTallil, opopmiienoi 3rizno OpenAPI crierudikarii.

310



HayxkoBe enexTpoHHE BUAAHHS
KOMOIHOBaHOTO BUKOPUCTAHHS
Mo>kHa BUKOPHCTOBYBATH B JIOKAJILHOMY
Ta MEPE)KHOMY PeXHMax

CYYACHI IIPOBJIEMH I JOCSITHEHHSI B I'AJTY3I
PAJIOTEXHIKHY, TEJIEKOMYHIKALIA
TA IHOOPMALIMHUX TEXHOJIOI'TH

Te3u nonosineit

IX MDKHAPOJTHOT HAYKOBO-TTPAKTUYHOI KOH®EPEHIIT

OpnuH enextponanit ontuaaui quck (DVD-ROM);
CyTIPOBiTHA TOKYMEHTAITiSI.

Tupax 100 npum. 3am. Ne 1062.

Bupasenps i BUTOTOBITIOBAY
3anopi3bKuil HaIllOHAIBHUHN TEXHIYHUH YHIBEpCHTET,
VYxpaina, 69063, M. 3anopixoks, Byl JKykoBcekoro, 64.
Texn.: (061) 769—82-96, 220-12—-14

Cigourso cy0’exra BumaBHn40i cripasu K Ne 2394 Big 27.12.2005.
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