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View on the problem of decision-making in the agaricultural sector as a risk
management task

Chunmei Ji, Taras Shevchenko National University of Kyiv, Kyiv, Chi-
na, bao1978@gmail.com

3agaya NpUAHATTA PilleHHS B ATPAPHOMY CeKTOPi 3 TOYKHU 30py YNPaBJIiHHSA
PHU3MKOM

Chunmei Ji, KuiBchkuii HartioHanpHU# yHiBepcuTeT iMeHi Tapaca
[leBuenka, KuiB, Kuraii, bao1978@gmail.com

AHoraris

B po6oTi po3misiHYyTO MiIXiJ 10 MPUHHATTSA pilllEHb B arpapHOMY CEKTOpI B YMOBax
HEBU3HAYEHOCTI Ha OCHOBI YHPAaBIiHHS PU3UKOM. PO3TJISIHYTO ypoKailHICTh 03MMOI MIIEHHMIII B
KHP 3a nepiox 3 1963 nmo 2012 poku Ta MOKa3aHO HAasBHICTh KBa3IIUKIIYHOI JIOBrOTPHUBAIIOT
nam’sTi. [lokazaHe mo pU3MK-MEHEPKMEHT Ha OCHOBI YIPaBIIHHS IO CIa0KMX CHUTHalaXx,
iHpOpMaIliifHOI OCHOBOIO SIKOTO € IIPOTHO30BaHI 3HA4YeHHs, OTPUMaHi Ha OCHOBI
arpoMeTEOPOIOTIYHUX (PAKTOPIB € EPEKTHBHUM.

The problem of the country's reliable supply of food and agricultural raw materials
remains unresolved. The functioning of an increasing number of industries processing and using
its products depends on the sustainable development of agricultural production. Therefore, the
efficiency of the entire food complex of the country largely depends on how rationally the crop
production is conducted.

There are numerous studies of ways of development of the agrarian sector and its various
aspect. One of the approaches is to strengthen the coordinating role of the state and improve the
efficiency of functioning. Another approach is to turn the industry into a resource-saving way of
development. Diversification of the rural economy and the creation of a modern rural
infrastructure are the third approach. A common approach for all is the need to ensure a high and
sustainable rate of agricultural development. This is impossible without improving the methods
of managing it [1].

Risk is a probabilistic assessment of the uncertainty and unpredictability of the results of
crop activity. In areas of risk farming, it is significantly higher than in other sectors of the agro-
industrial complex. The increased level of uncertainty in the crop industry requires special
management decisions on risk analysis and the development of measures to reduce them.

In publications [2, 3], it is assumed that in real situations the mathematical toolkit for
assessing the measure of economic risk loses its predictive ability and needs to be supplemented
or replaced with another toolkit more effective in a specific market situation. The main task is to
highlight the moments when one of the factors becomes decisive, and the importance of others
weakens? In scientific publications, the idea of the so-called multi-criteria approach to the
assessment of risk measures is considered. The study proposes the use of multi-criteria approach
and fractal analysis.

In [3] it was shown that the main factor determining the yield is the influence of the
external environment. Particular attention should be paid to the meteorological conditions, which
are one of the most important factors affecting the crop yield rate. As noted in [4], the yield
series accumulates information about fluctuations in weather conditions and their influence on
the yield of agricultural crops. In other words, these ranks contain information about certain
patterns that are commonly referred to in scientific literature as long-term memory [5].

The yield of winter wheat in the People's Republic of China for the period from 1963 to
2012 is considered. As a result of applying the sequential R/S analysis algorithm to the time
series of winter wheat yields, we can formulate conclusions about the presence of long-term

8



memory in this time interval of the time series under consideration. The result allows us to
estimate the depth of the long-term memory by the number 9. This means that there is a hidden
quasi-periodicity with a period of 9 years.

Long-term planning of crop yields with great accuracy is possible only if we take into
account the cyclical nature of solar-terrestrial relations, which is possible with the modern
development of computer technology. So, in 2014 in the northern regions of the People's
Republic of China a maximum level was obtained, equal to about 12 years ago, and this is under
very unfavorable weather conditions. This example is another confirmation that the cyclical
nature of crop yields plays a very important role and that its accounting in the economy is
necessary.

Effective management is possible only with the provision of an appropriate balance of
functions, powers and responsibilities, namely: each of the subjects of management activity
should be responsible for the possible consequences of risky decisions only to the extent that he,
first, participates in their development, and, secondly, it has real possibilities to regulate the
degree of risk in the implementation process. The ability to control the risk of agricultural
production can only be determined by analyzing adaptive technologies and assessing the
likelihood of expected weather, economic and other business conditions. The solution of this
problem is intended to ensure the use of adaptive farming systems. It should be noted that risk
management based on weak signal management, the informational basis of which is the
predictive values obtained at the output of the above-implemented cellular automaton predictive
models, both the main agrometeorological factors and the predicted values of the yields of the
main agricultural cultures involves the use of methods to justify decisions, including such as the
construction of "decision trees". Decision making provides the following five subtusks:

- diagnosis of a problem is to identify the causes of the difficulties or the availability of
opportunities that help determine the problem in general terms;

- building restrictions and criteria for decision;

- identification of alternatives;

- evaluation of the alternatives;

- choice of the alternatives.

The first decision that the head of the agrarian enterprise must take: order or not order the
forecast from the scientific research institute. If the forecast is not ordered, then it compares the
expectation of income from different strategies and should accept the best option. He will have
to take a more difficult decision on the condition that the forecast is ordered from the scientific
research institute. The decision on the feasibility of the head of the agricultural enterprise should
be taken depending on the results of the forecast.

Analysis of the solution of the above problems allows us to conclude that any
information on price conditions, expected yield levels, etc. can be very useful for the
development of effective economic solutions in the conditions of stochastics and uncertainty. It
is important to be able to use it correctly.

It should be noted that the development of science-based farming systems for specific
enterprises, considering both the natural conditions and the level of material support for
production and technological processes, and the position of agricultural products, etc., ensures
the conditions for productive management. Practical use of the results obtained at the output of
forecast models, and thus the construction and implementation of adequate top-level models will
allow decision makers to make informed management decisions and provide the ability to
maneuver resources and technologies, stimulate the search for flexible business solutions.

References:
1. Chunmei, Ji. (2019). Decision making in agricultural sector in view of the environment.
Management of development of complex systems, 37, P. 160 — 163
2. Peters, E. E., Peters, E. R., & Peters, D. (2016). Fractal market analysis: applying chaos
theory to investment and economics (Vol. 24). John Wiley & Sons.
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MoaesaoBanHs iHgpopManiiiHUX B3a€EMO/1ii B iIHHOBaLIiHOMY cepeIoBHIILi

Ocaynenxo [.A., Yepkacbkuil HalllOHAJILHUN yHiBepcuTeT iMeHi boriana
XMenpHULIBKOrO, iger372@meta.ua

Modeling of information interaction in innovative environment

Osaulenko 1., Bohdan Khmelnytsky National University of Cherkassy,
Cherkassy, Ukraine, iger372@meta.ua

Abstract

The main subjects of interaction in the innovation environment reviewed. The
peculiarities of distribution of information in an innovative environment are analyzed. The using
of object-oriented approach for modeling information interaction in an innovative environment is
proposed. The main classes of objects are highlighted in the proposed model and properties of
these classes are characterized.

YTBepKeHHS IHHOBAIIMHOTO HANIPSIMKY PO3BUTKY BITYM3HIHOT €KOHOMIKH 3aJIC)KUTH Bil
6araTbOX YMHHMKIB, JI0 SIKUX HaJexaTb, 30KpeMa, PIBEHb JepXKaBHOI MIATPUMKHU 1HHOBAIiIHOT
JUSIBHOCTI, HASBHICTh BIAMOBIAHUX JEP’KaBHMUX, PETIOHAIBHUX 1 Taly3eBUX Mporpam,
0COOJMBOCTI MOJATKOBOTO 3aKOHOJABCTBA, YMOBU OaHKIBCHKOTO KPEJUTYBaHHS, 3a0€3MeUeHHs
3aXUCTy 1HTEJNEKTyaJlbHOI BJIACHOCTI, ICHYBaHHS HEOOX1JHOI 1HPPACTPYKTYpU JJIsl MPOBEIEHHS
JIOCIIJKeHb Ta 1HILIIOBaHHS CTapTaliB BKJIIOYHO 3 HayKOBUMH J1a0OpaTopisiMU, BUPOOHUYMMHU
Ta 0(pICHUMH MPUMIILIEHHSIMHU.

Pazom 3 TuM, B emoxy ryo0ani3amii Ta BUCOKOUIBHJKICHOTO [HTepHETY e(peKTHBHICTh
OyIb-sIKOT €KOHOMIYHOI MISNIBHOCTI CYTTEBO 3aJIEKUTh BIJ 3/1aTHOCTI MPaBWJIBHO 1 IIBHUJKO
IHTepIpeTyBaTH BeNMKi o0csaru iHpopMalii. BogHowac 3aBIsKM TNOIIMPEHHIO MEPEKHUX
TEXHOJIOT1H BUHUKAIOTh MPUHIMIIOBO HOBI OpraHizauiiHi GopMu JisSUIbHOCTI, TakKl sIK BIpTyaabHI
HiANPUEMCTBA, JOCITITHUIBKI MEPEXI 1 pO3MO/IiIEH] MPOEKTHI KOMAHIH.

Posrnsinemo aeranpHille OCHOBHUX CyO’€KTIB B3a€MO/IIi B 1HHOBAIITHOMY CEepeOBHILI.
[Tepmr 3a Bce, 10 HUX HajeXaTb JOCIHIAHMKM 1 PO3POOHMKM, aBTOPCHKI KOJEKTHUBH, IO
MPALOIOTh HAaJ IHHOBAIIMHUMHU 1A€SIMH, IPOBOJIATE TOCIIIHN, PO3POOIISIIOTH MOJIEN, CTBOPIOIOTh
eKCIIepUMEHTANbHI  3pa3Kd  HOBOI  HAYKOMICTKOi INpPOAYKIIi. IXHA [isNbHICTE MOXe
3MIMCHIOBATHCHh aBTOHOMHO a00 y CKJIaji HayKOBO-IOCTIIHUX YCTaHOB, 3aKJa/iB BUIOI OCBITH,
JOCTITHUIBKUX MiAPO3AUIIB Kopropamif. Cnif 3a3HauuTH, L0 3 TOYKM 30pYy OpraHizamii
PO3MOBCIO/KEHHS 1H(opMalii Mpo OTpuMaHl pe3yiabTaTH ICHYIOTH 3HA4HI BIAMIHHOCTI MIXK
pi3HUMM TpynaMu iHHOBaTopiB. He3amexHi pO3pOOHHMKM 4YAacTO pO3MIIIYIOTH 3a3HaueHi
BIJIOMOCTI y BIZKPUTOMY JOCTYHi (KpIM JaHUX, IO MICTSTh CYTHICTH 3allpOIIOHOBAHOIO HOY-
xay). HaTomicTh mpencTaBHUKM KOPIOPATUBHUX CTPYKTYp TMiA3BITHI CBOEMY BHUIIOMY
KEpIBHUIITBY 1 HE MAlOTh IpaBa CaMOCTIHHO MOIIMPIOBATH iH(OpMAIlI0 TIPO CBOI PO3POOKHU
Ha30BHIi. 3 iHIIOro OOKy, LI 000X TPyl JOCUTh CXOXKIi, OCKIJIBKM KOXHA 3 HUX HaMaraeTbCs
OTPUMATH MIATPUMKY 1 peCypcH Il BIPOBAKCHHS CBOEI PO3pOOKH, UM TO BiJl 30BHIIMIHIX
1HBECTOPIB, YU BiJl KEPIBHUITBA BIacHOI Kopropailii. TakuMm 4nHOM, 3aBaHHS MOJSATAE B TOMY,
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mo0 cdopMmyBatn Takui 1H(GOpPMAIIMHMIA TIOCHI, SKHK 3MIr OM TIepeKkoHaTh oci0, 110
NPUIMAIOTh PIIIEHHST CTOCOBHO BHUIEHHS (piHaHCyBaHHS. SIKIIO K 1HHOBAIIHHA iSTBHICTH
3MIMCHIOETBCA B MEXaxX YHIBEPCHUTETY a00 HayKOBO-IOCIITHOTO I1HCTHTYTY, TO BaXKJIMBUM
KaHAJIOM TMOIIMpPEHHs iH(opMaIlil Mpo OTpUMaHi 3a MEBHUM HANPSMKOM PE3YyJIbTaTH € TAKOXK
nyOsikarii y HayKoBUX (paXxOBHX BHJIAHHSIX, 110 3BUYAITHO HE 3aMiHIOE O€3MocepeIHIX KOHTAKTIB
3 MOTEHIIMHUMHU 3aMOBHHKAaMH Ta 1HBECTOpaMH, ajlé MOXXE MIATBEPIUTH MHEPIIICTh TOTO YH
IHIIOTO AOCHIJHUKA a00 KOJIEKTUBY, CTaTH IOIITOBXOM JJs MOJAIBUIMX AOCHIPKEHb IHIIMX
HAYKOBIIiB, OyTH MiICTaBOIO Il OTPUMAHHS TPAHTY BiJl MDKHAPOTHUX (OH/IIB.

Ille ogHOIO BaXKJIMBOIO TPYMOK aKTOPIB y cepi 1HHOBAMIMHOI MISIIBHOCTI € BEHUYpPHI
¢ipMu, sKi BKIQJAOTh CBOI KOIITH Yy PHU3UKOBAaHI IMPOEKTH 3 BHUCOKOK TOTEHIIHHOO
NpUOYTKOBICTIO. TakuM YHMHOM 3a0e3MeuyeThCs KOMEpIliami3allis 1HHOBAIIHHUX PO3POOOK 3
HEBHCOKHUM CTyneHeM roToBHOCTI. KokHa 3 Takux (ipM MOBHHHA TUM YU IHIIMM HUISIXOM
JIOBECTH JI0 aBTOPIB IHHOBALIMHKX i71e#l 1HPOpMaIIi0 PO YMOBHU CBOEI ydacTi B IXHIX IMPOEKTax
Ta rpaHuy4Hi o0csru ¢inancyBaHHs. [lommpeHnM BapiaHTOM € MOBHHUM a00 YaCTKOBHA Hepexis
mpaBa BJIACHOCTI Ha PO3pPOOKY 10 BeHUYypHOi ¢ipMu. TakuM YMHOM pPO3POOHUKH MOXKYTh
OTPHMATH TapaHTOBaHY BHHATrOpOAy 1 Jajli MpamioBaTH HaJA TONIYKOM IHIIUX ifneil. Y cBOrO
yepry, ¢ipma-iHBecTop Oepe Ha cebe BiAMOBIIANBHICTh 332 3aBEPIICHHS MPOEKTY 1 BUBEICHHS
po3poOku Ha puHOK. [Ipu IbOMy BeHUypHA (hipMa MOBMHHA OTPUMATH BiJ YCiX PO3POOHHMKIB, 110
MaloTh Oa)kaHHs CHIBIIPAIIOBAaTH 3 HEI0, JOCTaTHIO iHopMalio s 30aJaHCyBaHHS CBOTO
nopTdens iIHHOBAIIHHNAX MPOEKTIB 338 KPUTEPISIMUA MPUOYTKOBOCTI 1 PU3HKY.

be3yMoBHO 3acnyroBylOTh Ha yBary 3aMOBHUKH 1 KOPUCTYBaul 1HHOBAIIITHOT IPOAYKIIii.
3aMOBHMK MOXE YITKO YCBIJIOMIJIIOBAaTH, SIKMHH camMe BUPIO 1 3 SAKUMH TEXHIYHUMHU
XapakTepucTukamMu Homy mnotpibex. IIpu npomy BiH ckopimie 3a Bce Oyae B JOCTaTHIA Mipi
O3HAWOMIICHUH 3 ICHYIOUMMH aHaJOraMu Ta ixHiMH Hemoiikamu. KpiMm Toro, B Takiii cutyamii
[[IJIKOM IMOBIPHHUM CIIEHapieM OyJe HijecnpsIMOBaHUN MOIIYK PO3pOOHHKA a00 MiApsAIHUKA, 110
3aTHUI BUKOHATH BIATMOBiHE 3aMoBIIeHHs. O4eBUIHO, €(DEKTUBHICTh MOUIYKY 3aJIeKaTUME Bif
MOBHOTH MPEJICTABICHHS BIIOMOCTEH PO iSIbHICTh IHHOBATOPIB B iH(OpMaIiHHOMY ITPOCTOPI.
Bpemiri, 3aMOBHUK MOBHHEH BiA10paTH OJHOTO a0 KIIBKOX MpeTeHAeHTiB. HacTynmHuM KpokoMm
Ma€e CTaTH ONpalfoBaHHs 3MICTY MOBIIOMIIEHb, 110 OYJyTh HaJiCIaHI HOTEHIIMHUM MapTHEpaM,
BKJIIOUHO 3 TEXHIYHMM 3aBJAaHHAM 1 KOMEPLIMHUMM MPOMO3ULISAMU, a TAKOXK BU3HAYCHHS
YeproBoCTi 3BEpHEHb 3 ypaxyBaHHAM mpiopuTeTiB. KopucTyBaui iHHOBaliMHOT MpOAYKIii
30pIEHTOBAaHI Ha TMOCTIMHUI MOHITOPMHI HaWCy4yacHIIIMX MoOJENeH ToBapiB Ta HOBITHIX
TEeXHIYHMX pimeHb. [Ipy 1bOMy BOHM MaKCHMaJIbHO BHUKOPHUCTOBYIOTH YC1 HasiBHI KaHalll
oTpuMaHHS 1H(opMallii Ipo 1HHOBAI1, 110 3’ IBWJINCH Ha pUHKY. PasoM 3 TuM, y cBoeMy BHOODI
CHOXHBayl TAKOXK MOXYTh HaJaBaTH IepeBary KOHKPETHUM PO3pOOHHKAM, BUXOJSYU 31 CBOTO
MOMEPEAHBOr0 JOCBITY BUKOPUCTaHHA pi3HOI mpoxykuii. Crif 3a3HauuTH, 10 B Cy4YaCHOMY
IHHOBAI[IITHOMY CEepeIOBHIIlI TOCUTh YAaCTO MOXHA CIIOCTEPIraTH, sIK CIIOKHUBAY JesIKOT IHHOBAIIIT
y CBOIO Yepry BUKOPHUCTOBYE ii K CKJIAJOBY BJIACHOI, MAcCIITaOHIMIOI po3poOKku. TakuM YUHOM
YTBOPIOETHCS 1HHOBalliHA Mepexa, B sKiM (i3uyHa Meperadya pe3yiabTaTiB IHHOBALIHHOI
JUSIBHOCTI CYITPOBOKYETHCS BIATOBITHUMU 1HGOPMALIHHUMHU TOTOKaMHU.

JlepskaBHi OpraHM TakKOX HE MOBHHHI CTOSITM OCTOPOHb iHHOBAILMHMX IIPOIECiB. [XHs
pOJIb MOJISTae Yy BU3HAUEHHI MPIOPUTETHUX HAIPSIMKIB 1HHOBAILIMHOI AiSSIBHOCTI, pO3pO0JIeHH1
BIZIMOBITHUX NpPOrpaM MIATPUMKH, 1H(OPMYBaHHI JOCHITHHUKIB 1 pPO3POOHMKIB NPO YMOBHU
OTpUMaHHS Jep>KaBHOTO (piHAHCYBaHHS, OpraHi3ailli TEHAEpIB Ha 3aKyYIIBJIK 1HHOBAIIHHOI
OpOAYKIIT s JepxkaBHUX mNoTped. JlomaTkoBO 3aiHCHIOETbCS 30upaHHs W y3arajabHEHHS
iH(dopMalii Mpo pe3yabTaTH IHHOBALIWHOT ISTTBHOCTI PI3HUX CYO €KTIB.

[Tpu mobynoBi Moneni iHpopMaLiiHOi B3aeMoAil MOxke OyTH BHUKOPUCTaHUH 00’€KTHO-
opieHTOBaHMM miaxin. OdYeBHUIHO, SK IEHTPajdbHI KJIacH B MOJENl JOIUIHPHO BU3HAYUTH
IHHOBaIlIfHY pO3poOKy 1 BiacHe po3poOHHUKa. [HHOBamiliHA pPO3poOKa XapaKTepU3YeEThCS
KiJTbKOMa CBOIMH CTaHaMH, HIO MOCTIJIOBHO 3MIHIOKOTBCS BIIPOJOBXK J>KUTTEBOTO ITUKITY B
pe3yibTaTi OTPUMaHHs PO3pOOHUKOM iH(OpMAIlii BiJl IHIINX KJIAaCiB Ta BUKOHAHHS HUM IEBHUX
nii (Tabm. 1).
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TaGmuus 1.
Cnpouienuii ciieHapiil AissIbHOCTI po3pOOHMKA IHHOBALIHHOT POAYKILT

CraH 00’exTa Jxepeio iHdopmanii YmoBa His
1 2 3 4
InHOBaiitHA 1nes JleprkaBHi opranu JlepkaBHa MiATpUMKa Po3pobka koHuemnmii
BincyTHe CamocriliHa po3poOka BigmoBa
Konnenmist 3aMOBHHUK TexHiyHe 3aBIaHHs
BHUPOOY Bincythe CamocTiliHe BU3HAYECHHS Po3pobka mabopaTopHOTo
rapameTpiB 3pa3ka

3aMOBHHUK @diHaHCOBA MPOMO3HUILIs

Bincyrre dinaHcyBaHHS 3 BIACHUX Binmosa

pecypcis

[IpomorxeHHs Tadbmumi 1.

1 2 3 4
JlabopatopHuit BenuypHa dipma ®DiHaHCOBA MIPOMO3HUILIS Po3pobxa [pomax
3pa3oK HPOMHCIIOBOTO npas
Bincyrhe ®diHaHCYBaHHS 3 BIACHUX 3pa3ka Binmosa
pecypcis
ITpomucnosuit KopuctyBau dinaHcoBa NPONO3HMLLis IIpomax
3pasox TupaxyBaHHsI
Bincytre CamocTiliHHUH MoK IIpoBeaeHHS peKIaMHUX
CHOKMBava 3aX0/iB

Sk BUIIHO 3 TaONUIl, B TPOLIECI MPOBEACHHS IHHOBAIIHOT TisSUTBHOCTI PO3POOHUK MOXKeE
OTpUMyBaTH 1HQOPMAIII0 BiJl IHIIMX KJIAciB (JEp>KaBHUX OpraHiB, 3aMOBHHKA, BEHUYpPHOI
¢ipmu, kopuctyBaya). L{s indopmariist (abo i BiACYTHICTH) BIUIMBAE HA MPUHHSTTS HUM PillICHb
111010 BUKOHAHHS MEBHUX Jiil. BnacHe 1i aii MOKHa pO3IiIsiaTH sIK METOJU BiATOBIAHOTO KJIacy.
[Ipu mpomy 30epiraeTbCsi IMOBIPHICTH BIIMOBH Bijl MOAAJIBIION0 BUKOHAHHS 1HHOBAIIMHOT
po3poOku. O4eBUIHO, I IPUUHATTS 3BaXKEHOTO PILLICHHS PO3POOHUK MMOBUHEH MATH Y CBOEMY
PO3MOPSAHKEHHI ¥ 1HIII METOAU. 30KpeMa, METOAM MPOTHO3YBaHHS, (PIHAHCOBOTO IJIAHYBAHHS,
YIpaBJIiHHSA TPOEKTOM, MAapKETUHTY, KOXKHHUH 3 SKUX Mae TeHepyBaTH iH(opMarlio uis
BHYTPIIIHHOI0 a00 30BHIIIHBOTO BUKOPHUCTAHHA. 3BHUYaHO, rajiy3eBa crneuudika Takoxk Mae
OyTu BigoOpa)keHa y BHU3HAU€HHI Kiacy po3poOHuka. Cnijg BpaxyBaTh i Te, IIO cydacHi
IHHOBAIIIIH1 pO3pOOKH YaCcTO XapaKTePU3YIOThCI MIXAUCIUILIIHAPHICTIO.

VY BuU3HAUeHHI Kjacy 3aMOBHUKa IHHOBAlLlIHHOI MPOAYKIIi MaroThb OyTH BigoOpa)eHi
HAcTynHI MOMeHTH. CyTTEBOIO OCOOJIMBICTIO IIbOTO KJacy € MeToi (OpMyBaHHS TEXHIYHOTO
3aBJlaHHs. MOKHA BBa)XKaTH, 1110 CaMe HasiBHICTh LbOTO METOY JOKOPIHHO BiIpi3HS€ 3aMOBHUKA
BiJl KOpHCTyBaua I1HHOBAllIMHOI NpPOAYKLIi, Xo4ya oOWJBa IMMX KJacH 3a IE€BHHUX YMOB
BBAXXATUMYTHCS HAIIaJKaMHU €IMHOTO CYNEpPKIacy CIOKHMBaya. 30KpeMma, CHUIBHUM Ul HHUX
Oynme MeTon OIiHIOBaHHA (aKTHUYHOI SIKOCTI 1HHOBamiHOi mnpoxaykiii. I[llompasna, mis
3aMOBHHMKA SIKICTh BH3HAYaTMMEThCS TEpIl 3a BCE BIIMOBIIHICTIO TEXHIYHOMY 3aBIAaHHIO,
KOPUCTYBa4 ke Oy/ie KepyBaTUCh 3asBICHHUMHU PO3POOHUKOM TEXHIYHUMH XapaKTEPUCTUKAMHU.
JlaHi, oTprMaHi 3a I0IIOMOT'0I0 METOY OLIHIOBAHHS SIKOCT1, MOXKYTh OyTH y3arajibHeH1 METOJIOM
CTaTUCTUYHOI 0OpOOKHM 1 HaJali BUKOPUCTOBYBATHCH NMPHU BHOOP1 TOTO UM 1HIIOTO pO3pOOHUKA.
Pi3HATBCA Kiacu 3aMOBHUKA 1 CIIOKMBadya 3acTOCYBAHHSAM METOJy OIUIaTH 1HHOBALIHHOI
nmpoayKiii. SIKIo KopucTyBad oriavye JIMie TOTOBUN BUPIO, TO B apCeHANIl 3aMOBHUKA HasBHI
MeXaHi3MHU MOBHOT a00 yacTkoBoi nepeaomiaTi. KpiM Toro, 3rajiaHa BHILE CUTYallis BXOJKESHHS
IHHOBAI[IITHUX KOMITIOHEHTIB B 1HIIY PO3POOKY 3 TOUYKH 30py 00’ €KTHO-OPIEHTOBAHOIO MIIXOAY
O3Hauae, 110 JeSKUH 00’€KT OJHOYACHO € HAIaJIKOM JIBOX KJaciB (3aMOBHMKA 1 PO3pOOHMKA) 1
HaCJIAy€ 1XHI METO/IH.

Knac nepkaBHUX opraHiB Oe3lepeyHO TaKoXXK MOXeE BUCTYNAaTH 3aMOBHHUKOM HayKOBO-
JOCTHIAHMX poOIT 1 KOpPHUCTyBaueM I1HHOBaliifHOI mpoaykuii. Y IbOMYy BHIAJIKy
BUKOPUCTOBYETHCS CIEIU(IUHUN I IIbOTO KJIaCy METOJ OpraHizallii TeHJepiB Ha MPOBEICHHS
3aKyIiBEJb Ui JIep’KaBHUX MOTpeO. 3 1HIOro 00Ky, MeTO 30MpaHHs Ta CTATUCTHYHOT 00pOOKHU
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pe3yabTaTiB 1HHOBAIIMHOI MISUTBHOCTI Ma€e OyTH PO3BHHEHUM CHJIBHINIE HIK y 3aMOBHHKIB 1
KOPUCTYBAyiB Ta JIOTIOBHEHHI METOJOM INPOTHO3YBaHHS TEHACHIIN 1HHOBAIIHOTO PO3BUTKY 1
BU3HAYCHHS NIPIOPUTETIB HA 3arajbHOACP)KABHOMY PiBHI.

Metoa mporHo3yBaHHS TEHACHLINA PO3BUTKY IHHOBAIIMHMUX TEXHOJOTiH HaA3BUYANHO
BOXIIMBUI 1 U1 Kiacy BeHYypHUX ¢GipMm. KpiM TOro, BOHH XapaKTepH3YIOTHCS MOTYKHUMHU
METOJaMH JIOCIIPKEHHSI PUHKY 1 NPOCYBaHHS MPOIYKIIi, YINPaBIiHHS PU3UKOM, MiATPUMKH
KOMYHIKaIlii, Kkoorepariii i MbKHaApOIHUX 3B’ SI3KIB.

VY peanbHOMY IHHOBAI[IHHOMY CEpeIOBHINI Oyne iCHyBaTH OaraTo HaIlaJKiB KOXHOTO 3
posmsiHyTHX KiaciB. lle crocyerbes 1 Kiacy JepKaBHHUX OpraHiB, €K3EMIUISIPH SIKOTO
PIBHUTHUMYTBCS 32 BIOMYOIO 1 TEPUTOpIANTbHOIO O3HAaKaMHU. BinmoBinHO, MOAENb NOBHHHA
B1JIOOpaKaTH BECh KOMIUIEKC B3a€EMOJIA MK OaraTbMa eK3eMIUIApaMH pI3HUX KJaciB 3
ypaxyBaHHAM JUHaMIKH. OCKUIBKM B 1HHOBAIIHHOMY CEpeJIOBHINI OJHOYACHO BiAOyBaeThCs
HAJ3BUYAMHO BeEJIMKA KIIBKICTh IIPOIECIB, MOIIBHO CKOPUCTATUCHh I1HCTPYMEHTApPIiEM, IO
nepeadavyae MOXJIMBICTb OOpoOKM TapayielbHUX NOTOKIB iH(opmarii. 30KkpeMa, 3a OCHOBY
MOXXHa B35TH aiarpamy misibHOCTI ceperouina UML. Ilpu 1mpomy icHYIOTH pi3HI BapiaHTH
pearmizanii MOBEAIHKM TOTO 4M IHIIOTO 00’ekTa. Hampukian, po3poOHUK y pas3i OoTpuMaHHS
TEXHIYHOTO 3aBJIaHHA BiJl pO3pOOHUKA 3/1MCHUTH TEBHI Aii 3 HOT0 ompaloBaHHs a00 O4iKyBaTH
(GiHAHCOBMX MPOMO3ULINA. Y TMEpIIOMy BHIIAJKy PO3POOHUK CIOYATKY OLIHIOE TEXHIYHY
3/11ICHEHHICTh MPOEKTY, MICIsI YOr0 CaMOCTIHHO pO3p0o0JIsie KOIITOPHUC 1 HAMPABIIAE 3aMOBHUKY
BIZIMOBITHHI 3alTUT Ha (piHAHCYBAaHHA. Y APYroMy BHIAAKY PO3POOHHMK HE BUMHSATHME KOIHHX
Iifi, TOKH HE CIpaliroe yMoBa cHHXpoHizamii. Kpim Toro, skmo B mporieci mnepeBipKu
3aMOBJICHHSI PO3POOHHUK OTPUMAE 3aIMT BiJ| IHIIOTO 3aMOBHHKA, BiH MOKE IMOCTaBUTH HOTO B
4yepry, MPU3yNUHUTH poOOTY HAJl TIOTOYHUM 3aMOBJIICHHSIM Y Pa3i BHILIOTO MPIOPUTETY HOBOTO
a00 mepeBipUTH MOXKIIMBICTD iIXHBOTO OJHOYACHOTO BUKOHAHHS. Y CBOIO Yepry, 3aMOBHHUK TaKOX
MOYKE HaJICHJIATH 3alTUTH KUTbKOM PO3POOHUKAM.

Cnmcok Jireparypu:
1. Amaral M. Management and assessment of innovation environments. Triple Helix 2015.
Ne2. 2019. URL: http://download.springer.com/static/pdf/23/art%253A10.1186%252Fs40604-
015-0030-5.pdf.
2. Alvares L., Sarachaga I., Burgos A. A Methodological Approach to model-driven design
and development of Automation Systems. IEEE Transactions on automation science and
engineering. 2018. Vol. 15. Nel. P. 67-79.

Komo0inoBaHa Moe/b po3nizHaBaHHA rpadivHux 300pakeHb

Bonommu M.B., [nctutyT npoGiem monentoBanHs B enepreruiii HAH
VYkpainu, Kuis, Ykpaina, info@dreams.global

Combined model of recognition of graphic images

Voloshyn M., Institute of Modeling Problems in Power Engineering of
NAS of Ukraine, Kyiv, Ukraine, info@dreams.global

Abstract

There were image recognition problems considered in this article. Methodological
approaches of image processing were described in this article and problems associated with
designing of computer vision systems were also pointed in this article. The phases of image
processing with using of combined model of image processing were described in this article. The
application that is based on proposed model allows to recognize images in real time and allows
to increase probability of image recognition.
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3 KOXHHUM pOKOM 3pocTaloTh o0csru iHdopmarii, mo mnorpedye dopmanizamii 1
nojanbinoi apromaTu3ailii nporeciB. 80% iHdopMarllii IoauHA OTPUMYE 3a JAOMOMOTOK 30Dy,
TOMY CHCTEMH, SIK1 TIOB’5I3aH1 3 aBTOMAaTUYHOIO 00pOOKOI0 300paXkeHb € 3aTpeOyBaHuMU. OTHUM
3 KIIOYOBUX MOHATh B ABTOMATHUHIN OOpOOI € MOHATTA pO3Mi3HAaBaHHS 00 €KTIB, SIKE SBIIE
co00r0 00acTh aKTHBHOI HAayKOBOi POOOTH MPOTATOM OCTaHHIX ABaaisATH pokiB [1]. Komum
QITOPUTMHU BUKOHYIOTH PO3Mi3HABaHHS HAa PIBHI €KCIIEPTa-JIIOJUHH, TO aBTOMATH3aIlisl Bele 10
MIPUCKOPEHHST pOOOTH CHCTEM OOpOOKHM MaHMX 1 MIABUIIEHHS iX e(eKTUBHOCTI. ToMy 0coOIMBOT
aKTyaJbHOCTI HAOYBaIOTh JIOCIIKEHHS MpoOJeMH pO3Ii3HaBaHHS 00pa3iB, sika 3BOJUTHCS 0
HaBUaHHS CHCTEMH €KBIBaJECHTHO pearyBaTH Ha TOTOXKHI 00’ €KTH, SIKI PI3HATHCS IO MaciTady
Ta 3MIIIEHH] 10/I0 TOYaTKOBOTO MOJIOKEHHS.

[Tpouec po3mizHaBaHHS PO3TISAAIOTH, SIK MMOCHIIOBHE MEPETBOPEHHS BX1IHOTO CUTHAIY
MDK PI3HHUMH PIBHSMH IPEJICTABICHHS, 110 MAa€ BUCOKHMU pIBEHb Yy3arajibHEHHs iH(opmarrii.
Buxonsuu 3 Takoi TOUKHU 30pYy, BBAXKAIOTh, III0 B IIPOLECI PO3Mi3HABAHHS JOCTIIHUK MOCIiOBHO
orepye IBOMa OCHOBHHUMH pIBHSAMH NpeicTaBieHHs rpadiuHoi iHpopmamii: pacTpoBe Ta
BEKTOpHE mpeacTaBieHus [ 1-2].

Kpim nudepenmianii 3a piBHSMH NpeacTaBieHHs Tpadiunoi iHdopmariii, miaxomu 1o
00poOku 300pakeHb KIAcU(IKYIOTh TaKOXX [0 XapakTepy BXIOHUX JaHuX [2]: OiHapHe
300pakeHHs Ta 300pakeHHS 3 TpajalisiMi BIATIHKY ciporo. IIpore Take po3nUIeHHS B AESAKil
Mipi YMOBHE, OCKUIbKH 300pakeHHA 3 TPaJalisiMU BIATIHKY CIpOTO 3a JOMOMOTOi0 OlHapusarlil
MOYKHA MTEPETBOPUTH B OiHApHE 3 TOMMYCTUMOIO BTPATOIO SIKOCTI.

Jlns po3B’si3aHHs 3a7a4 00pOOKU 300pa)KeHb B ICHYIOUHX CHCTEMaX BUKOPHUCTOBYIOTHCS
pi3HI MeTo0IOTUHI Miaxoau. HailGinp nommpeHnii moisrae B MpUCTOCYBaHHI METO/IIB TEOpii
00poOku curHamiB [23]. Lli meronu MawTh 100pe po3poOJIeHY TEOPETHYHY OCHOBY, SIKa
OIpanbOBYBAJACh BHUXOJMYM 3 TPATUIIMHAX MATEeMAaTUYHUX YSIBJICHb, B OCHOBHOMY JJIS
Oe3nepepBHUX OJHOBUMIPHHMX CUTHAIIB, SIKI HA JBOBUMIPHHUX TUCKPETHHUX IOJISIX MPUBOASTDH 10
BEJIBMU CKJIAHUX B OOYMCIIIOBAILHOMY BiTHOIICHHI QJITOPHTMIB.

Jpyruii miaxig 3acHOBaHUN Ha BUKOHAHHI JIOKAJILHUX OMepalliil i iX OKpeMOMY BUIAAKY
— omeparisx KITHHHOT Joriku [34].

Tpetiit minxin Oa3yeTbcsi Ha MeTOJaX IHTErpajibHOi TreoMeTpii 1 MareMaTH4yHOi
Mop¢omnorii [45-6]. PempesenTariisi 300pa)k€HHs, SK MHOXHUHHU IIKCENIB B JIBOBUMIPHOMY
€BKJIJIOBOMY TIPOCTOpi, /103BOJIsA€ OyAyBaTH 4YiTKI MaTeMaTH4HI OMMCH QJITOPUTMIB aHaNlI3y
300pakeHb, MOUIYKY 00’ €KTIB Ta MPOBOJUTH 3aMipH iX T€OMETPUYHHUX TapaMeTpiB.

YerBepTuil MiAXia 3aKiaJeHUd Ha METOJaX aHANITHUYHOI TeoMeTpii 1 J03BOIIsiE
IPOBOJIUTH HEIiHIHI TEOMETPHYHI IEPETBOPEHHS 300pakeHb [67].

BpaxoByroun ¢opmy mnpeacTaBieHHs 300pa’ke€Hb, MOXHA BHIUIMTH HACTYIHI TPYIU
Tpanchopmarlii 300pakeHb:

1. Pactp-pactp: ¢opMyBaHHS CTaTUCTMYHHMX XapaKTEPUCTHUK; IPOCTOPOBO-YACTOTHI
NEePETBOPEHHSI; TOHM)KEHHS PO3MIPHOCTI 0araTo30HaJIbHUX 300pakeHb; (PUIbTpalLlis HIyMIB.

2. PacTp-BekTOp: BHOKpEMIIEHHS KOHTYpIB 1 CKEJNEeTiB; BEKTOpHU3allis 300pa)keHb; aHaii3
TEKCTypH; Kiacudikallisi Ta KJIaCTepHUI aHai3.

3. Bektop-BekTop: 00YMCIIEHHSI T€OMETPUYHUX XapaKTEPUCTHK; alpOKCHMAIlisl KOHTYpIB;
a¢1HHI IEPETBOPEHHS; YCYHEHHS IPOCTOPOBUX CIIOTBOPEHb.

4. Bekrop-pacTp: mneperBopeHHs TpadidHHX KOOPAMHAT BEPIIMH BEKTOPIB B CHCTEMY

KOOPJIMHAT PACTPOBOTO 300paKeHHS; allpOKCHUMAIIiSl 1 CTBOPEHHS PaCTPOBOi MMOBEPXHI.

[Tpobnema po3mi3HaHHS HOCUTh SIBHO BUPAKEHUH KOMIUIEKCHUH 1€papXiuHui XapakTep 1
BKJIIOYA€E PsiJi OCHOBHUX €TalliB: CIPUMHSTTS MOJS 30py, CETMEHTAIlisl, HOpMali3allisl BUIIIEHUX
00’eKTiB, po3mi3HaBaHHA. [HTepmpeTaiis 300paK€HHS YACTKOBO BKIIIOYAETHCS B €Tall
CerMeHTallli 1 0CTaTOYHO PO3B’SI3YEThCS HA €Tall pO3Mi3HABAHHS.

OCHOBHUM €JIeMEHTOM OyAb-iKOi 3a7ayi po3Mi3HAaBaHHSI 00 €KTIB € Kiacudikarlis
BX1AHUX JaHuX. I[Ipore BuHUKae psin crenupiyHUX TPYAHOUIB 1 MpoOieM, OCOOIHMBO, MpPH
CTBOPEHHI CHCTEM TeXHiuHOTro 30py [78]:

- 300paXeHHS MOAAIOTHCS HA BXiJ CUCTEMHU 31 CKIAJHUM (DPOHOM;
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- €TaJIOH Ta BXiJHE 300pa)keHHs 00 €KTY MAarOTh pi3HI MPOCTOPOBI MOJOXKEHHS MO0
criocTepiraya;

- BUIIAIKOBI TIEPEIITKO/IH;

- 3MIHH OCBITJICHOCTI, ITiICBIYyBaHHS, TOKAIbHI MTEPEIIKOIH;

- €TaJIOH Ta BXiJHE 300paKEHHS PI3HATHCS BHACTINOK TECOMETPUYHUX IEPETBOPECHD,
BKJIFOYar04yM adiHHI Ta MEPCIEKTUBHI IEPETBOPEHHS.

B ocHOBi 3amporoHoBaHOi y JaHiii poOoTi KOMOiIHOBaHOi Mojeni O0OpoOKM Ta
pO3Mi3HAaBaHHS 300paKeHb IMOKJIaJIeHe HAOJMKCHE YSBICHHS IMPO KOTHITUBHY 3IIATHICTH 0
pO3Mi3HAaBaHHS Bi3yalbHUX OO0 €KTIB JIIOAWHOIO. Taka KOMOIHOBaHa MOJIENb CKIAJAE€ThCSA 3
HACTYIHUX €TariB 00poOKH 300paKeHb:

1. BUJIUICHHS 00JIaCT1 CIIOCTEPEIKCHHS;

2. a(iHHI TEpEeTBOPEHHS Ta KOMIICHCAIIisl IPOCTOPOBUX CIIOTBOPEHb;

3. KoayBaHHA 001acTi 3a fonomororo hopmyBanns LBP-koniB Ta moOymoBu ricrorpam;

4, CITIIBCTABJICHHS 3 ICHYIOUMMH 3pa3KaMH 3 HaBYAJIbHOI BUOIPKH;

S. noOyaoBa Mozenel Kiacudikamii CTPYKTYpHHUX ONHUCIB 00’€KTiB 3 BHKOPUCTAHHSIM
METO/1y TOJIOCYBAHHS;

6. CHIBCTABJICHHS Ta OOpaXyHOK HMOBIpPHOCTI MPUHAJIEKHOCTI JO BU3HAUEHOTO KJacy Ha
OCHOBI iHTpOo(dOpMaLiifHOTO TiAXO0aY;

7. y3arajibHEHHS OTPUMaHHX PE3yJIbTaTiB.

[IpormoHoBaHa Mojedb pO3Mi3HaBaHHS TrpadiuHUX 300pakeHb JI03BOJISE KepyBaTH
JIOCTOBIPHICTIO PO3IMI3HABAHHS 300pa)K€Hb 3aBISKH HAJAIMITYBAHHIO KIJTBKOCTI CEKTOPIB
ricrorpaMm LBP, siki BHUKOpHUCTOBYIOTbCA MpPH OIMUCI 300pa)k€Hb, Ta KUIBKOCTI (hparMeHTiB
300pakeHHS, SKi BUKOPHCTOBYIOTHCS Ha eTari kiacudikamii inTpodopmarniitaum migxogom. Lle
JO3BOJIE€ TMIJABUIIUTH JOCTOBIPHICTH PO3Mi3HABAaHHS 300pakKeHb 3a PAaxXyHOK BUKOPHCTAHHS
CTATHCTUYHUX MPOLEAYpP TEOpil HECHIIOBOI B3aeMOil 0 chHOpMOBAaHUX OJOYHUX JTaHUX Ha
ocHoBi LBP-koziB Ta migxoay 3 rojocyBaHHSAM. Po3pobneHuil minxia J03BoJisie 371HCHIOBATH
po3mi3HaBaHHA TpadiuHUX 300paKEHb Yy PEKUMI OJIM3BKOMY 10 PEXKUMY PEaTbHOTO 4acy, IIo €
BaYXJIMBHUM JISI CY9aCHUX MPUKIAJIHUX JTOAATKIB.
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Graphic tools for dynamic modeling of parallel processes
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Abstract

The article describes the peculiarities of the use of PN-theory for describing a system
with related parallel processes, that is, processes that the operation of one of them is not allowed
without the parallel operation of another and without receiving operational information from it.
The following is an example of a model with related parallel processes that built with the use
safe-managed extensions of Petri Nets and the UML activity diagrams. The advantages of the
PN-toolkit are described in viewed example.

Jist ommcy Ta AOCTIIKEHHS NMapaleIbHUX 1 KOHKYPYIOUUX MPOIECiB, IO MAIOTh mepeodir
y PO3MOAUIEHNX CHCTEMax, Ha CbOTOJHI MPOMOHYIOTHCS Pi3HI IHCTPYMEHTH IJISl iX OMHCY Ta
aHamizy [1], Taki SIK 4UCIEHHS B3aEMOJIIOYUX CHCTEM, T-YUCIIEHHs, ajare0pa MpoIeciB, Teopis
mepex [lerpi. Ane GBI MIUPOKE BUKOPUCTAHHS MAarOTh rpadoaHamiTHYHI 3aCO0H iMiTallifHOTO
MO/JICJIFOBAHHS MapajielIbHUX MPOLECIB, sIKI JO3BOJSAIOTH I'padidHO ONKMCATH Ta aHAIITUYHO
Pi3HOOIYHO MpOaHaNi3yBaTH LUJILOBY CUCTEMY, HE OOTsDKYyr0uH 11 omuc [2].

IcHyrOUl 1HCTPYMEHTH JUIsl ONUCY Ta aHaji3y HapayebHUX Ta KOHKYPYIOUMX INPOLECIB
4acTO OCHOBaHI Ha JiHeapu3oBaHuX Mmozesix. ¥ poooti [23] Will van der Aalst mume mpo
BIJICYTHICTh XOPOILUX CTaHAAPTIB MOJEIIOBaHHA POOOYMX MPOLECIB: «.. HAMPHUKIAMA, HPOLECU
pOOIATHCS ORI MOCTIIOBHUMU, HIXK BOHU MOBUHHI OyTu» [23]. Tak anre6pa mpoueciB Ta m-
YUCJICHHS JI03BOJISIIOTH (POpMYBaTH TMapajebHl MOJENl Yy BHIJSAAI TEKCTOBOTO, JIOCHUTH
JiHeapu30BaHOro, onucy. Ha BiAMiHY BiJl BHINE3raJlaHOro 1HCTPYMEHTY Teopis Mmepex [letpi
OCHOBaHa Ha JIBOJIOJIbHUX I'padax 1 J03BOJISE€ OMUCATH MapajeabHi MPOoLecH y OUTbII IPUPOIHIN
i ix nepe0iry cnoci6 [3, 4]. Hanpuknaz, 3a 10MOMOT00 T-UYUCIIEHHS MOYKHA IPOCTO ONUCATH
TIAHIIOKKY TTapaNelbHuX MPOLECiB t1.(t2 13 t4]ts 1 17 )ig (puc. 1), ane AKIIO MiX AEAKHMH 3

HUX Oyne iCHyBaTH 3B'SI30K, HaNpHUKIAJ, SKIIO BepLIMHA Hepexoay tg Oyzae mos'a3aHa 3
BEpPILMHOIO t3, ONKC MpOBecTH Oyae Habararo ckiajHimie. Y mepexkax Ilerpi takoi mpobiemu

HE ICHY€, 3B’A3KM BCIX MapajieIbHUX €JIEMEHTIB ONUCYIOTHCS HAOUHO TpadiyHUM CIIOCOOOM
(puc. 1) nns Bi3yanbHOrO aHami3y, 3B A3KHU MIXK MOTPIOHUMHU €J1€MEHTaMU MEpexkKi B1100OpakaroTh
3 IOTIOMOT'0}0 MaTpHIll IHIIUAEHIIIH U1 aBTOMaTU30BaHOTO aHalizy [4].

Pucynok 1. 3B’s13ku Mk NapajieIbHUMH IIpoliecaMu IpeacTaBieHi Mepesxketo [lerpi.

He Bci monsTTs, po3pobieni ans mepex Ilerpi, icHyroTh 1 B anredpi MpoOIECiB,
HaNpUKiIaJ, MOHATTS 1HBAapIaHTIB, 110 3aCTOCOBYEThCA y Mepexkax IleTpi, He icHye ans anredpu
npoueciB [55]. [lo mepeBar anredpu mpoleciB HAJIEKUTh T€, 0 BOHA € KOMIIO3ULINHHOI0. AJe,
SKIIO BpaxyBaTH CydacHi iHTepmpertauii Ta moaudikauii mepex Ilerpi [2], To cepex HHUX €
iepapxiuniError! Reference source not found. Ta BkmameHi Mepexi, SKi JO3BOJISIOTH
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3a0€3MeYNTH KOMITO3UIIIMHUKN ONMKUC TapajeIbHUX Ta KOHKYPYIOUHMX TMPOIECIB Yy CKIIATHUX
cucTeMax 1 MaloTh PO3BUHEHHH 1HCTpYMEHTapiil ais iX qociimkeHHs. Takox po3poOieHuit psin
mabJIoHIB, 30KpeMa Il MOJEIIOBaHHS poOOYMX mpoIeciB [6], sSKi BMIIIYIOTh OCHOBHI
KOHCTPYKLIi sl YOpaBIiHHS MOTOKAaMH, YIPaBIiHHSA JaHUMH Ta pecypcamu, OOpoOKu
BUKIIIOUHUX CUTYaILlii.

Hosexneno [5], mo 6e3meuni mepexi [lerpi cmiBnagaroTh 3 TOYHICTIO 0 i30MOpdi3My 3
TaKUMH CEMAaHTHUYHUMU MPEACTABICHHSIMU SIK MEepexXi-IpoIiecH, Tpacu Ma3ypkeBuya, 4aCTKOBO
BIIOPSIKOBaHI MHOXKMHHM, TIE€PBHHHI CTpyKTypu mnomiid. Kpim Toro, wmepexi Ilerpi 3
IHT1OITOPHUMH JTyTaMH TMOJIOHI JO CEMaHTHKH CTPYKTYp mojii. [Ipn BHBUEHHI aCHHXPOHHHX
napaye’IbHHUX MPOLECIB BEIIMKY POJIb BiAIMPAIOTh YAaCOBI MAapaMeTpH, K1 3HAMIIUIN BiAOOpakeHHS
B 1HCTpyMeHTapii uyacoBux Mepex Ilerpi [4], saxi moOpe KOMOIHYIOThCS 3 I1HIIUMH
inTepnperanisivu PN. Lle no3Bonsie BUKOPUCTOBYBAaTH Teopito Mepexx IleTpi s po3BHTKY
rpagoaHAITUHYHUX 3aCO0IB  MOJCIIOBAHHS IMapajeIbHUX 1 KOHKYPYIOUHX TIPOLECIB Y
PI3HOMaHITHHX CHCTeMax. 30KpeMa Ha CBhOTOJHINIHIM JeHb BUALICHI JMCKPETHO-4acoBi Ta
OesnepepBHO-uacoBi Mepexi [letpi [7], skl 703BOJSIIOTE BiJOOpa3UTH YacoBl apaMeTpu pooOTH
BUKOHABUMX MEXaHI3MIB Ta OCOOJIMBOCTI (YHKIIOHYBAaHHS B dYaci caMoi JOCIHiIKyBaHOT
cuctemu. Tak JUisi omHMcCy YMOBH 3 YacOBOIO 3aTPUMKOIO, MICHS SKOi IS YMOBa BBaXKa€ThCS
BUKOHAHOIO, 3aCTOCOBYIOTBCS JTUCKPETHO-4acoBi oOMexeHi opanHapHi PN. Jlns monemntoBaHHs
MOJIiH, 3 KOXKHOIO 3 SIKUX TOB'sI3aHUM Yac 11 BUKOHAHHS, pO3pO0JIeHI HelepepBHO-YaCOB1 MEPExKi
[Terpi.

3acobu rpadidHOro nMpeAcTaBIeHHS CUCTEM 3 Mapalieli3MOM Ba)IIHB1 IPU MPOESKTYBAaHHI
CUCTEM Ta TpH aHali3i 1X KOMIIOHEHTIB Ha BCIX €Tamax >HUTTEBOTO IHKIY PO3POOKH
nporpamMHoro 3abe3nedeHHs. st mopiBHSAHHA 3aco0iB (hopmamizoBaHOTrO rpadiyHOTO MOJAaHHS
MOJIeJICH 3 TIapajeli3sMoM Bi3bMeMO YHiBepcalibHy MOBY MonentoBanHs UML (Bepciro UML 2.5)
Ta yrnpasisiouy moaudikamiro mepex I[lerpi, sika 6a3zyerbes Ha Oesmeuniid iHTeprperamnii PN.
OOumBa I1HCTPYMEHTH MarOTh Y CBOEMY apceHali 3aco0M MOJCIIOBAHHS TapaeIbHUX
ACMHXPOHHHUX TMPOILIECiB, 3acO0M CHUHXPOHI3AIil 1 HAJal0Th MOXXIUBICTH BI3yaJIbHOTO aHaJI3y
noOya0BaHOT MOJIENI.

Ane Bi3yaslbHUH aHaii3 €(pEeKTUBHHUH, SKIIO MOJENb MAa€ BIJIHOCHO HEBEJIHKI PO3MIpH,
HANpUKIAJ y IPUKIAIHINA JIOKaNbHIA 3amadi e npubnusHo ao 30-40 monaii. Skmo x mMozens
PO3pOCTAETHCS 1 Ma€ OUIbINY KUIBKICTh €JI€MEHTIB, TOAl JOIUIBHO 3aCTOCOBYBATH 1€pAapXIYHUN
OiAX1J, SIKAH TOJsrae y IPHUXOBYBaHHI IMEBHUX J00pe BIUIaroJKEHMX MAUISHOK MOJem Yy
CHeliajgbHl  «arperoBaHi»  €JeMEHTH, a  TaKoX  BHUKOPUCTOBYBaTH  IHCTPYMEHTH
aBTOMATM30BAHOTO aHami3y mojeni. Taki 1HCTpyMeHTH po3polOsieHi y Teopii mepex [lerpi. ¥V
cimeiictBi crangaptiB IDEF crannapt IDEF2, axuit noB's3anuii 3 TMHAMIYHUM MOJICTIOBAHHSM,
OyJI0 pEKOMEHJIOBAaHO PEajli30BYyBaTH HAa OCHOBI KOJHOPOBUX Ta YACOBUX CTOXACTUYHHX MEPEK
[Terpi. Takox cemanTuka Mmepexx IleTpi Mama BIMB Ha JiarpaMM JisUIbHOCTI MOBH
moaemoBanHsa UML 2.0, 30kpema Ha popmyBaHHs 3B’ SI3KIB Y €JIEMEHTAX 3 BKJIAJACHHSIMU.

Jns  mopiBHAHHS 3aco0iB  (opmaiizoBaHOro rpadiyHOro MOJaHHSA Mojene 3
napajiesli3MOM PO3TJITHEMO TMPUKIAAU 3B’S3aHUX TMapaleIbHUX MPOIECiB  (puc. 2), IO
npenctaBieni UML-monensmu  (miarpamamu  gisuibHOCTi) Ta PN-mozensmu (Ha OCHOBI
yopaBisitounx  Mmepexx lletpi). YV  mpeacTaBieHHMX MOJIENSAX 3aCTOCOBYIOTBCS CHUTHAIBHI
(cemadopHi) KOHCTPYKIIii, sSKi 3a0€3MEUyIOTh 3B’SI3HICTH (O€3MEUHICTH) MPOIECIB MPH PI3HUX
BapiaHTax (YHKI[IOHYBaHHS MOJI€JIbOBAaHMUX TpoIeciB. Taki KOHCTPYKIII (aKTUYHO MOXKHA
Ha3BaTH aHTAaroHicTaMM ceMa(oOpHUX MeXaHI3MiB, SKi 3aCTOCOBYIOTbCS MpH YIpaBIiHHI
KOHKYPYIOUHMH TTPOIECAMHU.

Ha puc. 2 npencraBneni Mojeni 3B’s3aHUX NapaieiabHUX mpoueciB. Lle MoxyTe OyTH
TEXHOJIOTIYHUN Tpollec Ta TMpOLEC KOHTPOJIO KPUTUYHUX TOKA3HHUKIB (sl Oe3MedHoro
BIJIKJTIOUEHHS] MPU BUHUKHEHHI aBapiiHOi CHUTYalii), Yu TNpolec TepaneBTHYHOTO JIKYBaHHS
MaIieHTa 3 BAKOPUCTAHHAM MEIUYHOTO OOJIaTHAHHS Ta MPOIEC KOHTPOJIIO CTaHy MarfieHTta (s
NPUMIMHEHHS JIIKyBaHHS MpPHU TMOTIPIIEHHI MEIUYHUX TIIOKA3HUKIB JIIOAMHU TpPU BHUXOJIl 3a
IPaHUYHI MOKA3HUKH).
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3B'A3HI NpoLecK 3akiHyeHi
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BakiHunTK 3B'A3HI NpoLiecu
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Pucynok 2. Moaeni 3B’ 3HHX napainenbHux mnporecis: a — PN-moznens, b — UML-moness.

VY mnpexcrasneniii PN-Mozeni OCHOBHHI Mpoliec HE MOXKe MoYaTucsi 0e3 0JJHOYaCHOTO
MOYaTKy KOHTPOJIOIOYOTO TpOLEeCy, IO 3a0e3MedyeTbcs TaKUM MEXaHi3MOM: MapKOBaHa
KOHTPOJIbHA BEpIIMHA MICIS pg— IHIIOITOpHA Jyra /10 HOYaTKy OCHOBHOIO MPOLECY Y BEPILUHI

nepexony tq. MapKkyBaHHSA y pg NP aKTHBi3amii 3B’S3aHUX MPOIECIB 3MIHIOETHCS HA HYJb, a

BIZTHOBHTHUCSI MOJKE JIMIIE ITiCJI TIOBHOTO IX 3aBepIleHHs (depe3 mepenadyy MITKH 3 BUXiJHOI
BEPIINHH TIEPEXOJy tg y BepmMHY pg). Y UML-mogmeni (puc. 2, b) mpencraButu 3B s3HI

IpOLeCH MOXJIMBO, SIKIIO aKTHMBI3allisi KOHTPOJIOIOYOIo MpoLecy BiAOyAeThCs y mapajienbHii
TUII 0 MOMEHTY MOYaTKy OCHOBHOTO IPOLECY, IO 3a0€3MeYUTh MOXKJIMBICTH 3/iHCHIOBATH
OCHOBHUU TpoIeC TiAbKA TpU (YHKIIOHYBAaHHI KOHTPOJIIOKYOro mporecy. Y wid momeni
MOJKJIMBO OIMCAaTH OJIOKYBaHHS 3allyCKy HAacCTYIHOI'O €K3eMIUISPY 3B’ A3HUX MPOLECIB 3B A3KOM
JI0 TIOJIOCH CHUHXPOHI3allii, 3 sIKOI MOYMHAIOTHCS MapajielbHl MPOLEcH, JUIsl LbOro MOTpiOHO
nonatd  ONOK  «3aKkiHUMTH 3B S3HI  IpOLECH», SKUM (IKCye 3aKiHYEHHS IOTOYHOTO
GbyHKLIOHYBaHHs mapanenbHux mnpoueciB. IIpu anamizi UML-Moneni MoXHa HOMITHTH, IO
3alpOIIOHOBAaHA KOHCTPYKIliS HE € TIOBHICTIO OJHO3HAYHOK), OCKUIBKH JUISI KOPEKTHOI pOOOTH
notpedye MyOaroBaHHS OJIOKY KOHTPOJIO 3aKiHUEHHS mporieciB (1l 6J10ku Ha puc. 2, b 3’enHaH1
LITPUXOBOIO JIHIEI0). Y AaHOMY npukiaai nepesara PN-Mozeni nosdrae y Tomy, 1o no4aTkoBa
PO3MITKAa MOJEINI MOXe MICTHUTH aKTHBI3allil0 HEe TUIbKM MOYaTKOBUX BEPIIUH, a 1 OyIb-sKUX
BEpILMH y caMiif MoJiei, IO JyXe CKJIaIHO peai3yBaTu KiacHuHuUMHU 3acobamu UML.

Takum  uymHOM, PN-3aco6amMum  MOXIJIMBO  ONUCYBAaTH  CHCTEMH, OCOOJIMBOCTI
(GYHKIIIOHYBaHHS SIKMX BU3HA4YarOThCS HAOOpPOM BHYTPIMIHIX 1 30BHILIHIX ()aKTOPIB, MPUUOMY
TaKui OMKC MOBTOPIOE Iepeavy yNpaBIsslOUMX CUTHAJIIB Ta MOBIJOMJIEHb Y MPOEKTOBAaHUX (U
peani3oBaHMX) cHucTeMax 3 mapanenisMoM. PN-iHCTpymeHTapiii /103BOJsiE  MPOBOJUTH
aHAJIITUYHE JTOCTIKEHHS MOJIEN], 1110 BaXKJIMBO JUJIS CKIIQJIHUX CUCTEM 3 Mapaseli3MOM.
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Abstract

The article highlights the role of verification in the life cycle of software development.
The methods of verification are briefly described, the effectiveness of the most resulting methods
is indicated. The paper noted that it is promising to use combined methods that combine methods
of dynamic modeling of software systems and formal analytical methods to prove their
sustainability and safety. It is important that the verification tools ensure the quality and
timeliness of the verification procedures.

CrpiMKHMii pO3BUTOK iH(MOPMALIMHUX TEXHOJOTIH 3MyIlye 3BEpHYTH yBary Ha SIKiCTh
PO3pOOTIOBAaHUX TPOTPaMHUX CHCTEM, SIKi BBAKAIOTHCS EKCIEPTAMH CaMHMH CKJIQJHUMH
cucTeMaMH, CTBOpeHMMHU moauHowo [1]. Hacammepen ne oOyMOBIEHO BEIMKOIO BapTiCTIO
MOMWJIOK y TOTOBUX YH BXKE BIIPOBA/PKEHUX CHCTEMAax, IO BUPAXKAETHCS Yy BTpATi JIOJACHKHX
KHUTTIB (KPUTUYHE TporpamMHe 3a0e3ledyeHHs), BTpaTi BHCOKOBApTICHOI amapaTypu Ta
¢inaHcoBUX BTpaTax. lle 3Mymiye po3poOHUKIB MIKIyBaTHCA NP0 NEPEBIPKY MPOrpaMHUX
CHCTEM Ha Ipale3JaTHICTh Ta BIJNOBIIHICTh BUMOI'aM 3aMOBHHKA, 1110 CbOTO/IHI € HEBI €MHOIO
CKJIaJIOBOI0 CEpEeNHIX Ta BEJIMKUX TPOTPaMHUX TpOoeKTiB. [l 3abe3redeHHs HAIEKHOTO
BUKOHAHHS HEOOXIJHMX IEpPeBIpOK pPO3pOOIIOBAaHUX MPOrPAaMHUX CHCTEM BHUKOPHUCTOBYIOTH
1inuit Habip MeToiB Bepudikallii mporpaMHoro 3abesmnedyeHus [1-2].

Bepudikamiss — 1e mnepeBipka BiAMOBIJHOCTI CTBOPEHOI Yy TMpoIeci po3poOKH
IPOTPaMHOTO 3a0e3MeYeHHs MOBEIIHKA BUMOTaM, Ha OCHOBI SIKHX BOHA CTBOpEeHa. Bumoru 1o
OpOTpaMHOro  3a0e3MedYeHHs  BKIIOYAIOTh  (DYHKIIOHAJIbHICTh  CHUCTEMH, PpI3HOMAaHITHI
OoOMEXeHHS, SKIi HaKJIaJaloThCs HOPMATHBAMH Ta CTaHAAPTAMH, a TaKOXX BHMOTH 0
MPOAYKTUBHOCTI Ta MpPOeKTHI ocoOmmBocTi [3]. OKpiM TOro, MEpeBIPSETHCS, IO BUMOTH,
MPOEKTHI PIIIeHHs, TOKYMEHTAIls 1 KOJI TPH po3po0Ili MPOrpaMHOro 3ade3neyeHHs: opOopMIIeHH1
y BIANOBIAHOCTI 3 HOpPMaMmH 1 CTaHAApTaMHu, NPUHHATUMU B KOHKPETHIM KpaiHi, ramysi Ta
oprasizanii, a TakoX, 110 MPU CTBOPEHHI MPOrPaMHOTO MPOJIYKTY BUKOHYBAJIMCS BCl BKa3aHIi B
CTaHJapTax ornepaiii, B MOTpiOHiH mociigoBHOCTI [1].
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Bepudikarist y mporpaMHOMY MpPOEKTY MPOBOJUTHCS y KiJIbKa €TaIiB 1 OCHOBYETHCS Ha
JIOBEJICHHI BIJIOBITHOCTI MIXK JESKMM MEPBUHHUM Ta BTOPHHHUM JIOKYMEHTOM, CTBOPEHUM Ha
OCHOBI NEPBUHHOTO0. Y SKOCTI MEPBUHHOTO JOKYMEHTY Ha MEpIIOMY €Talll — IIPU BUSABJIECHHI Ta
aHaJTi31 BUMOT — € KOHIICTIIIiSI POTPAMHOI CUCTEMH Ta MO MPeAMETHOI 00JI1acTi, K1 CKIaeH1
Ha OCHOBI BUMOT 3aMOBHUKIB 1 KOPUCTYBauiB. Y MiJICYMKY CTBOPIOETHCS BTOPUHHUHN TOKYMEHT —
cnenuikailis BUMOT JI0 POrpaMHOro NpoaykTy. Ha HacTynHOMY eTarmi cTBopeHa crierudikaris
BUMOT € IIEPBUHHUM JJOKYMEHTOM, SKHH MOPOJIXKYE CTBOPEHHS B KOCTI BTOPUHHOTO TOKYMEHTY
OIHUCY apXITEKTYpH Ta MPOEKTHOI AOKyMmeHTalii. OcTaHHI Ha HACTYMHOMY €Tali YTBOPIOIOTh
MEePBUHHI JOKYMEHTH, SIKI € IJICTaBOIO JUIsl PO3POOKH KOOy Ta NMPOCKTHOI JOKyMEHTallii Ha
KOMITOHEHTHU MPOrpaMHOro npoaykry. Ha ocranupoMy ertari crierudikariisi BAMOT 70 MPOIYKTY
Ta NPOEKTHA JJOKYMEHTALlisl 1 CTBOPEHUH KOJI € IEPBUHHUMHU JOKYMEHTAaMU JJIs1 PO3POOKH TECTIB
Ta MPOBEJCHHS TECTYBaHHS CTBOPEHOT'O MPOIYKTY.

TakuMm 4YMHOM, Ha eTamnax >KUTTEBOIO ILUKIY PO3POOKM IMPOrpaMHOro 3abe3neyeHHs
3aCTOCOBYIOTBCSL pi3HI MeToau Bepudikamii, gkl y MIACYMKY MOKIMKaHI 3a0e3meynTu
BIJIMOBIIHICTh PO3POOJICHOT0 TPOrpamMHOro 3a0e3MedYeHHS BUCYHYTHM JI0 HBOI'O BHMOTaM 1
obmexenHsM [4]. nst mpoBeneHHs Bepudikaiii po3pobiaeHi YucieHHi Metoau [5-6], 10 SKux
HaJIeXKaTh €KCIEepTU3a MPOEKTy, CTaTH4Hi, GopManbHi Ta AMHAMIUYHI METOIHM, HA OCHOBI SIKUX
po3po0eHi cydyacHi CHHTETHYHI MeToau. Bepudikamis mpoBOIUTHECS Ha OCHOBI MOOYIOBaHUX
CTaTUYHUX, JAWHAMIYHUX Ta IHIMX (OpManbHUX MOZEJEH, CTBOPEHOro KOy, L0 JI03BOJIAIOTH
BIJICJTIIKOBYBaTH BIAMOBIIHICTh BUMOTaM Ha TMPOTSA31 BCIX €TamiB peajizaiii MporpaMHOTO
IOPOEKTY. Y pealbHUX NPOTrpaMHUX MPOEKTax HaWBHUILY €(EeKTUBHICTb MiATBEPAMIN (OpMabHI
METO/AH, 10 SKUX HAJCKUTh MepeBipka Mojenel, ePeKTHBHICTh BUSBJICHHS MOMUIOK B SKHX
nepepuirye 50% [1, 7]. Bucokoro epeKTUBHICTIO TaKOX BUPI3HAIOTHCS METOIU IMITalliHHOTO
mojemtoBanns (30-35%) [7].

Jlns npoBeneHHs Bepudikailii NepcreKTUBHUMU € KOMOIHOBaHI METO/IH, K1 CLIONYYyIOTh
METOAM IWHAMIYHOTO MOJCIIOBAHHS MPOTPAMHUX CHUCTEM Ta (pOpMaibHI aHATITHYHI METOAU
JoKa3y iX cTidKocTi Ta Oe3neyHocTi. TakuM KpUTepisM BiAMOBinae amnapat Teopii mepex lletpi,
B SIKOMY pO3pOOJieH] YHMCIIEHHI 1HTeprnperanii Mepex [8], 10 A03BOJSAIOTh OyayBaTH MOJEINI
CKJIaJHUX CHUCTEM 3 CHMHXPOHHHM Ta aCHHXPOHHUMHM MapasieIbHUMH IpoliecaMu, BigoOpaxaTu
0CcOo0JIMBOCTI (DYHKIIOHYBaHHSI KOHKYPYIOUMX IpOIIECIB, ONHUCYBaTH BapiaHTH KOMOIHOBaHOI
B3a€MOJII1 YHUCICHHUX KOMIIOHEHTIB MporpamMHoro 3a0esneyeHHs. Taki AWHAMIYHI MOJEN1
BUKOPHCTOBYIOTHCSI JJIi IPOBEICHHS IMITAllIfHUX €KCHEPUMEHTIB, pPE3yJbTaTOM SKHX €
BUSIBJICHHS YM CIIPOCTYBaHHs HasBHOCTI MOMMWJIOK Ta HeOE3MEeUHUX BapiaHTIB (DYHKIIIOHYBaHHS
cucteM [7]. locuTs eeKTUBHUMHU BOHH € 1 IPHU BUSIBJICHHI IPUXOBAHUX MTOMUJIOK, 1110 OCOOJIUBO
BOXJIUBO MpPHU MEPEBIpPIl KPUTHYHO BaXIMBUX MPOrpaMHHUX CHCTEM, TaKUX SIK KepyBaHHS
TPaHCIIOPTHUMHU 3aco0aMu, MEIU4YHI IporpaMHo-anapaTtHi cuctemMu Ta 1H. Kpim Toro, ans
Mojenell Ha ocHOBI Mepex Ilerpi po3poOieHuil po3BUHYTHM aHATITHYHUI I1HCTpYMEHTapiH,
SKUW 100pe MmiAaeThes aBToMaTu3allii. BiH 103Bossie BUSBISATH TYMUKOBI CUTYaIlii, O€3KIHEUH1
LUK, PECYPCHO-KPUTHYHI CUTYAIlil Ta JOKaJIi3yBaTW ¥ MPOBOJUTH aHaNi3 HEXHMBHUX IUISHOK
MoJieNl, K1 MatoTh OyTH CKOpPEroBaHi (BUIPABIICH1) YU BUAAJICHI 3 IPOEKTY.

Jns Toro, mo0 CTBOPUTH MOJENb, SKa BIANOBIAAE MPOTOTHUILY PO3POOIIFOBAHOTO
IPOTPAMHOTO 3aco0y, PO3POOHWK Ma€ BHKOPHCTOBYBATH KOPEKTHI CHMOCOOM OMHUCY HOro
KOMITOHEHTIB, 1, pa30M 3 THM, BJIaJI0 BUOpATH HaWO1IbII CYTTEBI (paKTOpH, SKI YMHATH BIUIUB HA
CTBOPIOBAHHI MPOTPaMHUNA MPOAYKT. SKICTh MOJEII 3aJIeKUTh BiJl TOTO, HACKITBKH KOPEKTHO 1
MIOBHO OITMCaHI 3asiBJIEHI BJIACTHUBOCTI PO3pOOJIIOBaHOrO MporpamHoro 3aco0y. Ha TounicTh
MOJICITIOBAHHS MPOTPaMHUX KOMIIOHEHTIB BIUIMBAIOTh HACTYIHI OCOOJMBOCTI [4]: KOPEKTHICTh
CIPOIICHHST MOJENi; MOMWIKU (HEBIAMOBITHOCTI) NMpU MOOYAOBI MOJEINi; HASBHICTh B MOJEINI
BUPO/DKEHUX KIHIIEBUX €JIEMEHTIB; HEKOPEKTHI 3B’A3KH, MapaMeTpH MOJeli, BIaCTHBOCTI
€JIEMEHTIB, TOYATKOBI Ta TPAaHUYHI YMOBH; TIOXUOKH PO3PaxXyHKIB.

TakuM uymHOM, Bepu@ikallisi € HEBI €EMHUM IHCTPYMEHTOM MEpPEBIPKH MPONOHOBAHUX
IOPOEKTHUX pillleHb y NporpaMHoMy HpoekTi. OCKUIbKM 00CSIr Ta CKIaJHICTh MEPeBIPKU
CTBOPIOBAaHMX apTe(akTiB y MIPOrpaMHOMY IPOEKTI BEIMKI, Ba)JIMBO 030poiTu (daxiBusg
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IHCTpyMEHTaMH Il  CTBOpEHHS (opManbHUX Mojened, SKHid JJ03BOJIIE TPOBOIWUTH
aBTOMATH30BAaHUHM aHai3 peayi3oBaHUX CKJIAJOBHX MPOEKTY Ta B LUIOMY MPOrpaMHOIO
MIPOJIYKTY, a TAKOXK 3a0e31edye sSKICHY 1 4acoBY €(h)eKTUBHICTh BEpU(PIKAIHHUX MPOIIETY].
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Cexniga 2

CucreMHe Ta NPUKJIAHE
[porpamMue 3a0e3rneyeHHs
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OnTuMiszaniss aBTOMAaTHOI MOI€eJIi
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XMenpHUITBKOTO, YUepkacu, Ykpaina, V_salapatov@ukr.net

Optimization of automata model

Salapatov V., The Bohdan Khmelnytsky National University of
Cherkasy, Cherkasy, Ukraine, v_salapatov@ukr.net

Abstract

The report suggests the use of program model optimization. The model is based on the
basis of a non-deterministic finite automaton, which is the most widespread lately. By the
proposed criterion of optimality, the possibility of designing similar algorithm fragments either
in the form of subroutines or as part of a shared use is considered. To this end, an appropriate
target function has been identified.

MogentoBaHHs Oy1b-sIKOi CUCTEMH, 30KpeMa IIPOrpaMHoi, € BXKJIMBUM €TallOM y IIpoIieci
CTBOpPEHHSI BJIACHO CaMOi CHUCTEMH 3 METOr0 ii Bepu@ikalii Ta HACTYIMHOTO TECTyBaHHS Ta
nepeBipmi. IlepcrieKTHBHUM 3acO000M MOJICNIOBAHHS CHUCTEM, 30KpeMa MpPOTPaMHUX €
3aCTOCYBAaHHS HEJIETEPMIHOBAaHMX CKIHUEHHUX aBTOMartiB [1,2].

ABTOMaTHa MOJIEJIb MOXKE MICTUTH CTaHH, B SKUX TOBTOPIOIOTHCS CXOXi a00 OIHAKOBI
nii. YactkoBo mpoOieMy MOBTOPIB MOKHA BUPILIMTH 3a JOIOMOIOI0 BUKOPHCTAHHS ICHYHOUMX
nporenyp. Ajie BUHUKAIOTh Taki BUIAJIKH, KOJIH Taki MPOIEAYPH BIIICYTHI, a CXOXI MPOrpaMHi
dbparmMeHTH 3ycTpidaloThbes. 3ajqada MOJIATAE y BHSBICHHI TAaKMX CTaHIB Ta 3MEHIICHHI iX
KIJIBKOCTI a00 CHiIBHOMY BHKOPHCTAaHHIO 32 MEBHUX YMOB. J{JIs TTOJIETIIICHHS BUSIBJICHHS TaKUX
CTaHIB JIOPEYHO IPH OIMKCI MO CIICIIAIbBHIM YHHOM iX TIOMIYaTH.

Hanpuknan, 3acTocoByBaTy CrieniadbHUNA CHMBOJ, 32 SIKUM BKa3Y€THCS 1HIEKC CXOXKOTO
¢parmenty. lle 3HauHOIO MIpOIO MOJETHIIMTH MPOLEC AaBTOMATH3alil MpH ONTUMI3alii
aBToMaTHO1 Mojeni. [Iporpama ontumiszaiiii caMa Ma€ BU3HAYUTH, SIK ONTUMI3yBaTH MOJENb — Y
BUTJISAI TIPOLEAYPU UM y BUIVIAJI CTaHIB, SIKI CHUIBHO BHKOPHCTOBYIOThCS. B ocTaHHBOMY
BUIAJKY Tpeba 3aCTOCOBYBATH KO/ CTaHy, AJIsl IKOIO BUKOPUCTOBYIOTHCS MOJI0H1 CIIUIBHI Aii.

Hexaii B neskiif Mozieni iCHYIOTh CTaHHM, B IKUX BUKOHYIOTBCS CXOX1 Jii. 3aCTOCYEMO st
MO3HAYKHM TaKuX CTaHIiB cUMBOJ @. Tonxi mnst craniB @1, @1, @1, ki 3HaXOAAThCS B PI3HUX
MICIISIX MOJieNli, Mporpama ONTHMI3allii 3riHO KpPHUTEpito, SKUH 3a7ae po3pOOHMK, BU3HAYAE
CXOXI /11 B IUX CTaHax sIK MpoIeaypu adbo sk Aii, 0 CNUJIBHO BUKOPUCTOBYIOTHCS.

Kpurepiem ontuManbHOCTI Mae OyTH MiHIMYM Jif Ul BUKOHAHHS TakuX Iiil mpu
MiHiManbHOMY 00’ emi mam’sti. [{e MokHa 3a7aTh y BUIIISAL IIUThOBOT PyHKIIIT, 3rigHo (1):

F = min(sub|comn) (1)
e sub — e 3aranbpHI BUTPATH HA OQOPMIICHHS TIPOIICAYPH,
110 TIOB’s13aH1 3 BUTPAaTaMH Ha BJIACHO O0(hOpMIICHHS MPOIeaypHr
TUTFOC BUTPATH JIJIS 3BEPHEHHSI JI0 Hef,
comn — 11e BUTPATH Ha MOMITKY CTaHy i BUTpaTH Ha BU3SHAUEHHS CTaHY,
JUTSL TKOTO BUKOHYIOTBCS 3a3Ha4YEH] Jii.

Takum unHOM, 3ri7HO (2) 3arajibHI BUTPATH HA 0()OPMIICHHSI POIEAYPH:

Sub = fpar + N Ty (2)
Ie fpar — BUTPATH NPOLEAYPH I BUSHAYEHHS ii POpPMaNbHKUX MapaMeTpiB
Ta BJIACHO BUKITUKY,
N — KUTbKICTh BUKJIUKIB TPOIIEYPH,
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Tpar — BUTPATH HA MIATOTOBKY PEAbHUX IAPAMETPIB 171 3BEPHEHHS

710 TIPOIIETyPH.
[IpunyctriMo B YacTuHi rpada MoAeI aBTOMaTy MaeEMO CXOXI CTaHH, 3 SKHUX ICHYIOTh
BUXOJIM B 1HIII Pi3Hi CTaHM SIK TIOKa3aHO Ha puc. 1.

s 586

Pucynok 1. ®@parMeHT aBTOMATa 13 CXO)KUMHU CTAHAMHU.

S0 CXOoXli CTaHW aBTOMAaTy OOPOOJISIOTHCS 3a JOIMOMOTOIO CTaHy, SKHHA CIIIBHO
BUKOPUCTOBYETHCS, TO TICIS ONTHMI3alifHOTO IEPETBOPESHHS 1151 YaCTHHA aBTOMATy Oyne MaTu
BUTJISI SIK TTIOKA3aHO Ha pHC. 2.

OO
/

Pucynok 2. ®parMeHT aBTOMAaTa y BUIJISI/IL CTAHY, SIKUH CIIJIBHO BUKOPUCTOBYETHCS.

VY upomy BUMaaKy cTaH @l oTpuMye KOJA CTaHy, SIKHH 7O HbOTO 3BEpHYBCS, AJIS TOTO,
1100 KOPEKTHO NepeiTH y HACTYNHUH cTaH. B 3aeXHOCTI B/l KOAY CTaHy Mepexis] BAKOHYEThCS
y NOTpiOHUI HACTYIHUI CTaH.

B pa3i oOpoOKkM CXOXHMX CTaHiB 3a JIOMIOMOTOI0 MPOIENypH MICis ONTUMIzaLii I
YacTHHA aBTOMATy OyJie MaTH BHUIJIS SIK TIOKa3aHO Ha puc. 3.

568 ¢

PI/IcyHOK 3. CDpaFMCHT ABTOMATa 3 BUKOPUCTAHHAM IIPOUCAYPH.
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[Tpouenypu, sKi € CKIaAOBUMHU Al y KoxkHOMY 13 ctaHiB Pi, Pj, Pc, Pt, dakTuuno
SBIISIIOTH COOOI0 MPOTPaMHi 3arOTOBKM a00 BHYTPIIIHI KOMaH/H, SIKi MalOTh OyTH 3MOAEIbOBaH1
1 CTBOPEHI 3a3/1aJIeTib y BUTJISII TIPOLICTYDP.

3amponoHOBaHa TEXHOJOTIS JO3BOJISIE HA €Talll MOACTIOBAHHS ONTHUMI3YBaTH MaiOyTHIO
mporpamy HeE3aJeKHO BiJ 00OpaHOi MOBH MPOTrpaMyBaHHS Ha MIHIMAJIbHY KUIBKICTH ONEpaTopiB
npu 11 peanizanii 3riIHO 0OPaHOTr0 KPUTEPiI0 ONMTUMAIBHOCTI.
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1. Kapnor 0. I' MODEL CHECKING. Bepudukanusi mnapaieqbHUX U pacipeaeseHHbIX
nporpammusbix cuctem. CI16.: BXB — IletepOypr, 2010. 560 c.
2. CamnamaroB B. 1. MonentoBanHs, Bepudikaliis Ta po3po0ka rnporpaM. BicHUK HallioHaI5HOTO
TexHIYHOTO YyHiBepcutety Ykpainm “KIII”. Indopmaruka, ympaBimiHHS Ta OOYMCIIOBaJIbHA
texHika. Ne 61. C. 174-177.

Batch reports generation system — data integration and visualization using
SQL Server Services

Popova O., Byesyedina S., The Bohdan Khmelnytsky National
University of Cherkasy, Cherkasy, Ukraine,
olena.popova2016@gmail.com

Cucrema resepauii NakeTHUX 3BITIB — iHTerpauis Ta BisyaJizauisi JaHUX 32
aonomoroxo cayxd SQL Server

[Tonosa O.0., becenina C.B., Yepkacbkuil HaIl[lOHAIBHUI YHIBEPCUTET
iMeH1 bormana XMensHuIpkoro, Yepkacu, Ykpaina,
olena.popova2016@gmail.com

AmnoTarts

Cucrema resepatlii nakeTHUX 3BiTiB Oyia cTBopeHa 3a gonomororo SQL Server Services.
s cucrema no3Bosisie oTpuMyBaTy 1HGOpPMAIi0 PO KOPUCTYBAdiB Ta iX MPOAYKTU Ipylamu,
rerepytoun PDF 3Bitu 1 30epiratoun iX y BKazaHy Manky 3a poskiazgoM. OnucaHi TEXHOIOTI, SKi
Oynu BUKOpHUCTaH1 115 cTBopeHHs 1iei cuctemu (SSIS ta SSRS).

The topic of this work is “Batch reports generation system — data integration and
visualization using SQL Server Services”.

To start with, the first part of the theses contains names of the technologies that were
used in order to create such a system and the second part contains the system that was created.
The subtopics that will be mention later are: what is batch reports generation system (BRGS) and
how it works; what does ETL process means, what every letter stands for and how this process
works; everything about data model for this system — all needed tables and connections between
them; SSIS integration — what does it mean and how to use it; SSRS visualization and why it is
so useful and, finally, how to combine SSIS (SQL Server Integration Services), SSRS (SQL
Server Reporting Services) and scheduling in order to create this system [1].

Talking about technologies, the main thing that is used for creating this system is ETL
process where “E” stands for “Extract”, “T” stands for “Transform” and “L” stands for “Load”.
According to this process, firstly all data should be collected from one or multiple sources
(databases like MS SQL Server, PostgreSQL, MSSQL, etc; files like TXT, CSV, EXCEL, XML;
FTP and others). Then this information is transformed using SSIS control and data flow and then
the cleared and transformed data is loaded into the destination (databases, files, etc). Using this
process, in result data can be extracted from very different sources, then cleaned, transformed,
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processed and after that loaded into some destination (for example warehouse like Snowflake or
Amazon Warehouse) [2].

Next, one of the important thing for this project is data model. The data model shows
what tables were used, what columns they have and how they are connected. The data model for
this project consists of such tables as: “Customers”, “CustomerProfessions”, “ProductTypes”,
“CustomerPurchases” and “Products”. The relationships between tables you can see on the
pic. 1. Also there is a separate table called “CustomersParameters” for storing data from input
file with such columns: ID, CustomerLastName, CustomerFirstName, DateFrom, DateTo and
ErrorMessage.

After data model is created, the SSIS (SQL Server Integration Services) integration can
be used. In general, SSIS integration means “transform” part from ETL process. It can be done
using other tools but SSIS is great in combination with SQL Server database and SSRS. SSIS
architecture consists of such parts as: control flow, data flow, event handlers, parameters and
precedence constraints. Basically, SSIS project consists of different packages and every package
has different types of tasks that are displayed in a flow and resembles an algorithm.

Products

ProductTypes ID

ID Name
ProductType Price
Customers - Description Description
D CustomerProfessions ProductTypelD ,

LastName D 1™
FirstName ProfessionName CustomerPurchases

Email Description 5

Birthdate Date

CustomerProfessionlD Amount

ProductiD

CustomerlD

Picture 1. ER diagram.

Control flow is a flow that describes the general process that will be run. It includes work
with files, loops, script tasks that user writes himself using C# language, etc.

Also control flow contains data flow task that has more subtasks inside. Data flow deals
with data and uses ETL process.

Event handlers are like the actions that will be done when some events happens. It can be
very helpful regarding work with error files and logging information.

Parameters are used in SSIS project in order to store values that are like global variables
and are available in the whole project. Also parameters are useful when there is a deployment
process.

And, finally, precedence constraints are just connections between control flow tasks and
data flow tasks that can have different types. All tasks are connected somehow and these
connections points to the different results — success, failure or completion. Also expressions can
be added to these precedence constraints. In this project, in general SSIS is used to upload data
from input file to the database, to create folders for the output and to generate PDF reports in
batches to that folders for the customers that satisfy conditions from the input file(s) [3].

In order to generate PDF reports with information for every customer, SSRS (SQL Server
Reporting Services) needs to be used. This technology is used if people need different kinds of
the reports. SSRS can create different reports based on the specified data source (from which
data should be taken), data set (the query that will be used for the report) and a report that is a
visualization of the results. Then this report is deployed to the SSRS server and can be seen
using a link to this report. SSRS server can be configured in a such way that not all people are
allowed to view or use the reports. The security can be really high [4]. So, using SQL Server
with all needed data the query was written in order to choose first name, last name, profession,
product and amount for the needed customers.
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After that, when SSIS and SSRS should be connected, the method that works with HTTP
web request and HTTP web response was written in SSIS. And we need to use URL that will
consist of the server path name where the report is saved, link to the report, parameters for the
report and needed format — PDF (pic. 2). After the link was generated, it can be inserted in
method in SSIS using C# language [5]. Then for every report the link will be generated and this
report will be downloaded to the specified folder.

Picture 2. Link to the report in SSRS.

In order to make this process more comfortable, the schedule was created by which these
reports will be generated. And all that you will need to do is just to create a scheduled job. It can
be done using a standard SSRS delivery or SSIS. The first case was used when we just specify e-
mail addresses, folders for file and days and time when the reports will be generated. For
example, it can be generated only for week-days, for week-ends or for every day. But using SSIS
instead of SSRS delivery, we can create scheduled jobs that have much more features. For
example in this case we can rename file after generating report or we can choose days for
scheduling in a more flexible way. Then the file can be saved in the shared folder or can be send
to the people via e-mail.

So, what does BRGS mean and what it does? BRGS is a very useful system for users,
especially for business customers that have a lot of data to work with. This system displays the
information about products for every customer. This information is shown as PDF reports in
batches for the scheduled date and time. Basically, the idea of batch report generation system is
the following:

1. The user needs to create one or several input files, in this project these files have to be
in CSV (comma-separated values) format (pic. 3). In this file (or files) user should specify last
names and first names of all customers about whom he wants the information to be shown and
dates range for the report period. In general, user can enter, for example, 10 different last names,
first names and date ranges. But this is important that all these values should be separated by
comma or tabs because of the file format (CSV).

1 CustomerLastName |CustomerFirstName|DateFrom|DateTo
2 Rivera|Susan|2018-01-01]2018-03-03

3 Lee|Beverly|2018-02-10]2018-02-20

4 Harris|alice|2018-02-12]2018-03-05

5 Stokes|Danny|2017-01-01|2016-01-01

0 pohnsonlElena|2018—02—02|2018—02—04

7 Reed|Sue|2018-03-10]2018-03-12

Picture 3. Input file.

2. Then this file (or files) is (are) processed using SSIS technology. In this case SSIS
project consists of two packages — for uploading table with values to the database and for
generating reports.

3. In the first SSIS package the process will go through the specified folder and get all
files from there. Firstly, the file name will be checked and if it does not suit the specified
template then this file will be treated as an error file. If file is treated as error, then this file will
be send to the user via e-mail because file should match the template.
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4. If everything is ok and there are no error files, then every file that user created will be
uploaded into SQL Server database. It means that on this phase the file will be processed and all
entered data will be uploaded into SQL Server database in the separate table.

5. Then the process should create the folder (if it does not exist) where the input file(s)
will be moved. It will be just one folder for all input files.

6. After that, the second package will be run in SSIS. This package get customers list
from the database where all input data was pushed in the previous steps.

7. Then the process should create the folders where the result reports will be stored. In
this workflow, there will be separate folder for every input file that will be named using such a
template: “Customers_today date today time”.

8. Next, there will be the most interesting step. In this step in foreach loop container the
result reports will be generated. Here will be used connection between SSIS and SSRS. Using
generated link, reports will be generated connecting with SSRS Server and receiving all needed
data. Then these reports will be stored in the previously created folders. So, for every customer
that was entered in the input file the separate report will be generated in PDF format. That is why
this project is called batch reports generation system. The example of the report for the customer
is displayed on pic. 4.

Product Amount

First courses

Soup with 1
mushrooms

Salads

Vegetable salad 1

Second courses

Fried potatos 1

Sweet

Chocolate bomb 5

Picture 4. Report for one customer (Elena Johnson).

9. Using SSRS, earlier the report was created, showing first name of the customer, last
name, products of this customer and amount of them. After reports were created, people can see
information about products for every customer separately. The folder with all reports is
displayed on pic. 5.

This PC » Local Disk (D:) » Custorners » Result » Customers_03172019_204033 v
() Mame Date modified Type

1| Harris_Alice 3/17/2015 2:40 PM PDF File

(7 Johnson_Elena 317720 40 PM PDF File

(e Lee_Beverly 3/17/2015 8:40 PM PDF File

(| Reed_Sue 3/17/2019 840 PM PDF File

{7 Rivera_Susan 3/17/2019 8:40 PM PDF File

(| Stokes_Danny 3/17/2019 8:40 PM PDF File

Picture 5. Folder with all reports.

10. After that, this process can be automated and scheduled if, for example, people want
to receive these reports via e-mail weekly or daily in the specified time.

In conclusion, batch reports generation system can help people to generate reports with
necessary information for specified customers in batches. This can be generated automatically
and save people time. Especially it can be helpful for the business users that work with a big
amount of data. Using combination of SQL Server as database, ETL process, SSIS and SSRS
technologies and scheduling jobs, the system can be created. This system allows to create any
amount of input files, handle errors, generate reports and send them to the people that need them
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via e-mail or via shared folder. It could not been done in a such way without using ETL process
and everything that it consists.
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CuHTe3 Ta T0CHiIKEeHHS BJIACTUBOCTEH TPUrepis

Muctopa 10.0., becenina C.B., Uepkacbkuil HalllOHAIbHUN YHIBEPCUTET
imeni bornana XmensHuipkoro, Yepkacu, Ykpaina, julmisura@ukr.net

Synthesis and exploring properties of JK flip-flops

Mysiura Yu., Byesyedina S., The Bohdan Khmelnytsky National
University of Cherkasy, Cherkasy, Ukraine, julmisura@ukr.net

Abstract

Problems of logical design of discrete devices using memory elements are the basis of the
synthesis of reliable discrete systems. The article deals with general characteristics of
synchronous and asynchronous JK triggers, the process of synthesis of logic circuits with
different characteristics using the theory of digital automata. Minimization of functions,
construction of logic circuits using JK triggers and time charts in Multisim environment are
carried out. The existing shortcomings of these schemes and ways of improving their work are
determined. The correctness of these triggers is checked.

[TpoGyieMu JTOTTYHOTO IPOEKTYBaHHS AUCKPETHUX MPUCTPOIB MAIOTh 3arajibHUN XapakTep
1 € IepIIoYeproBUMHU y PO3B’sI3aHHI 3a/lau CUHTE3y HaJIMHUX JUCKPETHUX CUCTEM. Y 3B S3KY 3
MM, I[IKaBOI0 € MOoOy/I0Ba CXEM E€JIEMEHTIB TaM’siTi, fKi € BAXKJIUBUMH BYy3JaMU y CKJaIl
KIHIEBUX aBTOMATiB. Tpurepu — Ie Kiac €JIEeKTPOHHUX HPUCTPOiB, IO MalOTh 3JaTHICTh
JIOCTaTHBO JIOBTO 3HAXOJUTUCH B OJIHOMY 13 CTIMKHX CTaHIB 1 YepryBaTH iX MiJ JII€I0 30BHINIHIX
curHaiiB. OcoOnuBicCTIO Tpurepa fK (QYHKLIIOHAIBHOIO MPHUCTPOI0 € 3IaTHICTh 10
3armaM’ITOByBaHHs  JABIMiKOBoi 1H¢GopMmarii. Tpurepy MoxyTe OyTM CHHXPOHHUMH 1
ACUHXPOHHMMH. ACHHXpPOHHMH Tpurep 3MiHIOE CBiff cTaH Bigpasy B MOMEHT MOSBU
BIJIOBIAHOTO cUTHAITY (200 curHaiiB) Ha BxoJil. CHHXpOHHUI TpUrep pearye Ha BX1JHI CUTHaJIH
TUIBKM 3a HasBHOCTI BIAMOBIAHOTO CHUTHalTy Ha BXoal cuHXpoHizauii C. BoHu mmpoxo
3aCTOCOBYIOTHCS TpU peajizailii pi3HOMAaHITHUX KIHIIEBUX aBTOMATiB. ICHYIOTH pi3HI BUIU
tpurepiB (D, T, RS, JK Tomro), onnak B noganbiomy OyayTh posriasaatucs nuiie JK-tpurepu
[4, 5].

Ornsan mitepatypHux Jokepen [1-3] mokasas, IO MUTAaHHS JOCHIKEHHS cuHTe3y JK-
tpurepiB (3 JK-tpurepa MojkHa oTpuMaTtH ¥ IHIII TUNK TPUTEPIB) JOCIIIKYETHCS Ha
dbyHaamMeHTanpHOMY piBHI. ToMy mHMTaHHS CHHTe3y JIOTiyHMX cxeM JK-Tpurepis 3
BUKOPHUCTAHHAM Teopii HU(POBUX aBTOMATIB € aKTyaJbHUM.

Pobota acuaxpoHHoro Ta cuHxpoHaoro JK-tpurepa npejacrasiesa B Tadiu. 1-2.
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Taomums 1.

Po6ota acuaxponnoro JK-tpurepa
J| K|Q
00 | Q1
0j/1]0
1/0]1
11104
Tabnuus 2.
Pobota cunxponnoro JK-tpurepa
C J|IK| Q
0—1]-1- |0
1—-0[0|0 | Q1
1-0[0|1|0
1-0[1|0 |1
1->0|1|1]|Q.

Yeproeuii cran JK-tpurepa MoxkHa oTpuMati 3a popmynor: Q(t+1)=Q()J+Q(t)K. Ane
npu N00Y0BI TAKOTO TPUTEPY BUSBISETHCSA CYTTEBHU Henmoiik: ko J=K=1, Tpurep mocriiiHO
MEPEeXOJIUTh 3 OJHOTO CTaHy B IHIIMA, MOKHM HA OAHOMY i3 BXOJIB HE 3 SBUThHCA JOTiaHUN ()
(ToOTO TpHUrep NEPEeTBOPIOETHCS HA TAKTOBUM TreHepaTop). Y cepemoBuii Multisim 1e
BUTJISIATUME SIK TIOCTIHE MOPTAaHHS Ji0/liB, MIIKII0YeHHUX 10 BuXoAiB Q 1 NotQ (nuB. puc. 1).

Icuye cxema, ommcana B. CanoxxnikoBum 1 B. CanoxHikoBuM [1-2], sika HE MICTUTh
11boro Hepoutiky. CUHTE3y€eMO Ti, BUKOPUCTOBYIOUHM TEOpito HU(PPOBUX aBTOMATIB (Tabdi. 3-4).

Tabmnms 3.
[Tepexonu Tpurepa CanoxHIKOBUX
s KJ
0001|1011
1112 ]1]3
2122|114
31212113
41112114
Tabmurs 4.

Koznoana Tabauns nepexoiB Tpurepa CanoxHiKOBUX
S | yiy2 <)
00011011
00 |00 |11]00]01
11 |11 [11]00 |10
01 |11 /11]00]01
10 |00 [ 11|00 |10

AW IN[F-

I3 xomoBaHO1 TabMHIII TepexoaiB BUAHO, 1m0 GyHKIis Buxoay Q (auB. Tabi. 1) 36iraeThest
3 ¢yHkiiero crany tpurepa y2. s peamsanii cxemu ckopuctaemocs 6asucom llleddepa (I-
HE). bynyemo kaptu Kapno ¢ynkuiii yl 1 y2 (nuB. puc. 1).
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1 1
1 1
Y2 Vs
1 1 1 1 1 1
J J
1 1 1 1 1 1
Vi b

a) 0)

Pucynok 1. Kaptu Kapuo ¢yskiii y1 (a) Ta y2 (0).

[IpoBeneMo MOKPUTTS KapT KapHO Ta MiHiIMiZauito QyHKIiH, orpumaemo (1):

¥, =, Vy,VJK=p, -9, VJK=y, -7, JK, )
¥, =0 =y,Vy,VJK=p 5, VJK=y, 7, JK
[obynyemo cxemy B cepenosuii Multisim (puc. 2).

O N Py (05 SARRARREREEESEEEREE
..... s s | rasoon:

seediaiies L - D Ceiseueanes Ciisecees

Key =K T4L‘SD|’J1J. . . ERERSRERES
: - ' Cu4e U3A
e D =
{TALS00D | 7ALSHDD.

N VL 7. Ll . - D

v N

. . o . . TALSO0ON use |-
L B I ~ - use _ e o L

o |
/

’ 74LS10D
7atsoon - TA-SOON

Pucynok 2. Cxema tpurepa CamoxHIKOBHUX.

Jns Toro, mo0 MOBECTH MPaBHIBHICTH WOTO POOOTH, PO3TISTHEMO YAacOBY Jiarpamy
(puc. 3).

A 150
-
[ -

00

50 — —

00

Channel_C Voltage(V)

5.0

-100 — —_

-150

00 100.0m 2000m 3000m 400.0m 500.0r

Pucynok 3. Hacosa giarpama Eﬁnrepa CarnoxHIKOBHX.
3 puc. 3 BUIHO, IO:
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(30epekeHHS CTaHy).
(3MmiHa cTany).

1
1
0.
= 0 (30epexkeHHs CTaHy).
0
1
1
0

POPRPPOFRPOO
oy oyeororoyorere,

N~ E
[ NI SRR SRR SEPRN GEPE SEFR PR G
PORPROO0OOOR
AANAAAARNARNAAN

OTxe, MOKHA 3pOOUTH BUCHOBOK, 1[0 CHHTE30BAHHI TPHUTEP MPAIIOE MPABUIBHO.

Tenep mnepedimemo 10 cuHTE3y CUHXpoHHMX JK-TpurepiB. 3BuuaiiHa peanizarlis
cuaxpoHHoro JK-tpurepa Mae HEHONIK, aHAIOTIYHUN TMOMIOHOMY y aCHHXPOHHOTO TpHUTepa
(ko J=K=1, Tpurep moCTIHHO MEPEXOJWTh 3 OJHOTO CTAHY B IHIIWWA, TIOKK Ha OJHOMY i3
BXoaiB He 3’sBUThCS Joriuauii 0). [ToOyayemo Tabmuiro mepexomiB (Tabia. 5) Ta 3akog0BaHy
tabnuito (Tabi. 6) mokpamieHoro cuaxponHnoro JK-rpurepa.

Ta0mwurs 5.
[Tepexoau MOKpaIIEHOTo TpUrepa
CJK
S o — o - o — o —
8| 8| 8| 8| 2| 8| 4| 4
11 1 1 1 1 1 2 2
21 1 1 3 3 1 1 2 2
3| 3 3 3 3 3 4 3 4
4| 3 1 3 1 3 4 3 4
Tabmurs 6.

KomoBana Tabnuiis nepexo/iiB MOKPAIeHOro TpUrepa
CJK

S E: o| 4| ol 4| o] 4| o] -

S| ol 4| 4| & o 4| 4
S| ©| ol of A 4| 4| -
00 | 00 | OO | OO | OO | OO | OO | 10 | 10
10 | 00 [ OO | 11 | 11 | OO | OO | 10 | 10
11 |11 (11 |11 |11 0111 01

01 /11|00 110011 ]01]11 01

AW IN|F-
[y
[N

Hani nobyayemo xaptu Kapho 1 MiHimMizyeMo ¢yHkuii yl Ta y2 (puc. 4).
K C K cC

RRI |
i I 1’T yv 1 = 1 yZ
ANRRE Nk TR Dnn

J ‘ J J J
a) 0)
Pucynox 4. Kaptu Kapno ¢ynkmiit yl (a) ta y2 (6).

Otpumaemo Bupasu 13 neperBopeHHsM ix y 6asuc llleddepa (2):

y,=Ky,VJKy,VCJy,VCy y,VJCy =Ky, -JI_(&- CJyy-Cy v, JCy; )
,= CJy,VKy,VCy,Vy y,VJCy,= Cly, Ky, Cy,y,7,-JCy,.
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agrwNE

[ToOynyemo cxemy oOTpuMaHoro Tpurepa y cepenoBunii Multisim (puc. 5) Ta
MIPOAHAJII3yEMO YacOBY JliarpaMmy OTpUMAaHOTo Tpurepa (puc. 6).
|:J|r Ek usB uTA
oy 24 4“741.31‘00 :_{:E\) UME
K e u4c s : Tame T4LS10D
Key =K Juwgl-z "| ': =
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Pucynoxk 5. Cxema mokpamieHoro CHHXpOHHOTO TpUrepa.
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; 00
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50
-100
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-150
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Pucynok 6. Uacosa giarpama mokpamnieHoro CHHXpOHHOTO TpUTepa.
Sk BuaHO 3 puc. 6:
J=1,K=0,Q=1.
J=0,K=1,Q=0.
J=0,K=0, Q=0 (30epexxeHHs cTaHy).
J=1,K=0,Q=1.
J=0,K=0, Q=0 (30epexeHHs cTaHy).
OTxe, 1 11ell Tpurep MpaLkoe MPaBUIbHO.
Sk BHCHOBOK, MOXHA CKaszaTh, W0 MiABUINeHHS HaaidHocti JK-Tpurepa

CYMPOBOKYETHCA TAKOXK 1 MIIBUIIEHHAM CKJIAIHOCTI MIPUCTPOI0. TakoX CIIiJ 3a3HAYUTH, 10 Y
peabHUX TPUTEPiB OyIb-IKOTO THUITY 3aBXIM € ACHHXPOHHI BXOJU CKHJAHHS 1 BCTAHOBJICHHS
OJIMHHII, 1110 YCYBAa€ HEBU3HAYEHOCTI MPHU 3aIMyCKy TpUTEpa.

1.
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Web-opieHToBaHa iHopMaliliHa cHcTeMa MOIIYKY iKABUX MicIb

ba6ko P.b., becenina C.B., Uepkacbkuii HalliOHATbHUIA YHIBEPCUTET
iMeHi bormana XmenpHUIBKOTO, Yepkacu, YkpaiHa,
l.am.mr.rain@gmail.com

Web-oriented information system to search interesting places

Babko R., Byesyedina S., The Bohdan Khmelnytsky National University
of Cherkasy, Cherkasy, Ukraine, i.am.mr.rain@gmail.com

Abstract

The report suggests to use the Internet and services such as Google Maps for develop-
ment web-oriented information system to search interesting places The product was developed,
with the help of which you can find places that you can visit and / or have a nice evening. The
service will help you to get to an place of interest with the help of route tracing. Also application
offers other places that you might like based on your preferences and the preferences of other
users.

B epy inpopManiitHuX TEXHOJOTIM BIAKPUBAIOTHCS MOMJIMBOCTI BIABIIATH Pi3HI MICIIS
HIIIXOM BUKOpHUCTaHHS [HTepHeTy 1 cepBiciB Takux sk Google Maps. Bonu HagatoTh 3Mmory
Maibke (i3uyHO MOOYBAaTH B MICHAX, SIKI MaloOTh HAJI3BUYallHy KYyJbTYpHY Ta ICTOPHUYHY
BaXUIUBICTH IJIA JIIOJCTBA, Takux sk: EiideneBa Bexa, Ctatys CBoboau, Tomo. Ane 3 4acom
BUHHKA€e Oa)kKaHHS 1 MOMJIMBOCTI BiABIZATH 11 MiciieBocTi. JloOpe, 110 B Haml 4ac, Maiike He
3QJUIIMIOCH 3aKPUTHUX KpaiH 1 KOPAOHM OUIBIIOCTI KpaiH CBITY BIAKPUTI AN TypU3My, a
MepesbOTH KOIITYIOTh BITHOCHO He O6arato. BuHukae muTaHHs, 1110 POOUTH, KOJIU MICIIE MOI3AKH
BXKE BIJBIJAHO, @ 3aMOBJIEHHSI €KCKypCli MICTOM Bac HE I[IKaBJISATh, OCKUJIBKU BH € (aHATOM
JKUBUX TPOTYIASHOK. BiiBimaBmiy HaiiBigoMilli MicIsl, BCeé OJHO BHHHUKAaEe MOTpeda B HOBHUX
BPa)XEHHAX, TOMY 1 BHUHHUKae moTpeda CTBOpPEeHHs Takol 1HQopMmaliifHOi cucremu, sgka 0
JI03BOJIMIIA 3 OYyAb-KOrO Micls CBITY OTPUMAaTH JOCTYH 10 TUX OO’€KTiB, € I[IKaBUMHU 1 HE €
JOCTYITHUMH 13 3araJIbHUX CEpBICIB IHTepHETY. OCKUIbKYU Hallle KUTTs 0€3 MOOIJIbHUX MPUCTPOIB
HE MOJKJIMBE, TOMY BHHHMKAa€ HEOOXIJHICTh CTBOPUTH iH(opMaliiiHy cuctemy, sika Oyae web-
OpIEHTOBAHOIO.

[Tig mikaBuUM MiclieM, 3a3BU4ail, MarOTh Ha yBa3i MicIle, ¢ MPHUEMHO MOXKHA TIPOBECTH
yac. Y Halll yac He TUIbKM MaM ATKH KyJIbTYpU Ta ICTOPHYHI CIIOPYAM I[IKaBl JIIOASIM,a TaKOXK
1HTepeCc BUKJIMKAIOTh TEMaTHYHI pecTopaHu ab0 pecTOpaHd 3 HE3BUYAWHUM IHTEp’€POM YU
crocoboM mopaul 1Ki, MapKu 1 IJISXKI, 3BIAKM BIJKPUBAETHCS HEMMOBIPHUN KpaeBHJI, UM TOPHU,
pIUKM 1 KaHBHOHM, B SIKMX JIIOAM MOXYTh BiIUYTH cuily mpuponau. Tox mepir 3a Bce, 0yio
BUJIUUICHO TPyMy LIKaBUX MICIb, Kl MAlOTh KYJIbTYpHY Ta iICTOPUYHY I[IHHICTh, Takl K My3ei,
LEepKBH, cTaTyi 1 (OHTaHW, NPHUPOJHI SBUINA (BOJOCHAAM, PIUKHU, TOPHU, MAPKH), CKBEPH,
COLIAJIbHO-KYJIBTYPHI MICIS, Takl K CTaIlOHH, (QUIapMOHIi 1 ONEepHI TeaTpu 1 T.J, Ta MICI
xapuyBaHHs. OCTaHHS KaTeropis MHOTpamwia B Ied cnucok, Tak sk B XXI cromiTri chepa
00CIyroByBaHHS 3HaXOAUTHCA HA JIOCUTh BHCOKOMY PiBHI, @ KOHKYPEHIIisl MK IIUMH MICLUSIMU
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Ty’)Ke BEUKA 1 TaKUM MICISIM, TIOTPIOHO BHIUIATHUCS CEPEN COTCHb IHINUX, MAlO4Yd SKYCh
0COOJIHBICTb.

OnHi€ero 3 0COONMMBOCTEHM MPONMOHOBAHOI 1H(POPMAIIMHOI CHCTEMH MOYKHA BHJIUIATH HE
TITBKY TIONIYK IIKABUX MICIb 3a pedTuHroMm (pedtuarom Google), ane i 3a MOMYJISPHICTIO,
TOOTO KUIBKICTh Bi/IBilyBaHb Web-CTOPIHKH, Ta MONIYK HAHOJMIKYMX IIKABUX MICIIb, TaK SIK HE
yCIM TYpUCTaM 3aX04YeThCs iXaTh Yepe3 yce MICTO Ul Bi/IBIyBaHHS SIKOiCh MaJE€HBKOI JIOKALIi.
ChOrosHi TMOMYJISAPHUM € OI[IHIOBaHHS CaWTIB (KOMEHTap, BIATYK, OIlIHKA, PEUTHHT)
KOPUCTYBAa4aMH, [yMKa SIKUX MOJKE€ IMO3UTHBHO YU HETAaTHBHO BIUIMHYTH Ha MaiOyTHil BUOIp.
Takox po3poOsieHnit cepBic Haaae iHGOPMAIIIO PO MICIIE3HAXOKEHHS HAMOINKIOT JTiKapHi,
0aHKOMary, CyrnepMapKeTy, TOTENI0, TOLIO.

[Ipu peamizamii cepBicy, SKHH mepeTBOPIOE, GIIBTPYE 1 OPraHi3oByE BHUBEIACHHS
iHpopMmanii B 3pyYHOMY BHIVIAII, CIIOYAaTKy HEOOXiJHO BHUIUIMTH JKepena iHdopmartii.
HaiiGinem Bimomuit kaprorpadiunuii cepBic Google mae nocuth TO4yHy iHoOpMaIlito, ajae He
3pyuHHi iHTEepdenc Ui OTpUMaHHA JESKOi KaTeropii MiCIb, TaKMX SIK: CTaTyi, MOHYMEHTH,
BEXKI, MaM’SITHUKH 1 (OHTAHM, SKI TAaKOXX MalOTh JOCHUTh BEJIUKY KYJIbTYpPHY I[IHHICTD 1
NPEICTaBISIOTh iHTepec i TypucTiB. Takox kommnanis Google Mae TOCHTH KOPCTKY MOJITHKY
[I0JI0 BUKOPHUCTAHHA iX KapTH 1 JIMITIB 3aUTIB 10 cepBepiB iHbopMarllii mpo micis. Tox Oyno
BUPIIICHO BUKOPUCTOBYBATH cepBic Google Maps TilbKH [Tt JeTaiabHOI iH(pOpMAITii Ipo MicIs.

Jlxepenom arperaiii MiCllb KyJIbTypHOTO 3HA4eHHs B pO3poOIieHid cuctemi OyB
BUOpaHuii kapTorpadiunuii cepsic Mapbox. Jlns BuBeneHHs iH(popMaIii mpo MpUPOIHi SBUIIIA
BUKOPHUCTOBYeTbCs  cepBic Here. [lns BigoOpaskeHHS MOHYMEHTIB BHKOPHUCTOBYETHCS
MapQuestApi. s BizoOpakeHHST caMoi KapTH 1 MapKepiB Ha Hili BUKOPHCTOBYETbCS Mapbox,
TakK AK BiH Mae 3pyuHuil inTepdeiic 1ia B3aemMoii 3 MoBoto nporpamyBanHs Python. Tomy cepen
QIbTEPHATHBHUX MOB IporpamyBaHHs Spring Boot mms Java + reactjs sk KiieHT, reactjs
expressjs g JavaScript Oymo oOpano Python i Full-stack d¢peitmBopk Django, ski
3a0€3MeuyroTh ONTHMI3alii0 1 MBHIKOAII0 poboTh cepBicy. Takok MOCHTH BaXIJIMBUM ISt
po3poOku Oyna HAsABHICTH BENUKOI KUIBKOCTI 0i107i0TEK, SKi MpalloTh 3 0a3aMu JaHHUX 1
3MIMCHIOIOTH B3a€EMO/III0 KIIIEHT-CEPBEP, a BpPaxoBYyOUH, 1m0 ¢peiiMBOpK Django BUKOPUCTOBYE
1a0JIOHM, OJJHOYACHO €, 1 KJIIEHTOM, 1 CepBepoM, IO 301IbIIye MIBUIKOJIIO, 3MEHIIYE Yac
po3poOKku 1 c;mabki MiCIsl caMoro MNpOAYKTYy. A Tak $SK BHMOTaMu J0O cepsicy Oyia
YHIBEpCAJIBHICTb, TOMY 00paHO web-muiatdopmy 3 Qu3aiiHOM po3paxOBaHUM 1 Ha MOOUIbHI
npucTpoi. 3a ONTUMI3ALIEI0 1 IIBUAKOJIEID CHUCTEMU MOKHA MPOCIHIJIKYBaTH 3a JOMNOMOIOIO
JiarpaMu MOCIiIOBHOCTI OCHOBHOI'O QJIFTOPUTMY Ha puc. 1.

O @)

Actor screen Server Foursquare Places API Mapbox API
M |

select Iocation | API
w | Location coordinates L Form request
Ll -
g
Send request
| -
»
Form list of places - E_;E_I _Plfc_ef J_S_Ol\i _______ H
D | R,
Select place 1 Location coordinates and categories
P I Form request
.
Lt
D Send request
|-
N Ll
get place info JSon J
; make predictions
ake request about supported placy
Get supported places Json }
Dcorm request for directions Make request
-
g
Detail place view Send direction resppnse Json
e e e it e S
Ft{rm page of detail place view|

Pucynox 1. [liarpama mociioBHOCTI OCHOBHOTO aJITOPUTMY.
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Cepen icHylouHMX aHajloriB BapTro BigmiTutu Taki cepsicu: Google Maps,
ForthSquare.com, TripAdvisor.com, Ukraine.is.com.

Google Maps — me mpoaykr kommanii Google, cTBopeHuil uisi Hapiramii KapT i
BUKOPUCTOBYETbCA  3[€OUTBIIONO JJISI 3HAXO/DKEHHS  MICHE3HAXO/DKCHHS, TPOKIaJCHHS
MapuUIpyTiB 1 MOMIYKY 3a ajapecoro. [lanuii 10AaTOK € IyKe MOIIMPEHUM, TaK SK i/e B MakeTi 3
MOOUTBHOIO omepaliiiHow cucteMoro Android, po3poOHuMKamu sKoi € Tex komranis Google.
BpaxoBytoun mo Omm3pko 70 BiICOTKIB yCiX MOOUTBHUX Tene(oHIB 3apa3 BHKOPHCTOBYIOTh
onepaiiitny cucreMy Android, To BUKOPHUCTaHHS JTaHOTO CEPBICY € JOCHTH IMOUIUPEHUM. AJie
MaJIo XTO 3HA€, IO 30BCIM HEIAaBHO B CEPBIC JOJAIH KATETOPU3AIIIIO MO 3aKIaaax 1 iHGopMaIliro
npo HuX. |yt moOyI0BU TaHOTO CEPBICY, KU € OJTHUM 3 TIpiopuTeTHUX I KomnaHii Google,
Oyno BKJIaJIEHO MUIBHOHM J10y1apiB, a 30epexeHHs iH(opMarllil mpo Miclisi BUMAraroTh BEIUKHX
arapaTHUX pecypciB, 1 BiAMOBiAHO 3arpaT Ha HuX. Cepen mepeBar BapTO BHIUIUTH TOYHITH
iHpopmaii i 6e3BiAMOBHICTD cucTeMu. To miICyMyBaBIIN BCE MOKHA BUALIUTH ITUTIOCH 1 MIHYCH
JIAHOTO CEPBICY.

IlepeBaru:

— HOLINPEHICTH;
- 0€e3BIAMOBHICTE,
- MOCTiiHEe TOHOBJICHHS CEPBICY 1 KapT;
- TOYHICTH JAHUX.
Henomiku:
- HEIOCTATHS OIITUMI3aLIis;
— ciaba KaTteropusallis came MiCIb Bi/IB1lyBaHHS,
— BIZICYTHICTh (DYHKIIIT KaTeropu3alii Micllb Bi/IBi{yBaHHS, HAIIPUKIIAM, 32 BiICTAHHIO Ta 32
CEpeIHBOIO I[IHOIO;
- BIJICYTHICTb OY/b-SIKUX PEKOMEH/IALIIN;
— BiJICYTHsI BUBEJICHHS CIIMCKY iH(opMaii.

FouthSquare.com./lanuii cepBic 6isble MpU3HAUYCHUN 11 MaHAPIBHUKIB 1 TYPUCTIB, TaK
SK BIH HE € JOCUTHh MOIIMPEHUM 1 MaJOBIIOMHUM 3BHYAWHUM JIIOAsSM. BiH mpormonye BiaBizaTu
pO3BaKalbHI 3aKJIaJM 1 3aKJagy XapyyBaHHs, 0 HANpPUKIAJ 3HIKYE HOTO MLIHHICTH IS
3BUYAWHUX JKUTENIB 1 JrobuteniB npupoau. CepBic BUKOPUCTOBYE BJACHI HAJCTPOMKH Hajk
Google Maps API, mo € ognouacHo nepeBaroro i HemonikoM. Cepe HeOMIKIB BapTO BUALTUTH
Tako’ BIJICYyTHS KaTeropu3allisi 3aKj1a/liB 3a po3TalllyBaHHSIM.

IlepeBaru:

- 3pYYHICTb AM3aiHY;
— OIITUMI30BaHICTD,
— CTBOpPEHUH /Il MaH/IPIBHUKIB,
— HasIBHICTh MOOITBHOTO JTOJIATKY;
— HasBHICTH BEIUKOI 043U MICIIb.
Henomiku:
- OHOBJICHHS BUXOJIITh pa3 B THXK/ICHb,
- HEJIOCTaTHS KaTeropu3arlis;
— BiJICYTHICTh PEKOMEHAIII} O CYMYyTHIM MiCIISIM;
— MAaJIOB1JOMUIA.

TripAdviser.com./lannii cepBic OLIBII TOMMPEHU 1 BUKOPUCTOBYE BIIACHY KapTy.
3py4yHMid W3aliH JT03BOJISIE OJpa3y MEPEryisHyTH Miclle PO3TallyBaHHs 3aKiaay, aje BiJICYTHS
KaTeropusallis 3a po3TallyBaHHSAM, Ta 3a IiHOIO. J(OCUTH 3py4yHHMI nu3aifH, JOCUTH Oararo
iH(popMarii, aje gk 1 B MONEPeJHbOMY BHIQJKY HOBI Micls JOJAIOThCS NMPAKTHUYHO BPYUHY.
Tako icHye 6araTo cepBiciB, 5Kl 3a0€31euyr0Th KOM(POPTHE KOPUCTYBAHHS 10IATKOM

IlepeBaru:

- 3pYYHHUN TU3alH;
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- [IMPOKA KaTeropu3allis;
- peKOMeHIaIlii;

- JeTanbHa iHdopMaIris;
- HAsSIBHICTh TTPOITO3HIIIH.

Henomiku:

- BiJICYTHICTh aBTOMATHUYHOTO OHOBJICHHS MICIIb,
- BIJICYTHICTh KaTeropii sik BiJICTaHb.

Ukraine.is.com. lleif cepBic € JoKadbHUM cepBicOM Il YKpaiHHW, BiH Ma€ JOCTaTHIO
KUTBKICTh 1H(OpMAIlii mpo MICIs BiIBiIyBaHHS, PEKOMEHJAIlii Ta TeoJIOKaIlilo, ajie BiICYTHS
KaTeropmsailis 3a OIlIHKaMH, BIJICTAHHIO, CEPEIHBOIO IIIHOK MEHIO 1 IHIIMX 3PYyYHHUX
MO>KJIMBOCTEH.

IlepeBaru:

- BEJIMKA KUIBKICTh 1H(GOpMAIIii 1 BIIKIUKIB PO MiCIId,
- JIOCUTDH YaCT€ OHOBJICHHS.

Henoniku:

- € JIOKJTbHUM cepBicoM, TOOTO HeMae iHdopMallii mpo MicTa He B YKpaiHi;
- BIJICYTHIli MOOLTEHUHN TOAATOK;

- BIJICYTHS KaTeropu3ailis;

- BUKOPHUCTOBYIOTHCS OLIIHKH JIUIIIE 3 CAUTYy.

[IBuIKOIiS MOCATAEThCS 32 PAXYHOK BUKIUKIB JIO 0a3u JaHHX,IKi OOMEKEHI IUIIe
peecTpalli€elo KOpUCTyBaya, BiICYTHOCTI KIIIEHT-CEPBEPHOI 0OpOOKH 3a paXyHOK BUKOPHCTaHHS
Full-stack ¢peiimBopky Django, Ta BukopucTanHs mBuakux Http 3anuTiB 10 cepBiciB-pecypciB.

B pesynbraTi oTpuMaHUil mporpamMHMil O3BOJIAE 3HAUTU MICIH, SIKI MOXKHA BIBIIATH
Ta/abo mpoBecTH TpueMHO Bedip. CepBic JOMOMOXE BaM BU3HAYWTHCH 3 IIKABUM MicCIeM
BIJIMOYMHKY 3a JOMOMOIOI0 CEpBICY MOOYIOBH HUIAXY, a TaKOXK MOKE 3alpONOHYBaTH 1HIIL
Micisg, sKi MOIVIM O BaM CIOZOOATHCh HAa OCHOBI BaIllMX BIOZOOAHbL 1 BIIOZOOAHL IHIINX
KOPHUCTYBaYiB.

Chnucoxk Jireparypu:
1. Google Maps API pricing got you down? See these awesome alternatives. web-caiit:
geoawesomeness.com URL: https://geoawesomeness.com/google-maps-api-alternatives-best-
cheap-affordable (nara 3Bepuenns 3.03.2019 p.)
2. Google Maps Api documentation. web-caiit:  developers.google.com  URL:
https://developers.google.com/maps/documentation/ (mara 3Bepuenns 10.03.2019 p)
3. Django documentation. web-caiir: docs.djangoproject.com URL:
https://docs.djangoproject.com/en/2.2/ (nara 3Bepuenns 21.03.2019 p)
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Abstract
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The article describes different methods of minimization of boolean functions, how to
implement Quine and Quine-McCluskey methods in a program code, explains the difference of
them and shows what method is better and easier for coding and understanding.

3 PpO3BHTKOM KOMIT'IOTEPHUX TEXHOJIOTIM 00’eM iH(opMalii Bce OLIbIIE 3pOCTae,
IpOTpaMHi Ta amapaTHi MOKIJIMBOCTI KOMIT IOTEPHUX CHCTEM TEX HE BiJCTAIOTh BiJ MPOrpecy,
TOMY BUHUKA€E HEOOX1THICTH BHOOPY MiHIMAJIBHOI Ta ONTUMAJIBHOI 1H(pOpMaIlii 3 YChOT0 TOTOKY,
BUOOpY JaHUX Ta CTBOPEHHS 3aNUTIB B 0a3ax JaHWX, MPOCKTYBAHHS Ta CUHTE3 KOMOIHALIMHUX
cxem. i cTBOpeHHS HaWOUIBII €PEeKTHUBHOTO BapiaHTy KOMOIHAIIMHMX CXeM HEO0OXiITHO
MaTeMaTHYHO-JIOTTYHUM HUIAXOM OOpaTH ONTHMAIBHO MIHIMAJIBHUHN BapiaHT — caMe IS [[bOTO
BUKOPHUCTOBYETHCS MiHIMi3allisl OyJIeBUX (QPYyHKITIH.

[TpoGiieMu Ta HETOJIKM BIJOMHUX METOJIB MiHIMIi3allii JOCKOHAIMX KOH FOKTUBHUX Ta
13’ FOHKTHUBHUX HopManbHUX (opm (JAKH® 1 JI/IH®) OyneBux ¢yHKIIH IMOB’s3aHi 3i
3pOCTaHHAM 00cATYy OOYMCICHb NpHU 30UIBIICHHI KUTBKOCTI 3MIHHUX JIOT1YHUX (DYHKIIIH.
CxnaaHicTh 3a/1a4i MiHiMizamii OyneBux GyHkiii n 3mMinaEX y kiaci JJKH® Ta JIJIH® 3 poctom
N 3pOCTaE 3a EKCIIOHECHIIAIbHUM 3aKOHOM.

Icnye Benmka KiNbKICTH METOJIB MiHiMizalii OyneBux ¢ynkmii [1; 2]. Posrmsunemo
HaOLIBII MOMIKPEH] 3 HUX:

Merton Beitua nepenbauae moOynoBy TynmUKOBOI (pOPMU JIOTTUHOT (PYHKIIIT 32 TOIOMOT OO
CIeIiaIbHOT Ta0MNHII, KA HA3UBAETHCSA Jiarpamoro (kaptoro) Beiiua i sBisie co0010 CremiaibHO
nepeOynoBany Tabnuito ictuHHOCTI ¢yHkmii. Lls miarpama Buctymae rpadiyHuM crocoOom
MiHiMi3anil yHKIIT 1 3a0e31meuye BiIHOCHY MPOCTOTY poOOTH i3 BUpa3amu. Alle Ipu 301IbIICHH]
KUTBKOCTI 3MIHHMX 3 5-6 BH3HAU€HHA MIHIMI30BaHOi (QYHKLII € [OCUTh CKJIaJHUM U
TPYAOMICTKHM IIPOIECOM.

Kaprta KapHo — ne meron cmpoieHHs BUpa3iB OyneBoi anredpu, 3pobineHe Mopicom
Kapro mns mominmmenHs mgiarpam Beiiwa. Kapra Kapho 3menmye mnorpeOy B BEIMKHX
O00YMCIIEHHSX, BUKOPHCTOBYIOUM TME€peBary JIOJCHKOT MOXIMBOCTI pO3Mi3HAHHS IIA0JIOHIB,
JTO3BOJISIE MIBUAKE PO3MI3HABAHHS 1 BUKJIFOUEHHS TIOTCHIITHUX CTaHIB TOHUTBU. AJie mpooiieMu
3aJMINAIOTHCS 13 30UIBIIEHHSAM 3MiHHMX: kapta KapHo 3a3BHuYail CTaHOBMTBHCS BaXKKOIO IS
pO3Mi3HAaHHA NpHU 30UIbIIEH] KUIBKOCTI 3MIHHMX. 3arajibHe MpaBuiio Take: kapta Kapno mnoOpe
IPALIOE IO YOTUPHOX-II'SITU 3MIHHHUX, 1 HE Ma€ BUKOPHUCTOBYBATUCH 13 KIUJIBKICTIO OiblIe HiX
ITICTh 3MIHHUX.

Meton KBaitHa momsirae B moCiIiIOBHOMY BUKOHAHHI BCiX MOJIMBHX CKJICIOBAHb 1 TOTIM
BCIX IMOMJIMHAHB, IO MPU3BOANTH A0 MiHIMIZoBaHOoi JIH®. Bin gocuts nerkuii B peamizaiii Ta
HEMOraHo Ipaltoe 3 6araTbMa 3MIHHUMM, ajleé 4epe3 BUKOPUCTAHHS IMEH 3MIHHMX B (QYHKIIi
JIOCUTh BaXXKKO B amapaTHId YacTHHI peayli3yBaTH po3Mi3HaBaHHS (DYHKIII, 110 TaKOX 3aBa)kae
ONTUMI30BaHIi pOOOTI 3 TaHUM METOAOM.

Meton Kgaiina-Mak-Knacki siBisie co0oro ¢opManizoBaHUil Ha eTami 3HaXOJKEHHS
OpocTUX IMIUTIKaHT MeTol KBaitHa. Y 11bOMy MeTO/1 BUKOPUCTOBYETHCSI T€OMETPUYHE MOIaHHS
noriyaux ¢yskuiii. Henomikom wmeroxy KsaiiHa € HEOOXITHICTH IOBHOTO IONApHOTO
MOPIBHSAHHS BCIX MIHTEPMIB Ha €Talli 3HaXO/HKEHHS NMEepBUHHMX IMIUTIKAHT. I3 iX 30UIbIIEHHAM
3pocTae KUIbKICTh TMOMapHUX IMOPIBHSAHb, alie 4HUCIOBE NoJaHHsA (yHKUii anreOpu JOTiKu
JIO3BOJISIE CIIPOCTUTH €Tall 3HAXOJDKEHHS IEepBUHHMX IMIUTiKaHT. Came ToMy Led MeTon
peari30ByBaTH MPOTPaMHO JIETTIIE Ta Kpalle 3a Oy1b-sIKUN 1HIITUH.

[TpoananizyBaBmK pi3HI METOAM MiHiMi3alii OyneBUX (YHKLIN, IKaBUM JIHIIAETHCS
MUTaHHS NporpamMHoi peanizauii MeroniB Ksaitna ta Ksaitna-Mak-Knacki.

ToMy HaA3BHUYAiHO BaXXKJIMBO CHEpIIy BHU3HAUUTHCH 3 IHCTpyMeHTapieM poOotu. Byro
BHOpaHO MOBY mporpamyBaHHs C++, ajpke caMe BOHA BBAKAETHCS OJHICI0 3 HAHKpammx MOB
porpaMmyBaHHs Ul PO3B’S3aHHS 33/1a4 aJITOPUTMIYHOTO XapaKkTepy.

[ToTiM HEOOXiTHO BHU3HAYMUTU 3a JIOMOMOTOIO SKOTO THIY JAaHWUX Kpalle Ta HaJliHiIIe
30epiratu iHpopmanio. s po3risay Opanuck CIMCKM Ta MAaCUBH. Y CIUCKaX HEMAa€ JOCTYILY
JI0 KOX)KHOTO €JIEMEHTY 3a KOPOTKHMH MPOMIKOK 4acy, TOMy OyJi0 BHUPIIIEHO BUKOPHUCTOBYBATU
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JUHAMIYHI MacWBH, a camMe BEKTOpH. KUIbKICTh NaHWX NaHOTO THITy MOKE 301IbIIYBAaTHUCS 1
3MEHIIyBaTHCA 3a HeoOXiaHicTio. Bekropam 3a3Buyaili moTpiOHO Oinblle mnam’ATi, HIK
CTaTMYHUM MacHBaMm, ajie B JaHii 3a/1a4i 11€ He € BaXKJIUBUM KPUTEPieM, aJI’Ke HaBITh HA BEJIUKUX
KUJIBKOCTSIX 3MIHHHX PO3MIp 3aTpadeHoi nam’ati He Oyae CyTTeBUM. ACHMITOTMYHO T'OJIOBHI il
3 BeKTOpoM B C++ MOKHaA ONUCATH TaKUM YUHOM [3]:

1. Hoctyn no enementy macuBy — O(1).
2. BcraBka ta Bunanenus eixemenTa B ki — O(1), ane 1ie 3HaueHHs MOXe 3MiHIOBATHCh.
3. BcraBka ta Bunanenns enemerntiB — O(n), 1€ n — KIJIBKICTh €JIEMEHTIB MAaCHUBY.

MosxHa TMOMITUTH, IIO omepallii BUJAJIEHHS Ta BCTaBKU €JIEMEHTIB JOCUTh HETaTUBHO
BIUIMBAIOTh HAa aCUMIITOTUKY BCHOTO alITOPUTMY, TOMY JJISi HAHOUIBII ONTUMI30BAaHOTO PillIEHHS
Tpeba HaMaraTUCh YHUKATU LUX ONEparLlii.

s mporpamuoi peanizanii npu nopiBHsHHI MetoniB KBaiina Ta KBaiina-Mak-Kiacki B
ocHOBY Oyne noknaaeHo J/JIHO.

Posrnsinemo anroputm po6otu nporpaMuoi peanizanii merony Ksaiina-Mak-Kiacki:

1. CnouaTtky Ha ocHOBI 3ajaHoi ¢yHK1ii 3anucyerbes [JJAH®. [Ipu nporpamuiit peaizarmii
HEOOXIJTHO CIIOYaTKy MPOCTO MPONTH IUKJIOM IO BCiii QyHKIIT mpu 3ycTpidi «1» — Habip, skuid
BianoBigae i 3anucyemo B macuB J[JIH®, a sxuio 3ycrpiyaerscsi «0», TO BiH MPOMMYCKAETHCS.
JIyist GUTBII 3pO3YMINIOTO CIPHUHSATTS BCl 0OpaHi HAOOPH 3alKCYIOTHCS 3a JOMOMOIOI0 HYIIIB Ta
OJIMHUIIb.

2. Jani Bci HOMepHu po30UTH Ha TPYIH, IO HEe MEepeTHHAOThCsA. O3HAKOK YTBOPEHHS i-1
TPYIH € HASBHICTD 1 OIMHUIL Y KO)KHOMY JTBINKOBOMY HOMEPI KOHCTUTYEHTHU OJIUHUILL.
3. [ToTiM BUKOHYETBHCS CKJICIOBAHHS TUIBKH Mi HOMEpamH CycCiaHix rpyn. Homepw, mio

CKJICIOIOTBCS, MO3HAYaIOThCA SKOI-HEOYIb MO3HAUKOK (3akpeciroBaHHSAM abo *). Ha wmicue
3MIHHOI, SIKa 3HUKA€ ITiJ] Yac CKJICIOBAHHS, CTaBUTHCS 3HAK «—». [l Toro, mo0 me kparie
peali3yBaTu, B pe3y/ibTaTi CKICIOBAHHS MOTPIOHO BUKOPUCTATH HOBHUM MacuB, KU HEOOX1IHO
3armoBHIOBaTH MeToZoM push back() mist vector. Y HacmigoK I[bOTO aCHMIITOTUYHO aJTOPUTM HE
BTPATUTh CBOIO I[IHHICTH, aJKE BCTaBKa €JIeMEHTa B KiHellb cTaHOBUTH O(1).

4. Ha nactynHoMy ertami BUKOHAaTH BCi MOXJIMBI CKJICIOBAHHS OJIEPYKAHUX €JIEMEHTapHUX
n00yTKiB. CKIICIOIOThCS TIJIBKU Ti TOOYTKH, 110 MalOTh 3HAKU «—» B OJHAKOBHUX MO3MIisAX. Jls
peamizaiii MpOr0 MYHKTY HE MOTPIOHO CTBOPIOBATH HOBUN MAacuB, JOCHUTH BHKOPHUCTATH
OTpUMaHuil B 1.3 MacuB, ajie NOTpiOHO 30epiraTu iHIEKCH MOYaTKy Ta KiHIIS MAacuBY. Y TaKOMY
pasi IOCUTH JIETKO OyJie BU3HAYATH, JIO AKOI MEXi poOUTH CKIIetoBaHHsA. J[Ji1 10/1aBaHHS HOBUX
CKJICIOBaHb JIOLIIBHO 3HOBY % BUKOpPHUCTAaTH MeToJl push_back().

5. Jlani BHKOHATH BCi MOXJIMBI CKJICIOBAaHHS OJIEP)KAHUX €JIIEMEHTapHUX JOOYTKIB.
CKJIEI0I0ThCS TITIBKY Ti JOOYTKH, 110 MICTATh OJTHAKOBI 3MiHHI.
6. Jns onepxxkanns miHiManbHO1 JIH® HeoOxiaHO 3abpaTtu 31 ckopouenoi JJH® yci 3aiiBi

npocTi iMmtikaHTH. Le poOuThes 3a 10moMororo nody1oBH CrenialbHOT IMIUTIKAHTHOI MaTPHUILL.
Psinku Takoi MaTpulll BiI3HAYAIOTHCS IPOCTUMH IMITJIIKaHTaMu OyneBoi (QyHKIIT, TOOTO WieHaMu

ckopoueHoi JIH®, a cToBmui — KOHCTUTYEHTaMH OJMHHULI, TOOTO uineHamu JJIH® OyneBoi
byHKITIT.
7. [Ipocra iMIuliKaHTa NOTJIMHAE JESKYy KOHCTUTYEHTY OAMHUIN, SKIIO € ii BIACHOIO

YacCTUHOIO. BiINoBiAHY KIITHHKY IMIUTIKAHTHOT MaTpUIll Ha MEpeTHHI psAaka (3 pO3rJIsHYTOO
IPOCTOIO IMIUTIKAHTOO) 1 CTOBMIIA (3 KOHCTUTYEHTOIO OJMHUIL) MO3HAYNUTH TIEBHOIO IMO3HAUKOIO
(XpecTUKOM, TUTFOCHKOM 1 T.1.).

8. Jlani BiguIykaTd CTOBIII IMIUTIKAHTHOI MaTpUIll, IO MalTh TUTHKH OAHY MO3HAUKY.
BianoBigHi 1M mo3HayKaM MPOCTI IMIUTIKAHTH Ha3WBAIOTHCS OA3UCHUMH 1 CKJIQ/Iaf0Th TaK 3BaHE
anpo OyneBoi ¢yHkmii. SAnpo o6oB’s3k0BO BXoauTh y MiHiManbHy JIH®. Bci Bukopuctani
0a3uCHi IMILTIKAHTU 3aIlMCYEMO Y MAacHMB OCTaTOYHOI BiAMOBiAi. IX BUIaneHHs 3aiiMae 3HAaYHY
YaCTHHY Yacy, TOMY Kpallle CTBOPUTH OyJIeBHII MacCHB CTAaTyCiB BUKOPUCTAHUX HAOOPIB.

9. PosrnsgHyTH pi3H1 BapiaHTH BHOOpPY CYKYNHOCTI MPOCTUX IMIUTIKAHT, IO HaKpUIOThH
MO3HAYKaMH 1HIII CTOBIII IMITIKAHTHOT MaTpHIli, 1 OOpaTH BapiaHTH 3 MiHIMAJILHUM CyMapHUM
YHUCIIOM JIITEp y Takiil cyKymHOCTI IMIUTIKaHT. BuOpaHy IMIUTIKAaHTY NOTpPIOHO MO3HAYUTHU

39



BHUJIAJICHOIO (B MAacHBI CTaTyCiB) Ta 3amucaTH Yy OCTaTOYHY BignmoBiaes. Ilicis 1poro
3IMCHIOETHCS TIEPeXia MO MyHKTY 8 Ta 1eW UK MOBTOPIOETHCS JOTH, JOKU HE 3aTUIIATHCS
3HUKHYTh BCl TOYAaTKOBI HAOOpH (HyHKIIII.

Ha manomy erami y Hac 3aUIIA€THCS MAaCUB, SKUH MICTUTH BianoBiab. Came ii moTpiOHO
BUBECTU KopucTyBauy: mykaHa MJIH®. Ilpuknan pesynbTaTy nporpamu, sl 3HAXOIKEHHS
MIH® st 3amanoi ¢pyHkiii merogom Kpaitna-Maxk-Kiacki 300paxenuii Ha puc. 1.

Enter your function: 1010101010101010
DDNF: eeee || eel1e || ei1ee || e11e || 1eee || 1e1e || 11ee || 111e

Let's do gluing:
1--8 | (5 +7) + (6 + 8)
-0 | ((1+2)+ (3 +4)) + ((5+6)+ (7+8))

bo6e ©ele ©elee e11e 1eee 1ele 1166 1116
1--0 + +++

-- - B

MDNF: ---©

Pucynok 1. Ilpuknaa podotu nporpamu 3HaxoxeHHst M/IH® meronom Kpaiina-Mak-
Knacki.

Peanizanis mporpamu anroputmy Merony KBaiiHa imeHTH4Ha, aje B LIbOMY METO/i Ha
Binminy Bin KBaitnHa-Mak-Knacki moTpiOHO T0IaTKOBO pealli3oByBaTH pO3Mi3HABAHHS 3MIHHUX,
10 BUKJIMKA€E JESKI TPYIHOII B HAMKUCAHHI MPOrpaMU Ta CTBOPIOE MPOOJIEMH 13 30epeKeHHIM
JTaHuX. B 1iboMy 1 moJisirae rojioBHa BiJIMIHHICTh MIX JaHUMHU Metomamu. [Ipukmnan pe3yiabTaTy
nporpamu ais 3HaxoxeHHss MJAH® ms 3apanoi ¢ynkiii Ksaiina 3006paxkenuii Ha puc. 2.

Enter your function: 1010101010101010
DDONF: -x1-x2-%X3-x4||-%x1-x2x%3-x4||-x1x2-x3-x4| | -x1x2x3-x4| | x1-x2-x3-x4| |x1-x2x3-x4 | | x1x2-x3-x4| | x1x2x3-x4

Let's do gluing:
x1-x4 | (5 +7) + (6 + 8)
x4 | ((1 +2) + (3+4))+ ((5+6)+ (7 +38))

-X1-X2-%3-X4 -X1-X2X3-%X4 -X1x2-X3-X4 -X1X2x3-x4 X1-X2-X3-X4 XxX1-X2X3-%4 X1IxX2-xX3-x4 Xx1x2xX3-x4

x1-x4 + + + +
-x4 - + + + + + + +
MDNF: -x4

Pucynok 2. I[Ipuknag podotu nporpamu 3HaxopxeHHss M/IH® meronom Kpaiina.

Posrnsnyti B poGoTi Meronu MiHiMiZamii OyneBux (yHKHIM Oyno peanizoBHO
IporpaMHo. 3arpornoHoBaHa MporpamHa peainizauist Metony Ksaiina-Mak-Knacki, sika nmokasaina
KOPEKTHICTh 1i BHMKOpHUCTaHHS Ipu MiHimizamii OyneBux ¢yskmiil. Ilpocrota anroputmy
JIO3BOJISIE TIPOBECTH HMOTO TEXHIYHY peami3amilo Ha 3aco0ax OO0YHMCIIOBAaIbHOI TEXHIKH.
BukopucraHHs 7aHOTO METOAY J03BOJISIE 3MEHIIUTH BUMOTH JI0 IPOTrpaMHO-anapaTHUX 3aco0iB
ABTOMATH30BaHUX CHUCTEM MPOCKTYBAHHS TUCKPETHUX MPUCTPOIB.

Chnucok JiTtepatypu:
1. Kondratenko N. R. Computer Workshop on Mathematical Logic: A Textbook. Vinnitsa:
VNTU, 2010. 117 p.
2. Applied Theory of Digital Machines / K.G. Samofalov, A.M. Romankevich, V.N. Valuezky,
J.S. Kanevsky, M.M. Pinevych. K.: Higher school. The main ed., 1987. 375 p.
3. C++. KonTeiineps!. std::vector. web-caiit: ru.cppreference.com URL:
https://ru.cppreference.com/w/cpp/container/vector. (1ara 3sepuenss 14.05.2019).
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Mo0iJbHMH 10JATOK ONITHMAJIBHOI0 CKJICIOBAHHS 300pakeHb

Hem’snenko A.B., bymun [.M., Uepkacbkuil HallioHaIbHUN
yHiBepcuteT iMeH1 bornana XmensHuipkoro, Yepkacu, Ykpaina,
nastjadema69@gmail.com

Mobile application for optimal gluing of images for Android devices

Demyanenko A., Bushyn 1., The Bohdan Khmelnytsky National
University of Cherkasy, Cherkasy, Ukraine, nastjadema69@gmail.com

Abstract

Theses contain information on the development of a mobile application for optimal
image bonding. Software analogues for different operating systems, their advantages and
disadvantages are considered. The development algorithm is described in detail and for what the
median filtering is required. In addition, the algorithm of functioning is considered.

Jlotenep CTBOPEHO BENMKY KUIBKICTh NpOTrpaM JJjisl CKJICIOBAaHHS 300pakeHb Ha
cMapTdoH, mpore OUIBIIICTh 13 HUX Ma€ HEraTUBHI BIATYKH KOPHUCTyBadiB. Tomy mepea HaMu
CTae 3a7a4a pPO3pPOOMTH SKICHUH MPOAYKT Ui MAHOPAMHOTO CKJICIOBaHHSA 300pakeHb 0e3
peKJIaMH, BipyciB, 13 IPY>KHIM, IHTYITUBHO—3PO3yMUIUM IHTEpQeiicoM Ta O€3KOIITOBHHIA.

[lepen mo4aTkoM CTBOPEHHS IOJATKY OyJO0 PO3TISHYTO TPH AHAJIOTH ISl CKIICIOBAHHS
300paxkeHb, 1100 OyTH 00iI3HAHUM B TOMY, SIKI PIIIEHHS Y CTBOPEHI HAIIOr0 MPOAYKTY OyayTh
NpaBWIBHAMH, a SIKi — Hi.

Images Composite Editor, BiH Mae i1HTYiTMUBHO—3pO3yMinuil iHTpedelc, MOoxHa
CTBOPIOBaTH HE JMIIEe NmaHopaMmHi (oro, a i maHopamui Bimeo. [Ipore BiH cTBOpeHMId IS
onepariitHoi cucremu Windows 1 #ioro po3mupeHa Bepcis He 0€3KOIITOBHA.

PTGui Pro Editor mnms Mac OS, npote MoxHa BukopuctoByBatu i aiust Windows. Bin
MOYKE CTBOPIOBATH TiramikcellbHi MaHopamH 3 THUcsSY ¢oTorpadiid, mpore i IbOro MOTPiOHO
KYITyBaTH JIIEH31I0 JJIS PO3IIUPEHOT BEpCii.

Photaf Panorama ans Android, Benukuii MiHYC JaHOTO JOAATKy — II€ HAJOKy4WIHBa
pekiama, siKa 3aBajka€ CTBOPIOBAaTH NaHOpamH1 3HIMKH (¢oTorpadyroun oapasy, a He
3aBaHTaXyrouu ix 13 raiuepei. JlogaTok KUPWIMYHUHM, IO MOXeE IOJETIIUTH pPOOOTY, ajxe
HornepeHl — aHTJIOMOBHI.

Ham mpoayKkT cTBOpIOE€TBCS [Jsl 3BUYAMHUX KOPHCTYBauiB, a He i NMpOo(ecioHaliB.
Omnepariiina cucrema, Ky Oyje miarpuMyBaTh Ao0aatok — Android.
3aranbHUM aIrOpPUTM CKJIICIOBaHHS 300pa)Ke€Hb MA€ TaKUW BUTIISAL:

O06pobka BXiTHUX 300pa’KeHb.

[To6ynoBa maHOpaMHOTO 300paKEHHSI.

Crabimnizaris 300paKeHHs.

30epekeHHsI TOTOBOTO 300payKeHHSI.

Anroput™M poOOTH  PO3pOONIOBAHOTO JTOJATKY JJIsl ONTHMAJIbHOTO CKJICIOBAHHS

300pakeHb:

3aBaHTa)KE€HHs 300paKeHb.

Jloxasmizairist 0cOOMMBUX TOYOK(TIKCET1).

[TorapHe NOpiBHSAHHSL.

Hedopwmartist 300pakeHb.

[ToGynoBa maHOpaMHOTO 300pa’keHHS.

[Tonepenniit meperssi.

30epeKeHHsI TOTOBOTO 300pakeHHS.

Hnst Toro, mo0 peanizyBatd moOyIOBY MaHOPMHOTO 300paKEHHS € TMPsiMI METOIU Ta

METO/M, SIKi 0a3yloThCS Ha MOLIYKY KIIOUOBUX OcoOmuBocTeil 300paxenHs. llpsmi meronn

BaOXYl THUM, W0 JJs CKJICIOBaHHS TOTpIOHA TOYHO BKa3aTH, SK TMOTPIOHO CKIICIOBATH
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300pakeHHs. MeTonu, peali3oBaHl Ha BHSBICHHI KIIOYOBHX BJIACTMBOCTEH 300paK€HHS,
MPAlOIOTh IIBHJIIE 3a MOMEepPeHi, TAaKoX BOHM AaBTOMATUYHO 3HAXOSTh MEPEKPUBAIOUI
TUISHKA 300pa)KeHb B HECOPTOBAHOMY HAOOpi 300pakeHb, IO € OYyXKE BaXKIUBUM IS
PO3pOOIIOBAHOTO JIOAATKY.

3a OCHOBY aJrOpUTMYy MPOTPaMH B3SITO MPUHIUI CKIAJAHHS TOYKOBHUX OCOOIMBOCTEH
300pakeHHs. [l 3HAXOMKEHHS KOOPAMHAT CKICIOBAHHS JBOX 300pa)XeHb B €IMHY MaHOpaMy
HEOOX1THO MOPIBHATH TOYKH OKOJIy 300paxkeHb. J{Jis peanizaliii mopiBHIHHS BUKOPHUCTOBYETHCS
nepedip TOYOK Ha 000X 300paskeHHsX. Y pasi 30iry mapamerpiB Ha 000X 300pa)KeHHSX JIaHi
TOYKH BB@)XAIOTHhCSI KIIFOUOBUMHU OCOOJIMBOCTSIMH 300pa’ke€Hb, 1 CKJICIOBAHHS BIJOYBa€ThCs 3
BUKOPHUCTAHHAM iX KoopauHar [1].

3a jmomomoror MeqiaHHOTo (uIbTpa  HAa TOTOBOMY 300pakeHHI BiIOYBA€ThCS
¢inbrpanis. Hanpuxnan, koopaunatu Toukd (i,j) — motounmii Bimmik. HaBkono motoyHoro
BIJUTIKY po3risiaaeThest okia po3mipy N X N. BynyeTscst BapiamiifHuii psit 0 3Ha4EHHSM TOYOK B
OKOJTi, HANPUKIAT P. Y Pe3yslbTyI0OuoOMYy 300pakKeHHI MOTOYHUHN BIUTIK NpHIMaE 3HAYCHHS 3a
HacTyrmHuM npasmiioMm ((1), 3rigao [3]):

Im,(i,j) =
p(N?* —k +1),if p(k) — Im(i,/) 2 p(N* —k+1) — Imy(i,))
e k — mapameTp anropurma,

N — HemapHe 4ucIo,
Im; (i, j) — BuxinHe 300paxeHHs,
Im, (i, ) — pe3ynbTyroue 300paxkeHHs!.
300pakeHHS 3aBaHTAXKYIOTHCS, MICIs YOTo BiAOyBaeThes nepedip TOUOK 300paskeHHS iy .
Jlaimi moTpiOHO 3HAWTH OKIJ JUIS KOKHOT 13 TOYOK 300paKeHHsI Ta 3anmucaTé B MacuB A;. Taka x
MOCIIZIOBHICTh BiI0OYBa€ThCSA 1 NJIs1 300paskeHHs i, TUIbKU 3amuc B MacuB A,. [lopiBHSHHS
KOJIbOPOBOI MOJIEJII OKOJIy TOYOK, 3allMCAaHWX B MacWBHU. Y BHIAJKY CIIBIIaJaHHS OKOJIB, JaHI
TOUKH SIBISIOTBCSA ocoOnmuBuMH [2]. CkieroBaHHA 300pakeHb BiIOyBaeTbCA 13 3aMilllEHHS
BIJIHOCHO OJIMH OJHO JUIsi TOro, mo0 TOoTOBE 300pa)KeHHsS Majo MpuBabIuBYy GopMmy.
Crabinizalis roTOBOro 300pakeHHs 3a JONOMOTrOI0 MeJiaHHOro (ibTpa MOTpiOHA Y BUMAAKY
BUIIPABJICHHS CIIOTBOPEHb Ha 300paxxeHHi. Jlani BiAOyBaeThCs OKa3 rOTOBOrO 3HIMKY Ha €KpaHi
KOpHUCTYBaya Ta 30€peKeHHsI HOro y rajiepero.
HagiTs sikmio He Oy/ie 3HaMIEHO CX0KOTO OKOJIY MIXK 300paKeHHSIMHU, J0JIaTOK JACTh BaM
MOYJIMBICTh BUOpATH 1HILI BapiaHTH CKIICIOBAHHS:

1. 3anoBHUTH KOJBOPOM: MK KapTUHKAMH iy Ta i, CTBOPIOETHCS MOPOKHEUA, Ky MOXKHA
3al0BHUTHU OYAb—IKUM KOJILOPOM 3 MaJIITPHU KOJIBOPIB.
2. He 3anoBHATH KOJIBOPOM: y BUIIAJIKY, SIKIIIO KOPUCTYBAay He Oa)kae 3alIOBHUTH KOJIbOPOM,

TO CKJICIOBaHHS B1I0YBa€eThCs 0€3 TOUHOCTI MK 300paKEHHAMH 14 Ta iy.

[lpakTu4yHa IIHHICTD AITOPUTMY MOOYIOBH IaHOPAMHOIO 300pa)KEHHS IIOJIArae B
MOJKJIMBOCTI 3HMKEHHSI 00cAry B3aeMojii 3 KOpUCTyBau€M Ta ICTOTHOMY IIiJIBUILEHHI
e(eKTUBHOCTI BHpIIIEHHs 3aBJaHb cTabuTi3anii 300paXkeHb, MNPOTE€ OIIHKA 3a3HaueHoi
€(DEeKTUBHOCTI SIBIISIETHCS MPEIMETOM MOIATBIITNX JTOCIIKEHb.

Cnucok JitepaTypu:
1. Bymaee M. U. AnmapaTHbIii KOMIIIEKC MOCTPOSHHS IMAHOPAaMHOTO H300paXCHUsS Ha
MIPHUHIIAITe COCTABIICHHUS TOYCUHBIX ocoOeHHOCTel. Kypck, 2014. C. 98-102.
2. Kamyrman K. C. AJroput™M MOCTpPOCHHUS paclo3HaBaHUS H300paKEHUS TPH MOMOIIN
COIIOCTaBJICHUsI TOYEUHBIX ocobenHoctel. Kypcek, 2013. C. 118-120.
3. O06o0mmenue MeJIMaHHOT O ¢bubTpa. web-caiiT: habr.com URL:
https://habr.com/ru/post/114551/ (nara 3Beprenns 01.05.2019)
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BukopucraHHs 10NMOBHEHOI PeajibHOCTI y cepi Typusmy
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Using of augmented reality in tourism

Kyrychenko D., Hrebenovych Yu., The Bohdan Khmelnytsky National
University of Cherkasy, Cherkasy, Ukraine, julia@cdu.edu.ua

Abstract

Tourism is a multiple and dynamic industry, which take 30% of international trade.
Hence was created mobile app that allows to use augmented reality in tourism. Model for
building of route need to have coordinates of specific location and transform it to augmented
reality space. Step-by-step getting of route coordinates occurs by the mean of external services.
Application provides transformation of coordinates to 2D projected coordinates, make the route
in augmented reality and show information about specific location.

["amy3p Typu3My € pi3HOCTOPOHHBOIO 1 11 pO3BUTOK BIUIMBAE 1 HA 1HIII rairy3i, HATPUKIIAI,
OyIIBHUIITBO, TPAHCIIOPT Ta KOMYHIKamii. TypucTHYHA 1HIYCTpPis HA Cy4aCHOMY eTarll BUSBIIIE
BUCOKHIA TUHAMI3M PO3BHUTKY 1 € TPETHOIO 32 MPUOYTKOBICTIO Tally33i0 CBITOBOi €KOHOMIKH. Y
chepl MOCIYr TYpUCTUYHE TOCIOAAPCTBO CTaHOBUTH MHpuOmu3Ho 30% cBiTOBOi TOpriBmi 1
65u3bK0 7% CBITOBUX KaIliTAJIOBKJIAICHb.

Ha cpboroguimHiil 1eHp icHye 0e3niy J0AATKIB AJsi aBTOMATH3alllil MPOIECIB TypU3MY:
BUOIp aBIaKBHTKIB, TOTENIB, TYpiB; IMONIIYK I1aM STOK KYJIbTYPH Ta PECTOPAHIB, IEPETIISI
BU3HAUHUX Micllb Ha KapTi. [Ipobremoro OiIbIIOCTI MONATKIB € T€, 1[0 BOHU MAalOTh BY3bKY
cnenudiky Ta MalOTh 0OMEXEHI MOYKITHBOCTI POOOTH 3 KapTOI0, MPOKIIATAHHIM MAPIIPYTY.

VY 3B’s13Ky 3 UM 0y710 MOOYA0BaHO MOOLIBHUI T0AATOK, IO JO3BOJII€ BUKOPUCTOBYBATH
JIOTIOBHEHY PEaJIbHICTh Y TYPUCTUYHIN ramysi.

CrtBopeHa MoJenp Ui MoOy/I0BH MapUIpyTy Ma€ OTPUMYBAaTU Ha BXiJ MICTO, B SIKOMY
3HAXOJHUTHCSA TIaM’siTKa Ta SKE IIOB’S3aHE 3 KOHKPETHOI KpaiHOI0, MaM’ATKy 3 YCI€ro
iH(popMalli€ro Ta KOOPAUHATH, JIe BOHA 3HAXOJUTHCS.

JloroBHEHA peabHICTh - TEPMiH, 1110 TI03HAYAE BCl IPOEKTH, CIPSIMOBaH1 HA JOMOBHEHHS
peanabHOCTI OyIb-sIKUMH BIpTyaJbHUMHU eJleMeHTaMu. JlOMOBHEHa peajbHICTh - CKJIaJ0Ba
YaCcTHUHA 3MINIAHOI peajdbHOCTI, B SKY TaKOX BXOAHWTH <JIOTIOBHEHA BIPTYaJIbHICTHY» (KOJHU
peasibHi 00'€KTH IHTETPYIOTHCS Y BIPTYaJIbHE CEPEIOBHUILE).

[Tepmia cucrema noOynoBaHa Ha JOMOBHEHIN peanbHOCTI Oyna po3pobieHa B 1968 pori
npodecopom ['apBapay AitBanom CazepiieHnom Ta ioro cryneHtom bob6om Crpayiiom, siKy
BOHM Ha3Banu “‘JlamokiiB meq” [1].

3arampHa CXeMa CTBOPEHHS JOINOBHEHOI PEaTbHOCTI Ma€ TaKWW BUIJISAI: ONTHYHUHA
CKaHep (KaMmepa) IPUCTPOIO 3UUTYE 300paKeHHs pPealbHOro 00'€KTy; MporpamMHe 3a0e3neueHHs
IPUCTPOIO MPOBOAMTH 1ACHTU(DIKAII0 Ta aHali3 OTPUMAHOro 300pakeHHs, oOupae abo
00YMCITIOE BIJIOBIIHE 300paKeHHIO BUIMME JONOBHEHHS, 00'€IHY€E peaibHe 300paxeHHs 3 Horo
JOTIOBHEHHSIM Ta BUBOJIUTH 300pakeHHS Ha MPUCTPii Bizyamizamii [2].

Jnis po3MmilieHHsT peasbHUX 00 €KTIB Y KOHTEKCTI JIOMOBHEHOI pealbHOCTi, MOTPiOHO
MaTH KOOpJAUHATH 00’€KTa Ta TpaHC(OpMYBaTH iX y HpPOCTIp JONOBHEHOI peanbHOCTI. Lle
BiZIOYyBa€THCS 3a IOTIOMOTOI0 NIEPETBOPEHHS KOOPAMHAT Y MpoeKLito Mepkaropa.

[Tpoekuist Mepkaropa € OCHOBHOKO 3 KapTorpadiuHux NpoeKkuid 1 HaifyacTimie
3acTOCcOBYeThes BapianT WGS 84, sikuii € 3aranpHO-3eMHHM ernincoinom. Moro nonspruii paziyc
piBHUIT ~6356752,314245, a exBaTopiansHuii - 6378137,0.

Jane TpancopmyBaHHs BiiOyBaeTbes 3a popmyiaamu (1):
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xmeters = smA*lon _Rad 1
ymeters = smA* Math.log(Math.sin(lat _ Rad) +1) / Math.cos(lat _ Rad)), (1)

ne SmA = 637813.7;
lon_Rad — nosrora B pajgianax;
lat _Rad — mmpora B pamiaHax.

OTpuMaHHS TPOCKTOBAHOTO BEKTOpPY (IUCTaHIS BiJl TMPUCTPOIO JI0 00 €EKTY)
BiIOYBA€ThCS 3a JIONMOMOTOK BiTHIMAHHS IMPOEKTOBAHOI MO3MIII 00’€KTa BiJl MPOEKTOBAHOT
TIO3HIIIT TPUCTPOIO.

Kopektna no3utiss 06’exty Oyne oTpuMaHa, SKIIO MPUCTPiH ITUBUTHCS Ha IMiBHIY, aje
SKIIO MPUCTPii oOepTaTH, TO Oy/e 3MIIIEHHS 110 KOOPIWHATAM 1 IOCTOBIPHICTH Oyzie BTpaueHa.

Jis miaTpuMaHHS KOPEKTHOI MO3HIii, TOTpiOEH HAIPSIMOK KOMIIAcy Uil MEPEeTBOPEHHS
KOOPJMHAT 3 YpaxyBaHHSIM HAMPSMKY Y IPOCTIp JOMOBHEHOI peaibHOCTI.

JlocATHEHHST BOTO PE3YIbTATY CTAJIO0 MOXKIMBUM 3a (OPMYIIOI, sKa 3HAXOAWUTH MBI
toukn X Ta Y y KapTe3iaHCHKii cHcTeMi KOOpAMHAT 3a hopMynamu (2):

newRotatedX = xmeters* Math.cos(angle) — ymeters * Math.sin(angle)

newRotatedY = ymeters* Math.cos(angle) + xmeters * Math.sin(angle) ,

xmeters = 637813.7*lon_rad (2)
ymeters = 637813.7* Math.log(Math.sin(laat _ rad) +1) / Math.cos(lat _rad) ,
e lon _rad — gosrora B paziaHax, a KOHCTAaHTHE 3HAYCHHS - BEJIMKA ITIBBICh
enircoina WGS84;

lat _rad — mmpora B pamiaHax;
angle — xyr obepraHHs y pajiaHax.

TakuM YMHOM, MM OTPUMY€EMO KOOPJMHATU O00’€KTY y peabHOMY MPOCTOpi 1 BiJCTaHb
JI0 HBOTO, IO JO3BOJIIE TOYHO iACHTH(IKYBATH MICIIE3HAXODKCHHS Ta TOYHE IMPEACTABJICHHS
00’€KTIB B JJOMIOBHEHIN pPeaIbHOCTI.

[Ticnst TpaHchopMyBaHHS KOOpPAMHAT, ICHYEe HEOOXIAHICTh NepepaxyBaHHsS KOOPJIWHAT,
KOJIN KOPHCTYBau IOBEPTAETbCA HABKOJO CBO€i oci. [[ng BU3HAueHHS peajbHOI BiACTaHi 10
00’ekTa, MOTPIOHO MI3HATHCS TEOJIOKALlI0 KOpUCTyBaua Ta TaKOX TpaHC(OpMyBaTH Il JaHl 1
BUPAXyBaTH PI3HUIIIO MK 00’€KTOM Ta KOPUCTYBaueM.

Jnsg BigoOpa’keHHS KOPEKTHUX JaHUX NOTpPiIOHO, abu NpUCTPI TOYHO BHU3HAYaB
HanpssMKU  cBiTY. lle mocsraetbcst 3a OOMOMOror KamiOpyBaHHS MPHUCTPOIO 1 med 3acid
3acTocoByeThesl B Google Maps Ta 1HIINX T07aTKax 3 HaBIramiew.

KaniOpyBaHHs mpalioe TakuM YUHOM: MOOIIBHMNA TNPHUCTPill, BUKOPUCTOBYIOUU
BOy/IOBaH1 CEHCOpH, Oepe KyT B rpagycax, 1 ko maemo 0 - To mpucTpiii AUBUTHCA Ha TIBHIY.
[Tpuctpiii BBa)kaeThCs BiIKANIOpPOBAaHWUM SKIIO BiH JMUBHUTHCS Ha TMiBHIY 3 moxuOkow 10
rpaayciB.

[TpoknagaHHs caMOro MapuIpyTy BiIOYBaeThbcs 3a JIOIOMOTOI0 CTOPOHHIX CEpBICIB, SKI
BIJIIAIOTh TOKPOKOBUHM MapuipyT 3 KoopauHatamu. CaMe TakuM YMHOM 30epiraerbcs 4iTkKa
MOCJIIOBHICTh KPOKIB Ta 30€piraeTbcs 3py4HiCTh Y KOPUCTYBAHHI.

Jlns miaTpuMaHHS 1HTYITUBHOTO PO3YMIHHSI MapIIpyTy, BBOAATHCS MapKepU-BKa3iBHUKH,
K1 B1100pa)kaloOThCS HA KamMepl B TOMY HAIPSIMKY, B IKOMY 3HaXoIuTbcs 00’ ekT. [1i Mmapkepom
pO3yMi€eTbCsi OO'€KT, pO3TAlIOBaHWN B HABKOJUIIHBOMY MPOCTOPi, SAKUM 3HAXOAUTHCA 1
aHaJI3yeThCs MPOTrPaMHUM 3a0€3MeUeHHAM JUIsl MOJANIBIIOI BIATBOPEHHS BIPTyalbHUX 00'€KTIB.
Ha ocHoBi iHQopMmamii mpo cTraH Mapkepa B MpPOCTOpi, MporpaMa MOXeE JOCHUTb TOYHO
CIPOEKTYBaTH Ha HBOT'O BIpTyalbHUN 00'€KT, BiJl 4Oro Oyae AOCATHYTO e(peKT Horo ¢izu4yHol
MPUCYTHOCTI B HABKOJHUITHEOMY ITPOCTOPI.

CrBopeHunii MOOUTBHMM [OJATOK HaJae MOKJIMBICTD MEperyisigy MapuipyTiB Ta
iHdopmanii mpo Micta, MHaMm’ ATKH, JOKalii, 3a0e3mneuye MNepeTBOpPeHHs KoopauHaT y 2D
CIPOEKTOBaHI KOOpPJHMHAaTH,  TOYHO BiJoOpaXka€ KOOPAMHATH, TNPOKIATAE MAPIIPYT Y
JIOTIOBHEH1H PEaIbHOCTI Ha OCHOB1 IEPETBOPEHUX KOOPIUHAT.

44



[IpakTUyHa MIHHICTH CTBOPEHOI MPOTPAMH TOJIATAE Yy HAJAaHHI KOPUCTYyBadyaM MPOCTOTO
Ta ePeKTUBHOTO MPOIIECy MOIIYKY MapIIPYTy Ta MOMJIUBOCTI 03HAHOMUTHCH 3 0OpaHUM MiclieM
3a KOPOTKHH MPOMIXOK 4acy.

Cnucok Jirteparypu:
1. Xpononorus: Kak pa3BUBajach BUPTyalibHAs, IOTIOJIHEHHAs! M CMEIIaHHas pealbHOCTH. BeO-
web-caiir:  vc.ru  URL:  https://vc.ru/future/44433-hronologiya-kak-razvivalas-virtualnaya-
dopolnennaya-i-smeshannaya-realnosti (nara 3sepaenns: 20.04.19).
2. Texuomorus I[OHOJ'IHCHHOﬁ PE€AIIBHOCTH KaK CpE€ACTBO IOAACPKKH 06p330BaTeJIBHOFO
nporecca. Web-caiit: dgng.pstu.ru  URL: http://dgng.pstu.ru/conf2017/papers/110/ (mata
3BepHeHHS: 22.04.19).
3. [Ilepecuer koopaunat u3 Lat/Long B cuctemy Mepkatopa u oOpatHo. Web-caiit: gis-lab.info
URL.: http://gis-lab.info/ga/dd2mercator.html (marta 3Bepuenns: 20.04.19).
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Cexkniga 3

3axucr iHdpopmaiii Ta
TeJeKOMYHIKAIIMHI CHCTEMHU
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AHaJIi3 3aBaJI0CTIHKOCTI MOJeMy MHOKHHHOTO IOCTYIy IIYMOBHMX CHUTHAJIIB 3
BPaxXyBaHHSIM BIUIMBY KBAaJIPATHYHOI CKJIAIOBOI 1€eMOIYJISITOPA

[lepBynincokuit C.M., Onekciok B.B., Uepkacekuii nepxaBHUN
TEXHOJIOTIYHUHN yHIBepcuTeT, Yepkacu, Ykpaina,
cherkpervun@rambler.ru, vadim.oleksuk@gmail.com

Analysis of multi access digital modem of noise signals taking into account the
effect of demodulator quadratic component

Pervuninsky S., Oleksjuk V., Cherkasy State Technological University,
Cherkasy, Ukraine, cherkpervun@rambler.ru,
vadim.oleksuk@gmail.com

Abstract

The current state of the development of the elemental base of radio systems stimulates
both the improvement of the characteristics of existing traditional systems and the study of
alternative methods of information transmission. The great importance in improving the
information transfer systems has the research of modems using as an information carrier signal
with spread spectrum. In the domestic literature such signals were called noise or broadband.
Among the practical implementations, the most widely used development of autocorrelation
systems for the transmission of digital information using chaotic and noise signals.

Investigation of the noise immunity of autocorrelation systems with noise signals in most
cases is carried out using a Gaussian approximation of random variables. In this work, the
analysis was carried out taking into account the presence of component in the demodulator with
non-Gaussian distribution, which allows improving the accuracy of the theoretical evaluation of
the system immunity.

The obtained theoretical estimates of noise immunity are compared with the results of
simulation. The research showed the approximation of the results for small values of the
signal/noise ratio (SNR) with the growth of the difference at high values of the SNR.

CyuacHMil CTaH PO3BUTKY €JIEMEHTHOi 0a3u pajioCHCTEM CTHMYIIO€ SK IMOKpPAaIlCHHS
ICHYIOUHX TpaJMI[IMHUX CHUCTEM TaK 1 JOCTIHPKCHHS aJbTepHATUBHUX METOJIB Tepenadi
iHpopmanii. Hemane 3HaueHHs y BJIOCKOHAJIEHHI cHCTeM Iepenadi iHpopmalii MarTh
JNOCTIPKEHHST MOJIEMIB 3 BHUKOPHCTAHHSIM B SIKOCTI 1H(OpMalifHOI HeCcydoi CHUTHAIy 3
PO3LIMPEHUM CIEKTPOM, B SKOCTI IKMX BUKOPHUCTOBYIOTHCS IIMPOKOCMYTOBI IIyMOBI MPOLIECH.

Haii6inpuioro nommpeHHs OTpUMail po3pOoOKH aBTOKOPENSALIMHUX CHCTEM Iepenadl
ugpoBoi iHGopMallii 3 BUKOPUCTaHHSAM XaoTHUHUX [1] Ta mymoBux curHamiB [2]. B poGorti
BUKOHAHO AaNpPOKCHUMAIII0 CKJIAJOBUX JEMOAYNIATOpA, IO MAlOTh PI3HH 3aKOHU PO3IOALTY.
OTpumaHi HOBI TEOPETHYHI OI[IHKM 3aBaJOCTIMKOCTI LU(POBOr0 MOJEMY, IO BpPaxOBYIOTh
HAsSBHICTh KBAJPATHYHOI CKJIAIOBOI B IEMOYJISATOP1, MATBEPKEHI pe3yabTaTaMU MPOBEICHOTO
IMITaliifiHOTO MOJIETIOBaHHS.

Meta pobotu: aHami3 BIUIMBY KBaJpaTHYHOI CKJIAJ0BOi B LU(pOBOMY Moaemi
MHOXHHHOTO JIOCTYIy Ha HWOT0 3aBaJOCTIHKICTh KOJHM B SIKOCTI CHTHAlly BUKOPUCTOBYETHCS
LHEHTPOBaHUI OLITHIl rayccoBUi IIyM.

JlMcKpeTH30BaHU CHUTHAJ HA BXOJI JAEMOJIYJISATOpa MPEICTaBUMO BEKTOPOM Yy BUIIISAIL

(1):
_ K _1 _
y=&+ X [aiéi]+no, 1)
i=1
Ie 0i, @e{&n} —Bekrop 3 N Bijutikamu, 110 TIpeCTaBNIsA€ KBAHTOBAHI B Yaci

cknanoBi 0j m(tm—1j), i=0,K, m=LN}, 19=0, tm=mA; aje{-1+1} —
47


mailto:cherkpervun@rambler.ru
mailto:vadim.oleksuk@gmail.com
mailto:cherkpervun@rambler.ru
mailto:vadim.oleksuk@gmail.com

iH(OopMaIiifHU CUMBOJI 1-TO KOPUCTYBaya, 110 BIATOBIAA€ JTOTIYHUM
OiHapHuUM curHaiam «0» Ta «1»;
K — kiJIbKiCTh KOPUCTYBaYiB.
Curnan Ha BHXOJiI aBTOKOpensTopa (Ha BXOJI MOPOTOBOTO IMPHUCTPOIO), 3AMUIIEMO Yy
BurisiAi (2):

_ K _ _ K _ —
G =(Ee+D ;& +N0, &+ ) &y +Ni ) =
j=1 j=1

- _ - K - - - K -
- (80 &)+ 02 o) i +(&.ni) + i)
]= 1=
)

K _ K _ K _
+ Zocjf_,j,Zocj-ijJri + Zocj~§j,ni +
j=1 j=1 j=1
_ _ K _ _ _
+(&n0)+( X ojEjui.n0 )+(no.ni),
j=1

- - N - -
e <Vj,Sj+i> = 2 Vjim-Sj+im — cKansApHHii 10OyTOK BEKTOPiB V j Ta S j+i;
m=1

v,se{§;n}, §j+i - BEKTOD, 1110 IpeCcTaBise ckiagoBy S(tm — Tj—Tj ).

B (2) npu noOynoBi 3akoHy po3noaity BB SI{X} MOJKHA BHJIUTUTH KBAAPATHUHY CKIaJOBY

<aiil~£i>| IO MiIKOPSETHCSA 3aKOHY PO3MOIULY THITY XZ, B TOH 4Yac SK IHII CKJIQZOBI JUIS

CIIPONICHHS aHATI3y 3BUYAHO OIMUCYIOTh rayCCOBUM PO3MOALIOM [3].

Anpokcumaliist 3 BpaxyBaHHSIM KBaJIpaTUYHOTO 3aKOHY PO3IMOJLTY JO3BOJISE YTOUHUTH
TEOPETUYHY OIIHKY 3aBaJIOCTIMKOCTI JEMOIYJISATOPA, IO MEPEBIPSIETHCS MOICITIOBAHHSIM.

Ha rpadiky (puc. 1) mpexacraBieHHi, aHaJIITU4YHI PO3PaxyHKH Ta JaHi iMiTaliifHOTrO
MOJIeIOBaHHs WMOBIpHOCTI BUHMKHEHHS noMuiku (PBER) Bin BinHomeHHs curnan/3zaBazaa (h2)
3 BpaXxyBaHHSAM pO3MOJLITY XZ IIpU Pi3HIN KUIBKOCTI KOPUCTYBAUIB Ta CTalii KUIBKOCTI BIAJIIKIB
(N=100).

1
Puoer ‘ N-=100

HaJITHYHUI MiTalliifHE
Anamitnyauii - ImiTaniine
pO3paxyHOK MO/IEIIOBAHHS
2 . 0K-1
10— X - posnoain o K-2

o K=3

K=1

1“:10‘0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 33 24 25
I, 1b
Pucynoxk 1. 3anexHicTs iMOBipHOCTI BUHUKHEHHS nmomuiiku PBER

BiJI BITHOIIMHHS CUTHai/3aBaAa h2 mpu pi3Hii KUIBKOCTI KOPUCTYBauiB
(aHAMITUYHUN PO3PAaXYHOK Ta IMITaLlIfHE MOJIETIOBaHHS).
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BuxonaBmm aHamiz 3aBafocTiMKOCTI Moaemy Bin K-kopucTyBauiB 3 BpaxyBaHHSIM
KBaJIPATHYHOI CKJIaI0BO1, T03BOJISIE TOOAYNTH HAOIMKCHHS TEOPSTUYHUX PE3YNILTATIB JI0 JaHUX
iMiTamiitHOoi Mozem. IcHyroua pi3HMIS, MK JaHUMH MOJIETi 1 TEOPETHYHHMH pPe3yIbTaTaMHu
MOSICHIOETHCSI BPaXyBaHHSM JIMIIE OJHIET KBaIpaTUYHOI CKJIaI0BOI O€3 YTOYHEHOT'O BpaXyBaHHS
PO3MOAUTIB 1HIIUX CKJIQJOBUX JEMOIYJATOpa. ToMy YTOYHEHHS TEOPETHYHOI OIHKHA 13
BpaxyBaHHS HasIBHUX PO3TOJUTIB CKJIAIOBUX SBIISIETHCS HACTYITHOIO 33/1a4€H0 JOCITIIPKEHHS.

Chnucok Jiteparypu:
1. Wai Tam, Francis Lau, Chi Tse, Digital communication with chaos. N.Y.: Elsevier, 2006.
256 p.
2. JleralO.I'., IlepBynincbkuit C.M., I'ysnin C.C. J[locmimkeHHs 3aBajoCcTiikocTi M-
HO3HILIHHOTO aBTOKOPEIIIHHOrO MpuiiMaya OIyMOBHUX CHTHAJIIB B KaHaJi 3 aJUTUBHUM O1TUM
raycoBuM 1mymoMm. Bicuuk HarionaneHoro yHiBepcuteTy "JIbBIBCbKa TOJIITEXHIKA'.
Panioenexkrponika Ta TenekomyHikaitii. 2009. Ne 645. C. 167-176.
3. XKypasens II. JI. Opranizaiis MHOXHHHOIO JIOCTYIy B CHCTEMax Iepefadi JaHux
IIYMOBUMH CUTHaJIaMHU 13 BUKOPUCTAHHSM OpPTOTOHANi3alii CHrHaliB mepenaBada. HaykoBuit
BicHUK YUepHiBelbKOro HalllOHAIBHOTO yHiBepcuTeTy iM. FO. @enpkoBuua. Cepis:Kommn’roTepHi
cuctemu ta komnoneHntu. 2013. Tom 4. Bunyck 2. C. 15-19.

Oco0smuBocCTI cmyQiHr-aTak B 0e3MPOBIIHUX MepeKax

Mocroguii 1.[1., Poznowmiii 1.O., Uepkackkuil HallloHaTbHUA YHIBEPCUTET
imeni bornana XmenpHuipkoro, Yepkacu, Ykpaina, inna-roz@ukr.net

Features of spoofing attacks in wireless networks

Mostovyi 1., Rozlomii 1., The Bohdan Khmelnytsky National University
of Cherkasy, Cherkasy, Ukraine, inna-roz@ukr.net

Abstract

In connection with the rapid development of wireless technologies, as well as the
widespread introduction of wireless local area networks in the daily life of people, a new
direction of criminal activity — an attack on networks that use wireless technologies for the
transmission of information — has appeared. The article briefly describes the classifications of
attacks on wireless computer networks, in particular: attacks of privacy, attacks of integrity and
attacks on accessibility, as well as their analysis for the main purposes. On the basis of statistical
data, it was concluded that the most common method of attacking wireless networks is the so-
called «man in the middle», which received this name because the attacker acts as an
intermediate link between the two respondents. The paper briefly describes the most common
types of attacks of the aforementioned method. It also described the mechanism of the «man in
the middle» attack and his most widespread subspecies — spoofing attacks. The methods of
spoofing attacks, as well as their descriptions, and classification are given. Explored and
described MAC spoofing (MAC address change for a network device), ARP spoofing (sending
ARP messages to the local network), IP spoofing (generating IP packets with fake IP address of
the source), DNS spoofing (Replacing DNS Answers), TCP Hijacking (Viewing Network
Participant Data Packages). As a result, an IP attack simulation scheme was compiled, and it was
concluded that security issues in wireless networks require a lot of attention, as at present there
are no effective methods of protection against most types of attacks on this type of network.

OcTaHHIM YacOM CIOCTEPIraeThCsl CTPIMKHUI PO3BUTOK 1 PO3MOBCIOJKEHHS O€3MPOBITHUX
JTOoKaIbHUX MepekeBux TexHonoriid. Texaomorii Wi-Fi 1 WIMAX yxe 3aifHsud CBOIO HINTYy HA
pUHKY 0e3pOoTOBUX Mepexk. be3npoBigHi T0JaTKU JO3BOJSIOTH JIOASIM «PO3LIMPIOBATHY CBOI
po6oui MiCIIs 1 OTPUMYBATH B PE3YJIBTATI IBOTO PAJI epeBar. 3 MosiBo0 0e3apoToBoro Internet-
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3B’SI3Ky Ha MEPUIMH TUIAH BUMIILJIO MUTaHHS 3a0e3MnedeHHs] 0e3MneKku. 3riAHO 3 CTaTUCTUYHUMHU
JAaHUMH, OTPUMAHUMHM LUIIXOM aHajli3y aTtak Ha 0e3IpoTOBI Mepexi, B JaHiil obiacTi iCHYIOTh
CyTTeBI IpoOsieMu. ['010BHUME 3arpo3aMu BUKOPUCTAHHS O€3APOTOBUX MEPEX €:
- MEPEXOIUICHHSI TOB1IOMIIEHb CHEICIYK0, KOMEpUIHHUX MiJIPUEMCTB Ta MPUBATHUX
oci0,
- MEPEXOIICHHS! HOMEPIB KPEIUTHUX KapTOK,
- BTPY4YaHHs B pOOOTY KOMYHIKallIMHUX LIEHTPIB Ta 1HIIIE.
UwucneHnHi JOCTI/DKEHHS TOKA3yiOTh, IO OUIBIIICTh aTak B OE3APOTOBUX MEpexkax,
MO’KHA KJIacu(piKyBaTH HACTYITHUM YHHOM:
- aTaku KOH(QIIEHIIMHOCTI: METOI0 IIi€l KaTeropii arak € TIepeXOIICHHS CeKpPeTHOI
iH(dopMmaIlii, o nepesaeTbest 0€3IPOTOBUM CIIOCOOOM;
— aTaKW IUTICHOCTI: TaKi aTaku HAJCHWIAIOTh KaJpyu XHOHOTO KOHTPOIO, KEpyBaHHS, a0o
Taki, 10 MICTATh JaHi, HEOOXiJHI /Ui BHHHKHEHHS 30010 Ha MPHUCTPOi-OTpUMYBadi ado
BUKOPHUCTOBYIOTBCSI JIJIsi TOJICTIICHHS MPOBEACHHS I1HIIMX BUAIB aTak; JO I[bOTO THUIY aTak
MO>KHA TaKOXX BIJHECTH aTaky Ha aBTCHTHU(]IKAIIiO;
— aTakd Ha JOCTYIHOCTi: aTakd IbOrO THITY IEPElIKOHKAITh JOCTaBli 0e31pOTOBUX
MOBIIOMJICHB IS JIETallizallii KOPUCTYBaYiB BHACIIIOK BUBEJICHHS 3 JIAJTy MEPEIKEBHX PECYPCIB.
HalinomupenimuM BHIOM aTak Ha JaHWM MOMEHT, € TaK 3BaHUN METOJ <JIIOJMHA
nocepenuni» («man in the middle»). Ha3panuii BiH Tak uepe3 Te, IO aTaKyO4HUH BUCTYIAE
MPOMDKHOIO JIaHKOI0O MDK JBOMAa KOPECIOHJEHTAMHM, SKi BBa)KalOTh, IO TPUMAIOTh 3B’SI30K
HampsiMy MK 00O, B TOWM 4Yac, sSIK HACIpaBAl BOHH OOWIBa KOHTAKTYIOTh 3 aTaKyHOUHM.
3a3BUYail aTaku TAaKOro TUITy MAlOTh J[Ba PI3HOBUIM: MPOCIYXOBYBaHHS (3JI0YHMHEIb MPOCTO
IPOCITyXOBY€E Ha0ip mepesad MiK pi3HUMH XOCTaMH), MaHIMYJALiA (aTaKylOYHid BUKOPHCTOBYE
MO>KJIMBICTh TIPOCIYXOBYBaHHS @ TaKOXK HEJIETANIBHOIO 3aXBaTy MOTOKY JaHHX 3 IULIIO 3aMiHU
ix BMmicty) [1-2]. Jlyke 9acTo mijg 9ac TakKuX aTaKk BAKOPUCTOBYIOTh METOJI CITy(piHT-aTax.
Cnydinr-araku — 11e MepexxeBl aTaku, KOJIU OJUH 13 YYaCHUKIB MAaCKY€ThCS MiJ 1HIIOTO.
3a3BHuail BOHM HampaBieHI Ha Te, M00 3MYCHUTH KEPTBY BIANPABIATH Tpadik HEIETITHMHOMY
OTpUMYBauy HampsIMy, a aTaKyrOuoMy, KOTpHi MOTIM mnepeHanpasise Tpadik nami. [Ipu mpomy
aTaKyl4Mi OTPUMY€E MOKJIMBICTh HE TUIBKH MEperisay, a me i moaudikanii nanux. Ha puc.1.
noKa3aHa peajizailig ataku imitamii [P-agpecu [3].

Cucrema Xaxepa

LinsoBa cHcTEMa
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Pucynoxk 1. Peanizanis araku imitauii [P-agpecu.
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Haii6inb1 po3noBCIOKEHUMH CITy(PiHT-aTakaMu €:
1. MAC-cnydinr — araka KaHaibHOro piBHsA, MeTon 3MiHM MAC-ampecu MepekeBOro
HPUCTPOIO, SIKMI O03BOJISIE OOIWTH CIIMCOK KOHTPOJIIO JIOCTYITY JI0 CEpPBEpiB, MapIIPyTU3aTOPiB
a00 X MPUXOBATH MPHUCTPIH, IO MPU3BEE IO TMOPYIICHHS POOOTH MEpeki. 3TOBMUCHUK 3MIHIOE
MAC-anpecy Ha MepeXeBOMY MPHUCTPOI, IKAN BiH aTakKye, M0 3MYIIYe KOMYTaTOp BiAIPaBISATH
IaKeTH Ha MOPT, 10 AKOTo MiJAKIOYEHUH XaKep.
2. ARP-cniypinr — wMepexeBa aTaka, NpHU SKIM 3JTOBMHUCHUK HAJCWIIAE MiIpoOIeHi
noBigomiieHHs rpotokoiy ARP (Address Resolution Protocol) B mokaneny Mepexy. Jlanuii Bua
aTtak no3Boiisie po3mictutu B ARP kemri sxeptBu mifgpoOienuit 3anuc. Sk npaBuwio mera ARP-
cnydinry mojsrae y tomy, mo0 3B’s3atu MAC-aapecy 3nmoBmucHuka 3 IP-agpecoro xocra
(3a3BMYall OCHOBHUI IILTIO3), IO JIA€ 3MOTY XaKepy MEePEXOIUTIOBATH MaKeTH JAaHUX B MEPEXi,
3MiHIOBaTH a00 3yNUHATH BeCh Tpadik.
3. IP-crtydinr — ctBopennst [P-nakeris 3 danbcudikoBanoro [P-agpecoro mxepena, METOIO €
IPUXOBYBAHHS CIPABXHbOI'O BIJNpPaBHUKA a00 3HEOCOOJIEHHS KOMIT IOTEpHOi cUCTeMHU. Tak sk
outemricte mporokoiniiB TCP/IP He 3abe3meueHi mexaHizMamu aBTeHTH(IKAIil pkepena abo
MiCIIsl IPU3HAYEHHS TIOBIJOMJIEHHS, TO 3aCTOCYHKH, y SIKHX HE BXKUTO JI0JIaTKOBHMX 3aXOJIB JJIs
NepEeBIPKHU XOCTIB BIANPABKH 1 npuitomy iHpopmanii, € BpazinuBumu 10 IP-cydinry.
4, DNS-cniyinr — ogna 3 ¢opM 3710My KOMIT'IOTEPHUX Mepex, B sSkomy aani DNS-
BIJIIIOBI/Ii 3MIHIOETHCS 3JIOBMHUCHHUKOM, 3 METOIO TTOBEPHEHHs MOMIIIKOBOI [P-anpecu. 1ls araka
3a3BUYall BUKOPHCTOBYETHCS ISl IIEpeHAINpaBlIeHHs] KOPUCTYBAYiB 3 JIOBIPEHOrO CaiiTy Ha CalT
3I0BMHUCHUKA, SKHA MICTUTh (Qaiimm 3 iMeHamHu, sKi 30iraroTbcs 3 iMeHaMu (QaiiiB Ha
JOBIpeHOMY cepBepi. Sk mpaBuiio Taki (haiau MICTATh IIKIUIMBUIA KOHTEHT.
5. TCP Hijacking — pi3HoBu aTaku, KOJM aTaKyHOUWi 3/1aTCH MEPEriisfaaTh MakeTH JTaHUX
YYaCHMKIB MEpEKi, a TAKOXK ITOCUJIATH CBOI BJIacHI makeTH. J[aHa ataka MopyIllye CHHXPOHI3ALi0
3’¢HaHHSA Ha 000X KIHIIX, IIO J03BOJISIE MEpeXonuTH ceaHc. CHHXPOHI3alis MOPYIIYEThCS,
KOJIM TOpPSJKOBUI HOMEp MalIMHHOro OaifTa, SKMH HOCWIAaeThCs (3aBeplIasibHUM OailT),
BIJIPI3HSAETHCS BiJ MOPSIKOBOIO HOMepY OaiiTa, KU Mae OTpUMaTh aOOHEHT Ha IHIIOMY KiHII
3’enHaHHs [4-5].

3amis 3a0e3neueHHs O€3MeKM MiJ Yac KOPHUCTYBAaHHS KOMIT IOTEPHUMH MEpeXaMH
3aBXKAM BapTO JOKJIAJaTH YMMAalo 3YCHJb, aje 3apa3 BapTo OuIblle yBaru MNPUAUIUTH came
0e31pOTOBUM MepekaM, aJk€ BOHM BCE YacTilIe BHTICHSIOTH NpOBiAHI Mepexi. Ha
CHOTOJIHIIIHIN JI€Hb y MUTAaHHI O€3NeKH KOPUCTYBauiB y JIOKAIbHUX OE3APOTOBUX MEpEkKax €
cepiio3HI Mpo0IeMH, TaK K A0CI KOJEH CTaHIapT 3B’ SI3KY JJI1 KOMYHIKallli B TAKMX MEpeKax He
Mae HEoOXiJTHUX 3aco0iB Ta METOMIB 3aXxHCTy Iepefadl JaHuX. TakuM YHHOM ICHY€
HEOOX1/IHICTh B YJIOCKOHAJIEHI aJrOpUTMIB 3aXUCTy I1H(opmalii cTaHAapTiB Oe3NpOBIAHUX
Mepex.
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Cexknin 4

IHTEeJIeKTYaJIbHI CHCTEMH,
TEeXHOJIOrIl Ta pO0OTOTEXHIYHI
KOMILJIEKCH
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AHaJIi3 iIHTerpOBaHUX 0OPTOBHUX €KCIEPTHO-KOHCYJIbTYIUYHMX CUCTEM
JIiTaJbHHUX anapartiB

ba6iuy O.B., KankamanoB C.A. XapkiBCbKUil HalllOHATbHUN YHIBEPCUTET
[MoBiTpsnux Cun iM. IBana Kosxeny6a, XapkiB, YkpaiHa,
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Analysis of integrated onboard expert-advisory systems for aircraft

Babich O., Kalkamanov S., Kharkiv National Air Force University of
Ivan Kozhedub, Kharkiv, Ukraine, aleksey19807@gmail.com

Abstract

Pilot modern aircraft need to know perfectly the causes of more than 50 failures of
aeronautical navigational devices and aircraft systems. Against the background of high nervous-
emotional stress caused by the refusal of technology, the pilot must promptly identify the
malfunction, assess the situation, make the only correct decision and implement it in appropriate
actions in strict sequence in accordance with the instructions. All this should be done at
extremely short time intervals.

Modern aircraft development is impossible without a system in which all systems have
been integrated on the basis of a single onboard computing machine and the creation of an
intuitive display in which all information from the systems will be combined and analyzed and
issued a pilot solution so for the typical situation, high hopes rely on the development of on-
board systems for forecasting information. Proceeding from this, the article deals with the
problems of pilots and the main tasks that will be solved by crew members (pilot) aircraft with
the help of integrated onborne expert-advisory systems (IOEAS).

The functional and general plan of air-expert-advisory systems is shown.

Every important for the implementation of typical battle situations of a problem
generalized situation, IOEAS makes recommendations to the crew for its solution with short
explanations that appear on the information and control field of the cabin of the crew and are
accompanied by linguistic informants

Accepted steps that should be taken into account by IOEAS designers. The difference in
aircraft control systems based on an integrated active control system in the normal flight and in
the conditions of the enemy's influence was determined and grounded. The model of decision
making, which includes six main, cyclically repeating stages, is presented.

VY JomoBial IPOBENEHO aHali3 IHTErpOBaHUX OOPTOBUX EKCIIEPTHO-KOHCYJIbTYIOUHX
cucteMm (IBEKC) cyuacHux mitanbHux amapatis (JIA).

[TimoTOB1 cy4acHOro JiTaka HEOOXITHO JOCKOHANO 3HATH MpUYMHH ToHaa 50 BiIMOB
Mi0TaXHO-HaBIramiiHux mnpunagiB i cucreM JIA. Ha Tai BHCOKOTO HEpBOBO-E€MOIIIHOTO
HalpyKEHHs, BHMKJIMKAHOIO BIJIMOBOI TEXHIKH, MUIOTY THOTPIOHO CBOEYACHO BHSBUTH
HECIIPaBHICTb, OLIHUTH OOCTAaHOBKY, IPUMHATH €IMHE MTPABUIIbHE PIILIEHHS 1 peaizyBaTu Horo y
BIJIMOBITHUX JisIX B CYBOPIH MOCTIJOBHOCTI BIAMOBIIHO 10 1HCTPYKIii. Bee 11e ciin BukoHatu B
I'PAaHUYHO CTHCII YaCOBI IHTEPBAIH.

Hes3Bakatoum Ha MIMPOKE 3aCTOCYBAaHHS ABTOMATHKH, JOCHTh BaroMOKO 1 CKJIQJIHOIO
3aIUIIaeThes mpobaemMa MPOCTOPOBOI e30pieHTallii minoTa. Psgom aBropis [1-5] BigzHadaeThes
HU3bKa mpodeciiiHa HaAIMHICTh JIbOTHOTO CKJIaAy Ha HaWOUIbII CKIAIHUX €Tanax MoJboTy 1
iCHylo4a TeHJeHLis 10 11 3HWwkeHHsA. JlaHuil ¢axT noB’sA3yeThcs 3 NCUXO0(]i31070T1UHOT
NePEBAHTAXKEHHSIM KaHaAIB HaIXO/DKEHH 1H(opMallii Ha pi3HUX eTanax MoyiboTy.

VY 3B’53Ky 3 BUILE BUKJIAJCHUMHU (hakTopamMH OaraTo KpaiH Ta KOHCTPYKTOPCBHKHX OIOpO
OPUMIIUIM 1O BUCHOBKY, 110 MOTpiOHA CHUCTeMa B Ky IHTErpyBaJIUCh BCI CUCTEMH Ha OCHOBI
€IMHOTO OOPTOBOrO OOYMCIIIOBAYa 1 CTBOPEHHS IHTYITUBHO 3pO3YMUIOI 1HIUKAIl, B SKIH BCsS
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iH(opMartis Bif cucteM 30upanacs 6 BOEIMHO Ta aHATI3yBajach 1 BUAABaIa PIICHHS MUIOTY JJIs
SKOICh THUIOBOI CHUTyallii, TOMY BeNUKI Halli TNOKIaJalOTh Ha PO3BUTOK OOPTOBUX
iHpoOpMaIIfHO-KOHCYJIBTYIOUNX CHCTeM. Y3araabHeHa cTpykrypa IBEKC ckmanmaetscsa 3
Moayiaro 30epiraHHs i OOpoOKM JaHUX, MOAYNIO 30epiraHHs 1 BHKOPUCTaHHS MoJeNed Ta
HiICUCTEMU YIIpaBIiHHA 1HTepdeiicoM, 10 AKOi BXOAUTh CUCTEMHU KepyBaHHs Oa3zaMH JlaHHX,
CHCTEMH KepyBaHHsI 0azamMu Mojenel, Monynb kepyBaHHs aiamoroM. Y neskux IBEKC moxe
TakoX OyTH 0a3a 3HaHb 1 CUCTEMa KepyBaHHS 0a3aMH 3HaHb.
OcHOBHI 3aBJaHHA, SKI OyAyTh BHPIIIYBAaTHCh WiIEHAMH eKimaxy (boTunkom) JIA 3a
nonomororo IBEKC, nacTymHi:
- IIPOKJIaJIKa Ta KOHTPOJIb MAPIIPYTY;
— B3a€MO/IiS 3 THIIMMHU JIITAKAMU TPYIIU 1 ITyHKTAaMH HaBEICHHS;
- BUSIBJICHHS 1 pO3MI3HABaHHSA I1JICH;
- BUOIp TAKTHKH 1 TPUHOMIB 0010;
— NPUAHATTS PilIEHHS HA 3aCTOCYBAaHHS 3aC001B YpaKeHHs 1 3aXUCTY;
— MiArOTOBKA CHCTEM 30poi 1 3ac00iB iHPOpPMALIIHHOTO TPOTH/IIT;
— BUOip 60HOBOT TpaeKTOPIi 1 KEpyBaHHS JTITAKOM;
- yIpaBiiHHSA O60pPTOBUMH 1H(GOPMALIHHUMU TPUCTPOSMU;
- KOHTPOJIb (MOHITOPHUHT) OOPTOBUX CHCTEM;
— JIoKaui3alis 1 yCyHeHHS HeCIIPaBHOCTEH.
[Tpu po3po6bmui IBEKC notpiOHO BpaxoByBaTH HACTYITHE:
— YiJIbHA POJIb Ha OOPTY HAJICKUTH JILOTUUKY, 1 BiH HE 30008’ s13aHui noBigomisitu IBEKC
PO CBOi MOTOYHI HAMipH 1 MPO HEOOXIAHICTh AaTH HOMY 3apa3 peKoMeHalii-nopaau. [HmmMu
cimoBamu, 0a3a 3"Haub IBEKC 1 3akmaneni B IBEKC mexaHi3Mu BUBEIEHHS IIOBUHHI BHUSBIIATH 1
npen’ IBJISATH JIOTUYMKY 3HAUYIII MOi1, MPaBUIBHO iX IHTEpPIPETyBaTH, JaBaTH TTTMOOKI 3 aHANTI3y
BUHUKJIO! TPOOJIEMH peKOMEHaIlii 1o ii BUpileHHIO;
- B Oyab-SKM{ MPaKTHYHO 3HAYYIIO Ui JIbOTYMKA CHUTYyaIlil, sIKa MOXE BUHUKHYTH B
paMKax aKTUBI30BAHOKO OMNEpaTOpOM KOHILENTYalbHOI MOJeNl HOro IMOBEAIHKH, [IaBaTd
MEePEKOHJINBI 1 KOHCTPYKTUBHI pexomeHparlii. [nmumu cioBamu, npenamerHa obnacts IBEKC
NOBMHHA OyTH (YHKIIOHAJIBHO 3aMKHEHA 1 JUIsl JIbOTYHUKA,;
- IBEKC mnoBuHHa cemMaHTH4YHO Ta iH(opmMauiiiHe BOyqOBYBaTHCA B iH(OpMaLiiHO-
KepyBaJlbHE TI0Jie KaOiHM;
- npsMUi pexxuM criakyBaHHs jboTunka 3 IBEKC Bkpail oOMexeHMH 1Mo amapaTHUM
MO>KJIMBOCTSIM CYYacCHUX KaOiH 1 IO YaCOBUM JIIMITaM;
- 3 KO’)KHUM KoHKpeTHUM ex3zeMiuisipoM IBEKC Oyzne mociinoBHO mpaltoBaTu HE OAMH, a
KUJIbKAa  JIbOTYMKIB, 10  BIAPI3HAIOTBCS  pIBHEM  CBO€I  IpodeciiHoi  MiArOTOBKH,
ncux0(i1310JI0TIYHUX CKIIAJ0M, CKJIAJIOM 1 pIBHEM MOTHBAIIIMN.
V 3aransHomy Bunajaky IBEKC, sk 1 6y/b-sika iHTelIeKTyallbHa CUCTEMa, IIOBUHHA MaTH B
CBOi 0a31 3HaHb HACTYMHI OJOKH: MOJZENl CBITYy, MEXaHI3MH BHBEICHHS, MEXaHI3MHU
CaMOHaBYaHHS 1 HAKONMMYEHHS HOBMX 3HaHb Mpo cBIT. B cunmy ocobmuBocreit camux IBEKC i
0COOIMBOCTEH iX ekcruryaTallii 0JJOKM MeXaHI3MiB CaMOHaBYaHHS 1 HAaKOIMMYEHHS HOBHX 3HaHb
npo cBiT BimuyxyroTecs Bin IBEKC i1 mepeHocsiTbcst B IIeHTpH pPO3pOOKM 0a3 3HaHb IS
CTBOpPEHHS HOBHX Bepciil 0a3 3HaHb 1 MOJaJbINOT epeaayl iX Ha ekcrryaroBaHi 3pasku IBEKC.
IBEKC - ne 6oprose iHdopmarlliiine cepenoBuile jJiTaka. BoHO (hopMyeThCcsi BUXITHOIO
iH(hopMallier0 OOPTOBUX BHUMIPIOBAJIBHUX TPUCTPOIB, «IITAaTHUX» OOPTOBUX IUGPOBUX
00YMCITIOBAIBHUX MAIIMH-AJITOPUTMIB 1 CHTHaNiB iH(pOpMaIiifHO-Kepyouoro mojs KabiHu
eKinmaxy. 3a pe3yJbTaTaMH MPEANOITHOI MiITOTOBKU 3 1HTEJEKTYaJbHOI CUCTEMH ITiATOTOBKU
mitaka 1o BunboTy B IBEKC 3aBanTaxyerbces anpiopHa iHpopMarlis 1o MaifOyTHOTO MOJIBOTY.
[Ipo koOXHI 3HauMMi JJii BUKOHAHHS THUIOBUX OOMOBHUX cHUTyalid mpobIeMHOT
y3aranbHeHoi cutyanii IBEKC BupoOnse s ekinmaxy pexoMmeHaanii mo ii BUpIIIEHHIO 3
KOPOTKHUMH MOSICHEHHSIMHU, SIK1 3’ IBJISIFOTHCS Ha 1HPOpMAIIITHO-KepyIouoMy oI KabiHM eKilnaxy
1 CYNpOBODKYIOTHCSI MOBHMMHU iH(pOpMaropamu. Exinak mae mpaBo He NMPUHUHATH BHUPOOJIEHY
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IBEKC pexkomMenaliro i BUPIIATH BUHUKITY TPOOJIEMHY CUTYAIIIIO 1HIIIUM CIIOCOOOM, HIYOTO HE
nosinomistoun npo e IBEKC. Hactynny pexomenaanito IBEKC noBunna 6yzae Bxe 3poOuTH 3
ypaxyBaHHSM peajTi30BaHOTO €Kila)xeM CIoco0y.

Po3rnsiHyTO pI3HHUINIO B CXeMax CHCTEM YIPaBIiHHS JIITAKOM HAa OCHOBI IHTETPOBAaHOL
CHCTEMH aKTHBHOTO YIPABIiHHSI B HOPMaJIbHOMY MOJBOTI Ta B YMOBaxX BIUIMBY IPOTHBHUKA, 3
SIKUX BHILTMBAE, 10 HE3BAKAIOYM HA MIMPOKI MOKJIMBOCTI CydaCHUX HAaBIraliiHUX CHUCTEM, SIKi
BXOJSITh B OOYHCIIOBAJIbHY CHUCTEMY JIiTaKa 1 3HAYHO IOJICTIIYIOTh BHUKOHAHHS TOJBOTIB B
MHUPHUI yac, B yMOBax OOHOBHX Jili BOHM 00MeXeHO MpHaTHi i BipoBapkeHHs B cxemy IBEKC
3HAYHO 3MCHIINTH HABAaHTAXCHHsS HAa eKiMaX Ta TMOJICTIIUTh MPOIEC MiJIOTYyBaHHS 3
ypaxyBaHHSIM OCOOJMBOCTEH BeneHHS OOWOBHX 1iii 1 3a0e3meunTh ekimaxy iHdopmaiiiiny
MIATPUMKY IPUAHSTTS PIlICHb.

HaBeneHo mojenb NpUAHSATTS pIMICHHS, sSKa BKJIIOYA€ IIICTh OCHOBHHX, ITUKJIIYHO
MOBTOPIOBAHUX €TaIiB: 11e 30ip BCIX BUAIB iH(OpMAIIii, K YITKOI, TaK 1 HEUITKOI, aHAII3 JTaHHX,
NEPEeTBOPEHHSA JaHMX, pO3poOKa KpUTEpiiB OLIHKH pillleHb, OTPUMAaHHS BapiaHTIB pillIeHb
(ampTepHATHUB), JOCIIKEHHS aJbTEPHATHB 1 BHOIp MiIIMHOXHHHU BapiaHTiB (200 OJTHOTO 3 HHUX)
Ha OCHOBI 33JJaHUX KPUTEPIiB.
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Intelligent robots of random orientation in space

Kuznietsov Yu, Polishchuk M., National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine,
info@zmok.kiev.ua, borchiv@ukr.net

Abstract

In this paper we discuss about one of the new popular theme — robots of random
orientation in space that can leverage data from multiple senses.

[Tponec eBouttollii TEXHIYHUX CHUCTEM, SIK MPaBHIJIO, NMPHUBOJMB J0 BUHUKHEHHS HOBHUX
3aco0iB BUpoOHUITBA. He3Baxkaroun Ha Te, 0 A0 Apyroi mojoBMHU XX CTONITTS HAayKOBO-
TEXHIYHOIO [YMKOIO CTBOPEHI IOCUTh Ha/lilHi1 3ac00M MOJI0JIaHHS IPaBITAIlIHOI CHIIN Yy BUIJISII
BCTaTKYBaHHS JITAJBHOTO W PEAKTHBHOTO XapakTepy, 3/aTHOTO OyTH BHKOPHCTAHUM Y SIKOCTI
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TPAaHCIOPTY, JOTENep BIACYTHI MPOMHUCIIOBI 3pa3Ky BCTAaTKYBAaHHS /ISl BAKOHAHHS KOHTaKTHHUX
TEXHOJIOTIYHUX OMeparlliif mpu 0HOYaCHOMY MOAOJIaHHI CHJI TpaBiTaLii.

Mo06ibHI poOOTH JOBUIBHOI Opi€HTAIli B MPOCTOpi, BIJAOMI TaKOX SIK poOOOTH
BEPTUKAJIBHOTO MEPEMILICHHS, a B MDKHApOJHUX BUAAaHHSAX — mia TepmiHoMm Climber Robot
(anBITHICTCHKHM pOOOT), € HOBOK MOAMQIKAIE0 MOOUTPHUX POOOTIB, OCHAIIEHUX 3aco00aMu
BTPUMaHHS po0OOTa HAa MOBEPXHI MJOBLIBHOI Opi€HTalii BiTHOCHO OOpil0 TEXHOJOTIYHOTO
npoctopy. CTBOpEHHsI JTaHOTO BHAY POOOTOTEXHIKM TepeOyBae Ha TIOYATKOBIM cramii
NPOJMKTOBAaHE HEOOXINHICTIO BUKOHAHHS TEXHOJIOTIYHMX OIEpaliii y Takux oO0JacTsax sk
MOHITOPHHT TTPOMHCIIOBUX 00'€KTIB, MOHTaX 1 JIEMOHTaXX OY/IBEJIBHUX KOHCTPYKIIiHM, pEMOHT 1
npodiTakTHIHEe OOCIYrOBYBaHHS 1X KOMIOHEHTIB. OCOOJHMBY aKTYalbHICTh CKCILTyaTallist
3a3Ha4eHUX poOOTIB 3100yBa€e B EKCTPEMAIbHIUX YMOBAaX TEXHOTCHHUX KaTacTpod, HeOe3neyHux
1 HaBITh HEIPUMUHATHUX AJIs IepeOyBaHHS JTIOIUHHU.

HasBHICTh ekcliepuMEeHTaIbHUX 3pa3KiB poOOTIB 3a3HaueHoro Tumy [l] He ycyBae
npobjeMy BIICYTHOCTI METOMAOJIOTIi CHHTE3Y MiJCHCTeM poOOTiB, IO KOMIEHCYIOTH a00
JI0JIal0Th TpaBiTalliiiHe HaBaHTAXXEHHs U1 I'apaHTOBAaHOI'O BTPUMAaHHs poOOTa Ha JOBUIBHO
OpiEHTOBaHIH MOBEPXHI MEPEMIILIEHHS TPH BUKOHAHHI TEXHOJIOTIYHUX OTIepAIlii.

TeopernuHi Ta EKCHEPUMEHTAIbHI JOCHIKEHHS 31 CTBOPEHHS pPOOOTIB JTOBLIBLHOI
Opi€HTAIIIl B MPOCTOPI IMOYATUCS BITHOCHO HEAABHO — B OCTAHHBOMY JACCATHIITTI XX CTOJITTS B
kpainax 3axigHoi €Bponwm, Smonii, CIIA, IliBnenniii Kopei, Kurtaro # Pocii. Ha >xais,
NPUKIAAA BITYM3HAHUX PO3POOOK, TaKk caMo sK 1 myOmikamiii (KpiM aBTOPCBKHX) MO
TENepilllIHbOT0 4Yacy B JaHii oOnacti BiACYTHI. Asie HeaOUSKUN IHTEpeC BUKIMKAIOThH
eKCIIepUMEHTaIbHI 3pa3ku pPOOOTIB JOBUIBHOI Opi€HTAIlil, 0 CTBOPEHI B IHIIMX KpaiHax i
BIJIPI3HAIOTBCA K CHCTEMaMH 34YEIJICHHS 3 TOBEPXHEI0 MEPEMIIIeHHS, TaK 1 TPAHCMICIEI0
npuBoaiB. B Tacturyti npobiem mexaniku iM. O.1O. Imutincekoro (PAH) ctBopeno MoOinbHui
pOOOT 3 BAXKUIBHOIO TPAHCMICi€l0, Ha IIapHIpaX KOTPOi BCTAHOBJIEHO €JIEKTPOIPUBOAU, A Y
SIKOCTI CHCTEMH 3YeIICHHsI 3aCTOCOBaHI BaKyyMHI 3axBatu. Lleli poOOT 103BOJIsIE 3iHCHIOBATH
e(eKTUBHUI IepexiJl 3 TOPU30HTAIBHOI Ha BEPTUKAJIbHY IIOBEPXHIO MEPEMILLICHHS.

[IpyHuMnoBo iHIIA cHcTeMa YyTpUMaHHS po0oTa Ha TNOBEPXHI TMEPEMIIIEHHS 3
BUKOPUCTAHHSAM Ie€HepaTopa BaKyyMy 3alporoHoBaHa B KOHCTpyKuii podora CCNY Robotics
Lab City University New York, mo BigoO6paxkeno B mocmijkeHHsX College of Engineering
Nagpur [1]. ABTOHOMHUM T'€HEpaTopoM BaKyyMy CTBOPIOETHCS 30Ha MOHMKEHOTO THUCKY MiX
KOpILyCOM poOOTa 1 IMOBEPXHEI0 IMEPEMIIIEHHS, 32 PAaXyHOK 4oro poOOT yTPUMYEThCS Ha
BKa3aHil MOBEpPXHI, a TPAHCMICis Y BUIJISAL KOJICHOT 6a3u J103BOJIsIE poOOTY JOCITaTH JIOCUTh
BHUCOKOI IIBUJIKOCTI PYyXY.

CyTTeBOI0 BiI3HaKOI MOOLIBHOrO poboTta «Boston Dynamics» € HasBHICTH IJIacKO
napajielbHUX TEAINyIATOPIB, OCHAIIEHUX TOIYaCTUMHM MeXaHIYHHUMH 3axBatamu [2]. i
BJIACTUBOCTI HAJAal0Th MOXKIIUBICTb IIEpEMIIllEHHs poOoTa sIK y NpAMOKYTHii [lekapToBi cucremi
KOOpJMHAT, 10 HEOOXIJHO sl OOCIyroBYBaHHS BHCOTHUX OYAMHKIB, Tak 1 IMJIIHIPUYHIN
cUCTeMi KOOpAMHAT, MpUTaMaHHIM TakuM 00’€KTaM, SIK JiepeBa, CTOBIIM JIIHIM elekTponepenad
abo TpyOOIpOBOIH.

Binaroun HanexHe OPUTIHATBLHOCTI KOHCTPYKIINA HABEJACHUX MOJENEH, CIi 3ayBaXKUTH,
mo MoOUTBHI poboTH [4] OcHalleHi MiJCUCTEMaMHM BTPUMaHHS poOOTa Ha TMOBEPXHAX
HepeMillleHHs] y BUIJISIII BaKYyMHUX MPHUCTPOIB, sKi X0U 1 iHBapiaHTHI A0 (i3MKO-MEXaHIYHUX
BJIACTUBOCTEN MOBEpPXHI NEPEeMILIEHHS, OJHAK y BUMNAAKYy IIJTOKY TMOBITPS HE TrapaHTYyIOTh
Ha/iiHOrO BTpUMaHHA poOora. TyT MOXHa peKOMEeHJyBaTH KOMOIHOBaHY IHEBMOMEXaHIYHY
CHUCTEMYy 34YEIUICHHS [5], MO0 Mae BIACTHBICTH JOJATKOBOI CTPAXOBKHM YTpUMaHHS poOOTa.
HIBuakoaiss W MPOCTOTa KOHCTPYKLII NMPUTaMaHHI €EKTPOMAarHiTHUM TNPUCTPOSM 34YEIUICHHS
[3], asie mojtoNaHHs CHJIM TpaBiTallii 32 paxyHOK IMPUIUIAHHS MarHiTiB 0OMeXye 3aCTOCYBaHHS
JTAHOTO 3aco0y TIAbKU (pepOMarHiTHUMHM MOBEPXHSAMH IepeMimieHHs. PoOOTH 3 MexaHIYHUM
3UCIIJIEHHSM  BIAPI3HSAIOTHCS  MIJABUINEHOK HAMIWHICTIO, ajie iX TPUBOAM BHUMArarmTh
3aCTOCYBaHHA penykiii, 1o 30uIbllye Bary po0oTa, a 3HAUYWTh 1 HoOro rpasiTaliiiHe
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HaBaHTAXEHHs, JUIs KOMIIEHCAllll SKOro JOLIJIbHE BUKOPUCTAHHS CHUCTEM HarpoMajKeHHsA M
NePEeTBOPEHHS €Heprii pyxy.

Po3BUTKOM CHCTEM 3YeIUICHHS poOOTa 3 MTOBEPXHEIO MEPEMIIICHHS € TEXHIYHI PIIICHHS,
y SKHX BHKOPHCTOBYETHCS TEXHOJOTiS 3UYETICHHS 3a JIOMIOMOTOI0 «CyXOi» anresii, a Takox
enexkTpu4Hoi aaresii. i pimeHHs € HalO1IbII €)EKTUBHUMU 3 TIOTJISIY €HEPro30epeKeHHs, aje
i OAHOYACHO JOCHTH AOPOTMMH TEXHOJIOTiAMU. EkcriepuMeHTanmbHa peamizallisi 3a3HauYeHOTO
3YEIJICHHsI 3 OBEPXHEIO MEPEMILIEHHS XapaKTepU3yIOThCs HU3bKOIO LIBUKICTIO IEpEMIILEHHs
po6oTa BHACIIIOK MOBUIBLHOCTI eheKTy anresii, 1110 MOKK NEPEIIKOIKAE IXHHOMY TPOMHCIOBOMY
BUKOPUCTAHHIO.

[Tpobnema cuHTe3y MOOUIBHUX pOOOTIB came OBUIBHOI Opi€HTAIlll HE BUYEPITYETHCS
CTBOPEHHSIM CHCTEM 34YEIUICHHS, aJle TAKOXK BKJIIOYAE 3a/1a4y BUOOPY TpaHCMICIT IX IPUBO/IB, 1110
0e3mocepelHbO BIUIMBAIOTh HA CHEPreTHYHY €(EeKTHBHICTh 1 TpaBiTalliifHE HaBaHTAXCHHS
po6oTiB. TexHIYHI pO3B'SI3KM JTO3BOJIAIOTH 3IHCHIOBATH TEPEXil poOOTa MO MOBEPXHAX, SKI
OpIEHTOBaHI MiJ PI3HUM KyTOM 110 00piro, aie Titeku B 2D mpoctopi, To0TO B IutomuHi. Ha
BIIMIHY BiJl 3a3HAYCHUX TEXHIYHHMX PIIIEHb € MOJEIb poOoTa, M0 J03BOJIIE OOCIYyrOBYBaTH
00'eKTH B UWIHAPUYHIA CHCTEMI KOOpAWHAT, 30KpeMma, Taki O0'€KTH SK JepeBa, aie INpHu
HAsBHOCTI M'SIKOi MOPHCTOI MOBEpXHI mepemiiieHHs podora. Kpim gepeB icHYIOTh 00'€eKTH
TEXHIYHOTO OOCITyTOBYBaHHS, SIKi TaKOX HAONMKEHI 10 HWIIHIPUYHOI CUCTEMH KOOpJIWHAT,
HAIPUKIIAJ, CTOBIH EJIEKTPOMEPEXK, KOJOHHU, TPyOM TEIIOeNeKTPOCTaHIId 1 TOMY MOMAi0OHI.
MoOGinbpHI poOOTH JOBUIBHOI Opi€HTAIil TOBHMHHI TpAIlOBaTH W B aHTYJIAPHOH CHCTEMI
KOOpJMHAT, BIACTUBIN JIIOIMHI. [HBapiaHTHICTH TpaHCMicli MOOUTBHUX POOOTIB /10 BULy CUCTEM
KOOpJAWHAT JO03BOJIUTh iM BHKOHYBATH TEXHOJOTIYHI omeparmii Ha pi3HOMaHITHHX 00’ €KTax
00CIIyroByBaHHS, a 3aCTOCYBaHHsI CUCTEM LITYYHOI'O 1HTEJEKTY B3araji J03BOJIUTh IiJABULIUTH
MOYJIMBOCTI poOOTIB 10 piBHA aHTporioMophHUX (yHKIiH. TakuM 4uHOM, MpobiieMa CHHTE3Y
MOOITPHUX pOOOTIB, 3AaTHUX BUKOHYBATH TEXHOJOTIYHI omepalii B MPOCTOpPi JOBUIBHOT
Opi€HTAIlil, € aKTYaJIbHOIO.

KirouoBMM 3aBIaHHSM CTBOPEHHS MOOUIBHHUX POOOTIB JIOBLILHOI Opi€HTamii B
TEXHOJIOTIYHOMY TIpOCTOpl € 3a0e3leueHHs HaJlfHOro BTPUMAaHHA poOOTa Ha IOBEPXHI
nepeMimeHHs. Ik CBIAYUTH OUIBLIICTh CydacHUX JOCIIIKEHb y JaHii 00aacTi, OCTaHHI poOOTH
CIpPSIMOBaHI Ha CHHTE3 KOHCTPYKLINH MiACHCTEM 3YEIIEHHS MOOUIBHOIO poOOTa 3 MOBEPXHEIO
nepeMilieHHs. Y TOH e 4ac MpeJICTaBIsSETbCA OUIBII MEPCIEKTHBHUM PO3B'S30K 3a3HAYEHOT
npoOsieMr HUISXOM IMiJIBULIEHHS €HEpreTMYHOi €(QEeKTUBHOCTI MPHUBOMAIB pPOOOTIB 3 METOIO
3MEHIIEHHS IX CyMapHOi MOTY>KHOCTI, a 3HAUYUTh 1 Macu poOOTa Ui 3HUKEHHS IpaBiTallifHOrO
HABaHTa)XCHHS [TPU BUKOHAHHI TEXHOJIOTTYHUX OIEepallii.

VY sKOCTI OJTHOTO 3 HUISAXIB BUPIIMIEHHS 03HA4Y€HOI MPOoOJeMH MPONOHYIOThCS MPUHLIUIH
CHUHTE3y MOOUIBHUX pPOOOTIB, HIO JO3BOJIAIOTH CYTTEBO 3MEHIIUTH CYMapHy MOTYXHICTb
NOPUBO/IB TMPH OJHOYACHOMY 3HIDKEHHI TIpaBiTalliiHOTO HaBaHTaKEHHsS, LI0 B MIJICYMKY
HIBUIIUTD HAIIMHICTh YyTPUMaHHS poOOTa Ha MOBEPXHI MEPEMILICHHs HE3alIeKHO Bif (i3HUKO-
MEXaHIYHUX BIJIACTUBOCTEH IOBEPXHI MepeMillleHHs I cHcTeM KOOpAMHAT TEXHOJIOTIYHOTO
pOCTOpY.

3amponoHOBaHl MEpPCHEeKTUBHI HANpPSIMKH BJOCKOHATIOBAaHHA MOOUIBHUX pOOOTIB
JOBITLHOT Opi€HTAIli MOXYTh OYTH peali3oBaHl 3a JOIMOMOTOK TPhOX OCHOBOTIOJNOKHHX
NPUHIUIIB CUHTE3Y X KOHCTPYKIIii:

1. HarpoMa/DKeHHs TOTEHLINHOI eHeprii Ha KOXHIA mnomepeAHidl ninsHIi (abo Kpoti)
nepeMilieHHsT i mepeTBOpeHHs ii B KIHETMYHY €Hepriio pyxXy Ha HAcCTYNHIN AUISHI (Kpolii)
PYXY;

2. iHTerpallii MpuUBO/IiB MO3I0BXHHOTO Ta BEPTUKATHLHOTO TIEPEMIIIICHHS, a TAKOXK MPUBOIIB
3MiHM Opi€eHTallli poOoTa 3riAHO 13 3aJaHUM MapUIPyTOM;
3. 3aCTOCYBaHHS TE€HEPAaTOpiB TATH (acpoJUMHAMIYHOI MiAHIMAIbHOI CHIHM) SK 3aco0y

npoTuaii TpaBiTAiHIA CHJIl 3 METOI0 30UTBIICHHS TEXHOJOTIYHOTO HAaBAaHTAXEHHS IPHU
OJTHOYACHOMY 3MEHILIEHHI IOTY)KHOCTI NPHUBOJIB TMeEpeMilleHHs ¢ 3dYeruieHHs pobora 3
MOBEPXHEIO MePEMILICHHS.
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Jns migBUINEHHST BAHTAXOTMIAHOMHOCTI 3T1IHO MEPIIOr0 MPUHIIUNY PEKOMEHIYETHCS
NPUHIUIIOBO HOBAa KOHCTPYKIiS MOOUIBHOrO po0OOoTa 3 Tra3oBHM HAaKOIMYyBaueM EHeprii.
[Tenimynstopu poOoTa BUKOHAHI y BUIJISII IIAPHIPHUX TMapayiesorpaMiB, Ha KIHI[IBKaX KOTPHX
BCTAHOBJICHI 3aXBaTH 3UYCIUICHHS 3 MOBEPXHEIO MEepEeMillieHHs. AJie TOJIOBHA BiJ3HAKa IOJISATAE Y
HasIBHOCTI ra30BUX LMJIIHAPIB, IOPLIHI KOTPUX Yepe3 HE caMOorajibMylouy 'BUHTOBY Iiepeady Ta
3yOuaTi mecTepHi KiHEeMaTHYHy 3B’s3aHi 3 ABUTyHOM. CaMe O3Ha4YeHI Ta3oBi IHJIIHAPH
BUKOHYIOTh (DYHKIIIFO HAKOITMYEHHS IMOTEHITIaJIbHOT €HEPTii Ha MepIIoMy Kpolli Ta MepeTBOPSHHS
il B KIHETHYHY EHEpril0 pyXy Ha KOXXHOMY Jpyromy Kpoui poOoTta. 3axBaTH 3YEIUICHHS
JIarOHaJbHO PO3TAIIOBAHMX IMEAINYJIATOPIB BMHUKAIOTBCA Ta BHUMHKAIOTHCS IOYEPIoOBO,
3/IIMCHIOIYH TTOKPOKOBUU pyX poboTa. B cucremi koopauHat XYZ poOOT Mae 1I’SITh CTYICHIB
CcB0O0O/IM, a caMe: TTOB3JIOBXKHE TepeMimieHHss =SY Ta Haxuia £ BIZHOCHO oci Y; mepeMileHHs
+S7Z Tta moBopoT +a BigHOCHO oci Z; nepemimenHs +SX mo oci X. Taka KiIbKICTh CTYIEHIB
PYXOMOCTI JI03BOJISIE pOOOTOBI BUKOHYBATH HE TIJILKH TPAHCIIOPTHI, a i TEXHOJIOT1UHI ONepartii.

[HTerpariro NpuBOIiB EpeMilleHHs s IXHPOTO 3MEHIIIEHHS, a 3HAYUTh 1 Macu podoTa 3
METOI 3HMKEHHsI TpaBiTallliHOrO HaBaHTAXKEHHs, INependavae 3a3HAuYEHUI BUIlle APYrui
npuHUMN cuHTe3y. Bimomo, mo B JlekapToBi cucTemi KOOpAWHAT MU Ma€eMO IIICTh CTYIEHIB
cBOOOIM — TPU NOCTYHNAIbHUX W TpU OOEPTaIbHUX, KOXKHOMY 3 SIKUX 3TIAHO 13 KJIACHYHUMHU
PO3B'SI3KaMU  BiJIMOBiIa€ AaBTOHOMHMU mpHuBOJ. lIpomoHOBaHa TexHiYHa peamizamii AaHOTO
OPUHIUITY BUKJIIOYAE HEOOXIHICTh y MPHUBOJAX IO KOXHIM 3 KOOpAMHATHUX oced. Jlis
MPOSKTYBaHHS  poOOTa  HEOOXITHO BCTAHOBUTH  B3a€EMO3B'SI30K MK  MPHITYCTUMHUM
TEXHOJIOTIYHUM HABAaHTAKCHHSM 1 CHJI 34YEIUICHHs HOro Hir 3 moBepxHero nepemimieHHs. [lis
CTIMKOCTI poOOTa MPH TEXHOJIOTIYHOMY HaBaHTa)KEH1 CHIIM TEPTS KOKHOI MOTO HOT'M HE TOBHHHI
HEPEeBUIIlYBaTH I'PAaHUYHUX 3HAYE€Hb TEXHOJOIIYHOIO HaBaHTaXeHHsA pobOoTa [15]. HaiiOinbue
3HaueHHs peakiii N CHJIM TEXHOJIOTIYHOI oreparlii, 0 3aJ0BOJIbHSE BCIM OOMEXKCHHSM,
BU3HAYa€e TPaHUYHE TEXHOJOIIYHE HAaBaHTAKEHHS Po0OTa, HANPUKIAA, 3yCHWIIS CBEPIUIIHHS,
pi3aHHS, KJICTKH, YCTAHOBKM MOHTQ)KHUX MIOOETIB 1 T.II. TEXHOJOTIYHHMX omeparid. Takum
YUHOM, peali3allis JAPYroro MNPUHLUIY CHHTE3y, HaJa€ MOXJIUBICTb JOCATATHCS JOBLIBHOT
OpI€HTAIlll KPOKYIOUOTro MOOILIBHOrO poOOTa B PI3HMX pPOOOYMX MPOCTOpax: MNPSIMOKYTHOI
JlexapToBi, cepudHOI i HUITIHAPUYHOT cucTeM KoopauHaT. Llelt edekr 3abe3neuye po3mupeHHs
TEXHOJIOTTYHHX MOXJIUBOCTEH poOoTa.

Tpertiii NpUHIMI — 3aCTOCYBaHHS T'€HEPATOPIB TATHU SIK 3aCO0Y MPOTUAIT IpaBiTalliiiHIN
CHUJII, pearizye poOOT 3 yCTaHOBKOIO B IEHTpi Koro mac KapmanoBoro minBicy 13 TpboMma
CTYNEHSIMU CBOOOJM ¥ 3MIIIEHOTO BiJ LIEHTPY Mac MHEBMAaTHYHOIO IeHeparopa TArd. Takuit
NPUHILIMIIOBO HOBUH PO3B'SI30K — pO3MIIIEHHsS TreHepaTopa Tsaru Ha KapmanoBomy miaBici,
JI03BOJISIE TeHepaTopy TArM 30epiraTh 30ir JiHIM [if NPOTHIIEKHUX CHII IiJHIMAIbHOI
IHEBMAaTUYHOI I TpaBiTallliiHOI, HE3aJeXHO BiJ MOJOXKEHHS podoTa B mpocTopi. Jlanuit
OpUHIUN, Oyayyd 3aCHOBAHMM Ha Y3TO/KEHHI TEXHOJOTIIYHOIO HaBaHTaKEHHS M 3yCHUIIb
34eIUIEHHS pPo0OTa 3 TIOBEPXHEI TMEpeMIIeHHs, 3 OJHOro OOKy, 1 CHJIM peaKTUBHOL
MHEBMATUYHOI TATH, 3 IHIIOTO OOKy, 103BOJsi€ 3AiMCHUTH audepeHIiioBaHUN MiaXia [0
peryJoBaHHs aepoAMHAMIYHOI TITHIMAIBHOI CHUJIM poOOTa 3aJIEKHO BiJ HOro OpieHTalil B
POCTOPI.

VYci Tpu po3risiHyTI NPUHLMUIIM CHHTE3Yy POOOTIB JOBUIBHOI Opi€HTAlii MOXYTh OYyTH
3aCTOCOBaHI aBTOHOMHO H Y CYKYITHOCTI 3aJI€KHO BiJ] TEXHOJIOTIYHOT'O MPU3HAYEHHS MOOIJIEHOTO
poboTa 1 HWOro peHTabeNbHOCTI, IO Y CBOIO YEpry, BHU3HAYAETHCS Taly30l0 MPOMHCIOBOI
eKCILTyaTallii.

Ha eranmi TeopeTHMYHHX AOCHIIKEHb, IO MEPEeNyIOTh EKCIIEpUMEHTaJIbHIN ampoobariii,
OYEBHUJIHO, IO 3aCTOCYBaHHsS 3aco0iB HArpoMa/KeHHsS IOTEHLIHHOI eHeprii MpHUBOAIB 3
HACTYITHUM ii IEpEeTBOPEHHSIM y KIHETUUHY €HEPTiio pyXy poOoTa, a TaK0 1HTerpallis MpUBO/IiB
MO3/I0BXKHBOTO M BEPTHKAJIBHOTO TEpEeMIllleHHs, HaJa€ MOMJIMBICTh CYTTEBO 3MEHIIUTH iX
CyMapHy TOTYXXHICTh, IO Ma€ TPUHIUIIOBE 3HAYECHHS /I MOOUIBHUX POOOTIB TOBLIBHOT
Opi€HTAllil B MPOCTOPI, K LUIAX JI0 3HUKEHHS I'PaBiTalliiHOT0 HaBaHTAXKEHHS.
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Peamizamiss cmoco0y mpoTwaii TrpaBiTallifHOMY HaBaHTAXEHHIO 3a  JOTIOMOTOO
MHEBMAaTUYHOTO TeHepaTopa TATH, MO3BOJISE€ MPH PETyIIOBaHHI CHUJIHM TSITU 3aJIEKHO B KyTa
HaxmIy podora 0 oOpito, MiABUIIUTH HAIIWHICTh YTPUMaHHS poOOTa Ha MOBEPXHI JOBLILHOT
Opi€HTAIll1, 1110, Y CBOIO YEPTy, HaJIa€ MOXKJIMBICTh 3MEHIIICHHSI MIOTYXHOCTI MIPUBO/IIB 34UCTIIICHHS
po6oTa 3 TOBEPXHEIO TIEPEMIIICHHSI PH OJHOYACHOMY 30UTBIICHHIO KOPUCHOTO TEXHOJIOTTYHOTO
HaBaHTAXCHHS.

[IpornoHOBaHMIA TIAX1JA CUHTE3Y KOHCTPYKIIH POOOTIB J03BOJISIE 32 PAXYHOK 3HUKEHHS
CyMapHOi TOTYXHOCTI TPUBOJIIB MPOMOPIIHHO 3MEHIIUTH Bary poOoTa, a 3BUIbHEHUH
€HEPreTUYHUI pecypc HAIPaBUTH HA ITiIBUIICHHS €()eKTUBHOCTI BUKOHAHHS SIK TPAHCIOPTHUX,
TaK 1 TEXHOJOTIYHUX OIEpalliif, 0 BUKOHYIOTHCS MOOUTBHUMH POOOTaMHU y Pi3HUX 00JIACTSIX
MIPOMHMCIIOBOCTI.
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Abstract

In this paper we present a prediction intelligent system for risk fetal abnormalities
calculation which are based on prenatal screening that contains maternal blood sampling and
fetal ultrasonography. Also, here we discuss about one of the popular method that is often used
in practice to classify data — of Naive Bayes (NB). Aids of our discussion is the issues of
parameter learning from data and also (constrained) structure learning of the models. The
proposed method f the NB is a simple class-conditional generative models of data that we will
use, as a simple classifier of patient analysis in our intelligent system. Also, we compared the NB
with other basic methods, such as C4.5, k-medium method, support vector machine (SVM),
expectation-maximization (EM) algorithm, k-nearest neighbor algorithm, CART, and logistic
regression.

[IpenaranbHUil CKpUHIHT — II€ METOJ NependaueHHs Baj IJIOLY MiJ 4Yac BariTHOCTI.
3a3Buyaili BiH mepeabayae aHami3 MEAMYHUX PE3YNbTATIB JOCHIIHKEHb, B SKi BXOIUTH
OloxiMiYHMI aHasi3 KpoBl Ta Y31, 3 MoAasbIIO KOMI'IOTEPHOK 00pOOKOI0 OTPUMAHUX JaHUX
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[1]. 3aBasku CKpHUHIHTY BJA€THCS BHUSBUTH HE TUIBKM CXWJIBHICTH IUIOAA 1O MOMJIMBHUX
CephOM3HMUX 3aXBOPIOBaHb, TAKUX SK CUHApoM JlayHa, a i 10 OaraThboX IHIIMX HE MEHII
CepHO3HMX BaJ, 5Kl OyBarOThb HECYMICHUMHU 3 XKUTTSAM, a00 MPUPIKAIOTh MAalOyTHINH TUTHHI Ta 11
O0arbkaM TpuBaje 1 Jopore JiKyBaHHA. Tomy Ui BIOCKOHAJEHHS 1H(QOPMATUBHOCTI Ta
JIOCTOBIPHOCTI PE3yJIbTaTiB MPEHATATbHOIO CKPUHIHTY BEJIMKE 3HAUEHHS Ma€ IPOBEIEHHS OLIbIl
TOYHUX MPOTHOCTUYHUX KOMII IOTEPHHUX PO3PAaXYHKIB 3a JOIMOMOIOI0 aJIalTHBHUX MPOTPAMHUX
IOATKIB.

Jns Toro mo® mnpeHaTadbHUM CKPUHIHT TNPUHIC KOPUCTh, PE3yAbTaTH OOCTEKEHHS
MOAIOTHCSA K CIIBBIAHOIIEHHS, K1 BITOOpakaroTh KMOBIPHICTh HASIBHOCTI MATOJIOT1i, HA OCHOBI
pe3ysbTaTiB aHAJI31B, 3BaYKAI0UM Ha BiK MaTepi Ta iHII BaxiauBi mapamerpu. Ciig po3ymiTH, Mo
IIe HE OCTATOYHMH J1arHo3, a JIMIIE OLIHKa HMOBIPHOCTI BUHHMKHEHHS Baj PO3BUTKY YU
XpPOMOCOMHUX aHOManiid. Po3paxyHOK Iii€i OLIHKM HAChOTOAHIIIHIM J€Hb MPOBOIUTHCA 32
JIOIIOMOT'0K0 CIIELIAIbHOTO IIPOrpaMHOro 3a0e3nedeHHs, ke BpaxoBye naHi Y3/l, pedynbratu
010XiMIYHOTO aHaNi3y KpOBi Ta IHAMBITyanbHI (akTopH (BIK, Bara, €THiYHA MPHHAJIECKHICTD,
KUIBKICTB TIJIOJIIB, TOIO). Tak SK KIIBKICTh HACEJICHHSI IMOCTIHHO 3pOCTa€, BUKOPUCTAHHS TaKUX
CHCTEM TaKOoX 30imblIyeThcs. BoHM HaOyBaroTh OUIBIIOT MOMYJISPHOCTI ceped JiKapiB i
MAI[l€HTOK, 1 BUHUKAE MOTpeba BJOCKOHATIOBATH 1ICHYIOY1 MPOTPaMHi PillleHHs, 11100 JOMOTTUCS
TOYHIIIUX PE3yIbTaTiB, a0M Ha €Talli BariTHOCTI MOXXHA OYJIO €(EeKTUBHINIC PO3PaxOBYBaTH
PU3UKU BUHUKHEHHS BaJl HOBOHAPOPKEHUX.

Hamu Oyno mnpoanHani3oBaHO HACTYNHI NPOTPaMHI DIMIEHHS PO3PAaXyHKY pPHU3HKY
po3utky Bax rioay: ASTRAIA i1 PRISCA. A Takox Oylio po3IisSHYTO JEKUIbKa 1CHYIOUHX
oHJNaH-KanbKyIaTOpiB: «Risk for trisomies at 11-13 weeks» xampkynsarop Bim The Fetal
Medicine Foundation Ta «Risk of trisomy 21 after First-Trimester Screening».
[IpoanamnizyBaBmu ix, 3ayBa’kuMoO, IO OUIBIIICTh 3 HUX OPIEHTOBAaHI HA BUKOPHUCTaHHS Oyb-
KUM OKpIM CHEIialicTiB-MEHKIB, 1110 HE J1a€ 3MOTH 3aCTOCOBYBATH iX OUIBIN mpodeciiiHo, KpiM
TOTO BiJICYTHI YKpalHCBKi po3poOku B naHiil cdepi. OTxe, 3Bakaroun Ha BCE BHUIIE 3a3HAUYCHE,
aKTyaJbHOIO 33Jayel0 € CTBOPEHHA Web-OpieHTOBAaHOIO YKPaiHOMOBHOTO IPOTPaMHOIO
pilIeHHs, ke O YCYHYJIO0 BCl HEAOIIKU ICHYIOUHX.

JUis MpoeKTyBaHHS CUCTEMH IPEHATaJbHOIO CKPHHIHTY HaMH pO3IJISHYTO HH3KY
QITOPUTMIB IHTEJIEKTYalIbHOTO aHaTI3y JaHuX, Taki ak: C4.5, metox k-cepeHix, METO/I OIOPHUX
BekTopiB, EM-anroputm, anroput™m k-Haitommwkuux cyciniB, CART, norictuuna perpecis Ta
HaiBHUI OaitecoBchkuil kiacudikarop (NB). [lns peanizamii moctaBieHoi 3ama4i 0yino oOpaHo
octaHHii. el anroput™m nepepepiye 6araTo iHIIUX AITOPUTMIB Kiacugikaiii. B oro ocHoBi
JeXUTh TeopeMa baiieca.

3rigno [3], NB — 1e He okpeMuii alroput™, a ciMeiicTBO alnropuTMiB Kiacudikamii, ae
KOXKEH MapaMmeTp KiIacu(iKoBaHUX JAHUX PO3IIAAAETbCA HE3aJeKHO Bl IHIIMX HapaMeTpiB
kiacy. Lleit Meron BHMarae HaBuaHHs, OCKUIbKHM aJrOPUTM BHKOPHUCTOBYE pO3MiueHHH Haldip
JaHUX U1 TOOYIOBU Kiacu(iKaI[iiHOT YaCTOTHOT TaOJIMIII BUKOPUCTOBYIOYH TIPH IIbOMY MPOCTY
apupmetuxy [4]. Ilicnas moOynoBu Tabmumb, Kiacudikalis HeBiZOMOro Habopy JaHMX
BHUKOHY€ETHCS HAa OCHOBI HalOUIbII01 HMOBIPHOCTI OOUMCIIEHOT /IS BCIX KJIaciB.

OTxe, IMOBIPHICTB TOTO, 110 Ha0ip 1aHUX d HaJeXKaTUME Ki1acy ¢, Oy/1eMo 00UHCIIOBATH
srigHo (1):

Pld) = @) | | PCtle) O
1<k<ng
ne P(ty|c) — ymoBHa HMOBIPHICTB, 110 aTPHOYT t}, 3'IBUTHCS B HAOOPI TaHUX
3 KJIacy C; TaKOX I1€ Mipa MPaBUIIBHOTO PO3Ii3HABaHHSA KJIacy
c 1o atpuodyTy tj
P(c) — anpiopHa HMOBIpHICTH TOTO, 1110 HA0Ip JaHUX HAICKHUTH KJIACy C.
Sxmo arpulytu t;, Habopy naHux d He JO3BOJISIOTH YITKO BIIOKPEMHUTH OAMH KJac Bif
1HIIIOTO, TO BapTO BUOPATH TOU 3 HUX, 10 Ma€ OLIBII BUCOKY allpiOpHY MMOBIPHICTb.
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Merta kiacudikaiii’ — 3HaWTH KJIac SIKUHA sIKHAWKpaIlle ONMUCye oOpaHWil HaOlp MaHMX.
Omxe, HaWkpamuMm OyJeMO BBaXAaTH HAaWOUIBIN WMOBIDHHM KIaC Crpgp (2), moO  Mae
MaKCHUMaJIbHY alioCTEPiOpHY HMOBIPHICTH map:

Cmap = argmax P(c|d) = arg max P(c) 1_[ P(tylc) @)
1sksng

BukopucroByeMo P, a ne P, 6o He 3Haemo crpapxuix mapamerpis P(c) ta P(ty|c), i
MOYKEMO JIUIIE OLIHUTH iX 32 TOMOMOT0I0 HABYAIBHUX MHOXKHH.

[TepeBaru 3anponoHOBaHOTO METOY KiracHdiKarlii:
- kiacudikaiis, B TOMy 4ucii 0araTokjgacoBa, BUKOHYETHCS IIBHIAKO Ha OCHOBI MPOCTHUX
apu(METHYHUX TPOLEYD;
- KOJIM yMOBa MO HE3aJIeXKHICTh arpuOyTiB BHUKOHYeThcst, NB mepeBepurye iHmri
QITOPUTMHU, HANIPUKIIA]], TAKUN SIK JIOTICTUYHA PErpecis, 1 MpU [IbOMY BUMarae MEHIIOro 00csry
HABYAILHUX JIAHUX.

[oro ocHOBHI HEIONKH IIEpEePaXOBAHO HIDKYE.
1. SIkmio B TecTOBOMY HaOOpi TaHUX MPHCYTHE JEsIKE KaTeropialbHe 3HAYCHHS O3HAKH, SKE
HE 3yCTpIYaeThCs B HABYAIOUOMY Ha0Opl AaHMX, TOAI B MOJEINi MPHU3HAYAIOTh HOMY HYIbOBY
HMOBIpHICTD 1 IIs1 O3HaKa He Oy/Ae BIUIMBATH HA PE3yJIbTYIOUHI NMPOTHO30BaHWH NOKa3HHK. Lle
SBHILE BIJIOME I HAa3BOI «HYJIbOBa yacToTa» (zero frequency). Lo mpoGiemy MoxHa
BUPIIIUTH 3a JIOTIOMOTOI0 3TIa/pKyBaHHA. OZHMM 3 HaWIPOCTIIIMX METOMIB € 3TJIa/KyBaHHS
Jlannaca (Laplace smoothing).
2. 3Ha4YeHHs IPOTHO30BAaHUX HMOBIPHOCTEH HE 3aBXK/IHU € JOCTATHHO TOUHHMH.
3. B peanbHOCTi HAaOOPH MOBHICTIO HE3AJIEKHUX O3HAK 3yCTPIHAIOTHCS BKpail pillko, a Tak
ak NB kpamie mnpamroe 3 KareropiaJlbHUMHU O3HAKaMH, HDK 3 HENEPEpBHUMH, TOMY IS
HENEPEePBHUX O3HAK POOUTHCA MPUMYIICHHS MPO X HOPMAaJIbHUI PO3IMOLI, 1110 MOXKE HETaTUBHO
BIUIMHYTH Ha Pe3yibTar.

Jns  ycyHeHHs 3a3Hau€HUX HEAOMIKIB pOOOTHM 3 3aJeKHUMU O3HAKAMH HaMHU
MIPOIMOHYETHCSI BUKOHYBATH OIIIHKY aJ€KBAaTHOCTI MOJIEi Ha OCHOBI aHali3y perpeciiHux
3anumikis [5].
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AmnoTartis

B poboTi po3riasHyTO OCHOBHI HeOe3MeKkH siKi Hece 3a0pyIHEHHsS HaBKOJHIIHLOTO
cepenoBuina. Iloka3aHO 110 OCHOBHMM YHHHUKOM 3a0pyIHEHHS Yy BEIUKUX MiCTaX €
aBTOTPAHCIOPT. 3alpOIIOHOBAHO MOJIENb OIIHIOBaHHA 3a0pYIHEHOCTI TOBITPS BHUKHAAMHU
TPAHCIIOPTY Ha OCHOB1 aHai3y I1HTEHCHUBHOCTI TMOTOKIB Tpadiky. Mopenb ampoOOBaHO Ha
MOJICJIBHUX y4acTKax TPAacCH.

The environment surrounding the person, formed by natural-climatic and professional
factors and may change under the influence of human activity. Throughout the time of its
existence, man was inextricably linked with nature. But since the emergence of a highly
industrial society, man has more than once started to interfere in her life. Distinguish the
unchangeable and changing environment. The unchanging environment is such that, in spite of
human influence, it is re-emerged as a result of self-regulation and is one integral with the
organism's internal environment. Variable (contaminated) environment - an environment that is
altered due to inappropriate use of it in the process of human activity [1]. It has a detrimental
effect on people's health, their activities and living conditions. Part of the environment, which
determines the social, material and spiritual conditions of its formation, existence and activity, is
a social sphere. All living organisms on Earth, including humans, are concentrated in the
biosphere. The biosphere is that part of the Earth's shell, in which there exists, or existed in the
past, the activity of living organisms.

Today, numerous hygienic studies have established the link between end-entrathies of
harmful emissions to the urban atmosphere and the morbidity of the population.

In modern conditions, road transport is becoming the most significant source of pollution
of atmospheric air, especially large cities. As a result of the extensive network of main streets
with intensive traffic flows passing through the territory of large cities, conditions for direct
pollution of air transport vehicles emissions from residential development areas and its
unfavorable impact on public health are created. The main danger to human health is the refined
gas engines of cars that contain up to 200 different components, many of which are toxic. The
population is affected by carbon monoxide, nitrogen oxide, hydrocarbons, soot, sulfur dioxide,
sulfur dioxide, sulfur dioxide and soot. Almost all components of exhaust gases of cars are
harmful for a human organism, and oxides of nitrogen in addition take an active part in creation
of photochemical smog.For information on the dynamics of the content of harmful substances in
the environment and drawing up maps of its pollution based on experimental data, it is necessary
to carry out regular measurements of concentrations of pollutants in the air [2].

The traditional approach to environmental monitoring includes the use of surveillance
and centralized data processing points [3]. Such an approach is not always economically feasible.
Distributed networks are a concept in which individuals, groups and communities are actively
involved in data collection to build a knowledge base. This is mainly done in two ways: using a
large touch network and using available devices (such as mobile phones) to create custom
networks [4].

For information on the dynamics of the content of harmful substances in the environment
and drawing up maps of its pollution based on experimental data, it is necessary to carry out
regular measurements of concentrations of pollutants in the air.

Automated information monitoring system (AISM) is a system with distributed
organization of collection, processing of documentation and analysis of parameters of the
environment. In any system of environmental monitoring AISM is a basic element and is
intended for collection, processing, operational and long-term preservation of information,
forecasting the state of the environment on its basis, as well as providing information to local
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information centers, management of enterprises and their units on environmental protection,
other users of information. AISM provides the following functions [5]:
- automatic measurement of controlled parameters;
- information gathering and its initial processing;
- control the deviation of the current values of these parameters from their levels;
- displaying information and creating an operational environment;
- documenting information;
- forecasting changes in the environment;
- transfer of information to interested persons, adjacent systems.
The approach of estimation of air pollution by transport emissions on the basis of
analysis of the intensity of its traffic is proposed

N
i=1

where Fj is level of contamination by substance j;
N is traffic volume of cars per hour;
pi are the parts of cars of the type i;
Kij are technical norms of emissions of cars of the type i by substance j;
A is coefficient characterizing the surrounding environment.

This coefficient is calculated at each point of observation based on the type of street;
inclination; wind speed due to the humidity of the air, the presence of a protective strip of trees.

The comparative analysis of the results was carried out on the basis of data of carbon
monoxide pollution sensors on 9 studied sections of the route. For 1 hour, the number of mobile
car racing has amounted to 32928 cars. The accuracy of the method ranges from 66.45% to
84.7% depending on the site and can be increased by refining the model's coefficients. The
degree of danger of air pollution in the zones of influence of city streets depends, basically, on
the intensity of motor transport flows.

The largest amount of pollutants is thrown out when accelerating the car, especially at
fast speed, as well as at low speed. The relative share (on the total mass of emissions) of
hydrocarbons and carbon monoxide is highest during braking and idling, the share of nitrogen
oxides in dispersal. From these data it turns out that cars are very heavily polluting the air at
frequent stops and when driving at low speeds.

Generated in cities of traffic systems in the mode of "green wave", significantly reduce
the number of stops at the crossroads, designed to reduce the pollution of atmospheric air in
cities. A great influence on the quality and quantity of emissions of impurities is given by the
mode of operation of the engine, in particular the ratio between fuel and air masses, the moment
of ignition, fuel quality, the ratio of the surface of the combustion chamber to its volume. With
an increase in the ratio of the mass of air and fuel entering the combustion chamber, the
emissions of hydroxides of carbon dioxide and hydrocarbons are reduced, but emissions of
nitrogen oxides are increasing.
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Abstract

This article is an aggregation of selected results, witch describe other principles of
inductive knowledge modeling that will simplify the procedure of new knowledge acquisition
based for representation the use-case abstractions for SMART-sity knowledge model base. The
authors try to explain subject specific terms, with respect to the interdisciplinary nature of the
topic.

B imxeHepii 3HaHb BUAUISETHCS TEPMIH «poOOTa 31 3HAHHSIMUY, IKUN MOB'SI3y€ MOHATTS
«GHaHH» 1 Tporec ix o0poOku. 3a3Buuaii, el TepMiH MPUUHATO BU3HAYATH EKCTEHCIOHAIBHO
yepe3 mepepaxyBaHHs MiAMNPOIEciB 0OpOOKU 3HaHb, a caMi «3HaHHS» PO3TIISIIAIOTHCS B SKOCTI
o0’exta mociimpkeHHs. Jlo Takux MigNpONeciB 3a3BUYail BIHOCSATH: BHIOOYBaHHS Ta HaOyTTs
3HaHb, a TAKOXK 1X MOJAaHHS Ta MaHIMY/IIOBaHHSA HUMH. B 00s1acTh acnekTiB poOOTH 31 3HAHHIMH,
KpiM 3a3HaueHMX ITiIIPOIECiB, BKIIOYAIOTh TAKOX METOIH 1 3aco0u, ski iM cripusitors. Kpim
TOTr0, OyAb-KUI 3 3a3HAUEHUX MIANPOLECIB CIIUPAETHCS HAa MOJEIb IIOJaHHS 3HaHb, 5IKA, B CBOIO
Yyepry, BIUTUBAE Ha CTPYKTYpY 0a3u 3HaHb OyAb-sIKOi 1HTENEKTYyaJbHOI CHCTEMH Ta BH3HA4a€
MOXJIUBI METOAU Ta 3acobm poboTu 3 Hew. B [1] mpencraBiaeHO JOCHiIKEHHS 3ac00iB
OHTOJIOTIYHOTO MOJICTIOBaHHS Il (popmanizaiii Ta cucTeMaTHh3allii eJIEeMEHTIB TJIOO0ATbHUX
(GYHKILIOHATBHUX 3aJIEKHOCTEH, SIKI € pO3B’sI3KaMU 3aJ]lad MepeTBOPEHHs iH(opMaIlii B OKpeMHX
npeIMeTHUX 00JacTsIX uid 3a0e3neyeHHs 1HPopMaIier0 IPOLECiB NPUHHATTS PillIEHb, HUIIXOM
pPO3B’sI3aHHS JIOKAJBHUX 3a/a4, 3a pPaxyHOK (OPMYBAaHHS CHHEPreTUYHMX 3B’SI3KIB MiX
€IIEMEHTaMH MHOXHHH pe3yJbTaTiB HENEPEepPBHHUX CIIOCTEPEKEHb, sKa 0Oa3yeTbcs Ha
iH(popMaiiHiil TeXHOJI0r1i 6araTopiBHEBOI0 KOMIT IOTEPHOTO MOHITOPUHTY [2].

Otxe, NMiACYMOBYIOUM BHIIE 3a3HAYE€HE, MOXKHA 3pPOOMTH BHCHOBOK, IO IHXKEHEPIs
OHTOJIOTi} MpU3HAaYeHa JUIsl IPOEKTYBaHHS, KEPyBaHHsS 1 BUKOPUCTaHHs OHTOJIOTIH, SIK CTpOro
TUII30BaHUX JIOTIYHHUX CTPYKTYpP, B paMKax OyAb-sKOI IHTEJIEKTyajdbHOi cuctemu. Ta cami 1o
co0i OHTOJIOTIT HE J/03BOJIAIOTH BUKOHATU IOBHOI[IHHE MPOEKTYBAHHS TaKUX CHUCTEM, TOMY
riOpUIN3YIOTHCS 3 IHIIMMH KOMIIOHEHTaMU CUCTEMHM JUIsl OOYIOBU CEMAHTHYHO 3PO3YMUIMX
IPOTPaMHHUX JI0/IaTKIB, AKi 0a3ylOTbCsS HA SIBHUX, a HE NMPUXOBAHMUX 3HAHHSX, SIKI MMOTIM JIETKO
BUKOPDUCTOBYBaTH JUIsl MOJAJIbLIOro aHamizy. PosrisiHemMo jeski MOXJIMBI - NpPaKTUYHI
riOpuan3aniii OHTOJIOTiA:

1. JloBeieHHST TEOpEM Ta JIOT1YHA Bajifallis Moke OyTH BHKOHAHA JJisi OYIb-IKOTO HabOPy
MOCUJIOK, SIK1 TIOZAHO Y BUIJISII OHTOTOIi.
2. MonentoBaHHs MIJKIACIB Ta €K3eMIUIAPIB KiaacudikaTopiB Ha GopMasbHii JOTT4HIA MOBI

KepoBaHOi cKkiagHocTi, Hanpukiax, OWL [3]. B mpoMy Bumajaky BHUCHOBKH KiacugikaTropa
OyIyrOTbCS aBTOMAaTUYHO HE Juine i ¢akTiB, a W JId MaTepHiB, Ha 0a3l TaKCOHOMIYHHX
MipKyBaHb [4].

3. ABTOMaTH30BaH1 CIOBHUKH, 3aCO0M HEHPO-JIIHIBICTUYHOTO MPOTPAMyBaHHS 1 allTOPUTMHU
MaIIMHHOTO HaBYaHHSI MOXYThb OyTH MOKpalleHi 3a paxyHOK BHI0OyBaHHA iHpopMmarii 3
HaIMBCTPYKTYPOBAHUX 1 HECTPYKTYPOBAHMX JaHUX, JIUIIE 3aBISKU JOJAaBaHHIO HOBOTO BHMIpY,
SIKHA MICTHTBCSI B OHTOJIOTIT [5].
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4, OnToJoTii Jal0Th 3MOTY aBTOMAaTHM3yBAaTH YIPAaBIIHCHKI aJTOPUTMHU IJIaHYBaHHS Ta
BUKOHAHHS TIEBHUX 3000B’s13aHb, HATIPUKIIA, Il KOHTPAKTIB, TOCIYT TOMIO [6].
5. OwnTosorii MOXyTh (hopMalli3yBaTH aOCTpakKilii JJisT BUBEICHHs 3HaHb HA OCHOBI KEHCIB
(case-based reasoning) 3aBASKH [O3HAYCHHIO 3arajlbHUX paMOK IX 3aCTOCYBaHHS Ta
kyacudikarii mo monepeIHbpo PO3POOICHUM orucam [7].
6. OHronorii Aal0Th 3MOTY MOKPAILIWTH MiAXiJ A0 BHBOAY Ha OcHOBI mpaBui (rule-based
engines) Ta (axTiB 3a paxyHOK (OpMYBaHHS Il MPABWJI NPUYMHHO-HACTIIKOBHX OIIIHOK,
NEepPEeBIPKU  BIANOBITHOCTI Ta [IarHOCTYBaHHS XUOHUX CTPYTYp, @ TaKOX BCTAHOBJICHHS
B3a€EMOIIOB’s13aHUX (akTiB [8].

OTxe, Ha OCHOBI MPUBEICHUX MPHUKIAIIB MOKHA OAYUTH, [0 OHTOTOTi1 TOPHIN3YIOThCS
B paMKax BapiaHTIB BUKOPUCTaHHS, BU3HAYEHHMX OOJ]ACTIO iX 3acToCyBaHHs. Tomy, OJHIEIO 3
aKTyaJIbHUX 3aJ1a4, sKa oTpedye po3B’s3Ky € po3poOKa riOpuAN30BaHOT OHTONOTIT AT CUCTEMU
ynpaBmiHHt SMART-MicToM, sika B 3araJilbHOMy BHUIJISAI TIpejacTaBieHa Ha puc. 1. Taka
riopuau3aiis JO3BOJUTH IMOB’S3aTH 3allPOIIOHOBAHY KOHIICTIIIIIO MPOCKTYBAHHS 0a3 MOJIEIbHHUX
3HaHb I1HTEJIEKTYaJIbHOI cucTeMu [7] 3 KaTeropizaili€l0 HOBOTO BHMIPY MpeLEIeHTHO-
OpIEHTOBAHMX YHPABIIHCHKUX CTPYKTYP, SIKi MICTUTUMYThCSI B paMKaX OHTOJIOTII.
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Video perception simulator
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Abstract

Object recognition is the main task of computer vision. Usually, only visual information
is used for the analysis video stream, but the video also contains audio information, which can
give additional information to recognize, as Uikens theory of comparable resources says. Thus,
we can also use all of them to improve the quality of objects recognition. For the analysis of
visual information, we selected Marr-Hildreth algorithm and digital frequency selective filter for
audio information.

OpHi€0 3 OCHOBHHUX 3a/1a4 KOMIT'FOTEPHOTO 30py € po3Mi3HaBaHHA 00 €KTiB. 3a3BHuaii,
MiJ] Yac po3Mi3HaBaHHS 00’ €KTIB y B1I€ONOTOIl BUKOPUCTOBYETHCS JIMILIE Bi3yalabHa iHpOpMaIllis,
aJle OCKUJIBKM BIJICONOTIK TaKOXX MICTUTh ayldioiH(QOpMaLilo, TO HaMH MPONOHYETHCS HE
BTpauaTH MOXJIMBICTB 11 aHaNi3y JUIsl MOKpAIIEHHs pe3yNbTaTiB po3mi3HaBaHHA. [l aHamizy
JIEKITBKOX CEHCOPHUX KaHAJIB (31p Ta CIIyX) MPOMNOHYETHCSI BUKOPUCTATH TEOPII0 PO3MOIIIEHUX
pecypciB Yikensa [1], 3rifHO SKOT KOTHITHBHA CHUCTEMa CIPUMHSATTS JIOJUHU HIKOJIU HE
BUKOPUCTOBYE €JMHMIA MEHTAJIbHUI pecypc A CHPUUHATTS Ta HepepoOku iH(opmarii, 1o
HAJIXOJUTh 3 OTOYYIOYOro cBiTy. sl CHpUAHSATTSA, MEepHenTHBHOI OOpOOKM Ta KOIyBaHHS
3BYKOBUX 00pa3iB BUKOPUCTOBYETHCS OJUH pecypc, I Bi3yalbHUX 00pa3iB — iHmmi. Kpim
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TOTO ICHYIOTh PECYPCH, SIKI BiJIMTOBIIalOTh 3a IEHTPaJIbHY 00pOOKY 1 KaTeropizarito iHdopmarrii
OTPUMAaHOI Ha TIONEPEAHBOMY €Talll IJIsl KOKHOT'O CEHCOPHOTO KaHaly.

Jns anami3y BizyanpHOI iH(oOpMarlii, sxka Oyae BIAMOBIIATH 32 MOJEIIOBAHHS 30POBOI
CUCTeMH JIFOJUHHU, Oyno oOpano rimore3y Mappa-Xinpapera [2]. Bubip manoro merony OyB
CHPUYMHEHUM THM, IO TONPHU T€, III0 METOJAX OCHOBAaHI HA BUKOPUCTAHHI MAaCOK IPOCTOPOBOTO
TuQepeHIiIoBaHHS IOCUTh MPOCTI B peaisalii, MpoTe BOHU JOCUTHh YYTIUBI 70 LIyMiB, 4epe3
0 HE 37aTHI TapaHTyBaTH BIAMOBITHUN pe3yJabTaT IpH 0OpoOIi CKiIagHuX 300pakeHb. Ha
BIIMiHHY Bi HUX MeToa Mappa-Xinbapera, skuii mpaitoe Ha ocHOBI LoG-dinsTpa (Laplacian of
the Gaussian) — mudepeniiansHoro GiapTpa APYroro MOPSAKY, OTPHMAHOTO BHKOPHCTAHHIM
onepatopy Jlammaca mo ¢yskuii ['ayca, MictuTh B €001 mpoleaypy IMOJABICHHS IIyMIiB Ta
aHaJi3y MOXITHUX SICKPABOCTI BHUIIIOTO MOPSIIKY.

Oyukuis ['ayca Big oxniel 3MiHHOT Mae Burisia (1):

x2

g(x) = cezd? )
ne 0 — 1Ie CepeIHbOKBAIPATUYHE BIIXUIICHHS, C — ACIKHI MHOKHUK MaIITa0yBaHHSI.
Ta x Qynkuis ['ayca miast 1BoX 3MiHHHX Ma€ BUTISA (2):

x2+y?
gCry) = ce 207 @

3Ha4YeHHsT MAacIITa0HOTO MHOXXHHKA MiIOMPAIOTHCS TAaKUM YUHOM, 100 3HAYEHHS BCiX
€JIEMEHTIB Macku Jyist pinbTpatii Oyau iMoYHCceTbHUMH.

B 3aranpHomy Bumanky LoG-QinbTp MOXHA NPEACTaBUTH Y BHUIIAAI PI3HUIN JBOX
raycciatis (3):

x2 +y2 x2 +y2
g"(x,y) =~ cye 208 _ c,e 202 3)

Jlns oTpuMaHHS MOBHOILIHHOI iH(opmanii nmpo cueny LoG-¢inbTpallis BUKOHYETHCS 3
PI3HUMH 3HAYEHHSAMH CEPEeIHBOKBAJPATUYHOTO BIOXWJICHHS Juid 3a0e3redeHHs O0O0poOKH
neranei pizHoro posmipy. Ilompu Te, 1m0 AaHa MoAenab HE 3/aTHA MOBHICTIO ONMMCATH 30POBY
CHCTEMY JIIOJIMHH, BOHA BCE JK OMUCYE OCHOBHI ii BiIacTUBOCTI. Tak 3TiJHO i3 TAHOIO TiMOTE3010
€CKi3 BUAMMOI CLEHH OYyAyeTbCs 3 JBOBUMIPHMX NPHUMITHBIB, IO JI03BOJISE MpPHU HAsBHOCTI
cTepeorpagpiqyHoro 300paxxeHHs! OTPUMATH TPUBUMIPHY MOJEb.

Jns ananizy aynio indopwmaiiii, sika Oyze BiAMOBIAATH 32 MOJETIOBAHHS CIIyXa JIFOJUHU,
CKOPHUCTAEMOCH IM(PPOBUMH YaCTOTHO-BIIOIPKOBUMHU (PIIBTPAMHU, K1 MatOTh CMYTY 3ariaylICHHS
Ta CMYTy MpOINYCKaHHA JJs MOJICNIOBaHHS BHMOIPKOBOCTI OOpOOKM ayaio CUTHaly, SKUN
HaAXoaAuTh. Meta ¢inabpTpallii nojsrae B 1UIECIPIMOBaHI 3MiHI CHIBBIJHOIIEHHS MIX PI3HUMU
KOMITOHEHTaMH CHEKTpa CUTHAILY: 3arJIyIIEeHHs IIyMiB, 1110 MICTATHCS B CUTHaJll, a00 BUIIIEHHS
OKPEMUX CKJIaJIOBHX CHTHAJY, IO BiNOBIIAIOTh TUM Y HIIIUM 33/IaHUM MapaMeTpam.

Ockinbku QITbTp Iie JMHAMIYHA CHUCTEMa, sKa MEPEeTBOPIOE BXigHuii curHan x(t) y
Buxigauii y(t), me t — me MeBHMN IUCKPETHHN MPOMIXKOK 4Yacy, y HbOTO € TIEBHI HEIOJIKH.
3rizno [3] MoxiauBa BTpaTa IEBHOI KUIBKOCTI iHGopMaulii Hpu 3acTOCYBaHHI YaCTOTHO-
B1101pKOBUX (1IbTPIB. Tak 3MiHA ¢ MOKE MPU3BECTH SIK J0 MOKPAIEHHS TaK 1 J0 MOTipIIEHHS
pe3yiabTary. Takoxk mpu KOXKHIHM iTeparlii MOXKIIUBE BiJICIKAHHS CUTHAITY MPH HOro MOTPAILISHHI
JI0O CMYTH 3arJIylIeHHs Ta HAaBIAKW — MPU MOTPAIUITHHI 0 CMYTH TPOITYCKaHHS. AJie 1ie HE €
CYTTEBMM HEJOJIKOM y HAIIOMY BHUIMAJKy, aJUKe MU JIUILIE JOMOBHIOEMO 00pa3 00’€kTa MpHu
pO3Mi3HaBaHHI 32 PaXyHOK aHali3y PI3HOPIIHUX CEHCOPHUX KaHAaJIB.

@®akTHYHO B pOOOTI MU CTBOPIOEMO T1OpPHIHUM aAanTUBHUMA (UIBTP, SKUH TO3BOJSATHME
BU3HAYUTH 00’ €KT OJTHO3HAYHO. [lepeBaramu Takoro miaxomy €:

1. MOXIHUBICTh aanTallii Ipy 3MiHI BUMOT CUCTEMHU.

2. MoKJIMBICTS HABYAHHS JUTS 3[IHCHEHHS 3a7aHOr0 BUAY (UIbTpaIlli i BUKOHAHHS 3a1adi
OpUNRHATTA pimeHb. CUCTEMH 3 TaKUMH BJIACTHBOCTSIMM MOXKHA aBTOMATHYHO CHUHTE3yBaTH
Yyepe3 HaBUaHHS.

3. MOXIIUBICTh EKCTPANoIIOBaTU MoJEeNi JUisd (DYHKIIOHYBaHHS B HOBHUX YMOBAax IicCIs
HaBYaHHS Ha KIHIIEBiH 1 3a3BUYail HeBeNuKiil BUOIPIll HaBUYaJIbHUX CUTHAJIIB Ta/abo CIIEeH.
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4, Posmmpenns o6macti GyHKIIOHYBaHHS CHCTEMH 32 PaXyYHOK aHATI3y JABOX PI3HOPITHUX
CEHCOpPHUX KaHaJiB, KOJIU JIaH1 3 IKOTOCh BX1IHOTO KaHAJly HEBIJJOMi, 00 3MIHIOIOThCS B Yaci.

5. Takmii migxXig HE BUMAarae€ peTelbHO pPO3pOOJCHUX METOJIB CHHTE3Y, 3a3BHUYal
HEOOXITHUX JUUIsl HEAJalITUBHUX CHCTEM.

[Ipu o0OpoOIi JEeKUIBKOX CEHCOPHUX KaHATB MOJJIMBA, aje He 000B’sI3KOBa
imeHTudikais 00’€KTy 1Mo BCiX JOCTYIMHUX CEHCOPHUX KaHaJaX, IPOTE€ MOXKJIMBHUIA BapiaHT KOJIU
Ha PI3HUX CEHCOPHHMX KaHamax Oyne 1IeHTH(IKOBAaHO pi3HI 00’€KTH, a00 30BCIM BiICYTHIN
Bigkiuk. e 3ymoBieHo TiMm, 1o iHdopMarlis, sika HaJXOAUTh 3 OCHOBHUX KaHAIIB BiJI€OMOTOKY
(3Byk Ta 300pa)X€HHs) MAlOTh Pi3HY SKICTh, IO MOTPEOye MOIepeaHbOI YaCTKOBOi 0OpOOKH
3araJlbHOTO MAacHMBY BXIJHMX JAHHMX JUI aHali3y ioro ingopmatuBHOCTI. ToOTO mpu 3HAYHIM
3allyMJICHOCTI, HANpUKIaJA, ayJioNOTOKY MOXJIMBE WOTr0 BIiIKHIAHHS Ui HIBEIIOBaHHS
HETaTHBHOTO BIUIMBY Ha pe3yJbTaT, AHAJIOTIYHE TBEP/KCHHS BIPHO 1 MPH MOTaHId SIKOCTI
300paKeHHS.

Cnucok Jgirteparypu:
1. Ywmsips U., Kupsxkoa M. OOBEKTHO-OPHUEHTUPOBAHHOE MOJIECIMPOBAHUE BOCIPUATUS U
BHuMaHus: MoHorpadus. LAP LAMBERT Academic Publishing, 2017. 204 c. URL:
https://is.gd/7TEWDTR (nata 3Bepuenss: 10.05.2019).
2. Censxun B., Ckopoxon C. AHanu3 u 00paboTKa M300paKeHUH B 3a/lauaX KOMIIBIOTEPHOTO
3penusi:  YuebHoe mocodue. Tarampor: Wsn-so MDY, 2015. - 82 c¢. URL:
http://ntb.tgn.sfedu.ru/UML/UML_5493.pdf (nara 3sepuenns 09.05.2019).
3. ABTomaru3zalis METpPOJOTiuHUX pooiT, i MeTa i 3amavi. OCHOBHI HANPSIMKH aBTOMAaTH3aLii
MeTposioriunoi misutbHOCTI. cutt.ly: web-caiit. URL: https://cutt.ly/lyTZhC (mata 3BepHeHHS
09.05.2019).

Metoa nouyky 300paskeHb B 0a3i JaHMX 110 KOJIPHUM Ta TEKCTYPHUM
O3HAKaM

3arynseBa A.B., Uepkacbkuii HallioHaJIbHUM yHIBepcuTeT iMeHi borgana
XwmenbHuIipKoro, Yepkacu, Ykpaina, nastyazagyl2@gmail.com

The method for searching images in the database by color and textures

Zagulyaev AV, The Bohdan Khmelnytsky National University of
Cherkasy, Cherkasy, Ukraine, nastyazagyl2@gmail.com

Abstract

The article examined existing methods search for images in graphic databases EXisting
practical implementation of systems is studied search for images in databases, their benefits and
disadvantages.

When comparing search capabilities to graphical databases using histogram methods
signs and clustering found that quality search by histogram characteristics was revealed more
precise method of quality search clustering. However, both methods when searching for some
semantic groups were manifested ineffective. Also in the work carried out practical study of
improvement opportunities Search by clustering method is formulated threshold of "noises™ in
the image. To reduce the time The clustering method works for comparison purposes with the
method of histogram signs was taken part statistical algorithm of clustering, which compares
images only to their color characteristics.

3a octaHHI poku 00’eM M(POBUX Ta MeIia JaHUX BHpIC B JeKiibka pa3iB. Bee Oiibiie
JI0Ziell BUKOPUCTOBYIOTH MOIIYK 300pa’keHb B Mepexi IHTepHeT, g ohOpMIIEHHS CBOiX

Npe3eHTallii, MyOJIiKalliid Ta mPOCTO JUIsl 3aI0BOJICHHS a00 3aI0BOJILHUTH CBOIO ITiKaBicTh [1].
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3a mesKMMH MiapaxyHKaMu 300pakeHb B Mepeki [HTepHeT Ha ChbOTOHINIHIA JIeHb 015
1012 1 me yMcao 3 KOXXKHUM poKoM 30inbinyethes. [Ipore ns indopmariiss HemorpiOHa 6e3
TOYHOT0, 3pDYYHOT0 Ta MBUIAKOTO MOIIYKY B Hil.

3aBraHHs NOUIYKY 300pakeHb B OCTaHHI POKM aKTMBHO PO3BHBAETHCS Ta MPUBEPTAE BCE
OinbIIe yBard y AOCTITHUKIB. AKTHBHUN PO3BUTOK JIOCHIPKEHb B 00JIACTI MOIIYKY 300pakeHb
NOB'A3aHO, B MEPIIY Yepry, 3 pi3ko 30iabIIeHHM 00'eMoM 00pobmoBaHoi iH(pOpMalii, 3 KO
JIOIMHA BXKE€ HE CIPABISEThCA. TOMY 1 MIJIBHIIYETHCS POJb aBTOMATHU30BAaHHX CHCTEM JUIS
BUPILICHHS 3aBJaHHS MOLIYKY.

TakuM YMHOM, aKTyaJbHOK € 3ajava JOCHIUKCHHS NpPOIEeCYy KOHTEKCTHOTO IOIIYKY
300pakeHb B rpadiuHux 0azax JaHWX, HOTO YAOCKOHAJICHHS 3 METOO MOJIMIICHHS Pe3yIbTaTiB
MOIIYKY 1 CKOPOUYCHHSI YaCy BUKOHAHHS 32 paXyHOK BUKOPUCTAHHS HOBUX METOIIB 1 aJITOPUTMIB
00poOkH rpadiyHuX NaHUX. PO3risHeMo BiZJOMi allrOPUTMHU MOIIYKY 300paskeHb.

31 BCIX XapaKTEPUCTUK 300paKE€HHS, 10 CIPUHUMAIOTHCS JIFOJUHOIO HAWO1IBII BaXKITMBUM
€ KOJIip, TOMY BCI ICHYIOUlI CHCTEMH KOHTEKCTHOTO TIOUIYKY 300pa)KeHb OOOB'S3KOBO
BUKOPHUCTOBYIOTh HOTO cepes iHmmMX o3Hak. [Ipu 30epiranHi 300pakeHHs K HAOOpY IIKCETB
MOKHA 3HAWTH HAWOUIBII YacTO BHKOPUCTOBYBaHWW Kkomip. [lomynspauM crmocobom
MPEJICTABICHHS KOJIPHOTO BMICTY 300pa)KeHHS € KOJipHi rictorpamu mnoOynosu. Komipha
ricrorpama 300pakeHHS € BEKTOPOM, KOKEH €JEMEHT SKOTrO MOKe OyTH OOYHCIeHHHA 3a
dopmynoro. OdveBHIHO, MO MOOyIOBaHA TaKMM YWHOM TiCTOrpaMa € HOPMaji30BaHOIo.
BukopucranHs HOpMaii30BaHOI TICTOTpaMHU J03BOJIIE TOPIBHIOBATH 300pa)XCHHS PI3HOTO
po3Mmipy.

SIK BeNMWYMHM BIAMIHHOCTI TiCTOTpaM BHUKOPUCTOBYIOTHCS KOH'TOHKIISI TicTOTpam,
€BKJIIJIOBA, KOCUHYCHA 1 KBaJipaTu4yHa BijctaHi. DopMynu aiisi OOYMCICHHS IIMX BEIMYUH TPU
BUKOPUCTaHHI HOPMAaJIi30BaHUX 1 HEHOPMaJi30BaHUX rictorpam. Y Qopmyii ans oOuucieHHs
KBaJ[paTUYHOI BiJICTAaHI BUKOPHCTOBYETBCS MATpPHUI A, €JIEMEHTH aij SKOI XapaKTepH3ylTh
CXOXICTh a00 BIIMIHHICTD KOJBOPIB Ci 1 Cj. 3HAUEHHS €JEMEHTIB MaTpHUIll NMOBHHHI OyTH
HOpMaui3oBaHi, T06To 0 < aij < 1, mpudomy aii = 1; yuM MeHIlIe 3HAYCHHS €JIEMEHTY MaTpHIl,
TUM OUIbIIE BIAPIZHAIOTHCS KONbopU. MaTtpuiigs A Mae po3MipHicTh N X N, cuMeTpuuHa 11040
rosioBHOI Aiarouani. Ii eneMenTH MOXKyTh OyTH 06YHCIEH] 32 HacTyHHO0 dGopmynamu (1):

o P
dmax

Ie dij — eBKJIiJOBA BiICTaHb MiXk KOJILOPAMH 1, j.

[lpy tpOMy 3HAYEHHS MEPETHHY TiCTOTpaM MOKHA HOPMYBATH, PO3AUIHBINK HOTO
KUTBKICTB MIKCENIB 300paXKeHHs, BAOPAHOTO B SIKOCT1 €TAJIOHHOT'0, 3T1JHO (2):

Y min(H, [Ci], Ho[Ci])
YoM H,[G]

s Amax = maxd; )

d(H,, H,) = @
=1

e H1, H2 — rictorpamu 300paxeHHs 3 623U 1 MOJCIIEHOTO 300pakeHHS BiIMTOBIIHO.

OTpumaHa BeIWYMHA HA3UBAETHCS CXOXKICTIO 1 CIYKUTh MIPOIO OJIM3BKOCTI KOJIPHOTO
3MICTy 300paxkeHHs B 0a3i 1 €TaIOHHOTO (MOJIETBHOTO0) 300paKEHHSI.

Po3rasiHeMo JToKIajiHilIe aJropuTM MOIIYKY MO O3HAKaX TEKCTYpH 300paXKeHHS.

Texkctypa 300pa’keHHSI CKIaA€ThCs 3 OLIBII-MEHIT OJU3bKUX IO CIIPUMHSTTIO €JICMEHTIB
[2]. 3mimani TeKCTypu MOXYTh BKIIOYATH B ceO€ €JIEMEHTH 3 JCKUIbKOX MHOXHH (KJIaciB)
€JIeMEeHTIB. TeKCTypy, OKOJHIIl BCIX TOYOK SIKOi MOAI0HI OMH OJJHOMY Ha3UBaIOTh PIBHOMIPHOIO
TEKCTYpOl0. TeKCTypa € TOJIOBHOI O3HAKO0, SIKMH 3aCTOCOBYETHCS INMPH MOUIYKY TpadiuHuX
300paxeHb M0 iX 3MICTY. Y TEKCTypl B CBOIO UEPr'y BUIUISIOTh HACTYIIHI O3HAKH:
- CTaTHYHI,
- reOMETPHYHI,
- MOJICIbHI,
- CIIEKTpaJIbHI.
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XapaKkTepUCTUKU TEKCTYPHOTO MOIIOHOCTI TPOXU CKIIATHINIE XapaKTEPUCTUK KOJIPHOTO
nofioHocti. 300pakeHHs, ONMM3BKI 3a CTPYKTYpOIO, IMOBHMHHI MaTH NOJIOHE MPOCTOPOBE
PO3IOALT KBITIB, ajie TIPH IbOMY 3HaY€HHS KOJIbOPIB MOKE HE 30iraTucs.

OnuH 3 HAMOUTBII MOMIMPEHUX METOIB € MOOY/I0Ba BeKTOpa TekcTypHoro onucy [3]. Tak
HA3MBAETHCS BEKTOP 3 YMCIOBUMH KOMIIOHEHTAMH, BIIMOBITHUMH y3aralbHEHUMHU I1apaMeTpaMu
TEKCTYPH 3a/1aHOTO 300pakeHHs ab0 Jesikoi 06nacTi 300paKeHHs. BEKTOP TEKCTYPHOTO OIMUCY
MO)X€ BHUKOPHUCTOBYBATHUCS BIJIHOCHOTO TEKCTYPH IIUIOTO 300paK€HHS, ajie TOJI XOpOIIi
pe3yabTaTu OyAyTh JOCATHYTI TIIBKH MPH OMKCI 300paskeHb 3 O JHOPIIHOIO TEKCTYPOIO.

s 300paxeHb 3 HEOJHOPIAHOIO TEKCTYPOIO, BEKTOPU OOUMCIIOIOTHCS AJI KOXKHOTO
MiKCeNsl M0 HEBENHKIA OKOJIMII MbhOro mkcens. [IoTiM MmiKcel TPYMyrThCS 3 JOMOMOTO0
ITOpUTMY KJIacTepu3alii, SKUil MpHU3HAYae YHIKAJIbHY MITKY KOKHOK HOBOIO BHUSIBICHOIO
TEKCTYPHOH KaTeropii.

Meroauka poOIiT st 1oOYyAOBH alrOpUTMy BH3HAYEHHS Bi3yaJIbHOTO TOMIOHOCTI
300pakeHb HA OCHOBI MAaIIMHHOT'O HAaBYaHHS MOKHA MPEJCTABUTH B BUIJISA/I HACTYITHUX ETaIliB,
SIK1 TIOBUHHI OyTH MOCiJOBHO BUKOHAHI.

Eran 1. 3 xonekuii 300paxens (GopMmyeTscsi HaBuanbHa BHOipKa. BoHa ckiamaerbes 3
0e3:1iui mpeLeeHTIB, KOXKEH 3 SIKUX BKIIOYae B ce0e mapy 300paxeHb 1 CTYMiHb iX OJU3bKOCTI,
OLIIHEHY EKCIIEPTOM.

Etan 2. IIporpamHo peamnizyroThCsi (MPU HEOOXITHOCTI 1 PO3POOISAIOTHCSA) ANTOPUTMHU
OOYHCIICHHS BCUIAKMX O3HAK Ha 300paKCHHSX.

Etan 3. []nst koxxHO1 mapu 300pakeHb 00YUCITIOIOTHCS 3HAYEHHS BCIX O3HAK.

Eran 4. IlpoBoautbes (akTOpHHMIA aHalli3 O3HAK, B PE3y/IbTaTi SIKOTO BHU3HAYAIOTHCS
TOJIOBHI O3HAKH, 3HAYEHHS AKMX OyIyTh BUKOPUCTOBYBATHCS B HaBYaHHI HEHMPOHHOI Mepexi 1
QITOPUTMU OOYHCIICHHS SKHX CTaHYTh YacCTHHOIO KIHIIEBOTO QJITOPUTMY OI[IHKH Bi3yaJbHOTO
MoAiOHOCTI 300pakeHb.

Eran 5. HaBuaerbcs HelponHa wmepexa. [lo 3aBeplieHHIO LBOr0  MPOLECY
3armaM'aTOBYIOThCSl JIaHi, [0 XapaKTEepHU3yIOTh BEIMYMHU TMOMHUJIOK HEHPOHHOI MEpexi II0/0
BXIJHUHA BUOIPKU. 11 TOKA3HUKU MEPETBOPIOIOTHCS B MOBHOTY 1 TOYHICTh — LIJIbOBI 3HAUYEHHS
OIIIHKH SIKOCT1 BUKOHYBaHOI pOOOTH.

Etan 6. 3 konekuii 300paxkeHb (opMyeThcs TecToBa Bubipka. li cTpykTypa i
XapaKTepUCTUKHU (00CAT, CIIBBIAHOIICHHS ONM3BKUX 1 HEOMU3bKUX Tap) MOBUHHI BiAMOBiIATH
CTPYKTYp1 Ta XapaKTepUCTUKAM HaBYAIbHOT BUOIPKH.

Etan 7. OGuuCHIOIOTHCS 3HAUEHHsS KJIIOUYOBMX O3HAK BCiX 300pa)keHb, L0 BXOIATH B
TECTOBY BHOIPKY.

Etan 8. nporanse HelipoHHa Mepexka Ha TeCcTOBiM BHOIpILI 3 BU3HAYEHHSM IOBHOTH 1
TOYHOCTI.

Etan 9. [1opiBHIOIOTECS TOBHOTA 1 TOYHICTh aHAJI3y HEHPOHHOIO MEpEeKer 300paeHb
HaBYaJIbHOT BUOIPKH 3 MOBHOTOIO 1 TOYHICTIO aHai3y HEMPOHHOI MEPEXEI0 300pakeHb TECTOBOI
BUOIpKU. IPU MPHUOIM3HO OJJTHAKOBMX 3HAYEHHSX BIAMOBIIHUX MOKA3HUKIB poOOTa BBAXKAETHCS
3aBEPILIEHOIO.

Cnucok Jireparypu:
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Moaesab IBUHAKOL pekTHdikanii 300pakeHb AJI51 CHCTEM TEXHIYHOI0 30py 3
BUKOpHcTaHHAM MoBM VHDL

Beperenbuuk B.B., Uepkacbkuil HallloHAIbHUN YHIBEPCUTET IMEHI
bormana XmensHuipkoro, Yepkacu, Ykpaina,
veretelnyk.vitaliy@gmail.com

Model for rapid image rectification for systems of technical vision using
VHDL language

Veretelnyk V., The Bohdan Khmelnytsky National University of
Cherkasy, Cherkasy, Ukraine, Ukraine, veretelnyk.vitaliy@gmail.com

Abstract

The method of image rectification was explored, the model of the advanced method of
rapid image rectification was proposed and constructed exclusively for systems of technical
vision, a digital device was developed using the language of description of VHDL equipment.
The author determines that the implementation of the claimed method is used in a digital
specialized device (median filter). The median filter is a sliding 3x3 pixel window. At the input,
it takes 9 values (pixels), and the output gives one. The median filter works like this: sorts the
input data (pixels) in order of increasing and displays the median result (median). As a model, a
mathematical interpretation of the work of a media filter is presented.

Ha mpoTs3i ocraHHIX pPOKIB METOJOJIOTIS CTBOPEHHS IUGPOBHX IMPUCTPOIB 3a3Haja
cyrreBux 3MiH [1]. Byno po3pobieno moBu tuny VHDL ta Verilog, ski cTamu OCHOBHUMH
IHCTpYMEHTAJIbHUMH 3ac00aMu ONUCy NU(POBUX MPUCTPOIB. TaKoK CTBOPEHO HU3KY MOTYKHHUX
CAIIP Max + Plus II BASELINE, Xilinx ISE Foundation, siki miaTpuMyOTh iX PO3poOKYy,
MOYMHAIOYH 3 OMHUCY HAa HAa3BaHUX MOBAaX /IO CTBOPEHHS HA KPUCTAJl 0OYMCIIOBATBHUX sifep. B
TOW e 4Yac, 3aBASKHM JOCATHEHHSM Yy Tajly3i 1HTErpajbHOI TEXHOJIOTIi CYTTE€BO 3piC piBEHb
1HTerpamii MiKpocxem, 1 3 SBHUJaCh MOXIIMBICTb peajizalii B HUX HaJ3BUYANHO CKJIAJHHUX
UGPOBUX MPHUCTPOIB. Y 3B’A3KYy 3 LIUM ICHYIOYI METOJIM Ta 3aCO0M MPOEKTYBAaHHS LUPPOBUX
IPUCTPOIB, K1 epeadayaroTh MPOBEACHHS PO3POOKHU MPOEKTY BiJl CAMOI0 MTOYATKY (MIOCTAaHOBKHU
3ajadi) A0 Horo peanizauii cTalu HeePEeKTUBHUMH, OCKUIBKU JUI CTBOPEHHS CIIELiali30BaHUX
U(PPOBUX TMPHUCTPOIB BOHM BHMAaraloTh HH3KY MapaMeTpiB, TaKWX SK dYac MPOEKYBaHHS,
HAAIMHICTD 1 6€3B1IMOBHICTH pOOOTH MPUCTPOIO.

OcHoBHMI miAxiJ, 0a3yeTbCs Ha BUKOPUCTAHHI 3BaKEHOTO PIIIEHHS 3 MOXKIIUBICTIO
3MEHIICHHS Yacy po3poOKH, 3a0e3MneueHHs HaliiHOCTI 1 6€3BIAMOBHOCTI poOOTH HPUCTPOIO HA
erarnax IMpPOEKTYBaHHS, po3poOkH 1 Bepuikamii IpoeKTy MiJ KOHKpeTHY 3anady. OCHOBOIO
METOI0 € CTBOpPEHHA 0a30BOI MOJENl MPHUCTPOIO, SIKy MOXHa KOHQIrypyBaTd, BHOUpPaOuu
3HAUEHHS THUX YW IHIIUX [apaMeTpiB, 10 0a3yeTbCs Ha BUKOPUCTAHHI MOB IPOTpPaMyBaHHS
BUCOKOTO DIBHS JJIsI ONUCY amapaTHUX 3aco0iB. BuKopHcTaHHS Takoro miAXxony, J03BOJIIE
CIPOCTUTH MpOLEC MPOEKTYBaHHSA 1 MIJHATH HOro Ha piBE€Hb MPOEKTYBAHHS IPOrPaMHOTrO
3a0e3MeueHHs, OJHOYAaCHO OTpUMATH 1 amapaTHi, 1 MporpamHi 3aco0u s peanmizamii
[MOCTaBJIECHOT 3a1a4i.

CyTTeBHii BHECOK B PO3pPOOKY HOBHUX MIAXOMIB ISl CTBOPEHHS METOJNIB Ta 3aco0iB
KOH(ITypyBaHHS apXITEKTypH MPOTrPaMOBAHUX CIEIaTi30BaHUX IU(PPOBUX MPHUCTPOIB 3pOOUIIH
CBil BKJIaJ BITUM3HAHI Aigul HayKkH 1 TexHiku: A.M. Ceprienko, B.I1. Tapacenka, I".M. Jlyupkuii,
A.M. Pomankesuu, B.B. Xamkunos, C.I'. OBpamenko, B.JI. Jlenexa, }0.C. Kanescbkuii, JI.M.
JlorinoBa. Cepen BiJOMUX CBITOBUX BYEHHUX, SKi 3aiiMaluCs MPOOJIEMATUKOIO MOJEITIOBAHHS
MpeAMETHOI 00J1acTi Crieliaii3oBaHuX MporpaMHuX nudpoBux npuctpois €: Justin Trippe, May
Gokhail, Christopher Peterson, Nicolas Moore, Vinod Kathal, Rob Schreiber, Goran Sandberg,
Douglas L. Perry, Zainalabedin Navabi. B cBoio 4eproro BHPOOHHUKOM 1HCTPYMEHTAJIbHUX
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3ac00iB po3poOKH Ta HAIArOKEHHS IU(POBUX MPUCTPOIB 1 BOYAOBAHUX MIKPOMPOIECOPHHUX
cucreM Ha ocHOBI [IJIIC FPGA € ¢ipmu: Xilinx i Altera.

3asBneHuil Meton pekTudikaiis 300pakeHHS a00 BHUPIBHIOBAHHA — 1€ TIPOILEC
TpaHcgopmarii 300paxkeHp 3 CTepeo-Kamep /i€ BX1IHUMU 3MIHHUMH € MaTpull (mikcenizamii) [2].
Meton 103BOJIsiE CIPOCKTYBaTH JaBa ab0 Oulblie 300pakeHb B OJHY CHUIBHY IUIONMIMHY
300paxkenHs. Omuc 3asBIeHOro MeToAy B HacTynmHoMmy: Kawmepa (mo3HaueHa YEpBOHHM)
obepTaeThcss JOBKOJAa CHHBOI oci 3 5° mo 90° (3emeHmMm), B TOHM dYac SK 300pakeHHs
PEKTH(IKYIOTECS NMPOEKTYBAaHHAM Ha BIpTyallbHY IUIOIIMHY 300paxkeHHs (cuHeE). Bipryanbna
IJIONIMHA TOBUHHA OyTH TapalieIbHOIO JI0 CEepeaHbOi JiHIA cTepeo (ImomMapaH4deBe) 1 s
Bi3yasizalii 3HaXOAMTHCS B LEHTpi oOepranHsMm [3]. B Takomy Bumaaky, pexTH]ikaris
JIOCSTAETHCSI IUITXOM BIPTYalbHOTO IOBOPOTY YEPBOHOI 1 3€JCHOI IUIONIMHU 300pa)KCHHS,
BiJIOBITHO, a0W BOHM CTaJIH MapalieIbHUMU JI0 CEPEIHbBOI JTiHII cTepeo [4].

(2)

Puc 1. KommiekcHa pextudikaiiist 300pakeHHs: a00 BUPiBHIOBaHHS

Hexait € Tpy MaTpuIli JaHUX IMIKCEMi3allii, sKi OTpUMaHHi 3 2-X CTepeo-Kamep.

Z1 72 73 -1 -2 -1 -1 0 -1
Z4 75 76 0 0 O 2 0 2
Z7i 78 79 1 2 1 -1 0 1
Z10 711 Z12 -3 -2 -1 -4 -3 -2
Z13 Z14 Z15 0 1 0 0 3 0
Z16 Z17 Z18 3 2 1 4 3 2
Z19 720 Z21 -5 -4 -3 5 0 5
722 723 Z24 0 0 O 2 3 2
725 726 Z27 5 4 3 -1 0 1

[Tpunyctumo, 10 TpamieHT OOYMCIIOETbCS METOJOM 3TOPTKM 3HAueHb IIKCENIB 3
KoedilieHTaMi MaTpulll (iIbTpa 32 GOPMYJIOI0, 3aCTOCOBYIOUH JIBOMIpHE NepeTBOpeHHs Dyp'e
(1-4) [5].

Gx = (Zl+2*ZZ +Z3)— (Z4+2*Zs)+ (Z6+2*Z7)_(ZS+2*Z‘3) (1)
Gy =(Zyo+2xZy1+Z13) = (Z13+ 2% Z1y+ Z15) + (Z1g + 2% Z17 + Z1g) 2)
Gy = (Z1g+ 2% Zy0+Z51) — (Zoz + 2% Zp3) +

F(Z2a + 2% 235+ 236 + 2% 236) + -+ (Zn-1) ®)
1 X-1 Y-1 Z-1
xyz = Z Z y ve mu mu  mu 4)
XYZ XYZe-2mj _+T+T]
n-1 n-1 Y-1

Sk 1 y BUNIaIKy 3 MEIiaHHOTO (PUIBTPOM, HAM MOTPIOHO BUKOPUCTOBYBATH (POPMYBAHHS
BikHA 3X3 miKces st poOoTH 3 UM (BLIBTPOM, SIK MPEICTABICHO HA pHUC. 2.
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Pixel Data Inpat

FIFO 1 FIFO 2

Shifl Register 1 Shifl Register 2 I Shift Register 3 I Shift Register 3 |
n[=[a[=n w = |=u Tu*ixm? 1o[=[a=u | FIFO 2
T1T T Phod

BrigHi maTpuui
nikcuaizayii X,Y,7Z)

Pucynok 2. Peanizaiiist 3as1BJ1€HOr0 METOy B LU(POBOMY MPUCTPOT.

[Iporpamua peaizaliisi aarTOpUTMy MIBHAKOI peKTH(IKAIl MaTPHIlh MiKCei3allii MOBOIO
VHDL npencrasiiena Hux4e Ta BiioOpakeHa Ha puc. 3.
entity vga text 1is

Port ( clk in STD LOGIC;
iowr in STD LOGIC;
addr in STD LOGIC VECTOR (31 downto 0);
data in STD LOGIC VECTOR (31 downto 0);
dout: out std logic vector (31 downto 0);
r : out STD LOGIC VECTOR (7 downto 0);
g : out STD LOGIC VECTOR (7 downto 0);
b : out STD LOGIC VECTOR (7 downto 0);
vga_ blank out STD LOGIC;
vga_ blank input (x,v¥,2) STD LOGIC;
vsync out STD LOGIC;
hsync out STD LOGIC);

end vga text;

8 U0 Ut | Name Vae [SL| o+ 40 . 0 4D . @0, 40
T . TeNPUTO o oM i Jfors Yoo Yoo Yo
o [EeheuT o o foot Jfiors Joos Jooos Yo oo

™ O lgeoureuTs  jo0iC \iric i |
— SO
T

Pucynoxk 3. Peani3aiist 3asiBlIeHOr0 MeTOy B IU(POBOMY NMPUCTPOi (MeTiaHHUN (UIBTD).

Pe3yJ'IBTaTI/I pO6OTI/I 3asBJICHOI'O METOAY IIPEACTABJICHO B Tabm. 1.

Tabmms 1.
Ne .m AJropuTm IVIIC | Kiab 6J10KiB TaxkroBa Impulse C
IJIIC 4acrToTa

(B1acHui (BIacHMi

uudposuit uudposui

NPHUCTPIii) NPHUCTPIif)
1 RGB-YUV | Virtex-4 250(2,5%) 120.500 395(3%) 93.413
2 Spartan3 | 210(1,7%) 150.100 360(5%) 67.595
3 Muoxenns | Virtex-2 185(1%) 170.210 354(69%) 65.300

MaTpulb 2X2
4 JKII 8x8 100(0,7%) 190.150 890(57%) 40.416
5 Menianauii 90(0,5%) 200.120 1050(68%) | 47.960
biIbTp
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JocmipkeHo MeTol MBUIKOI pekTHudikarii 300pakeHb, 3aIpOIOHOBAHO 1 OOYI0BaHO
MOJIENIb YAOCKOHAJICHOTO METOAy IIBHUIKOI pekTudikamii 300paskeHb BHKIIOYHO JJISI CUCTEM
TEXHIYHOTO 30Dy, po3po0ieHo Hu(POBUI MPUCTPi 3 BUKOPUCTAHHIM MOBH OIUCY amapaTypu
VHDL. ABTop BH3Ha4ae, M0 IMITIEMEHTAIIS 3asSBJICHOTO METOIY 3aCTOCOBYETHCS B IIU(POBOMY
Creniajgi3oBaHOMY MPUCTPOIO (MemiaHHu# GinbTp). Menianauii GiIbTp sABIsSE COO0I0 KOB3a0OUH
BIKHO po3MipHicTio 3x3 mikcens. Ha BXif BiH npuiimae 9 3HaueHb (MIKCENiB), a HA BUX1J BUIAE
onne. Ilparroe Menianaui QUIBTP TaK: COPTYE BXiAHI MaHi (IKCENi) B MOPSAAKY 3POCTaHHS 1
BUJIA€ CEPEIMHHUI pe3yibTaT (Meaiany).

Po3po6ieno maremMaTuuHuii amapar A HUQPPOBOTO MPUCTPOIO 3asBICHOIO METOIY
MIBUIKOT pekTH(ikaiis 300paKeHb BUKIIIOYHO ISl CUCTEM TEXHIYHOTO 30Dy, sIKa CKIANA€eThCs 3
2-X CTepeo-Kamep.

Cnucok Jgirteparypu:
1. Cano A.M. Merogu T1a 3aco0M KOH(IrypyBaHHS apXiTEKTypH IPOTPaMOBAHUX
crienianizoBaHux nporecopin: Juc kana. Hayk: 05.13.05 - 2008.
2. Oram, Daniel (2001). Rectification for Any Epipolar Geometry.
3. Fusiello, Andrea; Trucco, Emanuele; Verri, Alessandro (2000-03-02). A compact algorithm
for rectification of stereo pairs. Machine Vision and Applications (Springer-Verlag) 12. 16-22.
4. TIlanupo JI. Komnsroteproe 3penue. M.: BUHOM. JlaGopaTtopus 3nanuii, 2006. 752 c.
5. Hartley R., Zisserman A. Multiple View Geometry in Computer Vision.

Cepsic 3 e1eMeHTaAMU IHTEJIEKTYAJbHOI0 MOLIYKY IS OHJIAH-010/1i0TeKH

JIro6uenko K.M., IlleBuenko K.I'., UepkacbKkuii HallloHaIbHUI
yHiBepcuTeT iMeH1 bormana XmenpHunpkoro, lkn@ukr.net

The service with elements of intellectual search for the online-library

Lyubchenko K., Shevchenko K., The Bohdan Khmelnytsky National
University of Cherkasy, Cherkasy, Ukraine, Ukraine, Ikn@ukr.net

Abstract

This paper contains the main stages of the design, development, implementation of the
service with elements of intellectual search for the online-library. The project was executed
using JavaScript and TypeScript programming languages, Node.js Express and Angular
frameworks in Visual Studio Code IDE. The paper presents a detailed description of the system
design and its final implementation.

Hi g xoro He cekper, 110 YWTaHHS — 1€ He TUIBKU NMPEKpacHUM crocid mpoBereHHs
JO3BUUIA, a W YyJOBUH IHCTPYMEHT UId HIATPUMKH (I3UYHOTO 1 TCHUXIYHOTO 3J0POB’S.
OCHOBHUMM TepeBaraMy YWTaHHS KHHUI € Te, L0 BOHO MiJBUILYE PiBEHb €MIIaTii, pO3BUBAE
THYYKICTh MUCIJICHHS, MIJBUIIYE PIBEHb KPEAaTUBHOCTI. TakKOoX YWTaHHS MOJINIIye PoOOTY
MO3Ky. JloBeneHo, IO Micias MPOYUTAHHS KHHUTH Y JIIOJUHHM MPOTArOM JEKUIbKOX HIB
H1JBUIIYETHCS PIBEHDb 1HTENEKTY [1].

3aBISKM YUTAHHIO KHHUT JIIOAMHA OTpUMYye OaraTo TIepeBar, HamnpuKiIag po3yMOBa
CTUMYJISLIS, 3HW)KEHHS PIBHS CTpeCy, MOJIIMIICHHS aM’sTi, 30UIbIIEHHS] CJIOBHUKOBOTO 3amacy,
HOJIMIIEHHS. TaM sTi, PO3BUTOK AaHATITUYHMX 3A10HOCTEH, MOCWUJIEHHS KOHIIEHTpalii yBaru,
TIOJIITIIIEHHSI MMChbMOBUX HAaBUYOK, HATXHEHHS Ta PO3BUTOK TBOPYHX HABHYOK [2].

B yci yacu BeNMKMM MOMHMTOM KOPUCTYBAIWChH OiOnioTeku. Jltoam 3aBXIu MparHynu
OulbllIe YUTaTH Ta pPO3BUBATHCH IHTENEKTyasbHO. KpiM 3BuYaliHHX 010J10TE€K, BeEIHKE
HOLIMPEHHs Ha0y/IM pi3HOMAaHITHI OHJIaH-010110TeKu. Takok cTBOpeHO Oarato pi3HHUX CEpBICIB
JUISL OHJIaH-010J110TEK, SK1 I0NIOMaratoTh 3HalWTH HACTYNHY KHUTY JJIs YUTaHHA. AJle 3a3BUYail y
TaKUX CepBicax HAsSBHUM JMIIE CTAaHIAPTHUH IMOIIYK 3a TeraMud. TOMy aKTyaJlbHOIO € 3ajiaya
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CTBOPCHHSI CEpBICY, SKWW MIr OM HaJaBaTH MOJJIHUBICTh 3IIMCHIOBAaTH THYYKHH,
IHTEEKTYAIbHHIA MTOIIYK KHUT.

Ha movarkoBoMy eTami po3poOKH MPOrpaMHOrO MPOAYKTY OYyJIO IETalbHO BHBUYEHO
npeaMeTHy o00JacTb Ta NPOaHATI30BaHO Taki cucTeMH-aHAIoru, sK Imxoner, Readly.ru,
Goodreads, LoveRead, JlutMup, LiveLib, Kauru B cetu MAN, Cool Reader Tomo. ITicis
pO3MIIALy BCIX AHAJIOTIB Ta aHAIi3y IXHIX IepeBar Ta HEJONIKiB Oylno 0oOpaHO MPOTOTHII
MalOyTHBOTO CEpBICY MIATPUMKHA poOOTH OHIANMH-0101i0TeKH — cepBic «Readly» [3]. Ax 1y
IOPOTOTHIII, CEPBIC MaTUME CTaHAAPTHUN MOIIYK KHMT 3a Teramu. lIpu mpomMy BiMIHHICTIO Bif
NPOTOTHITY Ta TOJIOBHOIO IEPEBarol0 Oyje HasBHICTh €JIEMEHTIB IHTEJICKTYaIbHOTO TOUIYKY
KHHWT, a caMe, HeUITKAN TOITYK 110 aHOTallii KHHTH.

Cepen pyHKIIIOHATBHIX MOXKIIMBOCTEH CEPBiCY BapTO 3a3HAYMTH:

1. Benennst Ta 30epiranns iHpopMallii mpo KHATHU Ta iX aBTOPIB.

2. MoXIIMBICTh AOAABATH Ta peAaryBaTd iH(OpPMAII0 MPO KHUTU HUISXOM BUKOPUCTAHHS
ITOPUTMY MAPCUHTY 1H(POPMAIIii 3 CanTy.

3. MOXIUBICTE TOAaBaHHS KHUT JIO CITUCKIB YIIFOOJIEHOT JTiTepaTypu.

4, [Tomyxk iH(popMmarii B 6a3i JaHHX.

S. HasBHICTD anropuTMy HEYITKOTO MOIIYKY, SIKHW JToTIoMarae 3HaiTu iHdopMariito, HaBiTh

SIKIIO 3aIUT BBEJCHUH 3 MOMUIIKaMH 200 YacTKOBO.

3amagamu Ha pO3poOKyY CepBiCYy MIATPUMKH POOOTH OHJIAWH-010T10TEKH €:
CdopmyBatu Mo4aTKOBI BAMOTH JI0 CHCTEMH.

Po3mmpuTy mo9aTKOBI BUMOTH 3a JOMOMOT OO MPOeKTyBaHHs pisHUX UML-niarpam.
CrnpoeKTyBaTH CUCTEMY.

OOpaTtu MOBY MpOTpaMyBaHHSI Ta CEPEIOBHIIE PO3POOKH.

Po3poOutu anroputMu [uist 341HCHEHHS IHTEIEKTYaIBHOTO TTOIIYKY KHHT.

CTtBOpUTH 3py4YHHIA KOPUCTYBAIIbKUH 1HTEpEIC.

PeamnizyBatu cepBic Ta MpOBECTH TECTYBAHHS CHCTEMHU.

NoabkowhE

B mnpoueci npoekryBaHHs cepBicy Oyno ctBopeHo pizHomaHiTHI UML niarpamu [4].
Hamnpukman, piarpama mpereieHTiB CUCTEMHU BigoOpaxkae rosioBHI (yHKIi cucremu. bymo
CIPOEKTOBAHO JIOTIYHY CTPYKTYPY CHUCTeMH (JiarpaMu KJaciB Ta IAKETiB) Ta apXiTeKTypy
CUCTEMM (JlarpaMy KOMIIOHEHTIB Ta pO3rOpTaHHs). [l MoJentoBaHHS MOBEIIHKH CHCTEMH
po3pobsIeHo AiarpamMu JisUIBHOCTI, MOCHIJOBHOCTI, KOMYHIKAIlil, KIHIIEBUX aBTOMAaTiB. Takox
0yJ10 CIIPOEKTOBAHO Ta CTBOPEHO 0a3y JTaHUX CHCTEMHU — KOHIENTYalIbHY, JIOTIUHY Ta (Pi3u4HYy
cxeMu 0a3u JaHuX.

Ha puc. 1 300paxkeHo 3aranbHy Jiarpamy NpereaeHTiB cuctemu. Ha i miarpami
3a3HaYEHO OCHOBHI (DYHKIIi CHCTEMH JUI TPbOX OCHOBHHUX POJIEH KOPUCTYBAYiB Yy CHUCTEMI —
I'icte, KopuctyBau ta Anminictparop. ['icTh Mae Taki QyHKIIII, SIK BX1l Y CUCTEMY Ta MOLIYK
(cranmapTHUM Ta IHTENEKTyalbHUI) 1HPOpMAaLi y KaTarsorax. ABTOPU30BaHUN KOPHCTYBAaY Mae
MOJKJIMBICTh pefaryBaT iHpopMallii cBoro npodiis ta 30epiraTi yiaro0ieny Jiteparypy (KHUTH,
ix aBTOpM, *aHpH a00 KHIKKOBI cepii). AJIMIHICTpaTOp MOXe [I0JaBaTH Ta peaaryBaTu
iH(dopmalio B 0a3l JaHUX 3a JOTIOMOTOI0 MapCUHTY 1HGOopMaIlii.

[TpoananizyBaBmu npeaMeTHy obiactb, Oyno BuAIeHO Taki cyTHocTi — Kopucrysaui,
Anminictparopu, Kuurum, Kanpu, ABtropu, KHmxkkoBi cepii, YnrobneHi KHurH, YiaroOlneHi
XKaHpH, YmoOleHi aBTopu, YmoOneHi KHIWKKOBI cepii. Bubip came mmx cyrHoctel
00YMOBITIOETHCS PEMETHOIO 00JIACTIO JIJIsl CEPBICY — OHJIAH-010T10TeKA.
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Cepsic 3 enemexTamm
HTENeKTyansHoro
NOLWYKY ANA OKNanH-
GibnioTekn
<<include>> MowyK 3a aHoTauiew Moayne
Ficr (OMMCOM KHMMU) Mowyx
M b poboTy|
010 AaHMX
ST API)
Kopucrysay Peectpauis e cucremi
PoGoTa 2 npodinem
KOPUCTYBaYa
0AaTH Cepito A0 CrUC!
PoborTa 3 ynrodneHow A nymot')ngHuxncepiﬁ Ry
nitepaTypor
N <<include>>
<<includes> <Tnclude=> NOAaTY KHUTY A0 CIMCKY
e % YOONEHMX KHUT
Oogaty aeTopa Ao
a7 HIX
Monatv xaup go crncky\\  © cx\gayrrggiﬁane
52 Mo0neHnx xaHpis
AnmMisicTpaTtop ¥ P Mogyne
"Mapcep"
BwOip karanory 4na 'efiarysaHHA iHdopmaLi
peaaryeaHHA & 0a3i paHux
& & k5 =zinclude=>
<<1f|plude>> =<include>= AN
[ogasaxHA
BuaanerHa 3MiHa (pegaryeasHa)
Pucynok 1. 3aranpHa aiarpama mpereieHTiB CEPBICY.
Ha puc. 2 300pakeHO KOHIIENTYaIbHYy cXeMy 0a3u JaHUX ISl CEPBICY.
Users
id_user  <pi> Intsger <M
login Variable characters (50) <M>
password Variable characters (50) <M>
nickname Variable characters (50) <M>
last_name Variable characters (50) <M>
first_name Variable characters (50) <M>
| phons Variable characters (50) %\ ,
Ad_g_imsﬂ's'sr smail Variable characters (50) \\0{: Saiee
- PAS-Usec: pi> idseie  <pi> Integer P
Adminigratars title_serie Variable characters (50)  <M>
uri_seris Variable characters (50) <M>
ipti Variable (1024)
FavouriteBooks PK_Seris <pi>
FavourteGenres / )Y
Seris ooks
Books
id_book  <pi> Intsger <M
/ titla_baok Variable characters (50)  <M> - 3
url_book Variable characters (50)  <M> e
Genras image_ur Variable characters (100) <M> SerisHasAuthors
~ Integer
id gens  <pi> Integer < Wwaﬂ ] .
titie_genre Vanable characters (50)  <M> descaption ‘:"“"’ cimctess(1U24) ::
url_genre Vaniable chamcters (50)  <M> eling o
description Variable characters {1024) PK_Book <pi>
PK_Gsnrs <pi> Boo! {m;;‘_. /ﬁ{
Autha res Authors
id_author <pi> Intsger <M>
=|uri_author Variable characters (50) <M>
full_nams Variable characters (50) <M>
full_nama_orig Variable characters (50)
image_ur Vanable characters (100) <M>
PK_Author <pi>

Pucynok 2. KonmenryainbHa cxema 0a3u JJaHUX CEPBICY.
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Cepgic Oyno peanizoBaHo 3a gomnomorow (peiimBopkiB Node.js Express ta Angular.
BuxopucroByroun ¢peiimBopk Node.js Express, Oymno crtBopeno RESTful API, anroputm
napcuHry indopmarii Ta momyky iHdopmaiii y kataiorax. 3a gonomororo ¢ppeiimBopka Angular
OyJI0 CTBOPEHO KJIIEHTCHKY YaCTHHY BE0O-710/1aTKYy.

Ha puc. 3 300pakeHo mnpukiang mnapcuHry iHdopmarii mpo kHury 3a url Ha
aJMIHICTPATOPCHKINA TaHemi. AJTOPUTM NapcUHTy BUALLIE 3 html-cTopiHku Taky iHopMario
Opo KHHTY, SIK Ha3Ba, PiK BUAAHHS, CEPEIHIO OI[IHKY Ta aHotamilo. Takox 30epiraerbcs
MOCHJIAHHS, 3 SIKOTO OyJIO B35ATO If0 iH(GOpPMAIlito, Ta MOCKUIaHHS Ha 300pakeHHs1 KHUTH. Kpim
TOTO, aJITOPUTM TAPCHHTY J0Ja€ 1H(POPMAaLlil0 PO BCiX aBTOPIB, BCI dKAHPH Ta KHIKKOBY CEpito
JUTS 33]JAaHOT KHUTH.

Editing books catalog

Add new url of book for parsing:

Book url

http://readly.ru/book/100576/] Parse book

Pucynoxk 3. IIpuxian mapcunry iHpopmalii mpo KHATY Ha aMiHICTPaTOPChKil MaHeM .

Ha puc. 4 naBeneno BimoOpakeHHs Bciel iH(opMalii Mpo KOHKPETHY KHUTY Ha
KIIIEHTCBhKINA CTOpOHi nonatky. B manomy Bumaaky e kaura «Maris panky». Kpim Toro, mis
KOKHOI KHHTH BiOOpa)KalOThCS TOCHJIAHHS HAa aBTOPIB KHUTH Ta JKaHPH, N0 SKUX BOHA
HAJIEKUTh. SIKIIO KHUTA HAJICXKHUTh J0 MEBHOI KHUKKOBOI cepii, cepis Takox Oyne BigoOpakeHa

TYT.

Maruns yrpa. Kak nepsslii uac 1Hs onpeje/isieT Ball ycrex

Url: http://readly.rubook /100576

X3 3NPOR- Serie: none
Mazaﬂ Year: 2016
ymp a Rating: 7.9

Description:
' Kamnra, xoropas nonmora Teicasan Toefl HIMEHHTS JKH3HD 32 CU€T NPABHIBHOTO HA921a IHA H YTPEHHHX PHTVatos. Uto, ecan 3aBTpa modad (w1 Jaxe
/ xa#aaq) chepa parmedt MM MOITIA OBl MyACCHBIM 00pasoM mavernThCa? UTo 6110 G5t HHaue? Bot crann 65t cuactansee? 3aoposee? Venemnee? Bt Gpiti 651

B ayumeit pusreckoi popme? Cramn ob1 Gorave? DHepruaree? Uro, €CIH CyIECTEYET NPOCTOMH, HO HE OYCBHIHBIN CEKPET, KOTOPHIH rapaHTHPOBAHHO MIOMOKET
Ve BaM HIMEHHTB TIO0YI0 CTOPOHY Ballel AHIHH — H CIETaTh 3TO OBICTpPee, UeM Bbl MOKeTe cede npeacTasuTs? YIPeHHHE PHTYATH, KOTOpPBIE Npeaiaraer
ONPEERET AL YOEX OCVIIECTBIATS ABTOP ITOH KHHIH, [OMOLTH IECATKAM THICAY TONEH HIMEHHT CBOK AH3HB, TIOIYBCTBOBATE CE04 Iyume H ycnesars doasme. 3 kuarn bt
V3HaeTe, Kak NepBhlil 9ac JHA ONpeJeqeT Ball ycheX H NO3BOIAET BAM PACKPHITH CBOM MIOTEHUHAT NIOTHOCTHIO. HsMeHHTe TO, KaK H KOI2 Bl IPOCHIIAeTECH H
KaK [IPOBOJHTE MepBsiil HaC - H BEl CMOKETE H3MEHHTD CBOIO AH3Hb

Y Add to favourite

Authors: Genres:

* Xaa2apoa o JuusocTielii poct
« C 3apyOexHas IHTEpaTYpa
o Ilcuxonorua
o Cospevennas quteparvpa

Pucynok 4. [Ipuknaza BinobpaxeHHs iHpopMalii Ipo KHUTY.
Ha puc. 5 HaBegeHo mpukiaj MONIYKY KHUTH B KaTano3l KHHUT. Sk GaunMo, MOIIyK €

pericTpoHe3aNe)KHUM Ta 3I1MCHIOETHCS 32 YaCTUHOIO CJIOBA. TaKoX MOIIYK MOXHa MPOBOJUTH
HE JIMIIE 32 Ha3BOIO KHUTH, a i Ha OCHOBI aHATI3y aHOTAIIl] 10 KHUTH.
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ToReadList Read them all! Catalog of books Catalog of authors Catalog of genres Catalog of book series

BOOK'S CATALOG

Pucynok 5. Ilpukinan nomyky KHUTH.

OTxe, Oyi0 peali3oBaHO CEPBIC 3 €JIEMEHTAMHU 1HTEICKTYaJIbHOTO TOIIYKY Il OHJIAHH-
0i6mioTekn. Po3pobneny cuctemy MokHA Oy/le BUKOPUCTOBYBATH JIJIsS aBTOMATH3AIil poOOTH
010710TeK, y cepeiHIX HaBUAIbHHUX 3aKJIaJax Ta y 3akiagax BUIIOi ocBiTH. Cepel MepcrneKkTUuB
PO3BUTKY MPOTPAMHOTO MPOIYKTY CIIiJ 3a3HAYUTH PO3MIMPEHHS (PYHKIIOHATY CEpPBICY IIITXOM
peatizailii iHTeJIeKTyalTbHOT0 MOBHOTEKCTOBOI'O MOILITYKY HA OCHOBI aHalli3y 3MiCTy TBOPIB.
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Search of associative rules. Algorithm Apriori.

Kyrieieva I., Afanasyeva I., Kharkiv National University of Radio
Electronics, Kharkiv, Ukraine, iryna.kyrieievait@gmail.com

Abstract

The theses focuses on a review of existing Data Mining methods. Reflects the main
advantages of the selected method of searching for associative rules - the Apriori algorithm - for
building a system for selecting travels by preference.

B rtenepimniii yac crocrepiraeTbCsi 1HTEHCHUBHE 30UIbIIEHHS MOTOKIB 1H(pOpMAIlii, 1110
CHpUsie MPOTPECUBHOMY 3pOCTAaHHIO PO3MIpiB 0a3 JaHMX, a OTXKE YCKIAJHIOE iX MaHyalbHY
00poOky [1]. T'onoBHOIO mpoOeMOI0 aHali3y BENMKUX OOCATIB 1H(GOpMAIl Ta BUSBICHHS
3aKOHOMIPHOCTEH - 11e mepelip MOXIMBUX BapiaHTIB 3a MPUIYCTUMUN 4ac. Aje 3 PO3BUTKOM
00YMCITIOBAJIBHOT OTY>KHOCT1 TEXHIKU JjaHa Mpo0jieMa BTpadyae CBOIO aKTyaJbHICTb.
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Cranu 3'SIBASTUCSA 1 TPOMOHYBATHCS Pi3HI MoAMdIKaIli alropuTMiB, IO JO03BOJISIIOTH
MPOBOAWTH AaBTOMATUYHHUN aHAJ3 BENMKUX 0O0cCsriB iHpopMallii, ampke came IOYaTKOBI,
He0oOpOoOJIeH] aHl JO3BOJIAIOTH BHSBUTH HOBI HECTAHJAPTHI 3aJCKHOCTI, SIKI MOXYTh OyTH
BUKOPUCTaHI IPU NPUHAHATTI pimeHs [2].

Data Mining - 1ie mpoiiec BUSBJIEHHS paHillle HEBIIOMUX, HETPUBIAIbHUX 3AJIC)KHOCTEH Y
BENMKHUX 0a3zax MaHWX, MPOCTHX JUIS IHTEpIpeTalii i MpaKTUYHO KOPUCHHUX 1 JOCTYMHHUX MpHU
NPUUHATTI PIillICHh B PI3HUX OOJACTAX JIFOACHKOTO KHUTTS: MOYMHAKOYM BiJ] 3aCTOCYBaHHS B
MacOBHUX MPOAYKTaX AJisi 6i3HEC-AOAATKIB 10 BUKOPUCTAHHS B SIKOCTI IHCTPYMEHTY B YHIKaJIbHUX
JOCJTIJDKEHHAX (MEAUIIMHA, TeHeTHKa 1 T.11.).

B nmanomy Bumaaky, 3amada, sKy MOTPIOHO pO3B’s3aTh - MiAOip Ta NPOIOHYBaHHS
TYPUCTHYHHUX MYTIBOK. Y IIbOMY BUIAAKY € MOJIUBICTh BUSBUTH IEBHY 3aKOHOMIPHICTh MIXK
KUJTbKOMa TOMISIMM - acowiamlito. basyrounceh Ha KopHCTyBaubkKiii iH(opmarmii (kpaini
MIPOKUBaHHS, Billl, CKJIaAy CiM’i, TOIIO) Ta 0a3i TaHUX CTA€ MOXJIMBO 3alPOIIOHYBATH MYTIBKY,
10 Ma€ MEBHI MaHCH OyTH KYIUICHHOIO.

AcoriaTuBHI MpaBwJia MalOTh MICIIE B TOMY BUIAJKY, SKIIO KUTbKA IMOIN MOB'sI3aHI MIXK
co0010 1, OTXKe, MPEACTABIAIOTh MEXaHI3M 3HAXO/DKCHHSI 3aKOHOMIPHOCTEH B ITUX eleMeHTax [3].
[Tpuxnamom acoliaTUBHOT 3aKOHOMIPHOCTI CIYXUTh MPAaBUIIO, SIKE€ BKa3ye, M0 3 moii X, chigye
momisa Y.

[Tpu peanizawii cucteM AJs MOIIYKY acOIiaTMBHUX MPaBUJ BUKOPHUCTOBYIOTHCS Pi3HI
anroputMu (DHP, Partition, DIC ta iHmIi), siKi JO3BOJSIOTH 3MEHIIUTH MPOCTIpP MOUIYKY JaHHUX
JI0 PO3MIpIB, MPU SKUX aHalli3 MaTUME MPHUITYCTUMI 0OUMCITIOBAIbHI 1 4acoBi BUTpaTu. OqHUM 3
TaKuX € anroput™m Apriori. B Horo oCHOBI JIGKHTH MOHATTS YacTOTO HAOOPY, MHOKWHH, IO
YacTo 3yCTPIYaeThCs - MHOXKMHA 3 MIATPUMKOIO OUIbINE 33JaHOTO MOpory abo 1o JOPiBHIOE
nomy.

J11st 3HMKEHHS pO3MIPHOCTI IPOCTOPY MONIYKY aCOLIaTUBHUX MPaBHUII, ajrOPUTM Apriori
BUKOPHCTOBYE BJIACTUBICTh QaHTH-MOHOTOHHOCTI - SIKIIO OJHA MHOXHWHA, HEC € MHOKHWHOIO, III0
4acTO 3YyCTPIUaeThCs, TO MOJaBaHHSA A0 Hel JesKoi iHIIOI MHOXHUHU HE POOUTH ii OUIbII
YacTILIOH.

Jis BUKOpHUCTaHHS anropuTma Apriori Ta Woro moaumikamii moTpiOHO BHU3HAYUTH 3
napameTpu:

1. Po3mip Habopy - KUIBKICTh €1€MEHTIB B MOIIYKOBOMY Ha0opi.

2. [TinTpuMka - 4KCIIO TpaH3aKIIiH, 1[0 BXOJATH B HAOIp, PO3AUICHE HA 3arajbHy KiJIbKICTh
Tpan3akuii. HaGip piBHMI DiATPUMII € HAHTOIIMPEHIIINM.

3. JIO0CTOBIPHICTD - YMOBHA HMOBIPHICTb TOTO, SIK 4aCTO €JIEMEHT 3yCTPIUYa€ETHCS Y MHOXKHHI,

MIPY HAasBHOCTI B HhOMY IEBHOTO 1HIIIOTO €JI€MEHTA.
A caMm anropuT™m Apriori CKJIaJIa€ThCs 3 TPhOX OCHOBHUX €TalliB:

1. OO0'enHaHHs - cKaHyBaHHS 0a3M JaHMX 1 CTBOPEHHs 1-€JeMEHTHHMX HaOopiB, Je 1 - 1e
HOMEp MOBTOPEHHSI.
2. BincikanHs - eram, Ha SIKOMY pPO3pPaxOBYEThCS MIATPUMKA KOXKHOIO 1-€JI€MEHTHOTO

HaOopy. Tinbku HaOopu, K1 3a/I0BOJIHAIOTH Hamepes 3aJaHiil MIATPUMII, MEepeXoisTh Ha
HACTYIHY 1Te€palito 3 i+1-KOMIIOHEHTHUM HabOpOM.

3. [ToBTOpEHHS - TOTIEpEIHI J1Ba KPOKU IMOBTOPIOIOTHCS /10 JOCATHEHHS HAOOpy 3a3/1ajeriib
3aJ1aHOi PO3MipHOCTI.

3ajexHO BiJ po3Mipy HaWIOBIIOrO HaOOpy, MO YacTO 3yCTPIYAEThCS ANTOPUTM Apriori
CKaHye 0a3y MEBHY KUIBKICTh pa3iB, 1 YUM Oulblle JaHU Halip, TMM KUIBKOCTI CKaHYBaHb
30umbmyeThes. s CKOpodeHHs Ii€l KUThKOCTI Oy 3ampOTOHOBaHI HACTYIHI MOJUQIKaIii:
AprioriTid i AprioriHybrid.

OcobnusicTio anroputmy AprioriTid € Te, mo 6a3a JaHUX HE BUKOPHUCTOBYETHCS IS
HiipaXyHKy MIATPUMKHA HaOOpiB MICHIsS MEpIIOro MPOXOAYy - BHUKOPHCTOBYETHCS KOJYBaHHS
kaHauaariB. lle 703Boisie 3MEHIIMTH KUIBKICTh PECYpCiB 3a PaxyHOK TOro, IIO PO3MIp
3aK0JI0OBaHUX HAOOPIB Ha HACTYMHUX ITEpaLlisix MOxke OyTu Habarato MEHIIUM, HiX po3Mip 0a3u
naHux [4].
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AprioriHybrid 3'sBuBcst B pe3ynbrari anamizy [5] anroputmiB Apriori i AprioriTid, mo0
o0'emHaTH iX Kpalli BIACTHBOCTI LUIIXOM BUKOPUCTAHHS alropuTMy Apriori B MOYaTKOBHX
nmpoxoaax i mepexoxy Ao aiaroputmy AprioriTid, Koau oOYiKyeThCs, IO 3aKOAOBaHHWK HaOIp
NOYaTKOBOT MHOKHMHU B KiHIII TPOX0ay OyJe BiIOBIIaTH MOKIHBOCTSIM MaM'sITi.

Jiist BUpilIEHHS TIOCTABIICHOI 3a/la4i Ma€ CEHC BHKOPHCTOBYBATH KJIACHYHHI aITOPUTM
Apriori, OCKUIBKH JaHWH aJTOPUTM IOKa3ye OUTBII BUCOKY HMPOAYKTHBHICTH NMPH HEBEIHKHX
po3Mipax HaOOPiB, 10 YaCTO 3yCTPIYAIOTHCA.
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MobiabHuiA po0oT 1J1st 00CIYTOBYBaHHS 1epeB
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«KuiBchkuii momitexHiyHUM 1HCTUTYT IMeH] Iropst Cikopcekoroy», Kuis,
Yxpaina, borchiv@ukr.net

Mobile robot for tree maintenance

Polishchuk M., National Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute”, Kyiv, Ukraine, borchiv@ukr.net

Abstract

The work is devoted to the problem of creating mobile robots for maintenance of park
and forest woodlands. The analysis of modern designs of robotic devices for tree trimming and
description of fundamentally new construction of mobile robot of arbitrary orientation on tree
trunks is given. The application of the proposed mobile robot allows the maintenance of trees
regardless of their topology and breed.

Cy4acHUM MalllMHaM JUIsl TEXHIYHOTO Ta NPOoQIIaKTUYHOTO 00CIyroByBaHHS JICOBOTO M
apKOBOTO TOCIOJAPCTB, IO 3/1MCHIOIOTH TEXHOJIOTIYHI omeparii OOpi3KH TiJIOK, CYKIB i
HapoOCTIB JIepeB, TNPUTAMAHHUN TaKWW CYTTEBHM HEMONIK SK BIJICYTHICTH MOOITBHOCTI
nepecyBaHHs MO CTOBOypaM nepeB, TOOTO 0e3 MOoCepeaHbOi YJacTi JIIOJWHU Y iX OpieHTaril
HE3aJIXKHO BIJ] TOIMOJOTIi Ta MOpia AepeB. MammHN y BUTIISAAL JIICOBUX KOMOAWHIB € JTOCHUTh
e(peKTUBHIM 3ac000M MexaHi3alii mporecy oOpi3Ku JAepeB, OJHAK Lei BUJI TEXHIKU HE 0OMexye
GyYHKIIT JTIOUHY TUIBKU TUCTAHIIITHUM KepyBaHHSIM, a BUMarae 0COOMCTOI yJacTi ornepaTopa y
BOJIIHHI X0/I0BOi YaCTHHH, TOOTO TpakTopa abo OyIb-sIKOr0 IHIIOrO TPAaHCIOPTHOTO 3acoly. Y
pasi 3acTocyBaHHS MOOUIBHMX TpPAaHCIOPTHUX 3ac00iB, CIIiJI BpPaxoBYBaTH, IO aBTOHOMHI
JDKepesia JKUBJICHHS iX NPHUBOJIB, MalOTb OOMEXEHHH pecypc, TO Y BUIAJIKY 3HECTPYMIICHHS
IPUBO/IIB 3aXBaTIB JUIsl 3YETUIEHHS TPAHCIOPTHOTO 3ac0o0y 3 MOBEPXHEIO MEepPEeMIlIeHHs, OCTaHHI
He 3a0e31e4yI0Th TapaHTOBAHOTO BTPUMaHHs po0OTa Ha JIEpeBl, 1110 CYTTEBO 3HMKYE HAIIMHICTh
fioro po0OOTH.
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BigcyTHicTh MOOUTBHOCTI BIJJOMHMX MAIIMH JUIsi KOHTYPHOI OOpI3KM TUIOJOBUX UM
NapKOBUX JepeB, 10, SK IMPaBHJIO, BKJIIOYAIOTh BCTAHOBJIEHY Ha XOJAOBIH 4YacTMHI pamy 3i
3MOHTOBaHMM Ha Hill PLKYYUM anapaToM y BUIJISAL JIMCKOBUX MUIJIOK a00 BEPTUKAIBHUX HOXKIB,
MOXe OYTH KOMIIEHCOBaHa BHKOPHCTAHHSIM MOOUIBHHUX POOOTIB BEPTUKAIBHOTO MEPEMIIICHHS
[1] abo, Tak 3BanmX, poOoTiB Wist ckenenasiadsa (Wall Climbing Robots). i po6oTu MicTATh sk
KOJIICHY, TaK 1 KPOKOBY TPaHCMICIIO, a TOJIOBHE, OCHAIIECHI 3aco0amMu /s 34eryIeHHs poOoTa 3
[IOBEPXHEIO MEPEMILICHHS Y BUIJISAI BaKyyMHHX a00 MEXaHIYHUX HPUCTPOIB, @ TAKOXK CUCTEMY
JTUCTaHIItHOTO KepyBaHHs. OQHAK BiACYTHICTh y JAHUX POOOTIB, OYyAb-IKOTO TEXHOJIOTIYHOTO
OCHAILIEHHS Ul OOpI3KH AEpeB He J03BOJIsIE BAKOPUCTOBYBATH iX 13 3a3Ha4€HOI0 MeTor0. B Toit
Ke uac, He abu sKui 1HTepec BUKIMKAae poOOoT-00pisyBau [2] i nepeBomomiOHuX i
YarapHUKOBUX Haca/UKeHb, IO BKIIOYA€ CaMOXIAHE IIaci 3 PO3MIIIEHUMH Ha HbOMY
MeXaHi3MaMH sl TepeMillleHHs W opieHTalii pLKy4YMX OpraHiB BiTHOCHO KpOH JAepeB i
yarapHuKiB. BucokoTexHosoriune iH(opMalliiiHe OCHAIIEHHS po0O0Ta, JO03BOJISIE BIATBOPHUTH
BipTyansHi 3D—00pa3u kpoH aepeB i ineHTudikamii 00'exTiB 00pi3ku. OAHAK Y KOHCTPYKIIT
JIAHOTO po0OTa, TaK caMO SIK 1 y BiIOMUX KOMOailHaX i OOpi3KU JEPeB, BUKOPUCTOBYETHCS
camMoXxijHe maci, Mmo30aBJIeHe MOMJIHMBOCTI TEpeMilleHHsT Oe3MocepelHbO IO JIEPEBY, IO
00Mexye HOro TeXHOJIOTIYHI MOXKIIUBOCTI.

Ha BigmiHy BiJ HONEpeHbOr0 TEXHIYHOTO PO3B'A3KYy poOOT [3] i3 micThboMa HOTaMu Mae
3IATHICTh TeEpeMillleHHsT Oe3MocepeHb0 MO CTOBOYpY JnepeBa. PoOOT MICTUTH Kopmyc i3
YCTAaHOBJICHUMH Ha HBOMY MIICThOMAa NPHUBOJAHMMH HDKKAaMH Y BHIIAAI I[IApHIPHUX
napaiejaorpamiB, OCHAICHMX TOJ4acTUMM 3adenamu. [Ipu ocHamieHHi JaHoro poGora
BiJITIOBITHAM TEXHOJIOT1YHUM IHCTPYMEHTOM, BiH MOK€ OyTH BHKOPUCTAHUH JUIA OOPI3KH T'LIOK
nepeB. OHaK BIACYTHICTh Y KOHCTPYKIII poOOTa MPUCTPOIO MOBOPOTY HE J03BOJSIE POOOTOBI
3MIHIOBATH TPAEKTOPIIO PyXY, IO CYTTEBO OOMEXKY€E HOTO MAaHEBPEHICTH SIK MOOUIBHOTO 3aC00y
JUTSL TIepecyBaHHS 1o AepeBax. MoOuIbHHM poOoT, onrcanuil B MoHOTpadii [4], MICTUTH KOPITYC
13 3aXBaTaM¥, BUKOHAaHUMH Y BUTJISAI Na3ypiB, IO YTBOPIOIOTH (haaHTH 3aXBaTy ¥ MOCTaueHUX
IOpYKUHAMHM JUIs 3YETVICHHsI 3aXBaTy 31 CTOBOYPOM JiepeBa i JIIHIHHUM ITPUBOIOM JJIsl PO3KPUTTS
3axBary. OJHaK MMpU BUKOHAHHI CHJIOBUX TEXHOJOTIYHMX OIepaliii, TaKuX K oOpi3aHHS T'UIOK
JiepeB, HEOOXiJHEe MiABMIIEHHSA 3YCHJUIA NPY)KHMH (TOYHIIIE iX »KOPCTKOCTI), IO CTUCKAIOTh
nasypi 3aXBariB, a, OT)KE, 1 MIABUIIEHHS TOTYKHOCTI JIHIIHOTO NMPUBOAY 7Sl PO3KPUTTS Ma3ypiB
3axBaTiB, 110 HEMUHYY€ MPUBOAUTH J10 30UIBIIEHHS Baru MPUCTPOIO, a 3HAYUTH 1 1O 3pOCTaHHSA
rpaBiTallifHOrO HaBaHTaKEHHS Ha pOOOT.

AHani3 HaBeJCHUX TEXHIYHUX PIllIeHb BKa3ye HAa HEOOXIIHICTh MiABUINECHHS HAMIHHOCTI
eKcIUTyaTanii MoOUIbHOro poOoTa MpH BIJCYTHOCTI 0OMEXeHb HOTro opieHTalli Ha cTOBOypl abo
riikax gaepeB. Taku UYMHOM, 3ajJaya CTBOPEHHS MOOUIBHOrO pobOTa [uis OOCITYrOBYBaHHS
JIEpEBHUX MACHBIB 3aJTUIIAETHCS AKTYaJIHHOIO.

3arponoHOBaHa HUXKUYE KOHCTPYKIisl MOOUIBHOTO poboTa [5] 11t 06cayroByBaHHs JepeB
JI03BOJIIE CYTTEBO MIABUIIUTU HaJAIWHICTh €KCIUlyaTalii 3aCTOCYBAaHHSM CaMO TalbMyHOUHX
MEXaHI3MIB y KOHCTPYKLIi 3axBaTiB poOOTa s HOro 3ueruieHHs 3 IOBEpXHEI JiepeBa, a
MOJKJIMBICTh JTOBUIBHOI Opi€HTallli 3a0e3neuyeThCsl MOAIOM Kopityca poOoTa Ha Bl MapayesbHi
wiaTpopMH, TIOCTa4eHI IMPHUBOAOM BIJHOCHOTO MOBOPOTY. MOoOiUIbHHMI poOOT mparioe
HACTYITHUM YHHOM.

VY no4aTtkoBOMy IMOJIOKEHHI po3TaiioBaHi 1o aiaronaii miaatdopm 1 i 2 3axBatu A i D
(puc. 1) 3uemieni 31 croBOypoM JepeBa, a 3axBaTu B 1 C BunbHI Bij 3ueruieHHs. [lo komannax
CHCTEMH IHCTAHI[IITHOrO KepyBaHHsS BKIIOYAIOTh JBUTYHM 3 1 BCTAHOBJEHI Ha iXHIX Bajax
niecTipHi 4 MOBIIOMIIAIOTH MEPEMIIICHHS 3y04acTUM peiikaM 5, )KOPCTKO 3'€JTHAaHUM 3 KOPILyCOM
pob6ora no niaroHani. Y pesynbraTi miaardopmu 1 1 2 pobasaTs nepeMiiieHHs £AZ y HapsIMKy
oci Z y cuctemi koopauHat XY Z 11010 CToBOypa jepena.

Jli1 BUKOHAHHS HACTYMHOTO KPOKY pyXy po0OoTa 31 CTOBOYpOM JepeBa 3UillTIOIOTHCS
3axBatu B 1 C, a 3axBatu A 1 D 3BUIbHAIOTHCS B 3uerieHHs. [Ipu peBepci NBUTYHIB 3 IIeCTIpHS
4 obOkaTyeTbca Mo 3yOuacTii peiini 5 (OCKUIBKM Temep Koprmyc pobora yepe3 3axBatu B, C
¢dikcoBaHO Ha CTOBOYpPOBI JepeBa) 1 AlarOHaJbHO PO3TAIIOBaHI HOTM poOOTa 3 BUILHUMH Bij
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34erieHHs 3axBaTamMu A 1 D mepemimaroThcs Ha Taky X BenuuuHy +AZ. s mpooBXKEHHS
MOCTYMAILHOTO PYXYy BHUKJIAJEHUI LUKI TOBTOPIOETHCS MPH 3UYCIUICHHI MOMAPHO AiaroHaBHO
po3ramoBanux 3axBatiB A, D 1 B, C, a Tako mpH BIANOBITHOMY peBepCi ABUTYHIB 3.

17

Pucynok 1. MoOinsHMIA poOOT U1 00pi3KHU AEpeB.

OpnHOYacHO 3 MOCTYyHaJbHUM IMEPEMIIIEHHsM po0OoTa Y3J0BXK JIepeBa, 3aJIe)KHO BiJl
TOTIOJIOTIi HOro CTOBOYpa, 3MIMCHIOIOTH KYTOBHH pyX cTerHa 6 1 rominku 7 HIr pobdota. s
[FOTO BKIIOYAIOTh JABUTYHH 8, siIKi 0OepTaroyd TBHHTH 9 31 MIBUAKICTIO ®] Yepe3 mIapHIpHO
3aKpiIUIeH] Taiikd, MOBIIOMIISIOTh CTETHAM KYTOBUH pyX @1 3TifHO i3 33JJaHOI0 MPOTPaMOI0
abo 1Mo KomaHJax omnepaTopa. AHAJOTIYHO POOJATH KyTOBI pyXH (2 1 TOMUIKM HIr poboTa,
OCHAIIEHI TaKMUMH X TBUHTOBUMH TPUBOJAMH 31 IBHIKICTIO ®2, SK 1 CTErHA, ajieé 3 MEHIIO0
notyxHicTtio. [Tporpama KOMOIHaTOPUKHU PyXiB BU3HAYAETHCS TOTIOJIOTIEIO IEPEBA.

Pyxy nmoBopoty MoOiTbHOTO po6OTa, TOUHIMIE Horo rrardopm 1 i 2, 3AIiCHIOIOTECS TTPH
noueproBomy 34erieHHi 3axBaTiB A, D 1 B, C. Tak, Hampukmiaa, xKomu 31 CTOBOypoM JiepeBa
3ueruieHi 3axBaTi A i1 D a 3axBaru B i C BUTBHI BiJ 34€IUICHHS, TO TIPU BKIIOYEHHI ABHUTYHa 10
Yyepe3 TPaHCMICII0 TMOBEPTAETbCcd HUXKHA Ilardgopma 2 HaBKouo oci X Ha KyT +o. A mpu
3uerieHHl 3axBariB B 1 C HwkHBOI maTdopMu W 3BUTBHEHHI BiJl 34YEIUICHHS 31 CTOBOypOM
nepesa 3axBatiB A 1 D, npu pesepci nquryna 10 nmoBepraeTbes BepxHs miaTgopma 1 Ha KyT B =
o. TakuM YHWHOM, peaji3yloud BHUINE BUKIAJEHI TEPEMIIICHHS, MOOIUTPHUNA pOOOT Mae m'sTh
CTYIEHIB CBOOO/IH, a came: MOCTYNaJbHUI pyX +Az y370BXK OCi Z Mij J1it0 MPUBOJIIB 1 MOBOPOT
+0 HaBKOJIO oci X mpu 0O6epTanHi mpuBoja 10. A Takoxk, y pe3yabTaTi TOTOHKEHOTO MPOTPaMOI0
KYTOBHX PYXiB £¢1 Ta +(2 BIAMOBITHO CTETOH 1 TOMIJIOK, II[€ JBa MOCTYMadbHI MepeMileHHS
+AX, £Ay 1 KyTOBHI pyX £y HaBKOJO OcCl Z. 3a3HAUYEHUX M'SITH CTYIEHIB PYXJIUBOCTI IIJIKOM
JIOCTaTHBO JUISL JOBUTBHOI OpieHTalil poOoTa mpy BUKOHAHHI 00pi3KH JiepeB Oyib SKOT TOMOIOT].

Bnacue 3BenmeHHs Ta po3BeneHHs BaxkeniB-masypiB 11 3axsariB A, D 1 B, C pobora
3IHCHIOETBCS 3a JIOMIOMOIOIO0 BIAMOBIAHMX JBUTYHIB 12 yepe3 camMorajibMyloouy uepB’sUHY
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nepeaady, ska i 3a0e3rneuye HaAIHHICTh YTPUMaHHS po0OoTa Ha CTOBOYpi Y pa3i BUMKHEHHsS a00
3HECTPYMJICHHSI aBTOHOMHHUX JIKepeJl )KUBJICHHSI TPUBOIB poOoTa. Binpi3ka riiok nepes, CyukiB
1 pI3HUX HaApPOCTIB Ha CTOBOypax JAepeB 3IIMCHIOETHCS TEXHOJOTIYHUM MOJYJEM, IO
CKJIAJIA€ThCS 3 JUCKOBOT MUJIM 13 Ta eleKTpoMeXaHiqHOro NpuBoLy 14, po3MilIeHnX Ha MOJ03KY
15. KepyBanHsi poOOTOM 3MIIMCHIOETHCS OOPTOBUM KOMIT IOTEpOoM 16, a >xuBiieHHS OjokoMm 17
aKyMYJSITOPHUX OaTape.

Pucynok 2. TTonoxeHHs MOOUTBHOTO pO0OOTa Ha JIEPEBi 3 HAPOCTOM.

Ha puc. 2 noka3zaHi pi3Hi MMOJOXEHHS] MOOUTEHOTO poOOTa Ha JEpPEeBi 3 HAPOCTOM, IO
MiUIAraloTh BUAaNEeHHI0. Y cuctemi koopauHaT XYZ poOoT pyxaeThcs MO CTOBOYpy JepeBa 3a
KOMaHJaMH CHUCTEMH JHMCTAHIIIHHOTO KepyBaHHS B HAmpsMKy oci Z (puc. 2, a), MpOUIIOBIIH
JTUcTaHlilo AZ 10 HapocTy, poOOT 3ynuHAIOTh. [1o KOMaH/I BUKIIIOYAIOTh 3YETJICHHs 3aXBaTiB
BepxHBOI Tu1athopmu 1 1 po3BepTalOTh B HANPSMKY HApOCTY Ha KyT B=a 10 30iry 3 HHKHBOIO
mwiatdopmoro. Jlami 3a 10MOMOTor AUCKOBOI (pe3u 3pi3yloTh HapicT Bpo3apid, 3.1 CHIOYU
BIJITIOBiTHE KEpYBaHHS pyXaMH po0OTa B MOPSIKY OIIMCAHOMY BHIIIE.

3anponoHoBaHUN MOOUTBHUI POOOT Moke OyTH peali3oBaHUM B YMOBaxX MPOMHUCIOBOTO
BUPOOHHMIITBA 3 BUKOPUCTAHHSM CTAaHIAPTHOTO BCTATKYBaHHs, Cy4YacCHHX MarepiaiiB i
TEXHOJIOT1H Ha Oy/1b-IKOMY MAaIIMHOOYAIBHOMY IiIPUEMCTBI.

3aBIsSKM BHKOHAaHHIO KOpIyca po0oTa y BHIVIAAI JABOX TapalieIbHUX TUatdopm,
3'€JTHAHUX OIMOPOI0 KOUEHHs ¥ MOCTauyeHMX MPHUBOAOM IMOBOPOTY BIJTHOCHO OJHA OJHOi, poOOT
NPaKTUYHO HE Ma€ 0OMEXEHb IO KyTy TIOBOPOTY, IO 3a0e31edye HOoro JOCTaTHIO MaHEBPEHICTh
IpY NepeMillieHH] 110 JiepeBax Oy/b SAKOi TOMOJIOTIT Ta HOPOIH.

OcHameHHs TPHUBOAY BaKENiB-TIA3ypiB 3aXBaTiB U 3UEIUICHHS po0OOTa 3 MOBEPXHEIO
HepeMillleHHs] CaMOTaJIbMYIOUOI0 YEpB'SYHOI0 3y04acToro IMepenadeio BUKIIIOYAE PO3KPUTTS
3aXBaTiB y BHUIAJKY 3HECTPYMJICHHs IPUBOJIB, a, OTXKeE, 3a0e3leuye rapaHTOBaHE BTPUMAaHHS
poboTa Ha epeBi, TOOTO MiABUIIYE HAIMHICTh HOro eKkcrTyaTaiii.
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AHaJIi3 cMaKoOBHX nmepesar rocreu SaK.]'la):[iB IrpoMaJICbKOT0 XapdyBaHHA

VY nosuuenko M. /1., Adanacekena 1. B., XapkiBcbkuil HalllOHaJIbHUIMA
YHIBEPCHUTET pajiioeNekTpoHiku, maksym.udovychenko@nure.ua

Analysis of the taste preferences of guests catering establishments

Udovychenko M., Afanasieva I., Kharkiv National University of
Radioelectronics, Kharkiv, Ukraine, maksym.udovychenko@nure.ua

Abstract

The purpose of this article is to show how the decision tree works using the C4.5
algorithm to solve the problem of losing a potential client at the restaurant selection and booking
stages. During the study of this problem, we found out that a person’s taste preferences depend
on gender and age, and the characteristics of the dinner table may include noise level, table
location, presence of aromas, and music style. Due to the public web resource, we can increase
the convenience of visiting a catering establishment, thereby increasing attendance. Solving the
problem of losing a potential client at the stage of choosing a restaurant and making a
reservation.

[TpoBeneHo aHami3 mpeaMeTHOI raimy3i 3aKjaaiB TPOMAJICHKOTO XapuyBaHHS B XO/Ii SIKOTO
Oy7n0 BUABIEHO MpoOIeMy: BTpaTa MOTEHIIHHOrO KIi€HTa U1 PECTOpaHy Ha erami BHOOpY 1
opopmiieHHs OpoHi. [[t0 mpoOiieMy MOMXJIMBO YMOBHO TOJIUTUTH HA JBI CKIJIQJOBi: CMaKOBI
nepeBary rocts 1 IpoCcTOTa BiJBIAYBaHHS PECTOPAHY.

CMmakoBi mepeBaru rocts - BiIOMO JBa OCHOBHUX IapaMeTpH JIIOJUHU B SKUX BOHHU
3ajexaTh: CTaTh 1 BiK. JIOCHIUKEHHSM CMakOBHMX pELENTOpIB 3aiiMaeTbCcs MOJIOJa HaykKa -
¢izionoris cmaky [l]. B mepury depry HEoOXiHO O3HAMOMHUTHCS 3 JE€IKMMH OCHOBHHMHU
HOCTYyJIaTaMU BUEHHS, SIKI JOINOMOXKYTh Kpallle PO3YMITH JIFOJICEKI CMaKkoBl MpUCTpacTi. A came
T€, 1110 MEXaHI3M CMaKy ITOYMHAE MPAIIOBATH 3aBJISKH XIMIYHUM PEYOBHHAM, SIK1 MICTATHCA B 1K1
Ta Hamosix. Asie 3 BIKOM O10JIOTiYHA YacTHWHA JIOAWHU 3MIHIOETHCS 1 CMAKOBI PEIENTOPH IO
IHIIOMY CIIPUIMAIOTh CMaKHu.

Inma cknagoBa mnpobiemu, 1€ OpraHizamis BiJBIJyBaHHS pecTopaHy. B naniif
IpeIMEeTHIN ramxy3i 0yji0 BUSBIEHO, 1110 JIIOJU PI3HOTO BIKY BIAJAIOTh MEpeBary pisHUM MiCILSIM
pO3TallyBaHHsS CTOJIIB 1 iHTep’epy 3akiany. Buxoasuu 3 (QyHIaMEHTAIbHOIO JOCHIJKEHHS
CMaKOBHX Ie€peBar JIOIUHU [2], MOKHA 3pOOMTH BUCHOBOK, 1[0 CMAaKOBI PEIENTOPH 3 4acOM Y
JIOIMHU 3MIHIOIOThCA. TakuM YMHOM Ppi3HI BIKOBI TPYHM MaloTh cBiii HaOip moOaxanp [3].
Hanpuknan, monoai Jtoau MOXYTh BiJIaBaTH MepeBary ryyHid cydacHI My3HIl 3 HasBHICTIO
apomariB. HaBmaku, 1011 CTapIIoro BiKy MOKOJIIHHS THXY MY3HMKY JJIS IUCKYCiid a0 AiTOBUX
MIEPETOBOPIB 3 BIJACYTHICTIO apOMaTiB, K1 MAalOTh BJIACTUBICTH 30MBATH JIFOJAWHY 3 KOHIIEHTpAIIil
yBaru.

TakuM 4yrHOM 3'ABHJIaCh HEOOXIJHICTH B CEPBICI, KU HE MPOCTO HAJAE MOXKIMBICTDH
OpoHIOBaHHS, a i caM migdupae HANOLIBII BiIMOBIIHI 3aKJIaqH Ta CTOIH, MO0 TiCTh 3aJUIIUBCS
3a/I0BOJIGHUM Ta pECTOpaH He BTpauaB pemnyTamito 1 kKiieHTiB. CepBic TOBHUHEH OyTu
3arajibHOJIOCTYITHUM, MOOYJOBaHWN Ha aHaji3l BEJMKOI KUIBKOCTI JaHMX 1 Kiacu]iKyBaTH
3aKJIagd 1 CTOJIM 3a JIOTIOMOTOI0 METOIB MamuHHOTO HaB4aHHS [4, 332 c.]. Knacudikaris -
OJMH 3 PO3JUTIB MAIIMHHOTO HAaBYAHHS, NPUCBAYECHUN BHPIIICHHIO HEWMOBIPHO BEIMKOI
KUIBKOCTI 3aB/iaHb. ICHYIOTH O0'€KTH - CTOJNH, SIKI PO3JUICHI HA KJIAacH. Y HallOMy BUMNAAKY IIi
KjJacu OyIdyTh TeHepyBaTHCS B 3aJle)KHOCTI BiJl KUIBKOCTI Ta 3HaueHb aTpuOyTIiB 1
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NPUBJIACHIOBATH CTOJIy Ha €Talli JAOJaBaHHS IO CHCTEMH. TaKoX iCHYIOTh O0'€KTH, ISl SKHX
BIIOMO JI0 SKMX KJaciB BOHM HaleXaTb - iX MOXXHAa BU3HAUUTH K HaBYaJbHY BHOIPKY,
HaIPUKJIaJ] yCIiIIHI OpoHIoBaHHS cToiB. KilacoBa HalleKHICTh 1HIIUX 00'€KTiB HE BiOMa, TOMY
NOTPiIOHO MOOYAYBAaTH aNTOPUTM, 3JATHUN KiIacH(iKyBaTH MOBUTLHUN 00'€KT 3 IMOYATKOBOT
MHOHHH.

VY poni knacudikaropa Oyae oOpaHO IepeBO MPUUHATTS PillleHb 13 BHUKOPHUCTAHHSIM
angroputMy C4.5 - MoaudikoBaHUN aNrOpUTM MIATPUMKH TPUUHATTSA PIIICHHS, IO
BUKOPUCTOBYETHCS B MAIIMHHOMY HaBYaHH1, IHTEIEKTYaJlbHOMY aHaji31 JaHUX 1 CTATUCTUKH [5].
PosrnsHyBImM OCHOBHI TpoOJeMH, 110 BHHHKAIOTh NPU IMOOYIOBI JepeB, Oyau BHU3HAYCHI
OCHOBHI I€peBark bOTo aIrOpUTMY:

- IIBUAKUH TPOIIeC HABYaHHS;

- IHTYITUBHO 3p03yMina Kinacudikaliiina MOJelb;

- BHCOKa TOYHICTH MPOTHO3Y, B MOPIBHSIHHI 3 IHIIMMU METOJaMHU (CTaTUCTHUKA, HEHPOHHI
Mepexi);

- no0y10Ba HE MMApaMETPUYHUX MOJCIIEH.

B sKkocTi BXiIHHMX JaHUX HEOOXIHO BUKOPUCTOBYBATHUCSA Pi3HI MapaMeTpu KIi€HTa
(arpubyTH), Taki fAK: cTaTh, BiK 1 pi3HI KpuTepii mepemar (piBeHb LIYMy, CTUJIb MY3HKH,
TemrneparypHuid pexxum). Ha miacraBi naHux atpuOyTiB OyJe BHU3HAYEHO BIAMOBIIHUUN Kiac
pectopany i croiy. KpiMm arpuOyTiB MOTOYHOrO KITi€EHTA, HAa KIACH(IKAIiI0 BIUIMBATUMYTH BXKE
HasBHI JaHl B 0a3i JaHuX OyIb-sIKOTO KOpPHCTyBaua - HaBuajibHa BuOipka. MeToa HaBuaHHS
JiepeBa pilIeHb BUKOPUCTOBYE Wi JaHI Ui mepeadadeHHs NpaBuwibHOro BuOOpY. Ilpomec
noOy/JI0BH JiepeBa Bi0yBaeThes 3BepXy BHU3 [5]. CriodaTKy CTBOPIOETHCS KOPiHb JepeBa, MOTIiM
HAIAJAKK KopeHs Ta iHme. OOXix nepeBa pillleHb TAKOXK MOYMHAETHCS 3 KOopeHs jaepea. Ha
KOKHOMY BHYTPIIIHBOMY BY3J1 MEpeBipseThCs 3HaueHHA o0'ekta Y 3a arpuOyToM, SAKUil
BIJIMIOBIIa€ B JAHOMY BY3JI, 1, B 3QJICKHOCTI BiJ] OTPUMAHOI BIMOBIi, 3HAXOIUTHLCS BIAMOBITHE
PO3TaTYy>KEHHSI, MICIs YO0TO CIIiJ] PyXaTHCs IO By3Ja, IO 3HAXOIAMTHCS HA PIBEHb HUXKYE 1 T..I.
OO0xix mepeBa 3aKiHUYEThCS TIIBKM HO 3yCTPIHETHCS BY30J PILICHHS, KM 1 Ja€ Ha3BY Kjacy
o0'exta Y, 110 300pa>keHo Ha puc. 1.

Y={a,b,cd}

Habip 1-ro piBHsA a b c d

Habip 2-ro piBHs

Habip 3-ro piBHs

Habip 4-ro piBHs

Pucynok 1. Anroputm 06xo1y fepeBa pillieHb.

CepBic TakoX TOBUHEH HaJaBaTH TMOBHY iH(OpMAaIil0 3aKiagy TIpPOMaICHKOIO
xapuyBaHHs. [loTeHUIMHUN KITIEHT TakoXX Ma€ 3MOTY 3a3Jajleriilb BU3HAYUTU CYMY, SIKY
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30UpaAETHCS BUTPATHTH. TaKUM YUHOM, Oy/e JOCTyIHAa MOMJIMBICTH TOIIYKY SIK PO3KIITHOTO
pecTopaHy, Tak 1 TiIHUW 3akiajg 3 JAeMOKpaTHYHUMHU IiHamMu. CepBiC MOBHHEH HaJaBaTu
PO3MIUPEHY MOXIIUBICTH BUOOPY CTOJTY 3 IOBHOIIIHHAM OITUCOM 3aKJIay.
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Po3nizHaBaHHSI HOMEPHHUX 3HAKIB TPAHCIIOPTHUX 3aC00iB 3 BUKOPHCTAHHAM
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Vehicle license plate recognition using wavelet transform

Rybak B., The Bohdan Khmelnytsky National University of Cherkasy,
Cherkasy, Ukraine, bogdanrybak1996@gmail.com

Abstract

A vehicle is a high-risk object, therefore, it is necessary to create certain rules for their
movement and to monitor the implementation of these rules. An important factor of such control
is the ability to quickly identify the transport and its owner, which is used in different countries
of the world to use license plates - small metal plates, which, in the paint, bear symbols.

TpancnoptHuii 3aci6 — 00’€KT MiABUIIEHOT HEOE3MEKH, y 3B 3Ky 3 UMM € HEOOXIJHICTh
CTBOPIOBATH I€BHI MpaBUJja 1X MepecyBaHHs Ta 3/1iHCHIOBATH KOHTPOJIb BUKOHAHHS WX TPABHIL.
BaxuinBuM (akTopoM TaKOro KOHTPOJIIO € MOKIJIMBICTh MIBUAKO 1AEHTU(IKYBATH TPAHCIOPT Ta
HOro BIIaCHUKA, /IS YOTO B PI3HUX KpaiHAaX CBITY BUKOPHCTOBYIOTh HOMEpPHI 3HAKU — HEBEHUKI
MeTaJsieBi IJIaCTUHH, Ha 5IKi, (hapOoro, HaHeceHo cuMBOIU. HoMepHMii 3HAK € YHIKAJIbHUM 1 MOKe
HaJIe)KaTH JIUIIEC OJHOMY TPAHCIIOPTHOMY 3ac00Yy.

IndopmartiitHi TeXHOJOTII Cy4acHOTO PiBHSA MOXKYTh 3HAYHO JOMOMOITH KOHTPOJIIOIOYUM
opraHaM 3a JIiYeH1 CEKyHAM BU3HAYUTH TPAHCHOPTHUM 3aci0, HOro BiIacHUKAa Ta MOXJIMBI
nopyueHHs. [ 1poro BUKOPUCTOBYIOTHCS BiJIEOKaMEpH, SIK1 HAIPaBJIECHI Ha MPOi3/Ky YaCTHHY
Ta CIeIiaibHe TIPOrpaMHe 3a0e3MeUeHHsl, Ske 00po0IIsie 300paKeHHSI 3 KaMep, Ta 3a JIONMTOMOTOI0
PO3MI3HAHOTO HOMEPHOTO 3HAaKy OTPHUMY€ BCIO, HEOOXiIHy iHCHIeKTopy iHdopMarliio 3i
creniajabHol 0a3y JaHuX.

Takoxk, Taki CUCTEMH MOXYTh BUKOHYBaTH (PyHKIT OXOpoHUs Oyap SIKOI MpPHUBATHOI
TEpPUTOPii, 10 AKOi 3a00pOHEHO B’i3]l CTOPOHHIM TpPaHCHOPTHUM 3acobaMm. [l mporo, 3a
JIOTIOMOT0I0 KaMepH, chcTeMa OTpuMye (HOTo aBTOMOOLIS, po3Mi3HAE HOMEPHI 3HAKH, Ta SKIIO
JIOCTYTI 03BOJICHO — BITYMHSIE IJIaroayM 9u BOPOTA.
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OnHiero 13 mpobIeM 3 KO CTUKAIOTHCS PO3POOHMKH 11T Yac peaiizaiii TAKHX CHCTEM —
HH3bKa SKICTh Ta 3alIyMJICHICTh 300paxkeHb [2]. Lle 3HayHO moripurye sSKiCTh po3mi3HaBaHHS, a
TaKOXX MPHU3BOJIUTH /10 BUHUKHEHHS MTOMHJIOK, IIIO € HEJIOMYCTUMUM B JIaHii cdepi MisUTbHOCTI.
[TpryrHOIO TaKMX MPOOIIEM € MoraHa AKiCTh KaMep Bifeo ¢ikcarllii, a TaKoX Te, 0 JOCUTh YacTO
aBTOMOO1TI TOBOAUTHCS (hIKCYyBaTH Ha BUCOKIN IMIBUIKOCTI.

[TokpamuTy cuTyalito 3 SKiCTIO, a TAKOX MPUOpaTH HENoTPiOHUI 1IymM Ha (GOTO MOXKHA
3a JIOOMOT'0I0 METOly BEHBIIET — IEPETBOPEHHSI.

BeliBner-nepeTBOpeHHs - iHTErpalbHE EPETBOPEHHS, K€ MPECTaBIsiE COO0I0 3rOPTKY
BelBeT-QyHKLII 3 cUrHajoM. BeliBier-nepeTBOpeHHs NEpeBOJUTh CUTHAlI 3 THUMYacOBOIO
VSIBJICHHSI B 4aCTOTHO-TUM4YacoBe. Criocib meperBopeHHs QyHKIII (a0o curHanmy) B hopmy, sika
a00 poOUTH JesKl BETWYMHU BHUXITHOTO CUTHATY OLIBIN MiJAal0ThCS BUBUYCHHIO, 00 JI03BOJISE
CTHCHYTHM BUXIOHMHA Hallp ngaHux. BelBleT-nepeTBOPEHHs CUTHANIB € Yy3arajJbHEHHSAM
CHEKTpaJIbHOrO aHamizy. TepMiH B Iepekiaal 3 aHIJIHCBKOI O3HAuae «MalleHbKa XBUIIS».
BeliBneru - 1e y3arajibpHeHa Ha3Ba MaTeMaTHYHHUX (yHKIIHA eBHOT popmu, sIKi JIOKaIbHI B Yaci i
M0 4YacToTi 1 B sAKUX BCl (PyHKIT BUXOAATH 3 OAHIEI 0a30BOi, 3MiHIOWOUYM ii (3pyHIyHOYH,
PO3TATYIOUN).

VY BUMaaKy OYHCTKHU 300pakeHb BiJl ITyMiB HEOOX1THO MPOBECTU TPH €TAIU MEPETBOPEHD
— BEWBIET — NEPETBOPEHHA, (UIBTPAIil0 Ta 3BOPOTHE BeWBIeT-TiepeTBOpeHHs. DinmpTpartis
3aCTOCOBYETHCSI Uil TOrO, MO0 BHIAIATH IHyMH 3 300pakeHb. BeiiBier-koedimieHTu
BKJTIOYAIOTh IIIYMH, JI0 IIUX KOe(Dili€HTIB 3aCTOCOBYETHCS OPOTOBE MEPETBOPEHHS B MacmTaoi,
IIpY IIbOMY MO>KHA 3aCTOCOBYBATH SIK )KOPCTKE NIEPETBOPEHHS TaK 1 M SIKe.

3BOPOTHE BEWUBIET-TIEPETBOPEHHS MPOBOANUTHCS IO IHTETpaNbHI (GOpMyITi, B pe3yabTari,
Ha BUXOJ1 OTPUMYEMO 300paxKxeHHs 0e3 IIyMiB.

Hactynaum etamom € 30UIbIICHHS SKOCTI 300pa’keHHS 3a JIOTIOMOTOI0 Pi3HOMaHITHHX
GiTBTPIB, MIABUIIEHHS SKOCTI Ta HACHYEHOCTI 300payKeHHS.

[Ticnst pOTO 3 YCHOTO 3arajbHOTO 300pakKeHHS MPOBOJHUTHCS JIOKATi3allisi HOMEPHOTO
3HaKy 3a JI0moMorow neperBopeHHsa Xada. Tak sk HOMep Mae NPSAMOKYTHY (GopMmy, a METO[
Xada no3Bosse 11eHTU(IKYBAaTH HpsiMi Ha 300paxkeHH1 [1] — 3acTocyBaHHS LIbOTO METONY €
BUNpaBaaHuM. [lo Toro x, 1eil MeTos € Jyxe MIBUAKUM MOPIBHSHO 3 1HIIUMHU, SIKi J103BOJISIOTh
BUPIIIYBATH Ti X cami 3ajaul.

HactynHuM eramoM € cermMeHTanisi CHMBOJIB. J[iIs LbOro, s JIOKaJIi30BaHOTO
300pakeHHsT 3 HOMEPOM OYIyEThCS JllarpamMa IHTeHCUBHOCTI. KOpHCTYIOUHChH 11i€10 JiarpaMoro 3
300paXeHHS BUAUISIOTBCS OKpeMi CHMBOIM — OykBM Ta Iudpu. B mnogampmiomy BOHHU
00pOOIISIIOTHCS HE3aJIEKHO OJIMH B1JT OJTHOTO 1 3’€JHYIOThCS BXKE IICIJISI OTPUMaHHS pPe3ysbTaTiB.

OcTaHHIM 1 TOJIOBHUM e€TanoM €, Oe3noceperHbo, pO3Mi3HABAHHSA KOXHOTO OKPEMOTO
CUMBOITY. /[ 1IbOTO 3aCTOCOBYETHCS HEHPOMEPEIKEBUI aJTOPUTM.

B Hamomy Bumazaky, npu po3Mi3HaBaHHI 300pakeHb, JOLIIBHO 3aCTOCYBaTH 3TOPTKOBY
HelpoHHy Mepexy [3-4]. Llei Tun HeHpOHHHMX MepeXk 3HAYHO Kpale Mmokasye cede y chepi
KOMIT FOT€PHOT0 30pY HiX 1HIII. J[0 TOro , y 3B’SI3Ky 3 THUM, 11O MPOXOJUTh HAabarato MeHIe
iTeparlii 1 akTuBaIlii HEHPOHIB — BOHA MPAIlIO€ HabaraTo MIBU/IIIIE.

[Tpy BUKOpHUCTaHHI HEHPOMEPEK TOCUTh BaKIMBO INPABHIBHO iX 3KOHQIrypyBaTu Ta
NPOBECTH TPOIIEC HABYAHHS. Y BUMAJAKY 3TOPTKOBHX MEPEXK MAEMO 3 PI3HUX THUIHU CIOIB -
3TOPTKOBHM, CIION MYJTIHTY Ta CJIOW 3BUYaHOTO MapLENnTPOHY.

B namomy Bunanky, KoHQIrypaiis HepoMepeski HaCTyIHa:

- nepmuid map po3MipoMm 12x24 HelipoHa ciayrye nais rnepenadi B MEpeXy BXIAHOTO
300pakeHHs 3 CUMBOJIOM (O1HapHMI MacHB IIKCENIB);

- ApyTHUil map - 3ropTKOBHA, Mae 15 MIOUIMH Ta sIpo po3MipoM 4x4 HEHpOHH;

- TpeTii map TaKOK 3rOPTKOBUH, KM Ma€ 7 MJIOMIMH Ta S1p0 po3MipoM 2x2;

— OCTaHHIN, BHUXITHUWA € 3BHYAWHUM CJIOE€M, SKUW MICTUTh 21 HEWpOH, IO OPIBHIOE
3arajibHi KUTBKOCTI CHMBOJIIB, $IKI MOXYTh BUKOPHUCTOBYBATHCSI HAa HOMEPHHMX 3HaKax
aBTOMOO1IIB.
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Jns HaBUaHHS MEPEeXi BUKOPUCTOBYIOTHCA (OTO aBTOMOOITIB 3 PpEeCTpaIiiiHuUM
HOMEPOM YKpaiHH.
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Abstract

The article deals with the concept of information interaction in ergatic systems with
hybrid intelligence. Possible variants and criteria of human-machines interaction were discussed.
The priority of using the visual channel of interaction as the most acceptable in an open
production space of ergatic system were justified.

3 ornsay Ha IHTEHCUBHICTh PO3BUTKY MOKJIMBOCTEH KOMII IOTEPIB Ta 3yMOBJIEHOI'O HUM
YJIOCKOHAJIEHHS 1HTEJNEKTYyaJlbHOI KOMIIOHEHTH poOoToTexHiku [l1-2], HaOyB 3HA4HOrO
NOLIMPEHHs MiAX1], KWW nepeadayae IMUIKOBUTE YCYHEHHS JIFOJMHU B €praTH4YHIA cHCTeMI 3a
MeX1 BUpIIEHHs (yHKI[IOHANbHUX 3a/1a4. OIHaK JOLIIBHICTh TAKOTO TPEHAY € CYMHIBHOIO, SIK 3
TOYKH 30pY BHUPOOHHYOI €PEKTUBHOCTI, TaK 1 3a ACHEKTaMHU COIIAJIbHOTO Ta IOPUIUYHOTO
xapaktepy. CTpPYKTYpHO-CUCTEMHOI ONTHUMI3allii YTWIITapHUX pPOOOTOTEXHIYHUX CUCTEM
MOJKJIMBO JIOCSTTH JIMIIE LUISIXOM CHUHEprii Ta MorjaubieHHs iH(opmaliiHOi Koomeparii Mix
JIOIMHOIO-OTIEpaTOpoM Ta POOOTOM-MAlIMHOKW. BHsABIEHHS mepeayMOB, BCTAHOBICHHS
MpoOJEMHUX JIAHOK Ta CHHTE3 HOBHX ITIJIXO0/IIB B3a€EMOJII1 € METOIO TAHOTO JTOCIIIIPKEHHS.

B Hamr yac nporpec y po3BUTKY JIFOJJMHO-MAIIMHHUX CHCTEM OYIKY€ETHCS 3a MapagurMoro
riopuaHoro iHTenekty. Llei miaxia iCTOpUYHO BMHUK Ha yjlaMKaxX CIpo0 3HAWTH TapMOHIKO Yy
NO€AHAHH] JIIOJMHUA 3 TEXHIYHUMH MPHUCTPOSMH KOMII'IOTEPHOI OOM SIK HUISXOM YCYHEHHS
JIOAVMHU 3a Mexl 1HQopMmamiMHuX (1 B TOMY 4YHCIl — IHTEJNEKTyalbHHX) CHUCTEM, TaK 1
ITHOPYBaHHAM MPUHIUIIOBOI BIZIMIHHOCTI 3aKOHIB (DYHKI[IOHYBaHHS JIOJCHKOTO Ta MAaIlMHHOTO
KOMIIOHEHTIB. BiH moctae Bce OuIbIl penbe@HO Ha Tl UMBUII3ALIMHUX TPEHIIB Yy LApHHI
HAYKOBO-TEXHIYHOTO 1 TEXHOJIOTIYHOTO MpPOTpecy: BCEOXOIUIII0Y0l  KOMI loTepH3alii,
iHdopmaTu3amii, AiKUTam3amii  cycnuiberBa.  Karamizatopom  yBarm g0 mpobiieMu
paiioHaTbHOrO Ta 0€3KOH(IIKTHOTO MOEJHAHHS (MOTpeO Ta) MOXKIMBOCTEN JIFOJMHU 1 MAIIUH €
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CTPIMKHIM PO3BUTOK CHCTEM INTYYHOTO I1HTEJEKTY Ta poOoTu3amii y BCiX i1 pi3HOMaHITHHUX
nposiBax. O3HaKaMM 4acy € iHTeJeKTyalli3alis B3aeEMOJii JIIOJIMHU Ta MALIMHU, KOOTIEpAaTUBHUN
XapakTep JISIBHOCTI IHTEJIEKTyalbHUX AareHTIB Ta 1XHA B3aEMOJIA Y BIIKPUTOMY
¢yHKLIiOHaTBHOMY —mpocTopi. A BuXig poOoTu3amii 3  Kareropii yHIKaIbHHX Ta
eKCIEpUMEHTAIbHUX IPOEKTIB Yy KaTEeropild MAaCOBHMX YTHJITAPHO-NIPHUKJIAIHUX 3aCTOCYHKIB
3arocTpro€ MUTaHHs €(PEKTUBHOCTI, 0€3MEYHOCTI Ta IPOrHO30BAHOCTI TAKUX CHCTEM.

OTxe, aKTyaJlbHOIO 3a/lauy€l0 € BHU3HAUEHHS pOJl JIIOJUHM B CY4YacHUX JIHOAMHO-
MaIIMHHUX CUCTEMaX 3 TIOPUIHUM IHTEJIEKTOM 1 MONIYK TEXHIYHUX PIllIeHb HA CTPYKTYPHOMY Ta
(GYHKLI0HAJIbHOMY PIBHSIX, Y3IO/DKEHUX 3 00’ €KTUBHUMU NPUPOIHUMHU BIACTUBOCTSAMHU JIFOJUHH.

VY BKe 3rajlyBaHMX KOHLEHIIISX MONEPEIHBOr0 Mepioay crocTepiragacs aOCOTIOTH3AIIS
IHTEJIEKTYaIbHOI CAMOCTIMHOCTI Ta (PYHKITIOHAIIBHOI aBTOHOMHOCTI POOOTIB, SIK1 ABJISIOTH COOOIO
aKkTyanbHy (popmy peamizaiii TEXHIYHUX CHUCTEM 3 IHTEJCKTyaJbHUMH BIIACTUBOCTSIMH. [IpoTe
aHaJli3 TEOPETUYHOTO MIATPYHTS Ta NPAKTUKU BIPOBAPKEHHS IUTYYHOI'O IHTEJIEKTY 3acBiIUye
0OMEKEHICTh MOYJIMBOCTEH TaKMX CHUCTEM, JUIsI KOMIICHCAIl KX HEO0OX1IHO 3alpoBaXKyBaTH
CrieliajibHl 3aXO0Jld Ha OpTraHi3alifHOMY Ta TEXHIYHOMY piBHAX. Taki 3axoaW THIIOBO
HPOSIBIAIOTECS y (opMi 0OMekeHHs (PYHKI[IOHATBHOTO MPOCTOPY poOOTa, BIPOBAHKEHHS HOTO
JIOJJaTKOBOT PO3MITKH, IITYYHOTO 3aHMKEHHS JUHAMIYHHUX 1 (YHKIIOHAIbHUX XapaKTEPUCTHK
pobora.

[TepioueproBoro 3amadero Mpu po3poOLi MpoueAyp JIHOAMHO-MALIMHHOI B3a€EMOAI €
3HAXOJPKEHHS OPTraHiYHOTO CHIiBBIJHOIICHHS y4acTi y KOOIEPATUBHOMY BHPOOHHUYOMY TpoIeci
JIOAMHU Ta poOoTa sIK KOMIIOHEHTIB epraTMuHoi cucTeMd. Bu3HadeHHs Micus JIOJUHHU B
epraTuYHUX CUCTeMax Mae 0a3yBaTHCs Ha JBOX OCHOBHUX Tpymnax ¢akropis. [lepma 3 HUX Mae
(byHKIIIOHATBbHY MPUPOY Ta OPIEHTYETHCS HA ONTHUMI3ALII0 PO3MOALTY (DYHKIINA CHCTEeMU MiX
JIOAMHOK Ta MAalIMHOK BIAMOBIAHO JO IXHIX TepeBar y BUKOHAHHI PO3YMOBHX
(iHTenekTyanpHuX) 1 (pizuunux omepariii. Takuii po3noaiia BpaxoBye 00’ €KTHUBHI 3HAHHS 11010
KOTHITUBHHX BJIACTUBOCTEH, MEXaHi3MiB ()yHKIIIOHYBAaHHS MaM ATi, SKOCTI BUKOHAHHS OKPEMHX
orepaiiii KO>)KHUM 3 KOMIIOHEHTIB cucTteMu. [pyra rpyna QaxTopiB BpaxoBye O10JOTIUHY 1
comianbHy npupoxay moauHu. LI dakropu Bigg3epKamoOTh (Pi310J0TIYHI MOMXKIMBOCTI Ta
IICUXOJIOTIYHI SBUINA, NpUTAaMaHHI JoauHi. I, sKmo mnepma rpyna ¢GakTopiB OpIEHTYE
NEepeBaXHO Ha JIOTIKY Ta pallioOHalbHICTh, TO Jpyra NOoTpeOye ypaxyBaHHS JAMHAMIKA
010JI0rYHUX MPOIECIB Ta 3alydyeHHS /A0 aHaji3y MpOLECIB JIIOJUHO-MAIIMHHOI IHTEpaKLii
MOHSTh Ta METO/IB 3arajibHO(P1I0cO(YCHKOro Ta MPUKIAJHOTO XapaKTepy 3 apceHaly COLI0IOril
Ta rPyNoOBOi JUHAMIKH. 30KpeMa, BaKIMBUM € (pOpMyBaHHS Ta BiITBOPEHHS JIOJAMHOIO MEBHUX
POJBOBHX YSIBJICHb 1 TIOBEAIHKOBHUX CTPATEriii B JIIOJWHO-MAIIMHHKUX cucTeMax. Lls ckimamoBa
HaOyBae Bce OUIBLI MOMITHOT pelabeHOCTI came 3apa3, KOJIM MAIIMHHI KOMIIOHEHTH epraTuYHUX
CHUCTEM OTPUMYIOTH Y BCE 3pOCTalouuX oOcsrax 3JaTHICTh MIATPUMYBATH I1HTEIEKTYyaIbHI
GbyHKLIi, MIPKUBIIOIOYM JIaBHIO JUCKYCIIO MPO O3HAKK OCOOMCTOCTI y MPUCTPOIB 31 IITYYHUM
IHTEJIEKTOM.

BinnoBigHO 10 KOHIIEMIIi TiOpUIHOTO 1HTENEKTY, (PYHKIIOHYBaHHS JIIOJMHO MAIIUHHOL
CHCTEMH Tiependadae paiioHaJbHE MMOETHAHHS MOXKJIMBOCTEH JIIOJMHM Ta MAIIMHU 332 YMOBHU
30epexeHHs TOJIOBHOT POl B cHCTeMi 3a JoAuHOI0. Ha cydacHOMy ertarli po3BUTKY epraTHuHHUX
CHUCTEM, KOJHM aKLEHTH B3aeMOJii 3MIIIYIOTbCI caMe B OIK Koomepauii Npu BUKOHAHHI
IHTENEeKTyalbHUX Omepalliii, HabyBae akTyalbHOCTI NMUTaHHA e()eKTUBHOI opraHizaiii mporeciB
B3a€MOJII MK PO3YMOBHMMH Ta KOTHITUBHUMU (DYHKUISMU JIOAUMHHU Ta IMITYYHUM 1HTEIEKTOM
MalIMHHUX KOMITOHEHTIB. HalBaXXTUBIIIMMHU 3aBIaHHAMH, SIKI TOTPeOYIOTh BUPILIEHHS NpU
oprasizarfii Takoi B3aEMO/Iii, €:

- (bopMyBaHHS CIIUTFHOTO YSBICHHS JIFOJACHKOTO Ta MAIIMHHOTO KOMITOHEHTIB CHCTEMH TIPO
(byHKILIOHATBHUIA IPOCTIp, B AIKOMY BiZIOYBa€ThCS X KOOIIEpPaTUBHA B3a€EMOIIS;

- ¢dopmyBaHHS cTparerii 1 TaKTUKA BHKOHAaHHS Yy CIHUJIBHOMY HIPOCTOpI 3aBJaHb
OTIEPAIIIITHOTO PIBHS;

- OTITHUMI3Allis JIF0IMHO-MAIIMHHOI B3a€EMO/II1 B YMOBaX BIIKPUTUX CHUCTEM;

- KOOIIEpaTUBHA €BOJIIOLIS TIOPUIHOTO IHTENEKTY.
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OueBUIHOIO € HAJA3BUYAWHO BUCOKA iH(OpMaIliiiHa €MHICTh 1 CKJIAIHICTh IMPOIIECIB Ta
TEXHOJIOTiH, sIKi MaroTh OyTH 3alydeHi J0 BHUpPILNICHHA 3a3HadeHUX mnpodieM. OOcsru
iHopmMarttii, sska Mae 0OpOOIATHUCS JIOJUHOI-ONEPATOPOM IPU 3aCTOCYBaHHI TPAIUIIHHHX
MiXOMIB YIpPABIiHHSA CKJIQJHUMU CHCTeMaMHd, Oa30BaHMX Ha MAaKCHUMI3alii KOHTPOJIIO 3a
napamMeTpaMu CHCTEMH, B 3araJlLHOMy BHUIAJKY IMEPEBHINYIOTH (hi310JIOTTYHO MOJKJIMBI PiBHI.
Pazom 3 THM, mepenmiueHi 3aBJaHHS HE MOXYTb OyTH pO3B’si3aHi 3a YMOBHM a0CONIOTH3aLii
IHTEJIEKTYaIbHOI CaMOCTIMHOCTI (ABTOHOMHOCTI) po0oTa.

3 oAy Ha 3a3HAuYeHe, ONTHMAJIBHOI POJIEBOIO MO3UIIEI0 JIIOJUHHU-OIEpaTopa B
poOOTH30BaHIN epraTUYHI CHUCTeMi € pOJb KOMIIEHCATOpa HEAOJIKIB I1HTEICKTyaJIbHOI
CIPOMOXKHOCTI ITPOTPaAMHOTO 3a0e3MeUeHHsl, sIKe MATPUMY€E 1HTelNeKTyalbHi GpyHKLii podoTa. Ha
POOOTOTEXHIUHNN TPHUCTPIM Mae OyTH TOKJIaJeHAa MiHiIMi3amis (PI3MYHOTO, MCUXOJIOTIYHOTO Ta
€MOIIIHOTO MEPEeBAHTAKEHHS JIIOAWHU B TPOILECi BUPILMICHHS MOTOYHUX 3a]ad yIpaBliHHSI B
PEKUMI peaslbHOTO 4acy.

Oxkpemoi yBaru 3aciayroBye OOTpYHTYBaHHs BHOOPY KaHaTIB iH(pOpMaIliiiHOi B3aeMomii
JIO/ICBKOTO Ta MAallMHHOI'O KOMITOHEHTIB €praTUYHOl CUCTEMH. 3HAUYMMUMU KPUTEPIMHU SKOCTI
KOMYHIKAI[iifHOiI CTPYKTYpH €praTHYHOi CHUCTEeMH € OOMEKEHHS Ha CIpUUAHATTS iH(opmarii
JTIOAMHOK0 (D1310JI0TIYHOTO 1 TICUXOEMOLIIMHOTO XapakTepy Ta il MCUXOJIOTIYHI peakiii Ha SKICTh
iHpopMamiifHOI B3aeMOfii 3 MalIMHOK. BaXTMBUMH YHHHUKAaMH B TIPOIECI B3aEMOMIl €
KOMIUIEKC IMHAMIYHHX 1 CTATUYHUX MapaMeTpiB GyHKIIOHATEHOTO MPOCTOPY.

Haii6inpm npupogaumu GpopmMamu B3a€EMOJIIT JIFOJAWHA Ta MallMHA B POOOTH30BAHUX
cucTeMax € TaKTWJIbHA, IPUPOJTHOMOBHA Ta Bi3yallbHa B3a€EMOJIsl, IPUYOMY OCTAaHHIO JOLIJIBHO
BIIPOBA/DKYBaTH y (OpMi KECTOBO-O0pa3HOi B3aeMomil. XapakTEpHOK O3HAKOK BCIX
nepenideHux GopM € KOHGIIKT B OIIHII IXHbOT IPUUHATHOCTI Ta MPOCTOTH MiATPUMAHHA 3 OOKY
KOXKHOI 31 cTOpiH iHTepakmii. Tak, 3acTocyBaHHS HaJI3BHYAHO 3pYy4YHOTO JUIS BiATBOPEHHS Ta
CIOPUHHATTA JIIOAMHOK MOBHOI'O KaHaly B3a€MOJIl CTPUMYETHCS CKJIAJHICTIO MAIIMHHOTO
aHaJi3y Ta reHepamii ayiokoHTeHTy. [IpoTHiexxHi TeHIeHII CTOCOBHO MIATPHMKH Ta aHAJIB3Y
CMTHAJIIB CIOCTEpIraloThcs INPU BHUKOPUCTaHHI Bi3yaJlbHOro KaHaiy. Ilpore rosoBHOIO
npo0JIeMOI0 € MyJbTUMOJAIBHICTh 1HQOpPMAIIIHUX KaHaliB, sKa IOPOKYE CUTYallilo
HEBU3HAUEHOCTI IIOJ0 aJpEeCHOCTI MOBHUX YM BI3yaJlbHUX CHUTHAJIB Yy OararoareHTHOMY
KOOIEepaTUBHOMY (PYHKIIOHAJIbHOMY IpocTopi. B 1inomy, moACkKUi po3yM Mae€ 3AaTHICTH JI0
BUJUICHHS Ta PaH)XyBaHHS OKPEMMX CKJIAQJOBHX Yy IOTOLI IOBIJJOMJIEHb, aje aHaJoTiyHi
MO>KJIMBOCTI MAIIMHHUX KOMITOHEHTIB €praTHYHUX CUCTEM Ha Il Jac JIy)Ke OOMexeHl.

B ymoBax BiIKpUTOro BUPOOHHMYOIO MPOCTOPY MPHUB’A3KY O 00’€KTIB TEXHOJIOT1UHOI
30HM HAWOUIBII palllOHATIbHO 3/1MCHIOBATH 32 BI3yaJIbHUMHU OPIEHTHpPAMH, OCKUIBKH Bi3yaJbHI
KaHQIW CHPUHHATTA JIIOAMHU-OIEpaTopa 1 poOoTa MaroTh HaWOUIBIIY CIOpIJHEHICTh. BoHu
3a0e3MeuyioTh BUAUIEHHS 1H(QOPMATHBHUX O3HAK (HAKOMMYEHHS NEPBHUHHMUX JaHMX) Ta iX
1HTepIpeTallii (CHHTE3 KepylouuX pillleHb) 3 HAaMEHIINMHU CyMapHUMH PECYPCHUMH BUTpaTaMHy,
10 3yMOBJIIOE€ BU3HAYCHHS Bi3yallbHOTO KaHAJy B3a€MOJIii SIK OCHOBHOTO Ta BUHECEHHS 3aaadi
Bi3yaslizalii TEXHOJIOTIYHHUX IPOLECIB B €pPraTUUHUX CUCTEMax Ha piBEHb MEpIIOUEpProBOTrO
BUpIIIEHHA. 3a3HaYyMMO, 110 OE3KOHTAKTHHM XapakTep BI3yalbHOI B3a€EMOJIi € CHPUATIMBUM
(akTOpPOM 1110]10 PO3B’A3aHHS 3aBJaHb OE3MEKH B €praTUYHii CUCTEMI.

Bigyanmizamis y cBOili mepBUHHIN cyTi € TpaHcdopmaiiiero 0araTOBUMIpHOTO
BUPOOHHUYOTO MPOCTOPY B IUIOCKE MPEACTABICHHS — JTUCKpETHE 300paxkeHHs. [HTepnpeTyBaHH
CHEKTpaJIbHUX (UIyKTallll SCKpaBOCTI OTPUMAHOI KapTUHU Yy BEKTOp 1H(POpMAIIHUX O3HAK Ha
0a3l JuIIe 1HTENEeKTyaJbHOI OOpOOKM MAIIMHHMM KOMIIOHEHTOM epraTu4yHOi CHUCTEMH €
YCKJIaJHEHUM Ta, B 3arajlbHOMY BHIIQJKy, HEIOCTaTHIM 3a sKicTio. BiamosimHo na0
3alpONOHOBAHOI KOHLEMIIT pPOJIbOBOI MO3MIII JIOAWHU SIK KOMIIEHCATOpa HeIO0CTAaTHBOI
IHTEJNEeKTYalbHOI (YHKIIOHAJILHOCTI MAIIMHHOTO KOMIIOHEHTa, IPOIMOHYEThCS HaJaBaTH
OlepaTopy MOJIMBICTh y HPUPOJHIM croci0 3aiMCHIOBATH LIJIEBKa3yBaHHS Ta KepyBaHHS
TEXHOJIOTIYHAM TPOIIECOM IIUISIXOM ITapaMeTPUYHOTO 3B’S3YBaHHS MPOCKIIHHUX 300pakeHb 3a
JAaHUMHU  anapaTHO-IPOTPaMHUX  3acO0iB  JIOMOBHEHOI  peasbHOCTI  (MarHiTOMETPUYHHUX,
aKCeJIepOMETPUYHHUX Ta IHIIMX BHJIB BHUMIPIOBaHHS) y (opMi CIPSIMOBAHOTO Bi3yaJlbHOTO
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BIUIMBY (kecty). Takuii migxig € J0CTaTHhO 30aJaHCOBAHMM SK 3a 3a0€3MEYCHICTIO Ha
METOAMYHOMY Ta amapaTHOMY pIBHAX, TaK 1 CTOCOBHO (Di3i0JIOTIYHMX Ta ICHXOJOTIYHUX
ACIeKTIB JIFOUHO-MAIIMHHOI IHTePaKIIii.

3a3HayeHi miAXoau MOTpPeOyIOTh 3BAYKEHOTO BIIPOBA/KEHHS B KOHTEKCTI KOHKPETHHUX
NPUKJIAJHUX 3aCTOCYBaHb 3 YpaxyBaHHSIM O0COOIIMBOCTEH (YHKIIOHAILHUX 3aBaHb, EIIEMEHTHOT
CTPYKTYpH Ta XapakTepy B3aeMOJil B €praTUYHIi CHCTEMi. 3Ba)Kar0YM Ha COIIOTEXHIYHUHN
XapakTep poOOTH30BAaHMX CHUCTEM, MOIIJIBHUM € IMPOBOJUTH BUOIp KaHAIIB Ta IapaMeTpiB
iHpopmaniiiHoi B3aeMonii 3 omAgy Ha 3a0e3nedeHHs (OpPMYBaHHS CHUIBHOTO YSBICHHS
IHTEJIEKTYaIbHUX CKJIQJIOBUX, BUKOHAHHS (YHKI[IOHAJIBHUX 3aBJaHb 1 €BOJIIOIi CHCTEMH Ha
3acaZiax peCypcHOro Ta Mcuxo(izionaoriyHoOro ONTUMYMY.
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Abstract

In-process it offers to replace in the fighting machine of infantry of BMP-1 a analog
electromechanic of 131[10M on a modern digital electromechanic with the improved technical
descriptions. All these requirements are answered by the digital electromechanic of SWU-500-
10P, worked out on a modern digital element base and can replace the electromechanic of
121[10M from composition of BMP-1.

IcropuuHO ckiasoch Tak IO YKpaiHa Ha 4ac 3A00yTTS HE3AIEKHOCTI, AK 1 1HIII
pecrryOmiku  KonmumiHbOro  PamsHChkoro Coro3y, OTpuMana B CHAAIIMHY TapK JIETKOi
OpOHBOBAHOI TEXHIKH, OCHOBHOIO YaCTHHOIO sik01 Oynu mMammmau BMII-1, BMII-2, BM/I-2.

B BMII-2 ta BM/I-2 nns HaBeneHHsI OJIOKY O30pO€HHS Ha IUIb OyJIO 3aCTOCOBAaHO
JBYXIJIOCKOCTHHMH cTabisizaTtop 030poeHHs 2936-1, a BMII-1 nns naBeneHHs 010Ky 030pO€HHS
Ha I OyJ0  3aCTOCOBAHO elleKTpoMexaHiuyHud mnpuBon 121[10M [1] 3 iMmynbcHUM
pEryJIIOBaHHIM IIBUAKOCTI HABEJICHHS Ta MOXKJIMBICTIO HaBEJICHHS OJIOKY 030pO€HHS Bil Py4YHUX
MIPUBO/IIB.
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CrabinmizaTop 030poeHHs jerkoi OponpoBaHoi TexHiku 2E36 mammun BMII-2 [2,3] Ta
enektpomexaniyauii nmpuog 13L[10M, ski Oynu po3pobneni B Pocii B 80 poku MuHysiIoro
CTOpPiuYsl, HA TOW Yac BIAMOBIgald BCIM BUMOTraM sKi Mpe ABISUIUCH 0 BiCHKOBOI TEXHIKH
TaKOT0 KJIacy i 3apa3 3HaXOJAThCS B pOOOYOMY CTPOIO MOPSIT 3 CydaCHUMH OpOHEMAITTHAMH.

Ha nanuii yac 111 MaliMHA MArOTh UUTHN P HEAOMIKIB — 3HATA 3 BUPOOHUIITBA 3acTapijia
eJIeMeHTHa 0a3a eNeKTpO-pajioBUpOOiB, BEIHMKI Maco-rabapuTHI pO3Mipu HpUIIaiB TaKOX 3a
TPUBAJl POKM eKcIuTyaTarii OyB BHUPOOJCHHN IOBHICTIO pecypc poOOTH BCIX NPHIIAIIB
cTabi1i3aTopiB 030pOEHHS.

CyyacHuil CTaH BITYM3HSHOTO BHUPOOHMIITBA Jierkoi OpoHboBaHOi TexHiku (JIBT)
XapaKTepU3yeETbCs 3HAYHUM IMIBUIEHHSAM BHUMOT JO TOYHOCTI, MIBHAKOJII MPHIJIAJOBOTO
koMIuiekcy crabimizatopa (KC) 030poeHHs, y TOMYy 4YHCII, IPH eKCIUTyaTallli y CKJIaJHUX
ymoBax. HaykoBo-TexHiunuit nporpec y rany3i KC norpedye ynockoHaneHHS KOMIOHEHTIB iX
€JIEMEHTHOT 0a3H, MOKpAIIeHHs IX TaKTHKO-TEXHIYHMX XapaKTePHCTUK (TOYHOCTI, NIBHIKOII,
po3MUpeHHs PYHKIIIOHATHHUX MOXKIIMBOCTEH).

Bcim rmum BuMoram Biamnosinae nudposuii He ctadinizoBanuil enekrponpusoa CBY-500-
10P, po3po6ennii Ha cy4acHii UGPOBI eIEeMEHTHINM 0a3i Ta MOXKE 3aMIHUTH €ICKTPOTIPUBO]]
121110M i3 cknany BMII-1.

[TopiBHSUIBHI XapaKTEPUCTUKU €JIEKTPOIIPUBO/IIB HaBEICHI B Ta0I. 1.

B enextponpusoai CBY-500-10P nepenbadeHo HaCTyIHI peXUMHU poOOTH:

a) pexuM 00#0BOT poOOTH;

b) MIpH MiATOTOBIN 10 60ioBOi poboTH: HanamTyBaHHs kananis BH ta 'H.
Tabmums 1.
[TopiBHSIBHI XapaKTEPUCTUKHU EICKTPOIIPHUBO/IIB
Ne Enextponpusin Enexrponpusin
HaitmenyBaHHs mapaMeT
3/ y paMerpy 121[10M CBY-500-10P
1 MaxkcuMarbHa MBUHIKICTH [0 KaHATY
TOPU30HTAJIBLHOTO HABEACHHS, HE 20°/cex 25°/cek
MEHIIIS
2 MiHiMasbHA MIBHIKICTH 10 KAHATY
ropm3oHTansHOTO HaBeneHHs (['H), He 0,1°/cex 0,07°/cex
OiypIe
3 MakcumanbHa MBUIKICTh [0 KaHAITY
BepTUKaIbHOTO HaBeaeHHs (BH), ne 6°/cex 25°/cex
MEHIIIE
4 MiHiManabHa IBHIKICT MO KaHAIT
A o 0,07°/cex 0,07°/cex
BEPTHKAJIBHOTO HABEICHHSI, HE OijIblIe
5 . . o I'H n x 360° n x 360°
Jiana3oH KyTiB BH
HaBEICHHS: o - 4° = +30° _5° = 445°
6 HemnnaBHiCTh HaBeICHHS HA
MiHIMaJIbHUX MBHAKOCTAX Mo ['H Ta .
H/1 He Oimpmre 1 T.11.
BH
7 Bug 1H(1)opMau11 Ha nmyJbTax andapiTHO-IHbpoBa Ha
YIPaBIiHHS HE Mae ..
uppoBOMY IUCTUIET
8 Tun npuBoay . N
AHAJIOrOBUM IuppOBUHA
9 3axucT NPUBITHAX JBUTYHIB BiJl
[IEPEBAHTAXKEHD 110 CTPYMY HE Ma€ 1o koxHoMy 3 KaHaiis ['H Ta BH
10 JliarHOCTHKA CITPaBHOTO CTaHy BUCBIYYETHCS IPU BiZIMOBax Ha
IPUBOIY HE Mae nuppoBOMY TUCILICT MyJIbTa
YIpaBITiHHS
11 HaJallTyBaHHsS BUKOHYEThCS 3
PexxuMu poOOTH HaamTyBaHHS HE Mae
M(ppPOBOro MyJIbTA
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MIPUBOIY

EnementHa Oaza

3acTapiia, 3HsTa 3
BUPOOHHUIITBA

12 PexuM KOHTPOJIIO CTPYMIB JKUBJICHHS He Mae CTPYM KHUBJICHHSI BUCBIYYETHCS
Ha nupOBOMY IUCILICT
13 Ha BUOIp: yKpaiHChKa.
Moga angasiTHO-1IH(PPOBOT IHIUKAIIIT . - ’
b upp fHMKaL HE Ma€ aHIIIAChKa, pociiicbka (BBEACHHS
MOBH 3 TTyJIbTa YITPABJIIHHSA)
14

CydYacHa, IepCHeKTUBHA,
MIKpOIpoIecopHa
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Cexkniga 5

MOHITOPHUHIOBI TEXHOJIOXI,
CHCTEMH Ta KOMILJIEKCH B
CYYACHOMY IH(pOpMALIHHOMY
CYCHLIbCTBI
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Problem of adaptive management and diversification activity of construction
enterprises

Yuanyuan Li, Taras Shevchenko National University of Kyiv, Kyiv,
China, bao1978@gmail.com

3agaui aIanTMBHOIO YNPaBJIiHHA Ta AUBepcU@iKaliiiHOl JiATbHOCTI
OyAiBeJIbHUX MIANPHEMCTB

Yuanyuan Li, KuiBcbkuit HanioHansHul yHiBepcuteT imeH1 Tapaca
[lleuenka, Kui, Kuraii, baol1978@gmail.com

AHoraris

B pobGori BcTaHOBIEHO HEOOXIMHICTh 3a0e3neueHHs AuBepcudiKaIii IisUIbHOCTI
HiANPUEMCTB 7Sl 30UTbIIEHHS MPUOYTKY, 3HM)KEHHS PU3MKIB 1 PO3IIMPEHHS KOHKYPEHTHHX
MOKJIMBOCTEH. BcTanoBneHo, mo auBepcudikaiis OyIiBeTbHUX KOMIIAHIA € aKTyalbHOIO
BHACJIIZIOK 3HAYHOTO PO3BUTKY OYIiBENBbHOI 1HIYCTPii MPOTSITOM OCTAHHBOTO NECATUIITTS B
VYkpaini, Kutai Ta cBiTi. Onrcano kito4oBi (pakTopH, sIKi BILTUBAIOTH HA JTiSUTbHICTH Oy1iBETbHOT
kommanii. Onucani 3aBAaHHsA, sIKi HEOOXIJHO BHUKOHATH JUIsI CTBOPEHHS €()EKTUBHOI CHCTEMH
QJIalITUBHOTO CTPATErivyHOIO YIPaBIiHHA OyIiBEJIbHOIO KOMIIAHIE€I, 30KpeMa 3 TOYKH 30pY
nuBepcudikarii TisIbHOCTI.

The necessity of diversification of enterprises for increase of profits, reduction of risks
and expansion of competitive opportunities is established. It was found that diversification of
construction companies is relevant due to the significant development of the construction
industry in the last decade in Ukraine, China and the world. The task of adaptive enterprise
management in the part of creating diversification strategies is to conduct an analysis of the
enterprise and the conditions in which the company operates. Scientific and technological
development, increasing competition between producers and reducing the life cycle of products
are a consequence of the variability of the vector of economic development. In order to
accelerate the growth rate and intensify scientific and technological progress in the field of
production, it is necessary to adapt the enterprises of the industry to external conditions. One of
the approaches to adapting the company to changing business conditions is adaptive strategic
management. The most effective part of adaptive strategic management is the diversification of
enterprise activity.

Diversification of an enterprise is an integral part of its adaptive management. The
introduction of diversification is due to the growth of the dynamics of the economy, the creation
and activation of new markets, the permanent crisis in the economy, changes in demand for
products. Diversification of enterprise activity and adaptive management allows you to profit in
new markets if there is a loss in the main market.

Diversification strategies in adaptive management can be considered a marketing
strategy. This strategy manifests itself in increasing the name and type of goods and services,
improving the service, increasing consumer demand and attracting new consumers through
advertising. For example, let the construction company deal with housing construction. In order
to increase the demand for its main products, the enterprise can engage in interior design,
furniture, windows and doors. All of this can be offered to potential customers to increase
profits.

Enterprises that use diversification are more competitive and profitable compared to other
businesses. This is due to the fact that diversified enterprises increase the name of goods and
services, penetrate into new areas of activity.

Analyzing the approaches to diversification of enterprises, one can conclude that the
construction of diversification strategies in each country (Ukraine, China, EU countries) has
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some differences and features. This is due to legislation and traditional approaches to managing
enterprises in each country.

This problem is eliminated by an integrated approach to diversification, taking into
account adaptive strategic management, which involves analyzing potential markets for
diversification of activities. In addition, in order to create effective diversification strategies, it is
necessary to make predictions of the company's activity based on its performance indicators [1 —
4]. The work [5] describes the features of investment and diversification activities of enterprises.

The system of indicators that determine the company's ability to implement
diversification is described in [3]:

1. Specialization coefficient (SR): The share of annual revenue of a firm to its main
business in this year.

2. Related Ratio (RR): The proportion of annual revenue earned by a firm belonging to its
largest group of affiliated enterprises.

3. Contiguous core assets ratio (CR): The proportion of annual revenue earned by a
company that falls on its largest business group that shares or uses the same general skills.

4, Vertical Ratio (VR): The share of annual revenue earned by a firm in its largest product
group.

SR is an indicator of the state of diversity used in the economy, RR and CR characterize
horizontal diversification strategies, and VR is for vertical strategies.

According to the concept described in [4], diversification involves identifying exactly the
kind of activity (products) in which the company's competitive advantages can be most
effectively realized. An enterprise applies diversification strategies in the event that it is
necessary to reduce the risk or to generate profits in other industries. The main reason for
Ukrainian construction companies is the crisis in the economy of recent years. These crises
threaten a steady profit and commitment to customers and partners.

In an unstable Ukrainian economy, diversification of activities is an effective way to
reduce risks. Another classification of diversification strategies is as follows:

1. Assortment diversification. When a product is produced or provided with a service with
significant differences from other market positions.

2. Conglomerate diversification. Investing in completely unrelated to the main production
market.

3. Chain diversification. It involves the involvement of suppliers, carriers and other
companies related to the company's core business to the structure of the company.

In general, to create an effective system of adaptive strategic management of a
construction company, in particular in terms of diversification of activities, the following tasks
must be performed:

1. Conduct an analysis of construction companies, their classification regarding the

application of diversification strategies.

2. Explore strategies for diversifying construction companies taking into account the risk

and financial effect.

3. To propose more advantageous strategies of diversification of construction enterprises.
The key factors that influence the activity of a construction company are:

1. Factor of the environment: the presence of competitors, partnerships with other

companies, entry into regional construction clusters.

2. The factor of strategic enterprise management.

3. Organizational structure of the enterprise.

4. Productivity of the enterprise.

The analysis of construction companies in Ukraine shows that about 40% of companies
use horizontal diversification strategies in their activities, 27% use unrelated strategies, 9% use
vertical strategies, and 24% do not use any of the strategies at all.

Due to the crisis conditions in the Ukrainian economy, construction companies should
use diversification strategies. Effective use of diversification strategies increases the adaptive
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capacity of a construction company, reduces risks and increases profits. In general, the use of
diversification strategies should be considered not only to reduce risks due to economic crises,
but also for the future development of the enterprise.
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Use of digital images of geographical areas for the purposes of agricultural
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Buxopucranus nupoBux 300pakeHb reoprapivHux 30H s Hijgei
CJILCHKOT0 rOCNMOAApPCTBA

Mingxin Huang, KuiBcbkuit HarlioHanbHUN yHIBepcuTeT iMeHi Tapaca
[leBuenka, Kuis, Kuraii, bao1978@gmail.com

AnoTars

B po6oti posrasiHyTo Kiacudikaiio reoiH@opMaIiiHuX CHUCTEM, SKI MPU3HAYCHI IS
BUKOPHUCTaHHS, 30KpeMa y CUIbCHKOMY TocmnoaapcTi. BkazaHo, 1o reoingopmaiiiHi cucTeMu
MOXYTh OyTH YaCTHHOIO BEIIMKHAX CHCTEM WIATPUMKH TPUHHATTSA pillleHb, IO BUKOHYIOTh
3HaYHMN 00CAT pO3PaxyHKOBHUX 3ajlad, BX1IHOIO 1H(POPMALI€IO IS AKUX € IU(POBI 300paxeHHs
MOCIBHUX IUIOL] CUIbCBKOTOCHOJNAPChbKUX KYJIbTyp. B mpoBeneHomy ornsal BkaszaHo, mo GPS
TEXHOJIOT1 I CLTBCHKOTO TOCIIOIaPCTBA € OCOOJIMBO aKTyaJIbHUMH B YKpaiHni, Kurai ta cBiTi.

The use of digital images of geographical areas for the purposes of agriculture has
become topical. The rapid development of this direction is facilitated by the development of
wireless communication technologies, digital photography technologies, image display devices,
operating systems and services for image storage and processing. These opportunities have
become a prerequisite for the intensive development of geographic information technologies.

The use of geoinformation technology for the purposes of agriculture may relate to:

- collection of soil quality information;

- collecting information on the necessity of fertilizing on designated agricultural areas;

- collection of information on plant diseases;

- collection of information on possible yields (eg, apple orchard image analysis during the
flowering period of apple trees to estimate apple yields in the current season).

The European Union finances a number of projects related to agricultural
informatization, in particular the Horizons 2020 program. Many European companies are
actively involved in this area: eCow, Connected Cow, Anemon, etc. The management of crop
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yields is part of the managerial task of an agribusiness, which requires the use of new concepts
for project and program management [1-3]. For the analysis of yields, it is necessary to take into
account external factors of influence, in particular, the quality of air on the territory of cultivating
crops [4, 5].

Today, the popular concept is based on SSCM (site specific crop management). An
important task for SSCM is to increase yields, that is, to ensure the quality and quantity of
agricultural produce received. SSCM is realized on the basis of GPS technology, which
determines the location of objects and the state of plants on agricultural plots through a satellite
network. RTK (Real Time Kinematic) technology allows you to define objects in the area with
great precision. After collecting information on the state of the soil technology SSCM allows you
to manage the use of fertilizers, chemicals, herbicides, pesticides and other substances.

Application of this technology is relevant not only for Ukraine, but also for China, where
in some regions, farmland yields several times a year. All this requires the rapid management of
the process of maturation of crops. The technology that uses the GPS module allows you to
process large areas in a short time and minimize human exposure.

Operational information on the state of the field (the presence of pests, plant disease, soil
condition) makes it possible to form map of yield. These maps make it possible to assess the
future benefits of growing crops, as there may be significant differences in yield within a single
field. This affects both the state of the soil and the inclination of the surface of the field.
Separately there can be formed and evaluated map of the soil, allowing you to evaluate the
content of their sand, clay, peat. All this allows timely planning of plants for crops within the
same field, as well as taking into account the required proportions of fertilizers, which are
differently determined for soils of different types. It is clear that for the calculation not only
information on the state of soils, but also the yield on these soils in previous periods, as well as
information on the use of fertilizers in previous seasons is necessary.

To create a map of agricultural areas you can use drone, which is equipped with a
specialized camera to create images of the map of the state of crops, taking into account the
infrared reflection for the determination of the normalization difference vegetation index of
NDVI. It was found that on the basis of such images, it is possible to estimate the state of plant
health, the internal structure of the leaf, the content of chemicals, etc.

Earth remote sensing is also used for agriculture. The information that can be obtained
from this technology is the geo-physical characteristics of the earth's surface. Also, remote
sensing of the Earth allows you to get up-to-date information on the movement of underground
and groundwater. Such information can be used for irrigation and, in general, to form a
comprehensive assessment of the environment for sowing operations taking into account
possible risks. However, remote sensing of the Earth is expensive technology, which depends on
weather conditions, since the sensing takes place using aviation.

To reduce the cost of remote sensing the Earth can use small aircraft that do not depend
on clouds, because they fly significantly below the cloud level and can quickly transmit
information to the station for its prompt processing.

Geographic information systems can also be part of decision support systems. Such
systems are an effective tool for optimizing and automating the work of an agricultural
enterprise, which reduces risks and uncertainty, as well as increases profits. However, the
development of analysis methods is a complex task.

One of the classifications of geoinfrastructure systems is as follows:
Geographic geographic information systems.

Specialized geographic information systems.

Tourist geoinformation systems.

Cadastral geographic information systems.

Geoinformation systems for managing systems and processes.
Thus, the perspective tasks of the study are:

1. Sound research of known methods for analyzing digital images.

arowpnE
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2. Develop new and modify existing methods for analyzing digital images. The developed
methods should take into account the needs of the agricultural enterprise and determine the
maximum number of indices for the cultivation of crops with maximum efficiency.

3. Integrate the developed methods into the geographic information system, which
geoinformation technologies automates the processes of making operational decisions in
agriculture.

4. Verification of the developed system and methods of processing digital images in the
work of real agro enterprises.

Agriculture becomes more intelligent with the availability of modern technologies such
as precision equipment, Internet things (IoT), sensors and geo-positioning systems, unmanned
aerial vehicles, robotics, etc. The Internet concept of things in agriculture is becoming
widespread because of the many benefits it offers. This allows farmers to collect timely
geospatial information on requirements for soil plants, and to designate and apply plant-specific
plant-based treatments to increase agricultural production and protect the environment. Precision
farming is associated with high tech tools that are more precise, economical and user-friendly.
Recently, Global Market Insights opened a market report, according to which by 2024, the world
market of precision agriculture will reach 10 billion dollars.
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BukopucTaHHsI MAIIMHHOTO HABYAHHS B MOHITOPMHIY Oip:KOBHX MOKA3HUKIB

['ony6 C.B., Tonbaros JI.B., Uepkacbkuil nepaBHUN TEXHOIOTTYHUN
yHiBepcuTteT, Uepkacu, Ykpaina, dmytrotolbatov@gmail.com

Usage of Machine Learning in Monitoring of Stock Quotes

Holub S., Tolbatov D., Cherkasy State Technological University,
Cherkasy, Ukraine, dmytrotolbatov@gmail.com

Abstract

To predict the exchange rate algorithm can use a lot of input parameters: monitoring;
yesterday's values of exchange rates of other currencies; economic changes in a country that
produces this currency; changes in the world economy, etc. Thus, we create a solution that can
take a set of parameters and predict a new exchange rate based on the input data. As a result of
the experimental test, 70-75% of correctly classified observation points were obtained. The
combination of image recognition technology and prediction allows us to increase the accuracy
of the forecast in the conditions of a poorly informative array of input data.
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®onmoBl OIpkKi € BaXIUBUM €JIEMEHTOM (IHAHCOBOTO PHUHKY Ta i1H(PACTPYKTypH
cBiTOBOI (hiHaHCOBOi cuctemMu B wHioMy. DoHmOBa OipKa BHUCTYIAE OJHHM 13 PEryJsATOPiB
¢dinancoBoro puHKy [1].

Y TpaauuiiiHOMy mOporpamyBaHHi, HI00 OTpUMATH pIlICHHS, iHXXEHEpY HeoOXiITHO
po3poOUTH aropuT™M 1 Hammcatu Koj. IloTiM BiH 3ajmae BXiJHI MapamMeTpH, a peadi30BaHUN
QITOPUTM BXKE BUIAE PE3YJIbTAT.

Jis nmepen0adeHHs Kypcy BallOT MOJEIb MOXKE€ BUKOPUCTOBYBAaTH MHOKMHY BXIIHUX
napaMeTpiB: MOHITOPHHT; BYOpAIIHIA KypC; BUYOpAIIHI 3HAYEHHS OOMIHHHMX KYpPCIB IHIIMX
BAJIIOT; EKOHOMIYHI 3MIHU B KpaiHi, sIKa BUITyCKa€ JaHy BaJIOTY; 3MiHU B CBITOBiil €KOHOMIIII Ta
in. [3].

Takum 4MHOM, 3a JIONOMOIOK TPAAMLIHHOIO MPOrpaMyBaHHA MM caMi CTBOPIOEMO
pillleHHs, sIKe MOXKe MPUUHATH HaOip mapaMeTpiB i1 Ha MiACTaBI BXITHUX JAaHUX Meper0avyuTH
HOBUH KypC OOMiHY BaJtoT.

Jis BUpIIIEHHS TOTO 3K 3aBJaHHS METOJaMH MAallMHHOTO HaB4aHHs Data-iHxeHep
3aCTOCOBYE 30BCIM 1HIIMKA MiAXiA. 3aMiCTh TOTO, MO0 PO3POOUTH AITOPUTM CaMOCTIHHO, HOMY
HEOOXiJHO 310paTH MacuB BXiTHUX JaHUX, SIKUH Oyae BUKOPUCTAHUHN IS HAITiBABTOMATUYHOTO
nooymoBu mojeni [4].

Metoro € po3poOka METOAy IPOTHO3YBAaHHS, SIKH 3a0e3nedyBaB OH JIOCTATHIO
aJIeKBaTHICTh MPOTHO3Y B YMOBax ci1a00iH(GOpMaTUBHOTO MacuBY BXinHuX naHux (MBJI).

3anmadero € GopMyBaHHS OJHOPITHUX TOYOK crioctepeskeHHs B MB/ qacoBoro nepeTuny.

[Tomanpmia aBTOoMaTM3allis MPOIECIB OOPOOKM JaHMX B TEXHOJOTIAX KOHCOJiAaIii
iHpopmamii TmMOB’si3aHAa 3 YCYHEHHSM TpoOJjeM, TOB’S3aHUX 13 TIOE€AHAHHSM OIUCIB
JIOCIIJKYBAHOTO 00’€KTa, 110 MICTUTBCSA B PI3HUX (popMaTax — B MacHBax YHMCEIbHHUX JaHUX,
TEKCTOBUX JOKYMEHTaX, 3BYKOBUX (hailax Ta iHImMX. Byno 3ampormoHOBaHO TO€AHYBATH
PI3HOPIHI MOENI, 10 MICTSITh OMHCH IIbOTO O0’€KTa, B 1€papXidyHiil CTPYKTypi rnoOanbHOT
¢Gynkuii iHpOpMAIfHUX CUCTEM 0araTopiBHEBOTO KOMIT FOTEPHOT'O MOHITOPHHTY [2].

CporosHi, JIOAM BHUKOPHCTOBYIOTh IHTEJIEKTYaJbHUM MOHITOPUHI [UIl OTPUMAaHHS
B1JIOMOCTEH MPO BIACTHBOCTI 00’€KTa a0 MPOIeCy IUITXOM CTBOPEHHS Ta BUKOPUCTaHHS 0a3u
MO/JIEJIbHUX 3HaHb Ha eTarli 00poOKH pe3yiIbTaTiB CIIOCTEPEIKEHb.

[Ipu 3acTocyBaHHI TEXHOJIOTIl I1HTENEKTYaJIbHOIO MOHITOPUHIY JJisi MPOTHO3YBAHHS
OipKOBUX TIOKAa3HMKIB BHUHUKA€ HEOOXIAHICTh CHUHTE3y MOJEIeH-NPEIUKTOPIB Ha IiJCTaBi
HU3bKOIH(OpMaTuBHOI icTopii mnpomecy. KoxkHe HacTynmHe 3HAa4eHHS MPOrHO30BAaHOTO
HOKa3HMKa 0yJ10 cipuunHeHe (pakTopamu, Kl BUHUKIM B MUHYJIOMY.

MOHITOPHUHT — 11€ TEXHOJIOT1sl 3a0e3neueHHs 1H(pOopMaIli€ro MPoLeciB NPUUHATTS PILICHb
IIJISIXOM OpraHi3alii HemepepBHUX CIIOCTEPEXKEHb Ta 00POOKH iX pe3yabTarTiB. [HTeNeKTyanbHU
MOHITOPUHI Tepeadayae OTPUMaHHS BIAOMOCTEH NP0 BIACTUBOCTI 00’e€kTa abo mpolecy
IIJISIXOM CTBOPEHHS Ta BUKOPUCTAHHS 0a3yW MOJAEIbHHMX 3HAHb Ha eTami oOpoOKH pe3ylbTaTiB
CIIOCTEPEKEHB [5].

3arponoOHOBAaHO BUKOPUCTATH 0OaraTOpiBHEBY TEXHOJOTIIO CHHTE3y IPEAUKTOPIB,
NOEJHABIIM HAa MPOMDKHHMX pIBHSIX MOJENl, IO pO3B'A3YyIOTh 3aj1aul  kiacugikamii 13
NPEIUKTOPAMH, 110 € PO3B'SI3KOM 3a]1aui IPOTHO3YBAHHSI.

[Tpu moripiieHH1 SKOCTI BUXIAHUX CUTHAJIB MPEAUKTOP 3aMIHIOETHCS LUISIXOM CHHTE3Y
HOBOT MO/JIeJIi JTAHOTO 00’€KTa MOHITOPUHTY. 3aMiHIOIOThCSA 1 BC1 MPETUKTOPH BEPXHIX CTpaT, L0
3 HUM MOB'sI3aHI.

3amiHy MoJAeNeH-TIPeUKTOPIB 3a0e3Medye CHHTE3aTOpP 13 JBOXEIICTIOHHOI CTPYKTYPOIO,
Ha OCHOBI SIKOTO peai30By€eThCS MiJcCHCTEMa YIPaBIiHHS SIKICTIO IEPETBOPEHHS 1HPOpMaIIii.

Ha HmWKHBOMY eIIeNoHI MiJCUCTeMHU YIpPaBIiHHS 3a0e3MedyeThcsi CHHTE3 MoJeneii-
MPEIUKTOPIB 00’ €KTIB MOHITOPUHTY BIAMOBIIHOTO PIBHSL.

OCKUTbKM B YMOBax NMPOTHO3YBaHHs OipKOBUX MOKA3HMKIB 3a0€3MeUyeThCsl MPOBEICHHS
CHUCTEMaTUYHUX CITOCTEPEKEHb 3a KUIBKICHUMH Ta SKICHUMH TapaMeTpaMu O0'€KTIB y 30HAX
HiBUILEHOTO PU3UKY, TO MAaCHB BXIJHHUX JTAHUX MOCTIMHO MOMOBHIOETHCS T OHOBIIIOETHCS.
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[ToemHaHHS TEXHOJNIOTIT po3Mi3HaBaHHSA 00pa3iB Ta MPOTHO3YBAHHS JIO3BOJISAE MiIBHIIUTH
1H(OPMATHUBHICTh Ta TOYHICTH MPOTHO3Yy B yMOBax ciab0 iH(GOPMATUBHOIO MACUBY BXITHHX
JaHux [S].

3 MeTOr0 3a0e3MeUeHHsI YIPaBIiHHS SKICTIO MOZENeH BUKOPUCTOBYEThCS OaraTopiBHEBa
MiJICHCTEMa YIIPaBIiHHS SKICTIO TIepeTBOpeHHs iHdopmariii. [Ipu moripmeHHi sIKOCTI BUX1THHX
CHUTHAQJIIB MPEIUKTOP 3aMIHIOETHCS [UIAXOM CHHTE3y HOBOI MOJENi JaHoro o0’eKTa
MOHITOPHHTY. 3aMIHIOIOTHCS 1 BCl IPEAUKTOPU BEPXHIX CTPAT, 110 3 HUM ITOB'S3aHI.

OCKUTbKM B YMOBAax MPOTHO3YBaHHS Oip)KOBUX TMOKA3HMKIB 3a0€3MEUy€EThCS MTPOBEACHHS
CUCTEeMAaTUYHHUX CIIOCTEPEXEHb 3a KUIbKICHUMH Ta SIKICHUMHU IapameTrpamMu OO0'€KTIB y 30HaX
MiJBUIICHOTO PU3HMKY, TO MAaCHB BXIJHUX JaHHWX TOCTIHHO TOMOBHIOETHCS Ta OHOBIOETHCS.
Yepe3 MOXKIUBI pi3Ki 3MIHH BIACTUBOCTEH BXIAHUX JaHWX, 3a7adi MepeTBOpeHHs iH(opmartii
HaOyBalOTh JI0IATKOBUX TIEPEIIKoA. 3a0e3leuyeTbcs HEMepepBHE KOPUTYBAHHSA CTPYKTYpH
0aratopiBHEBOIO MPEIUKTOPA MIJISIXOM CHHTE3y HOBHX MojeIei [5].

Came ToMy METOIO 11i€i poOOTH OyiIa po3podKa TAKOT0 METO 1y MPOTHO3YBAHHS, 110 3yMiB
Ou HajgaTH HAWOUIBII MPaBUIBLHUK TMPOTHO3 BHKOPHUCTOBYIOYHM CIa00IH(GOPMATUBHUNA MacuB
BXIJJHUX JaHUX. B pe3ynbrari JOCTiPKEHHST HaM BlIajocs BipHO kiacudikyBatu 70-75% Touox
CIIOCTEPEIKEHHSI.
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Knacrepu3anis BXiZTHUX JaHUX JJIS MiIBUILIEHHS SIKOCTI HABYAHHS MO eJIeil
npu Kiacuikamii

ABpamenko A.C.,Yepkacbkuil HaI[IOHAJIbHUI YHIBEPCUTET IMEHI1
bornana XmenpHunpkoro, Yepkacu, Ykpaina, RedStar929@gmail.com

Classterization of imput data as a way to improve quality of learning of
models in ida classification

Avramenko A. Cherkasy State Technological University, Cherkasy,
Ukraine, RedStar929@gmail.com

Abstract

Proposed a method for IDA classification. Classifiers made from models that is
synthesised using the characteristics of IDA. Improvement of accuracy and quality in
classification models achieved by clustering the input data arrays. Best algorithm of model
synthesis is selected for each cluster in the input data arrays. Effectiveness of the improved
method was experimentally confirmed. Time for restructuring of models reduced by 60%. Errors
of modelling is not significantly worse.

OCHOBHMM 3aBJaHHSM TEXHOJIOTIH MOHITOPHUHTY € He mume 30ip iHdopmamii o
XapaKTepUCTHKaX 00 €KTy MOHITOPHHTY alie 1 3a0e3neueHHs iH(popMalli€to mpouecy NpuiHATTS
pimeHb. [Hdopmaliss OTpUMYyeTbCS B pe3yJbTaTi MOJENIOBAaHHS BJIACTUBOCTEH 00’€KTa
MOHITOPUHTY Ha OCHOBI JJaHUX, OTPUMAHMX B MPOIIECI BUMIPIOBAaHHS YHCEIbHUX XapaKTEPUCTHK
IILOTO 00’ €KTa.
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['070BHUM 3aBJIaHHSM MOJICTIOBAaHHS B MOHITOPUHIOBHX CHCTEMax € 3a0e3leyYeHHS
iHpopMarli€ero mporecy NpUHHATTS pimeHb. Ll indopmaris 3100yBaeTbesi 3a pe3yabTaTaMu
MOJICTTIOBaHHSI BJIACTUBOCTEH 00’€KTa MOHITOPUHTY Ha OCHOBI JAaHUX, OTPUMAaHHUX B IpOIleci
BUMIPIOBaHHS YHCEIBHUX XaPaKTEPUCTHUK LHOTO 00’ €KTA.

Came 3apa3 MEpCHEKTUBHUMHU CHCTE€MaMHU MOHITOPUHTY € CHUCTEMH 3aCHOBaHI Ha
TEXHOJIOTIi OaraTOpiBHEBOTO MEPETBOPEHHS JaHMX, sIKA peayli3oBaHa y BUTIIAAL iHpOpManiiHOi
CHUCTEMHU 3 1€EpapXiYHUM IMOETHAHHSAM OararornapaMeTpUIHuX Mozelew [ 1].

Taki Mozeni CHHTE3YIOTHCS 3a JOMOMOIOI0 IHAYKTHBHHMX aJTOPUTMIB, HEHPOHHHX
MEpeX, TCHETUYHUX aJTOPUTMIB Ta IHIMUX. B maHiil TexHoJorii creHapiii BHOOpY alropuTMy
cuHTe3y OararonmapaMmerpudHux wmojeneir (ACM) peanizoBaHO MNUISIXOM MOCHIJOBHOTO iX
BUIPOOYBaHHS Ta BUOOPY kpamoro [1]. ami 3 cuHTe30BaHuX Mozelel (popmyeTbes iepapXis.

Mogeni Ha KOXHOMY piBHI iepapxii po3B’s3yIOTh JIOKaJbHI 3a/adi 3 MEPETBOPCHHS
naHux. B Takux iepapXiyHUX CTPYKTYpax MOKIJIMBE MOEJIHAHHS BEJIMKOI KUIBKOCTI MOelneH, a
came, Bif II’ATOECATH 1 OLIbIIIE.

B mporeci MOHITOpMHTY KpPHU30BHX CHUTYaIllli BJIACTUBOCTI MAacHBY BXIJIHMX JaHHUX
MOCTIHO 3MIHIOIOTBCS. TOMY iCHYe BHCOKa MMOBIpHICTH TOTO, 110 OJHA a00 JEeKiIbKa MoJeei
MOKYTh IOYAaTH BHUJIABATH HE aJIEKBaTHI pe3yNbTaTu. J{Js BUMIPABIEHHS TaKUX IOLIKOIKEHB)
IPOBOJIUTHCA 3aMiHA IIMX MOJENEH 3 iX MOBTOPHUM CHHTE30M Ta CHHTE30M YCiX MoJelne, sKi 3
HUMU TI0B’SI3aHI.

[Tporiec cuHTE3y YCIX «IOIIKO/DKCHHUX» MOJENEH Ta MOJeNed, sSKi 3 HUMH TIOB’s3aHi,
3aiiMae MOCUTh TPUBAIHIA yac. TpUBaIiCTh MPOLECY CUHTE3Y 3aJIeKHUTh BiJ] KITLKOCTI MOJIeNel B
CTPYKTYpI.

3BakalouM Ha Te, M0 B YMOBax KPHU30BOTO MOHITOPHUHTY Ha OOTPYHTYBaHHS pIIICHb
BUJUSIETBCS HE OlbIe 2-3 XBUJIMH, a BIIACTUBOCTI MacuBY BXigHUX naHuX (MBJ]) 3MiHIOIOTBCS
JUHAMIYHO, € HEOOXIAHICTh B 3MEHIIICHHI Yacy MepeHaBUaHHs l€papXiyHOi CUCTEMU MOJIENEH.
Mu 1bOTO JOCATAEMO MUISIXOM yIOCKOHANIEHHS Tpoliecy BUOOpy kpamioro ACM i3 icHyro4oro B
cuHTe3aTopi ix mepeniky. [Ipouec mocnigoBHoro BunpoOyBanus ACM 3aMiHIOETHCSI Ha TPOIIEC
pO3Mi3HAaBaHHA MOro Kpalloro BaplaHTa cepes MPUCYTHIX B CHHTE3aTOpl MOJENEH NIIIXOM
3aCTOCYBaHHS BUpimIyro4oro npasuia [3]. Lle mpaBuio Mae BUTIIST MOTIHOMIATBHOI MOJIENI, 110
cuHTe30BaHa oaHuM 13 amroputmiB MI'YA [1]. Hana wmogmens kiacudikye MBJ] 1o
BignosigHoro ACM (puc.1).

MBA, 1 — |——| Knacudiratop 1 ACM 1
o T e I o
o H
= g
© g
MBL 2 = — £ |— HKnacudikatop 2 ACM 2
< g
= i
© — ) o
= 13
x
MBA n I |——| Knacudiratop m ACM m

Pucynok 1. Cxema BUKOpUCTaHHS KJ1acu(iKaTopiB.

Jns  po3mizHaBaHHS ~ HaWKpalloro ajaropuTMy CHHTE3y  Mojeneil  moTpiOHO
BUKOPUCTOBYBATH MOJENb, MOOYJOBaHY OJHUM 13 1HAYKTHBHHMX aJTOPUTMIB — HAIpPUKIAJ,
METOJIOM TPYIOBOTO ypaxyBaHHs apryMeHTiB [2]. Bukopucrtanus kimacudikaropa Ha OCHOBI
Mojeni, oTpuMaHoi 3 jgomomororo MIYA, ckmagaerbcss 3 JABOX €TamiB: 3HAXOJKEHHS
ONTUMAJIBHOI CTPYKTYpH MOJIENi, Ta HaBYaHHS MOJeNl Ha Tabiuuui, Mo 3a1a€ (QYHKIIO
kiacugikanii; BUKOPUCTaHHS CTBOPEHOI MOJENI A PO3IMi3HAaBaHHS HAMKPALIOro ajaropuTmy
CHUHTE3Y MOJIEJEH.
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[Ipu BuKOpHCcTaHHI KiIacudikarmii MBUIKICTh MEpEHABYAHHS CUCTEMHU 3POCTaE, aje MpHu
IIbOMY 3pPOCTa€ 1 MOXUOKa MOAETIOBAaHHs. TakoX B pe3ysbTaTi TOCITIIXKEHHS 3alpOIIOHOBAHOTO B
[4] Meromy Oyno BHUSBJICHO psa HEAONIKIB. A came, NMpoOJEeMaTUYHICTh B 3a0e3leueHHI
QITOPUTMY HaBYaHHA KiacupikaTtopiB skicHuMu ganumu. KopucryBady norpiono 3uaiitu MB/],
SIKi J0Ope HaBYAKOThCS MPEJICTAaBICHUMH B HamoMy Habopy ACM anroputmamu. [Ipore koxeH
takuii MBJI, mo Moxke CKIamaTHUCs 3 COTEHb THUCSY CIIOCTEPEkKEHb, (GOPMYye JIMIIE OJHE
CIIOCTEPEIKEHHS IMPY HaBUaHHI Kiacu(iKaTopiB, a I SKICHOTO HaBYaHHS MOXKe OyTH HEOOX1THO
coTHI a00 THUCAYI TaKUX CIIOCTEPEXKEHb. TOMY 1€ BUMarae BiJl KOPHCTyBaua BEJIMKOI KiJTbKOCTI
3yCHIIb JUTsI 3a0€3MeUeHHs TI0CTaTHROI KijlbkocTi MBJ] Ta oTprMaHuX 3 HUX CHIOCTEPEKEHb.

Jns ycyHeHHs 1i€i mpoOieMH HaMy 3alpolOHOBAHO MOJAJIBIIE TMOKPAIICHHS METOIy
knacudikamii ACM numsixoMm Kiacrtepusaiii JaHUX, IO BHKOPHUCTOBYIOTHCS JIISi HaBYaHHS
kiacudikaropa (puc.2).

KNACTEP 1 ACM 1 —
KNACTEP 2 — ACM 2 —
M Bﬂ || Ompumanna M Bﬂ
XBpPaKTepUCTUK
Knacudikatopa
KNACTEP n ACM m ]

Pucynok 2. Cxema BUKOPUCTAaHHS KJIACTEPIB Y HABYAHHI KJIacU(pIKaTOPiB.

Koxxen knacrep Oyne matu CBiff IepeniK XapakTepUCTUK Ta cBii Haiikpamuih ACM no
SKOro ioro motpibHo Oyne kmacudikyBaru. Otmxe 3 kKoxkHoro MBJl Oyzxe oTpuMaHO HE OJHE
CIIOCTEPEXKEHHS, a JEKUIbKa B 3alle)KHOCTI BiJl pe3ynbTaTiB KiacTepusamii. Jlanuit miaxig
MOBUHEH CIIPOCTUTH poOOTY 1O 3a0€3MeUeHHI0 JAHUMHU ITPOLIECy HaBYaHHS.

Mertoro 1i€i poOOTH € 3MEHIIEHHsI Yacy CTBOPEHHS CTPYKTYpH iepapxii mozeneil 6e3
3HAYHOI BTPATH TOYHOCTI Pe3y/bTATIB MOJEIIOBAHHS Ha BUXO/Il CUCTEMH.

Jns  nocsrHeHHs TmocTaBieHoi MeTH Oyna cgopMmoBaHa Trimore3a Mpo Te, IO
crioctepekeHHs B MBJ[ MOXIIMBO KJIaCTEPU3YyBaTH Ta KOKEH KJIACTEP MOYKHA HABYaTH OKPEMO.
Koxxen knactep Oyzne matu CBilf Iepesik XapakTepUCTHK Ta cBii Haiikpaumiit ACM no skoro
Horo Oyne knacugikoBano. Lle 3a0e3neunTs BUpIlIEHHS TPOOJIEeMH 3 KUIBKICTIO Ta AKICTIO JaHUX
JUIs HaBYaHHS KJI1acu(ikaTopiB.

ChopmynpoBaHa Tinmore3a Oysa HepeBipeHa €KCIepUMEHTaNbHO. Bupiiryrode mpaBuiio
CTBOPIOBAJIOCH 32 JIOMOMOrow OaratopsaHoro anroputMy MIYA [2]. B skocti
kinacudikaniiaux ozHak MBJ[ BukopucTroByBaBcsi HaOlp XapaKTE€pPHUCTUK, 3alIPOIIOHOBAHUMN B
[3]. Ans mpoBeaeHHs JOCHIDKEHHS B IHCTPYMEHTI OyJo peasizoBaHO MeTo Kiactepusanii K-
cepenHixX, MiHIMaiabHOTO AepeBa [S]. Biactani Mk 00’€KTaMH BHU3HAYAIOTHCS 3a JIOMTOMOTOIO
BifcTaneit EBkiina, YUebumena ta L-Hopmu [5].

Anroput™m nounHaetbes 3 oTpuManHs [1O Tta dopmyBanns MBJ] 3 vporo. Hactymaum
KPOKOM € BUKOPHUCTaHHS oOpaHoro meroay uis kiacrepusauii MBJI. [lami koxkeH kmactep
00pOOITIOETHCST OKPEMO JIJISI HBOTO MPOBOAUTHCS HaBYaHHS yciMa 3anpornoHoBanuMu ACM micist
yoro oOupaerbcst HaiOumbm npugatHuil ACM. Jlami 3 kiactepa OTPUMYIOTbCS HOro
xapaktepuctuku [3]. Otpumanuii Hablp XapakTepucTuk nomimaersess y MBJI knacudikaropa
1o BignosigHoro ACM.

Jns cuHTe3y Mojeneld NaHOTO JOCTIIKEHHS BUKOPHUCTaHI pe3yJbTaTH MOHITOPUHTY
3aXBOPIOBAaHOCTI HaceneHHs Yepkacbkoi obnacti Bripogosxk 2000-2014 pokis [1].

HocmimkenHs abcomoTHOTO (prc. 3) BIAXUIICHHS MOKA3aJlo, 10 3aCTOCYBAHHSI MPOIIECIB

KJIacTepu3allii TaHUX JO3BOJIsI€ 3HU3UTU MOXUOKY MOJENIOBaHHS B cepeiHboMy 10 10%.
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Pucynok 3. [TopiBHsIHHS a0CONIOTHOT TOXUOKHU.
[Ipu mocnimkeHHi yacy HaBUaHHS Mojeiel (puc. 4) 3 BUKOPUCTaHHAM KIlacTepH3alii
OyJ70 BUSIBJICHO HE3HAYHE BIAXWUJICHHS B MOPIBHSAHHI 3 CTaHJAPTHUM METOAOM Kiacudikaiii B
00cs31 10 5%.
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Pucynoxk 4. [TopiBHAHHS Yacy HaBYaHHS/ IEpEeHABYaHHS.

B npoueci nocnimxeHHs: 0yia0 BUSABIEHO, 1110 OuIbIIa TOYHICTh MoJenell kiacudikaTopa
NPU3BOJMTH JI0 BHIAAKIB (PalBIIMBOTO CHpPAIIOBAHHS. A II€ B CBOIO 4Yepry NPU3BOIHUTH O
BIIOBUIBHEHHS aJropuTMy. Takoxk HallKkpaliuM METOJ0M KiacTepHsallii B JaHUX yMOBax
BUSIBUBCSI METOJ] MiHIMAJTLHOTO JIEPEBA, a HAMKPAIIIOI0 METPUKOIO BifcTaHl L-HOpMa.

Hactynni pocnimpkeHHs OyAyThb NPUCBSYEHI IMOAAIBIIOMY IIpOLECY MapamMeTpUyHOi
ONTHUMI3aIii OMHCAHOTO METOJy. TakoXX Oyne TOCHIKEHO MOKJIIMBI CIIOCOOW BITI3HAHHS
KJacudikaropaMu He TUIBKU IPUAATHOCTI aie 1 akocTi oopanux ACM Ta iX paHKyBaHHS.

3pocTaHHs TOXWOKM MOJIETIOBaHHS B METOMl [4] € «Iu1aTor» 3a CKOPOYCHHS Yacy
CHHTE3Y MoJiesiell. 3BaykalouM Ha Te, 10 B CTPYKTYpi iH(popMalliifHOT cucreMu 6araTopiBHEBOTO
MEPETBOPECHHS JaHUX MICTUThCs Bim S50 moxened 1 OUIbIe, BAAETHCS JOCITTH 3HAYHOTO
CKOPOYEHHS Yacy ajanTaiii CTpyYKTypd CHUCTeMH 10 3MiHM BiactuBocred MBJI. B ymoBax
KPHU30BOTO MOHITOPUHTY Taki pe3yJbTaTH JAalOTh HAIII0 HAa MOXJIUBICTh 3aCTOCYBaHHS
MOHITOPUHIOBHX 1H(QOPMAIIIHHIUX CHCTEM 13 TEXHOJIOTiIMH OaraToOpiBHEBOI'O MEPETBOPEHHS
JAHUX JUIS TATPUMKH MIPUAHATTSA PIIICHb 13 JIOKai3allii HacHiIKiB HaA3BUUYaHHUX CUTYaIlii.
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[Ipotre B neskMx BUMNAJKax JaHa <«IUlaTa» HE JONyCTUMAa 1 aJIrOPUTM IOBHUHEH
BpaxoByBaTH Iie. ToMy 3amporoHoOBaHa B JaHii poOOTI MojepHi3amlis I03BOJIsiE HAOIM3UTH
MOXHOKY MOJENIOBAaHHS 10 PE3yJbTAaTiB MOBHOTO mepedopy. B cepenmnboMy B MOpIBHSHHI 3
noBHUM mepebopom moxubOka He mnepesumrye 10%. B ganomy Meroai 3MEHIIEHHS — 4acy
nepedy0BU CTPYKTYPHU MOHITOPUHIOBOI 1H(OpMALIHHOT cUCTEMU A7l PO3B’SI3KY HOBUX 3ajiay B
yMOBaxX HaJ3BHYAHUX CHUTyallii K 1 paHille JOCATAaETbCcA IUIAXOM PO3B’A3KYy 3amadi
pO3Mi3HABAHHS KpaIlOro aJIroOpuTMy CHHTE3Y MOJEIEeH 3a IPaBUIOM, LIO0 CTBOPEHE 3a
Oararopsagaum  anroputMoM  MI'YA. Ilpore mnokpameHHS pe3yabTaTiB  MOJEIIOBAHHS
JIOCSTAEThCST 3aBASKM TIOMEPEIHINA KiacTepu3allii JaHuX Il HaBYaHHI KiacupikaTopiB, IO
NOPU3BOJUTH 10 30UIBIIEHHS iX SKOCTI Ta KUIBKOCTi, MPH BUKOPUCTAHHI TUX CaMUX HaOOpiB
JIAaHUX 1110 1 TOTIEPETHIA METO/I.

TakuM YMHOM 3alPONOHOBAHUN BJIOCKOHAJIEHUH METOJ Kiacu]ikalii MacHBY BXiIHUX
JaHuX B iHQOpMaIIHHUX cUCTeMaX 0araTopiBHEBOTO MOHITOPHUHTY.
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OcHOBHA MeTa MOHITOPHUHIY IIACAKMPONOTOKY B MiCTi

Ky3ueno A.B., Uepkacbkuil HallloHaJIbHIN yHIBepcuTeT iMeH1 boraana
XwmenbHuipkoro, Yepkacu, Ykpaina, Angreanol3@mail.ru

The main goal is to monitor the flow of passengers in the city

Kuznetsov A., Bohdan Khmelnytsky National University of Cherasy,
Cherasy, Ukraine, Angreanol3@mail.ru

Abstract

To date, it is simply impossible to imagine the life of an ordinary citizen without a city
transport. Every day transport companies carry thousands and thousands of citizens. Urban
transport has become an integral part of the lives of more than 50% of the residents of the city.
As the population grows in the city, the transport of passengers should increase and develop.

The main problem of urban transport is the overload of transport lines, which is caused
by many factors. One of these factors is the large number of congestion in cities, which does not
allow you to correctly calculate the number of transport units on the route. A rapid increase in
the population of the city, especially in large cities, is another factor in the overload of transport
lines. The high cost of servicing and maintenance costs make transport company owners shrink
the number of transport units, which inevitably leads to overloading of transport lines.

Thus, the main task is to create an intelligence system that will collect data on the number
of passengers on a particular transport route and analyze these data in order to have a certain idea
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of how it is necessary to develop a schedule on the route, how many transport units it will need
to move passengers as comfortable as possible.

Ha cporoanimHii JeHb MPOCTO HE MOKJIMBO YSBUTH >KUTTS MEPECIYHOTO JKUTEINS MicTa
0e3 Micbkoro TpaHcrnopty. KokeH IeHb TpaHCHOpPTHI KOMITaHii MEepeBO3SATh THUCAYl 1 THUCAYI
rpomansH. MiCbKUI TPaHCIIOPT CTaB HEBiJ €MHOIO YaCTHHOIO XKHUTTA Ounbiue sk 50% sxureneit
Micta. I3 30iUIbIIEHHSAM HACeJIEHHS Yy MICTi, TOBHHHO 30UIBIIYBAaTHCS 1 pPO3BHBATHUCS
TPAHCIOPTHE 3a0€3MEUCHHS TACAKUPIB.

OCHOBHMMH BHJIaMH MiCBKOTO TPAHCIIOPTY €: aBTOOYCH, METPO, TposieibycHu, Tpamsai. Ix
rOJOBHA 3ajada, 3a0e3MEUNTH NEPEeBE3CHHS MMACaKUPIB MO BCHOMY MICTYy B HAWKOPOTIIi
IPOMDKKH Yacy, 11100 He CIIPUUMHATH KOJIAIICH Cepell )KUTelel MicTa.

["osioBHA mpo6sieMa MiCBKOTO TPAHCIIOPTY € TMEPEBAaHTAXKEHHS TPAHCIOPTHUX JIiHIH, fKa
cripuurHeHa O6aratbma dakropamMu. OgHUM 3 TaKuX (PaKTOPIB € BeJIMKa KUIbKICTh TPAHCITOPTHHUX
3aTOpiB y MiCTax, 110 HE JIa€ 3MOTH MPABMWIBHO MPOPAXyBaTH KUIbKICTh TPAHCIOPTHUX OJMHUIIB
Ha MapmpyTi. CTpiMKe 30UTBIICHHS KUTBKOCTI HACEJIEHHS MICTa, OCOOJIMBO 1€ CTOCYETHCS
BEJIMKMX MICT, Ile OOWH (pakTop TepeBaHTaXCHHS TPAHCIOPTHUX IiHiA. Benmka BapricTh
00CIIyroByBaHHS Ta €KCIUIyaTalliiiHI BUTPaTH, 3MYLIYIOTh BJIACHUKIB TPAHCIOPTHUX KOMIIaHIN
3MEHIIYBaTH KUIBKICTh TPAHCIIOPTHUX OJWHHIB, IO HEMUHYYE Bele N0 IEepPEBAHTAKECHHS
TPaAHCIIOPTHHX JIiHIH.

Lls cuctema Oyme Qyke KOPHCHOIO JUIS BIACHUKIB MICHKUX TPAHCIIOPTHHX KOMIIAHIH.
OcHOBHa L11JIb TPAHCIIOPTHOI KOMIIaHIi JJIs BIaCHUKA — 11€ 301IbIIeHHs NPUOYTKY, Ul Hacakupa
— e KOM(OpTHE TepecyBaHHS MK 3yMUHKAMH y Haiikopormii cTtpokd. OTxe, I cUCTeMa
[IOBUHHA BHPIIIUTU MpoOsieMy, SK BJIAaCHUKA TPAHCIOPTHOI KOMMaHii Tak 1 3BUYaHOIO
nacaxupa.

IcHyro Garato MeTOiB MOHITOPHHTY TACAXHUPOINOTOKY [3]:

- HEaBTOMATHU30BaHi (AHKETHUH, TATIOHHUH, BI3yaJIbHH );
- aBTOMaTHU30BaH1 (KOHTAKTHUNA METO/1, HEKOHTaKTHUM).

AHKETHUH MeTOJ, B OUIBIIOCTI BUMAJAKIB Mependavyae Oe3mocepeqHE OMUTYBAaHHS
HaceJIeHHs a00 3alOBHEHHS TEBHUX aHKET MPO XapakTep 1 HANPSIMKH PEryISIPHUX MOi3/I0K Ha
MICBKOMY TpaHCHOpTi. 3a JAaHUMHU IIMX AaHKET MO>KHAa BHU3HAYUTU JOLUIBHICTH BUKOPHCTAHHS
PI3HUX BUJAIB TPAHCHIOPTY, PAL[lOHAJIBHICTh PO3TAIlyBaHHS MOYAaTKOBUX 1 KIHLEBUX 3YNHUHOK, Ta
yac KM Macakxup BUTpauyae Ha moi3aky. Hemosikom 1bOoro MeToay € CKJIAAHICTh B 0OpoLi
aHKET, TOMY 3 METOI0 3MEHIIEHHs TPYAOMICTKOCTI B 00p0o011i, BUKOPUCTOBYIOTH CIEI[lai30BaHI
KOMIT FOTE€PHI IPOTPaMH.

TasoHHUIT MeTOoN, CHHMPAETHCS HA KUIBKICTh MPOJAHMX KBUTKIB, KBUTKOBO-OOJIIKOBHX
JMCTIB, SIK1 3allOBHIOE KOHAYKTOP B KiHLI MOi3aku. KpiM mpojaHuX KBHUTKIB MOTPIOHO TaKoX
BpaxOBYBAaTH MAcaKUPIB, SKI MAIOTh MUIBIOBI OCBIJYEHHS, CTYK00B1 MOCBITYEHHS Ta OCOOH SIKi
MaloTh NpOi3HUKH KBUTOK. lleil Meron € HalpO3NOBCIOMKEHININM IPU  MOHITOPUHTY
[acaXUPOMOTOKY, 00 BiH aOCOJIIOTHO HE 3aTpaTHUM Ta Mae€ JOCUTh HENOTaHy TOYHICTh MpHU
JTOCIIIIKEHHI.

BisyanbHuit MeToJ], CITy’KUTh Ha MapIIpyTax 13 BEJIMKUM Macakupoodirom. OOikoBIi, a
YacTile KOHAYKTOp a00 BOJIN Bi3yadbHO BU3HAYAIOTh HAIOBHEHICTh TPAHCIOPTY 32 YMOBHOIO
0albHOIO CHCTEMOIO, I1i 0alli MOTIM 3alOBHIOKOTHCS B CICLiadbHy TAaONHI0. B KiHI 3MiHH
oOyikoBa TabmuLs 34a€ThCA JUCHETYepy, SAKUM Oyaye meBHUH Trpadik 3amOBHEHOCTI
TPaHCHOPTHOTO 3aco0y Ha MapupyTi. Lleil MeTon Mae meBHYy MOXMOKY NpH Bi3yalbHOMY
HiIpaXyHKy TOMY HE KOPUCTYETHCS BETMKOIO TIOMYISIPHICTO.

KonrtakTHuil MeTO/1, 3ayd4eHuil Ha MigpaxyHOK MacaKUpiB SKI BXOAATh Ta BUXOJATH, 32
JIOTIOMOTOI0 KOHTaKTHHX CXOJMH. B CXOMWHKM BMOHTOBaHI NMPHWJIAAW SIKi MPAIIOIOTh B Tapi 3
nemupaTopoM, s KOJIU MacaKUpP HACTYMAE Ha CXOAMHKY BiH MiIpaxoBYe 3arajibHy KUIbKICTb
nMacaxXupiB sKi 3almmy Ha BuUWnUM. llel MeTon Mae gyxe BETUKYy IMOXHOKY 1 TOMy HeE
BUKOPUCTOBYETHCS JUIsI MOHITOPUHTY MaCaKUPOIOTOKY.
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HekonTakTHHIl MeTON, OCHOBaHMI Ha BHUKOPHUCTAHHI JAYUKIB SIKI BCTAHOBIIIOIOTHCS B
JBEPHUX OTBOpaX 1 CKaHYIOTh KIJIBKICTh MACAKUPIB SAKI 3alIUIM TaKk BUHILIM Ha KOXHIN
3YIIWHIN, 3amaM’sTOBYE Ta Mepefae iHGopmarlilo Ha 3amam’sITOBYBAIBHUN TPHCTpid abo Ha
6oproBuii komm’torep. Lleit MeTox JsbKe B OCHOBY 1HETENEKTYalIbHOI CUCTEMH, sIKa MA€ TOCUTh
HEIOTaHy TOYHICTh MMPH MiaPaxXyHKY.

3 yChOro KOMILIEKCY CUCTEM MICHKOTO MacakUPChbKOT0 TPAHCIIOPTY MaplIpyTHA CUCTEMA
HaKOLIBII THYYKA 1 miggaerses 3minaM [2]. 1Ii 3MiHM MOKYTh OyTH ITOB’sI3aHi 3 pOCTOM MICTa,
nepe0yI0BOI0 PEKUMY TPYAOBOI Ta KYJIBTYPHO-TIOOYTOBOI MiSUTBHOTI HACEJICHHS a TaKOXK
IHIIUMHU (haKTOpaMH.

O06'emoM macaxupornepeBe3eHb A Ha3MBaIOTh KIJIBKICTh MAaCaXUPIB, NMEPEBE3CHUX HA
MIEBHOMY MapIIpyTi, TUISHI Mepexi, abo Ha BCid JiHIT JaHOTO BUAY MICBKOTO MaCaXHUPCHKOTO
TpPaHCIOPTY a00 HA BCiH T 32 OAMHHUIIIO Yacy (TOAMHY, 100y, Micsib). KiTbKICTh Tacaxupis,
NepeBe3eHMX 3a MepioJl crocTepeskeHHs T, O4eBUAHO, PIBHOZHAYHO KUIBKOCTI BUKOHAHUX 3a IIei
Yyac MapHIpyTHUX Noi310K. OTxke 00'eM macaxkuponepeBe3eHb 00uucioemMo 3rigHo (1):

A= zi @)
ij T

B mnosnauenni Aij mepmuii 3 1iHAEKCIB 1 OyaemMoO BBaXaTH IHAEKCOM IYHKTY
BIJIIIPABIICHHS, OPYTUH | - 1HACKCOM MYHKTY mpuOyTTs. BignmosimHo mig Aij OyneMo po3ymiTu
KUTBKICTB MOT3/I0K 3 1 B j 3@ MEePioJ1 CrIoCTepekeHHs T.

Kinpkicte kopecnonaeHuii Aij 3 1 B j, OYEBHUIHO, JAOPIBHIOE KUIBKOCTI TMOCAIOK,
3MIHCHEHWX B IMYHKTI 1 Ha HampsMOK j, a0 BUCAOOK B MYyHKTi j 3 Hampsmy i. Tomy obcsr
nacakuporepeBe3eHb A, Moke OyTW BHM3HAQU€HHUH $K cyMmMa NacakupiB, SKI YBIWIUIM B
TPAHCHOPTHI 3acCO0M B MyHKTaxX mocaaku (ABX) a0o 3iimum B myHKTax BUCAagku (ABHX) 3a
OJIMHUIIIO Yacy (rouHy, 100y, MicAllb) 3rigHo (2):

Aex _ Asux
A_iz T _Z,-: T @)

VY TpaHCHOPTHUX pO3paxyHKax 3a OJMHUIII0 Yacy HalyacTille NpuiMaroTh TOANHY, 100y
a0bo pik.

O06'eMoM TpaHCHOPTHOI poOOTH, a60 macaxupoodiroM, (mac-KM/roj, mac-km/mo0., mac-
kM/ron). Ha3uBaroTh KUIBKICTh NEPEBIPEHUX TPAHCIOPTOM HA MEBHOMY MICHKOMY MapIIpyTI,
JTUISHII TPaHCIOPTHOI Mepexi, Ta Ha BCIH Mepexi JaHOro BHUJIY MICBKOTO IMacakKupChKOro
TpaHcmopTy ab0 Ha BCIX MepeXal 3a OJWHUII0 Yacy (TOAWHY, 100y, MICSIb) IMacaKupo-
KiJIOMeTpiB a00, 1HAKIIE KaXKy4dH, CyMy JOBXKUH YCIX MOI3Z0K 3a JIOCII/KEHY OJMHUIIO Yacy.
ko lij — BigCTaHp MacaXXUPChKOI MOi3/KH, a Alj IO TPAHCTIOPTHIA Mepexi, TO 3rigHo (3):

.
Q:;%i 3)

[TpoTsKHICTH MapIIPYTiB B OUIBIIOCTI BUIAJKIB BCTAHOBIIOIOTH Tak, 1100 3a0e3MeUnTH
MaKCHMaJIbHO KOMGOPTHUH 3B'I30K MIXK IMYHKTaMU SIKI AaCaKUPHU Hal4acTilie BUKOPCTOBYIOTb.
Arne ne He O3Hayae, IO JOBXKMHA MAapLIPYTy IOBMHHA BIJIMOBINATH BIJCTaHI MO JiHIi
TPAHCIIOPTY MK 3a3HAUEHUMHU MyHKTaMH. TOAl HPOTATOM BCHOIO MapIIPyTy BigOYBa€eThCS
GaratopazoBuii 0OMiH macaxupiB. Jlyke BaKJIMBOIO XapaKTEPUCTHUKOIO TEPEBE3CHb € TaKOX
cepemHs ToBKWHA Noi3nku Lep (4), iIKy MOKHA BU3HAYUTH SIK CEPETHE JOBXHH BCIiX MOT3/I0K Ha
JTAHOMY MapuIpyTi abo 1Mo Mepexi B IIJIOMY:

I
L, =2 @)
ij
e N - 3arajgbHa KIJIBKICTh TOI30K MACaXHPIB.
OpnHak po3paxyHOK CEpelHbOI JTOBXKHHU MOI3IKU MO (popmyni (4) TpyAOMICTKHM, TOMY
BEJIMUMHY CEPEIHBOI JOBKUHU MOi3I0K MOKHA BU3HAYATH 13 CHIBIAHOLIEHHS (5):
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Lep =2 )

[Ipu 3mimranoMy IUTaHYBaHHI MiCTa, KOJU MPOMHMCIIOBI pallOHU 1 KYJIbTYpHO-TTOOYTOBI
[EHTPU PIBHOMIPHO PO3MOJUICHI MK JKHTJIOBHMH pPallOHAMH, CEPEIHS JOBXUHA TMOI3IKU
ICTOTHO MEHIIIE, HDX Yy BUIAJKy BHHECEHHs NMPOMHCIOBHX 30H 32 MEXI MiCTa, HANpPUKIAI, 3
CaHITapHO-TIT€HIYHUX MipKyBaHb. B OCTaHHBOMY BHUIIAQAKY NPH Till ke YUCEIbHOCTI HACEICHHS
MicTa OyayTh OuIbIIe 1 OOCAT MacaKUpomepeBe3eHb A 1 00car TpaHcmopTHOI podotn Q 3a
paxyHOK 3017IbIIEHHS YaCTKU HACEJICHHS, BUMYIIIEHOTO KOPUCTYBATUCS TPAHCIIOPTOM, B TOH 4ac
SK B MICTax 31 3MIIIaHUM IUIaHYBaHHSM 3HAa4HA YacTKa MepecyBaHb Oy/1e 3MIMCHIOBATHCH MIIIKH.
He3Baxaroun Ha MeHIMKA OOCSAT macakMponepeBe3eHb, EKOHOMIYHI IOKa3HUKUA pPOOOTH
HiAMPHUEMCTB MICBKOTO MACaKHUPCHKOTO TPAHCIIOPTY B MICTax 3i 3MilIAaHUM IUIaHYBaHHSM
MOXYTh OYTH 1CTOTHO BHILE, HDK B MICTax 3 BUAUICHUMH MPOMHUCIOBUMHU 30HAMH B 3B'SI3KY 31
3MEHIIICHHSM IMMUTOMOT YaCTKH TPAHCIOPTHOT poOOTH, 1110 MPHITAJA€ HA OJHOTO MACAKHUPA.

BuBueHHS MacaKUPOMOTOKIB TO3BOJISIE BUSBUTH OCHOBHI 3aKOHOMIPHOCTI 1X KOJUBAHHS
JUIT BUKOPUCTaHHS Pe3yJIbTaTiB OOCTEKECHb B IUIAHYBaHHI Ta OpraHi3ailii nepeBe3eHb. [Hakie
KaXY4H, XapakTep 3MiHM NacCaKUPOMOTOKIB Ha MaplIpyTax i B HIJIOMY IO KOHKPETHOMY
HACEJICHOMY IIYHKTY MiJMOPSIIKOBYEThCS TIEBHOI 3aKOHOMIPHOCTI, TOMY CHCTEMaTHYHE
BUSIBIICHHSI PO3IMOAUTY ITaCaXKUPOMOTOKIB 32 YacoM, JOBXKHHI MapmipyTiB 1 HamNpsSMKIB €
OCHOBHHM 3aBJIaHHSM CIIY)XKOM €KCIUTyaTallil TpaHCIIOPTHUX MiANPHEMCTB a00 KOOPIHMHYIOUOTO
LEHTPY Y BUTIISAL HEHTPAIBHOI TUCTIETYEPCHKOT 200 JIOTICTHYHOTO LEHTPY.

OTxe, OCHOBHE 3aBJaHHSI POOOTH TMOJSATa€ y CTBOPEHHI IHTENEKTyalbHOI CUCTEMH, sKa
Oyne 30upaTH IaHi MPO KUIBKICTh MAcCaXUpPIiB HA IEBHOMY TPAHCIIOPTHOMY MapuUIpyTi Ta
aHaNIi3yBaTH 11 AaHHI, UIsl TOTO 1100 MaTH MeBHE YSABIEHHS MPO Te, K Tpebda po3podutu rpadik
Ha MapHIpyTi, CKUIbKH TPAHCIOPTHUX OJWHHUIG JUIS I[HOTO 3HATOOUTHCS, MO0 TepecyBaHHS
nacakupiB 0yJi0 MaKCHUMaIbHO KOM(OPTHUM.

Cnmcok Jireparypu:
1. CoBeplIeHCTBOBaHHE METOJOB MOHHTOPHHTAa MACCXHPOIOTOKOB HAa  MapuipyTax
TOPOJICKOTO MACCaXMPCKOTo TpaHcmopTa obiiero mojib3oBanus. Web-caiit: pdf.knigi-x.ru. URL:
http://pdf.knigi-x.ru/21tehnicheskie/217811-1-sovershenstvovanie-metodov-monitoringa-
passazhiropotokov-marshrutah-gorodskogo-passazhirskogo-transporta-obschego.php (mata
3BepHeHHs: 14.04.2019).
2. ®opnanpuuk €. 10., [lemuyk 1. A. BuzHaueHHs IHTEpBaJiB pyXy Ta HallOBHEHOCTI CAJIOHIB
TPaHCIIOPTHUX 3ac00iB Ha MICBKMX MapupyTax. CydacHl TE€XHOJOrI] B MallMHOOYAYyBaHHI Ta
tpancnopti. JIynpk, 2016, Nel (5), C. 163-166.
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AmnoTartis

B po0oTi po3riasHyTO KIOYOBI OCOOJIMBOCTI TMapTHEpPiB (HAYKOBHUX YCTaHOB,
YHIBEPCHUTETIB, KOMIaHiii), SKi BIUIMBAIOTH 5K HA CIOCIO CIUIKYBaHHA, TaK 1 HA B3aEMOIII0 MiX
HUMH JIJISl CTBOPEHHSI HAYKOBHX CIUIBHOT. BU3HaueHO, IO KOHIENTyaJlbHO BUOIp mapTHepa
MOYXE CKJIQJIaTUCS 3 YOTUPHOX KOMIIOHEHTIB, SIKIi HEOOXIJHO BpaxOBYBAaTW NpPU CTBOPEHHI
KOHCOPIIiyMY: THII ITAPTHEPA, I[iJIi TPOCKTY, BUKOPUCTAHHS 3HaHb, ()aKTOPH, 110 BILTUBAIOTH HA
BUOIp mapTHepa. Bu3HAYeHO OCHOBHI 3aBIaHHS, SKi HEOOXiJTHO BHKOHATH JUIsi CTBOPEHHS
iH(hopMaliifHOT TexHONOT1i (hOpMyBaHHS BUKOHABIIIB TPOEKTY a00 MPOTpPaMH.

Scientific societies consist of universities, research institutes, private companies and
foundations and associations that have formed applications for joint grants. Since most of the
grants are submitted and only part of them receive funding, for each two subjects of the scientific
community (universities, institutes, companies) three forms of relationships can be distinguished:
competitors, neutral relationships, partners.

The task of establishing a partner in the framework of a grant or a strategic partner for the
implementation of a series of scientific studies is relevant, especially in the context of
globalization and the intensive development of the mobility of scientific communities. In this
context, one can distinguish the task of computing the ratings of competitors, assessing the
activities of other companies and institutions that can potentially become partners. To find
estimates of the subjects of scientific communities and individual scientists, the principle of
constructing metrics can be used. In works [1, 2], partner relations and principles of management
were investigated. The paper [3] describes a multi-stage mathematical model of partner choice
and an efficient combination of partners. In work [4], it is suggested to use the method of
analytical hierarchy to select the best partners from a small number of potential partners. The
paper [5] describes a model for selecting a partner based on a genetic algorithm.

It is possible to highlight such key features of partners (scientific institutions,
universities, companies) that influence both the way of communication and cooperation between
them:

5. Partners can be located in different countries and even on different continents. Therefore,
a significant part of communications takes place through the Internet.

6. Each partner may have unique competencies that are necessary for the successful
implementation of the project.

7. Partners operate in their own legal system. Partner decision-making is regulated not only
by project needs, but also by the legislation of the country or region in which they are located.
This should be taken into account when signing joint agreements and conducting tender
procedures.

8. Each company may occupy an appropriate place in the organizational structure, which
contributes to increasing trust and ensuring common interests in the project. The organizational
structure of the project can vary dynamically, depending on the objectives of the project.

Conceptually, a partner's choice can consist of four components that must be taken into
account when creating a consortium: partner type, objectives of the project, use of knowledge,
factors that affect the choice of partner.

Types of partners for the implementation of scientific projects are:
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- universities;

- research institutes;

- private companies (including hubs, start-up financing incubators), foundations;
- government organizations (ministries, employment centers, etc.).

Often, a public-private partnership is organized in the scientific consortium to ensure a
lasting effect from the results.

Project objectives are divided into:

- strategic, which involves long-term cooperation within the project;

- situational, which is necessary to reduce risks;

- the goals, which involve creating new competencies in the consortium of projects;

- goals that involve obtaining financial results (increase of profits of participants in the
consortium of projects).

The use of knowledge involves two components:

- obtaining knowledge in the course of project implementation;

- obtaining knowledge after project implementation.

Partner choice can take place under the following criteria:

Integrated assessment of scientific activity for a certain period on a certain topic.

Previous experience in project implementation and their role.

Degree of innovation in activity.

Financial capacity.

Reputation evaluation.

Consider the question of evaluating the scientific activity of universities and research
institutes. In Ukraine for the first time a thorough calculation of the rating of higher educational
establishments in 2009 began the Kiev Polytechnic Institute named after Igor Sikorsky.
According to this rating system, the rating of a scientist is defined as the sum of coefficients of
performance of certain works: methodical, educational, scientific, organizational and
educational. These coefficients are defined as the ratio of the sum of values of the time norm for
performing certain types of work to the basic value of the work direction. In determining the
ranking of the heads of departments additionally the average value of the ratings of scientific and
pedagogical staff of the department with a coefficient of 0,3.

The result of the introduction of such a system for determining the rating of scholars is
to: increase the efficiency and effectiveness of research and training activities, ensure
competition, and increase the motivation of employees.

The most popular international methods of assessing the activities of universities and
research institutes are:

- methodology of the British consulting company Quacquarelli Symonds (QS);
- academic Ranking of Universities of the World, compiled by the Shanghai Institute of
Higher Education, Jiaotong University (Shanghai Rating).

Therefore, for the information technology of searching for scientific partners, the

following tasks must be performed:

agrwpdE

1. Construction of information model of presentation of scientific projects.

2. Construction of the method of identification of research directions of scientists.

3. Construction of an adequate model of selection of potential partners among the base of
active subjects of scientific communities.

4. Building a model of partner assessment to form a rational ranked list of potential partners
that can be involved in the project.

5. Evaluating the activities of competitors.

6. Creation of an information and analytical system, which will form a list of potential

partners for the purpose of grants for cooperation.

References:
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[IpoBeneno EKCIIEpUMEHTH KaniopyBaHHs CUCTEMHO-INHAMIYHO]T Mozenl
KOHKYPEHTOCIIPOMOXHOCTI JUISI OCBITHROTO PUHKY. BCTaHOBJICHO IIIBOBI 3HAUEHHS BUXIIHUX
napameTpiB. 3MIHIOIOUM 3HAUEHHS MapaMeTpiB, 0co0a, sika MpHiiMae pillleHHs, MAa€ MOXKJINUBICTh
BUOpATH ONTHMAJIbHY CTPATEritO MiABUIIEHHS KOHKYPEHTOCIIPOMOXHOCTI YHIBEPCUTETY.

Inverse modeling problems answer the question of which solution maximizes the system
efficiency index from the domain of admissible solutions [1]. To solve the inverse problem, the
direct problem is solved many times. In the case when the number of possible solutions is small,
the solution of the inverse problem is reduced to a simple search of all possible solutions. You
can find the optimal solution by comparing them among themselves.

If you can’t go through all the variants of solutions, methods of directed enumeration
using heuristics are used. At the same time, the optimum or close to optimal solution is after
repeated execution of consecutive steps (solutions of the direct problem and finding the model
vector of the resulting indicators for each set of input parameters). Correctly selected heuristics
brings the experiment closer to an optimal solution at each step [2].

The model calibration consists of a set of model’s consecutive runs with different
parameter values. The parameters values at which the simulation results most accurately
correspond to the given data can be found by means of experiments.

Due to the complexity and nonlinearity of the dependencies between the indicators, the
use of any optimization models is not possible. In practice, it is usually limited to analyzing a
small number of basic scenarios. Automation of this process is possible by conducting
experiments based on simulation [3].

The decision-maker has the strategy choice depending on internal and external factors
during the analysis of alternative scenarios (table 1).

Table 1.
MODEL PARAMETERS FOR ALTERNATIVE SCENARIOS

113



Model parameter Parametervalue

Run0 | Runl |Run2 |Run3 | Run4 | Runb5
Evaluation_of teachers 0.2 0.2 0.2 0.2 0.2 0.2
University rating_ 0.6 0.6 0.6 0.6 0.6 0.8
Qualifications_of teachers_ 5.0 5.0 55 6.0 5.0 5.0
Cost_of_education_ 2500.0 |2800.0 |2800.0 |2800.0 |2800.0 |2800.0
Students_academic_performance_ 0.2 0.2 0.2 0.2 0.2 0.2
Number_of _the_group_ 15.0 15.0 15.0 15.0 12.0 15.0
Capacity of the market segment | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0 | 1000.0
Market_share 0.1 0.093 0.093 0.107 0.121 0.099

The table shows six runs of the model with different data:
- Run 0 —the initial values of the vector elements of input parameters are not changed;
- Run 1 — the cost of education has increased ("Cost_of education_" parameter value has
increased), and consequently, the "Market_share™ parameter value and the number of potential
students in Zhejiang decreases;
- Run 2, 3, 4, 5 — alternative compensation scenarios for increasing "Cost_of_education_"
parameter value.

Suppose that the PMBSNU will train 120 students from Zhejiang. We will perform the
model calibration for the inverse problem solution for the decision makingon the cost of training:
find the"Cost_of education_", "Qualifications_of teachers_" parameters values for a pre-defined
the "Number_of potential_students_" output parameter value.

The  "Cost_of education_" parameter values ranged [2300 —  2800],
"Quialifications_of teachers_" ranged [4 — 7] during the experiment. The values of the other
parameters are shown in table 1.

The number of model runs = 500. The following values were obtained as a result of the
experiment:

- "Cost_of education_" = 2,328.308;
- "Qualifications_of teachers " = 6.

Results shows the Calibration experiments for Zhejiang (China). The target values of the
output parameters were set and the corresponding values of the input parameters were obtained
in each experiment. Varying the values of the "Market_share", "Number_of potential_students"
parameters, the decision maker has the opportunity to choose the optimal strategy to increase the
competitiveness of the university.
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2. Cormen, Thomas H.; Leiserson, Charles E.; Rivest, Ronald L.; Stein, Clifford (2009).
Introduction to Algorithms, 3rd. MITPress.
3. Muriel Eddowes, Robin Stansfield (1991). Decision Making Techniques. Longman in co-
operation with the Chartered Association of Certified Accountants, London, Great Britain.

114



Competitiveness of foreign university in chinese education process

Li Ming, Taras Shevchenko National University of Kyiv, Kyiv, China,

director@uccsr.org.ua

KoHKypeHTOCTIPOMOKHICTh iIHO3eMHOTI'0 YHIBEPCHUTETY B KUTAlCbKOMY

OCBITHBOMY HpoLeci

Li Ming, KuiBchkuii HamioHaIbHUH yHiBepcuTeT iMeHi Tapaca
[lleBuenka, Kuis, Kuraii, director@uccsr.org.ua

AHoraris

AHaJli3 Ha OCHOBI TPHKIAAIB TMOJATAaE B TOMY, 100 BHU3HAYMTH ITOKA3HUK IO00M
TENepilIHbOl CUTYyallil Ha MPHUKIAAl CUTyalidl 3 0a3u JaHMX mMpaBwi. B maHoMmy Bumaaky B
OOTpYHTYBaHHSI NMPUKUMAIOTHCA HA OCHOBI TMapaMmeTpiB, sKi Oysl0 BKazaHO ekcreproM. Mipa
NOIIOHOCTI BiPI3HIETHCS BiJl HOPIBHAHHS MOTOYHOI CUTYAIII] 3 MPUKIAIOM €TaJOHHOI CUTYAIlil.

The solution examination based on examples is to determine the likeness measure of the
present situation to example situations from the rule database (RD). The parameters weights
stated by the expert for the setting from the RD are taken into reason in this case. The similarity
measure differs on the familiarity of the current situation to the example situation [1].

The neural network device [2] is easy to use and it lets reproducing complex
dependences. It is used to resolve problems of predicting, classification or management.

Let us carry out experiments on Zhoushan data, the result of which will be the all
variables values of the input parameter vector.

Perform the calibration experiment of the Zhoushan data model in order to determine at
what input parameters values of the PMBSNU market share will be 0,15%.

The "Qualifications_of teachers_» parameter values can vary within the limits of [1 —
"Number_of the group_"

[2000— 4 000],

Calibration progress
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Figure 1. Results of the Calibration experiment for Zhoushan.

The experimental results analysis shows, that the decision on insignificant cost of training
increase can be accepted at a sufficiently substantial advanced training of teachers.
Perform the calibration model of the Wuxi data at a given "Market_share" parameter

value = 0.1.
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The "Qualifications_of teachers_» parameter values can vary within the limits of [1 —
10], "Cost_of education_" parameter—[3000—- 3500], and the "Number_of the group "
parameter — [5— 20], "University_rating_" —[0 — 1].

The obtained results show that the higher educational institution market share can not
only not decrease, but it can also double by an increase in the cost of education if the adopted
management decisions will be aimed at improving the quality of the provided educational
Services.

An analysis of the experiments results with model shows that in the case of an increase in
the cost of education, the wvalues of the output values "Market share",
"Number_of_potential_students™ are reduced. To increase the competitiveness of an educational
institution, increase the market share, and, consequently, the number of potential students, a
decision can be made either to significantly improve the qualifications of teachers or reduce the
number of students in academic groups, since these factors affect the quality of education.
Increasing the "Quality" parameter value will compensate for the negative impact of the increase
"Cost_of education” parameter. The upgrade of the university's rating is another option to avoid
a decrease in market share and the number of potential students. The decision-maker determines
the best strategy, taking into account external and internal factors of the educational institution
activity, which follows from the experimentally obtained alternatives.
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AmHorars

MOoHITOpUHT aKajeMiYHOI MOOUIBHOCTI SIBJIsIE COOOI0 BH3HAYEHHSI TUITY CHUTYaIlli, siKa
XapakTepHa IJs KOXKHOTO y4YaCHHKA. YUYaCHUKH, K1 3HAXOHSATHCS B KPUTHUYHUX CHUTYaIlifX,
MO3HAYEHI YEPBOHUM KOJBOPOM, SIKI 3HAXOIATHCSA B TEPEIAKPUTHUUYHOMY - JKOBTUM. Kpok
BUSIBIICHHSI TIEPEIKPUTHUYHUX CHUTYallil 3aleXHUTh BiJl TOrO, 4Yepe3 CKIIbKA MIHIB MOXKE
BUHUKHYTH KPUTHYHA CUTYAaITisl.

The problem of organizing distance learning is multifaceted and extremely complex. Of
course, it is not limited to the questions above [1, 2, 3, 4]. A separate problem is the student's
information support infrastructure:

How, where and how should the training information be?

What should be the structure and composition of the educational material itself?

What is the optimal form of feedback when distinctively mopped up?

If some courses or their modules are hosted on certain servers, what are the conditions for
access to them?

what training information is appropriate to place on Web pages?
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The main interface of the decision making support system (DMSS) prototype software is
presented in Figure 1.

The main window of the program is divided into 4 parts: Organization AM. Control AM.
Input of data. Setup, help, exit.

Academic Mobility

Organization of AM Enter the data

Advising participants Selection of participants

Formation of documents

Comparative analysis of EP

Settings

Monitoring of AM Information
Formation of reports on AM |

Exit

|
Figure 1. The main interface of the prototype DMSS software.

The AM organization includes the following modules:
- student counseling module;
- participant selection module;
- module of comparative analysis of OP;
- module for forming the documents necessary for participation in AM,;
- recognition module for results.
AM control includes the following modules:
- monitoring module AM;
- report generation module.

Monitoring AM represents a definition in a situation of which type each participant is.
Participants who are in critical situations are marked with red color, which are in predecritical -
yellow. The step of identifying predecritical situations, that is, how many days ahead is
determined by the emergence of critical situations, if nothing changes, is given in the settings.
When clicks on participants in critical or predecritical situations there is more information about
the participant, the type of critical situation, comment on it and manages the decision.
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YrpaBiiHHS JIOJACBKUMH pecypcaMu Ui CHUIBHUX KHUTaHChKO-YKPalHCHKHUX OCBITHIX
IPOCKTIB MOXHA TMOJIMIIMNTA HUIIXOM HacTynmHux 3MiH Teopii AMO. Jlomen 3mibnHocteit
MOBUHCH 3QJIMIIATHCS HE3MIHHMM 3 TIOJITHKOI Ta MPAKTUKOI «YKOMILICKTYBaHHS
MEPCOHATIOM» Ta «IpOo(deciiHOrO PO3BUTKY». Jl0 MOMEHY MOTHBAIll MPOMOHYETHCS IOAATH
«MDKHapOJHY MiSUTBHICTBY 0 ICHYIOUOI MOJITHKH Ta MPAKTUKU «OI[IHKH e(EeKTUBHOCTI» Ta
«CHCTEMHU BUHATOPOINY.

HR are critical for efficient educational performance. HR were once transferred to 2nd
class status, but its weight has grown intensely in the last two decades. Its new importance stem
from sufficiently recruited, chosen and administered, initiated and sufficiently waged, provided
for, correctly develop, assessed and encouraged on the work. They will be dedicated to the work,
continue devoted and productive in educational system. It also characterizes a important
investment of the educational determinations. If managed well, HR can be a basis of competitive
strength for the education. Strategically, HR must be seen in the equal context as the financial,
technological and other resources that are managed in any educational establishment [1-3].

Online Platform for HR-Management of Joint Educational Programs. Distance education
is the ideal solution for professionals who want to continue their careers. This makes it possible
to obtain an additional qualification and save the current job. Distance learning programs can be
the key to the career and promotion through a flexible schedule and resources that are available
on the Internet.

To develop a modern online platform to examine issues of using current information and
communication technologies to improve the quality of educational services in the
implementation of joint projects with foreign partners.

The starting page of the WeStudy platform is shown in Figure 1. A simple interface hides
a complex educational online platform with almost limitless possibilities of implementing both a
full distance cycle and an auxiliary service for classical training.

3 WeStudy o & Aeander Ryzhkov 3

SN

Progressuve Educatlonal Platform
Improve your study

WeStudy, We Improve

Figure 1. Homepage of the online educational platform “www.westudy.in.ua”.
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Links to the main training courses are placed on the start page for ease of use. Filling out
the form you can register on the platform with the subsequent entry to the course. Hosting and
ancillary services of a site were selected taking into account specificity of the Internet in territory
of the People's Republic of China.

The platform supports the online messaging system between the "WeStudy" participants.
It allows you to conduct a dialogue with any registered user. For convenience, the system
notifies about new messages by user’s e-mail.

The "Site blog" service is also connected on the portal. It is the opportunity for each user
to maintain their own/collective blog. This is aimed at enhancing the interaction of the "teacher-
student™ pair.

The maximum interaction of the "teacher-student™ pair, with the conditionally zero
intervention of the project’s administration, is a distinctive feature of the implementation of the
educational process according to the developed scheme.

Though usage of modern Informational Communication Technologies makes HRM
process more modern and effective, the different Educational Clusters have their own specifics
which need to be taken into account.

Human resource management for joint Chinese-Ukrainian educational projects
(HRM(CU)) can be improved by next modifications to AMO theory. The ability domain should
remain the same with “staffing” and “professional development” policies and practices. To the
motivation domain it is proposed for existing “performance appraisal” and “reward system”
policies and practices to add “international activity”. The possibility to reach achievements in the
foreign educational field, to have business trips abroad, to participate in international teacher
exchange programs without doubts can be motivating. For the third domain opportunity — “job
design” is recommended to absorb by “participation” policies and practices. The second point to
be added is “career growth”. The opportunity to develop not only professional skills, but also get
a reward for that as a career promotion is one of pillars of HR-Management.
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OanuM 13 OUIAXIB JAOCATHEHHS nporpecy B po3BUTKy OC € 31aTHICTH CydacHHUX
1H(pOopMaLiifHO-KOMYHIKallIHHUX TEXHOJIOTIH, SKI B JaHUM 4ac BUKOPHUCTOBYIOTHCS TUIBKH SIK
OC. 3okpema, 0Oarato YHIBEpCHUTETIB BUPIIIWIM MpoOieMy aBTOMaru3amii Ta (opmyBaHHS
€nuHOro iH(popMaliifHOTO cepeloBHIIa (CaiiTy), IHTETPYIOYH pO3MOAiIeH] 0a3u AaHux Kadenp,
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JIEKaHIB Ta IHIIUX MIAPO3AUIB JJIT MOHITOPUHTY Ta OOJIIKY CTYJEHTIB, HAJAI04UH M HaBUYaJIbHI
Martepiaiu Ta oprasizauiifHy iHpopmario.

One way to achieve advance in the development of the OS is the ability of modern
information and communication technologies, which are currently used only as an OS. In
particular, many of the universities have solved the problem of automation and the formation of
a single information environment (site), integrating distributed databases of departments, deans
and other units for monitoring and accounting of students, providing them with educational
materials and organizational information, teaching work, dissemination of managerial
information, support of scientific activity, personnel and financial accounting, etc. Their use can
meet the current needs of OS practices, such as research, modeling, forecasting, management and
development, while providing management efficiency while preserving the information optimum
of the system (law of required diversity) [1, 2, 3].

The main advantages of CASE-technology for the functioning of a virtual university can
be defined as:

- the possibility of implementation in the software for its adaptation to the specific condi-
tions for solving emerging problems;

- implementation of collective work of the technical support staff at the expense of the pos-
sibility of work in the local network;

- export-import of any pieces of software in order to improve it;

- organizational management of software solutions of educational information system.

Virtual learning is a process and result of communicating participants in the educational
process in a virtual environment.

It should be noted that the organization of the educational process in the virtual
environment requires new approaches to management that will solve the problems of using the
tools of collaboration and effective management of the virtual team, including the issues of trust.
A virtual educational environment requires a programmatic and methodological platform that
should:

- to provide a wide range of forms of interaction between the participants of the virtual
team (students and teachers), including the means of collective work;

- to provide the opportunity to receive knowledge from information sources of the Internet,
to systematize and process information, to store and apply the acquired knowledge in practice;

- to provide tools for creating new knowledge available to other team members;

- to provide educational process participants with access to educational content (infor-
mation and software) at any time regardless of location;

- to support students' motivation to acquire knowledge and creative activity.

Conclusions:

1. Promotion of international cooperation between higher education institutions of the
European Union and other countries is mutually beneficial for all parties and contributes to the
enrichment of nations and better mutual understanding. International cooperation programs offer
a unique form of university co-operation and the development of educational programs in
accordance with the needs of the labor market in various fields.

2. The development of processes of academic mobility, the diversity of their programs, as
well as strategic approaches to studying abroad, the challenges arising from the implementation
of academic mobility, increasingly large information flows require, on the one hand, the creation
of an effective system for managing these processes, on the other - developing a decision support
system for managing academic mobility processes.
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Distance among high mathematics for students of architectural profile
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Abstract

The main components of the distance course on higher mathematics for students of the
specialty "Architecture and Urban Planning” in the Moodle environment are considered. The
tools of Moodle and its application are analyzed. Specifies the problems and benefits of e-
learning in higher mathematics. Possible ways to modernize a distance course are discussed.

3abe3neueHHs SKOCTI MiATOTOBKH (haxXiBIIiB B YMOBaxX 3MEHIICHHS ayJIUTOPHOTO Yacy Ha
BHUBUYEHHS BUIOI MaTeMaTuku (BM) crionykae 10 MomryKy HuisixiB iHTeHCU(IKalii HaBYaIbHOTO
nporiecy [1]. BaxkiuBuM HampsMKOM MOJIEpHi3allii OCBITHBOTO IPOCTOPY BHUCTYIAE
BIIPOBA/DKEHHS  1H(GOpPMAIIfHO-KOMYHIKAIIHHUX  TEXHOJOTiH, 30KpeMa AMCTaHLIHHOTO
HaB4YaHHS. OJHUM 13 3arajibHOJIOCTYITHUX BIpTyaJibHUX cepenoBull € miatdpopma LMS Moodle
[2]. ¥V cucremi Moodle HasBHMI OCHOBHMI Habip (YHKLIIOHAIBHUX MOXINUBOCTEH, a
BIJIKPUTICTh KOJy J03BOJISIE 11 aganTyBaTH 10 OCOOJIMBOCTEH opraHizallli HaBYaJIbHOTO MPOLECY
Ta JIONOBHUTH HOBUMHU cepBicamu. LMS Moodle 3a6e3neuye pi3Hi ¢popmMH 10CTaBKU HaBYAIbHOI
1H(popMmallii, cydyacHi 3acobu KOMyHIKallli, IHCTPYMEHTH OpraHi3allii 1HAUB11yaJIbHOT Ta TPYNOBOi
pOOOTH CTYAEHTIB, 3acO0M KOHTPOJIIO pe3yibTaTiB HAaBUAIBbHOI AISUIBHOCTI, iX (ikcarii,
B110Opa)kKeHHS Ta aHaJI3Yy.

Bubip TexHoioriuHoi 1iaTopMH  3aJUINAE  BIIKPUTOK MpoOJIeMy CTBOPEHHS
NeJaroriyHo BUBAaXKEHOI CTpyKTypu aucranuiiHoro kypcy (JAK) 3 BM, HanmoBHeHHs Horo
SKICHUM 3MICTOM, pO3pOOKM €(pEeKTHBHHUX METOAMK HaBUaHHsS Yy BIAMOBIAHOCTI 10 (aXxoBOIrO
cupsimyBaHHsi. OCHOBHI 3acaau CHMHTE3y Ta BHpoBa/ukeHHs JIK sk CKiamoBUX BipTyaabHOTO
OCBITHBOTO TpocTopy, 1o ¢opmyerbed B XHYMI™ im. O.M. BekeroBa Ha 6a3i LMS Moodle,
MOKHa po3riisHyTH Ha npukiani JK 3 BM s cTyneHTIB creniajgbHOCTI «ApXITEKTypa Ta
MiCTOOYyBaHHS.

[Mpuitnatum y XHYMI' im. O.M. bekeToBa KOHIENTYaJIbHUM ITIXOJaM BiJIITOBIA€
6mouHO-MoynbHA cTpykTypa K 3 BM, 110 BKIIt04ae 3MiCTOBHY, KOHTPOJIbHO-MOHITOPUHTOBY
Ta iHpopMaIiiiHO-KOMYHIKaliiiHy kKomnoHeHTu [3]. OcHosHiit yactuni JIK 3 BM nepenye 610k
3arajibHOi iH(OopMaIlil Mpo Kypc, 110 BKIIOYAE aHOTALI0 Kypcy, poOOdy HaBYalbHY Mporpamy,
PEKOMEHJIOBaHI JpYyKOBaHI Ta €JNEKTPOHHI JpKeperna, €JeMEHTH opraHizaiii KOMYHIKaIlii,
3aranabHi peKOMEH/allii, TOBIAKOBI MaTepiald 3arajlbHOTO MPU3HAYCHHsI, 0a30BHI HAaBYAILHUN
NOCIOHUK.

Oco0nuBICTIO MaTeMaTUYHOI MiATOTOBKH CTYAEHTIB 3a apXiTEKTypHUM MpodiieM €
3BY)K€Ha TEeMaTHWKa TUCLUIUIIHU, 110 OOMEXYEThCS PO3IIIAAOM Julle MpodeciiHo OIM3bKUX
NUTaHb JIHIHHOI Ta BEKTOpHOI anredpu i aHamiTHYHOI reoMeTpii. [l OUIbIIOCTI IUX CTY/IEHTIB
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XapakTepHe oOpa3He MucCIeHHs, a (OPMYBaHHsS JIOTIKO-aHAJITUYHOTO amapary mnoTpedye
JOJaTKOBUX 3ycuib. Jlo Toro » y 0OararboX CTYICHTIB CIIOCTEpiraeThcst ciabka 6asza 3
€JIeMEHTAapHOI MaTeMaTuKHU. Taka curyaliss BHUMarae OUIbII IIMPOKOTO BUKOPHUCTAHHS Y
HaBYaHHI HAOYHOCTi, PETEJBHOTO MiA00pY Bi3yaJbHOTO AMJAKTUYHOTO MaTepialxy BHCOKOI
XYIOKHBOT SIKOCTI Ta 1HAMBIAYaJbHOTO MIAXOAY JO KOXKHOTO CTYACHTa 31 CTBOPCHHSIM
MO>KJIMBOCTEH MOCTIHHOT afanTaiii. EQEeKTUBHICTh TUCTAHIIITHOTO HABYAHHS JOCATAETHCS TO/I,
KOJM HaBYAJIBHUHM Martepial 1 WOro rmojadva, 4YiTKa OpraHizallis HaBYaJIbHOTO TIPOIECy 3
OpI€HTAIll€l0 HA IHTEPAaKTUBHI METOAM BHUKJIMKAIOTh IHTEpEC 1 MparHeHHS CaMOCTIHHO
MOTIOBHIOBAaTH CBO1 3HAHHS, CTUMYJIIOIOTH BHCOKY IIPall€3aTHICTh KOXKHOTO CTYJIEHTA.
AnanTuBHA Opraizamis JOCTYIy J0 HaBYAJIBHOTO MaTepialy BpaxoBYe Bapialliro BXiTHOI
MaTeMaTUYHIN MiITOTOBII CTYAEHTIB 1 0COOJUBOCTI CIPUUHATTS €JIEKTPOHHOT 1H(pOpMAITii.

[Tepmoueprose 3HadeHHs mpu po3poOiti K mpuaiisieTbess HABYAIBHOMY KOHTEHTY, SIKHA
FOTYETHCS BIAMOBIIHO 7O poOOYOi mporpamMM JUCHMIUIIHK 1 TNPU3HAYAETHCS IS
0e3mocepeIHbOTO CHPUHHATTA KopHucTyBaueM. Ilpu po3pobui HaBuanesHuX MarepianiB mia JIK
BUKOPHUCTOBYEThCS JI030BaHa Tojada iH¢opMalii — po30MBKa KOHTEHTY Ha MIKPOOJIOKH
BIIMOBIIHO 110 TIyied HaBuyaHHS. /I TMOJIETHICHHS Opi€HTalii CTYACHTIB y HaBYaIbHIN
iHdopmalii HEOOXiTHO CYBOpPE Y3TOJDKEHHS MOPSAIKY MPOXOPKEHHS MIKPOOJIOKIB 3 poO0OY0I0
MPOrpaMoro Ta 3pydHa cucTeMa Hasirarii B Mexax [IK 3 BUKopruCTaHHSM BHYTPIIIHIX TEPEXO/IiB
1 rineprnocuiIanb Ha 30BHIIIHI pecypcH. KojkeH MiKpoOJIOK BKIIIOYA€E: TEOPETUYHI BiIOMOCTI 1 J10
HUX THUTaHHS JUIS CaMOZIarHOCTHKH; UTIOCTPAaTUBHHUMA Matepian ajs 3a0e3ledeHHs HAaOYHOCTI;
TUIIOBI MPAKTUYHI 3aBAAHHS 1 3pa3KH 1X BUKOHAHHS; TECT 3 MUTAHHAMHU JJI1 aBTOMATU30BAHOTO
KOHTPOJIIO; TEeCT BiAKpuTOi QopmMu TuUmy ece g (GOpMyBaHHS 1 KOHTPOJIO BMIHHS
KOMIUIEKCHOTO BUKOPHUCTaHHS 3HaHb, (DOPMYITIOBAHHS OOIPYHTYBaHb CBOiX i 1 PO3BUTKY
NUCHbMOBOI MOBH.

Jns apmantaumii JIK 10 cTyaeHTiB pi3HOro piBHS IOYaTKOBOI MiATOTOBKU IMOjAaya
HABYAJILHOTO MaTepiary MOBHHHA OyTH 0araTomapoBOIO, aJie 3 BiIOOPaKEHHIM 3arajbHOI KaHBU
1 (haKTOJOTIYHOT OCHOBH TpeaMeTHOI oOnacti. Kpaiie B OCHOBHOMY BUKIIAJi AaBaTH JUIIE TUIaH
TeMu Ta ii BYy3710BI MOMEHTU. OCHOBHHUH TEKCT MOTPIOHO PO3LIMPUTU PO3'ACHEHHSMHU IBOX
PIBHIB: ISl CTYJEHTIB 3 MaTeMAaTUYHUM CKJIaJIOM PO3yMY BHUKJIAJKU MOBUHHI OyTH aHaTITUYHO
OOrpYHTOBaHUMHM, a JUJISI OCHOBHOI YAaCTUHU ayauTOpii CJIiJ 3aIpONOHYBAaTH OUIBII <GKUBE»
noJaHHs, 3a0e3reuyeHe MOCUIaHHIMHU Ha pecypcH Kypey abo [HTepHeT Juisl yTOUHEHHS OKpEMHX
HOHSTH 1 MOJOKEHb. BUKOPHUCTaHHSA YITKUX MaTeMaTUYHUX (POPMYITIOBaHb, 3HAKOBHX CXEM 1
reOMETPUYHUX O0pa3iB 1 MEpeHeceHHs BCTYMHOI iH(opMallii Ta APYropsAHUX KOMEHTapiB Y
INPUMITKH 1 JIOOBHEHHS J103BOJISIE CTUCHYTH 1H(OpPMALlil0 Ta aKIIEHTYBaTH yBary Ha 1CTOTHHX
MomeHTax. Y Moodle € MOXIMBOCTI JOMOBHIOBATH MaTeMaTU4HI BHUKJIAJKH HAOUYHUMHU
MyJbTUMENIMHUMHM BCTaBKaMHM JJIsl JEMOHCTpalli 3B'SI3KIB  TEOPETHUYHUX IOJIOKEHb 3
apXiTeKTYpHO-Oy/IBeJIbHUMH  TPOEKTaMH Ta MpolecaMud. BukopucTaHHs aymaio Ta
BiJleoMaTepiaiiB, MPE3CHTAIIII TOIIO CIPHUSE TMOTIUOICHHIO 1 3aKPIMJIEHHIO 3HaHb, (HOPMYBAHHIO
[ITICHOTO TIOTJISIAY Ha MPOOIEMH.

OOMexeHICTh 00CsATYy TEKCTy 1 WOro HAIUICHICTh Ha BY3JIOBI MOMEHTH, IO TOJaHI B
cTHCHil (popMi 3 BUKOPHCTAHHSAM MaTEeMAaTHYHUX KOHCTPYKLIH, JTO3BOJISIE KOXKHOMY CTYIEHTY
CKOHIIEHTpYBAaTHCS Ha BaXJIMBOMY JJsi HBOTO Marepiaji, BUOpAaTH BIANOBIAHY TIJIHOUHY
3aHypeHHs B HOro CyTh 1 CIUIaHYBaTH 1HAMBIIYaJbHHHA MapIIpyT HaBUaHHS, IO 3a0e3mneuye
koMpopTHicTh poboTu 3 K 17151 KO)KHOTO CTYyAeHTa.

VY nmpakTU4HIM 4acTHHI KypCy OCHOBHA Maca CTY/AEHTIB MOXXE€ OOMEXHTHUCS PO3IIISIOM
TUTIOBUX 3a/1a4, X04a TaKHH MiAXiJ HE CTUMYJIIOE PO3BUTOK iXHBOI MAaTEMATUYHOI KYJIbTYpH.
Enement Moodle «3aBiaHHs» O3BOJIsIE BapilOBaTH TEPMIHM HOTO BUKOHAHHS, KUIBKICTB CIPOO 1
crocobu nojayi 3BiTHOI 1H(GopMarlii. HasiBHICTE KOMEHTapiB OKUBJIISIE OL[IHIOBAHHS PE3yJIbTaTiB
1 Joromarae CTyJIEHTY YCBIJOMUTH NPUYMHMU TOMMJIOK, IO CIpPHUSE€ TITMOOKOMY OCBOEHHIO
BIANOBIAHUX TeM. [lemaroriuHo mpaBUIIBHO OpraHi30BaHE 3aBJAAHHS BUCTYIIAE€ 1HTEICKTYaIbHUM
YIPYJHEHHSM, $KE€ BHMAara€ po3yMOBOIO Ta IICHUXOJIOTIYHOTO HANpyXeHHS Ccuil s #oro
BUKOHaHHS. HeoOXigHICTP TOAONAHHS TEPEIIKO] CTUMYIIOE€ Ti3HAaBaJIbHY MOTHBAIIIIO,
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MparHeHHs 10 OCOOMCTICHUX JOCSATHEHb. JIOTiKa MepeTBOPIOIOYNX i HAIlJICHA Ha OTPUMAaHHS
HOBOTO HAaBYAJIBHOTO PE3YJIbTATy 1 PO3BUBAE KYJIBTYPY PO3YMOBOI Ipami. ¥ KOXHOMY pO3Aiii
JK no1aTkoBo po3MilIEHI CIIPOLIEHI NMPUKJIAAN BCTYIHOI'O XapakTepy, a TaKoX HecTaHAapTHI
MaTeMaTH4H] 3aBJaHHS Ui MOTJIMOJICHOTO BUBYCHHS MAaTEMATUYHHMX CTPYKTYp Ta 3aBJaHHA 3
IPAaKTUYHUM 3MICTOM. BUKOHaHHS SK JTONMOMDKHUX HIATOTOBYMX, TaK 1 YCKJIAJHEHUX TBOPUYHMX
3aBJlaHb KOHTPOJIFOETHCS 1HUBIAYaIbHO 11032 CAITOM 1 OIIIHIOETHCS PU30BUMHU OATIaMH.

Po3BuTKY KOMYHIKAIIHHOT KOMIETEHIIli CIpUSE€ Y4acTh CTYACHTIB Y IpymnoBUX (opMax
poboTH TakuX K «Hopym», «4aTy», «BiKi», «0OMiIH MOBiAOMIEHHAMIY. DOPYyM 3aCTOCOBYETHCS
JUIs  opraHi3aiii KoOHCynbTalidi B pexuMmi of-line, a Takox TeMaTHnyHUX 1uckycid. Jlo
HOBIIOMJICHb y (OpyMi MOXHA HPUKPIIUTIOBATH (ail JOBUILHUX (OpMATiB, L0 JT03BOJISE
nepeaaBaTd MaTeMaTU4Hl BUKIaAku. PopyM HOBUH IpU3HA4eHUH U1 00’sIB Ta oprasizauii
poboTtu mo3a caiitoM. @opyM 3ayBa)KeHb 1 MPOTO3HUIIIN JO3BOJISE 3ATYIUTH CTYICHTIB 10 POOOTH
3 ynockonanennsi JIK. Yar 3acTocoByeThCs s OpraHizalii KOHCYNIbTaliii B pexumi on-line.
OOMiH TOBIIOMJICHHSIMM MOKHAa BHUKOPUCTOBYBATH Ui KOH(IACHLIHHOTO CIIIKYBaHHS, 1100
3aro6iraTu MCUXOJIOTTYHUM TPaBMaM.

KOHTpOIbHO-MOHITOPHHIOBA YacTHHA € OE3MOCepeHIM TPOJOBKEHHIM IMPAKTHIHOI
ckiagoBoi JIK 3 BM. Ii SJIPOM CIIYTY€ CUCTeMa TECTYBaHHS, 110 BKIIIOYAE BXITHUHN, MPOMIKHUIA
1 ICYMKOBHN KOHTPOJIb Ta JO3BOJISE OIIHUTHU SKICTh 3aCBOEHHS MaTepially KOXKHUM CTYACHTOM
1 BU3HAUUTH HANpPSIMKU KOPUTYBaHHS HOro TpaekTopii HaByaHHsS. PeKOMEHIYeTbCA KOXKEH
TEMAaTUYHUNA TECT JaBaTH y JIBOX LITbOBHUX (OpMax — Ui HABYAHHA (3 M'SKMMH YaCOBUMH
0OMEXEHHSIMH, PO3TOPHYTHMH KOMEHTApsIMHU 1 BIAKPUTUMH BIAMOBIAAMHU) 1 IJIs KOHTPOIIO (3
KOPCTKUM OOMEKEHHSM 4acy, Yiciia crpo0 i 3aKpUTHUMH BiIIOBIISIMH).

HaBuasibHi TecTH CTYyIEHTH MOXYTh NPOXOJUTH HEOAHOPA30BO, NPU LBOMY KOXKHA
cpo0a OIHIOETBCS OKpeMo. J[ms KOKHOTO KOpPHCTyBada KUIBKICTh CHPOO MPOXOIKEHHS
KOHTPOJBHOI'O TECTYy MO)Ke€ OyTH BCTAHOBJICHa BHUKJAJayeM, a L€ JoroMmarae 3IiHCHUTH
IHAMBIyaNbHY MiAXIJ O KOXHOTO 31 cTyneHTiB. [licas 3madi KOMIT IOTEPHOTO TECTY CTYAEHT
Ma€ MOJIMBICTBh BiJpa3y K ITI3HATUCS CBi pe3ylbTar, 4YOro BiH HE MOKE 3pOOUTH MiJ Yac
BUKOHAHHSI ayTUTOPHOI KOHTPOJBHOI poOoTu. llepioguyne TecTyBaHHS B M'SIKHX YMOBax HeE
BUKJIMKA€E TOCTPOi IICUXOJIOTIYHOI HANPYTH, ajle HEe Aa€ pO3CIabIATHCS, 3MYIIYIOUH MPALIOBATH
MOCTIMHO 1 B IPUHHATHOMY TEMIII.

Moodle 103BoJIsI€ 3aCTOCOBYBATH IIUPOKUI CIIEKTP TUIIIB TECTOBUX MHUTaHb. Y Cl TECTOBI
nuTaHHs 30epiraroTbes B 0a3l JaHUX B OKPEMUX KAaTEropisix 1 MOXKYTh OyTH BHUKOPHCTaHI MpH
CTBOPEHHI pi3HUX TecTiB. BUOip mUTaHHs Ui BKIIIOYEHHS B TECT, @ TAKOX OpraHizallis NOpsaKy
NOJIaHHS NUTaHb Yy TECTl 3JIMCHIOIOTHCS 3a MPUHIMIIOM BUIAAKOBOI reHepauii. BinmosigHo
dbopMyIOThCS 1 BapiaHTH BIAMOBiACH, IO YCKJIAJHIOE MOKJIMBICTh CIIUCYBaHHS 1 MEXaHIYHOTO
IPOXOJ/KEHHS TECTY.

LMS Moodle no3Bossie OTpUMYBAaTH pO3TOpHYTY I1H(pOpPMAII0 MPO MPOXOJKEHHS
TECTYBaHHS, a TaKOXX MPOTOKOJ 3 OMUCOM JomylieHux nommiok. Moodle cTBoproe 1 30epirae
nopTQOTi0 KOKHOIO CTYJeHTA: BUKOHAHI HUM POOOTH; OJIepKaHi OLIHKMA Ta KOMEHTapi 10 HHX;
NMOBITOMJICHHS Ha (opymax. IcHye MOXIMBICTH KOHTpOJIIOBaTH yac mnepeOyBanHs Ha JIK
KOXKHOT'O CTy/I€HTa Ta MOro akTUBHICTh. YCl1 JJaHI MOXHA BHKOPHCTOBYBATH JJISl JTOCIIIKEHHS
¢yukmionyBanHs JIK 3 BM Ta BupoOneHHs pekoMeHAallii 3 Horo MoJiepHizariii.

MonuBicTh BapiloBaHHS PI3HUX pecypciB 1 eneMmeHTiB Moodle 103Bojsie THYYKO
pearyBaTM Ha OCOOJHMBOCTI CTYAEHTCHKOIO KOHTHHIEHTY Ta BIANOBIIHUM  YHHOM
OpraHizoByBaTH BUBYEHHs BUINOi MaTematuku B pamkax JK. /Ing omrumizanii HaB4aIbHOTO
Ipolecy MOKHA 3ajlydaTd IHIII OporpaMHi 3acodu Ta MOOUIBbHI JOJNATKH, IO CYTTEBO
PO3LIMPIOIOTH OCBITHIHM NMPOCTIpP CTYAEHTIB [4].

Cucrema QUCTAHIIMHOrO HaBYaHHS K 1 HaBYAJIbHHUM MpOIEC B LIJIOMY HE € YHUMOCHh
OCTaTOYHO 3aBepiieHUM. Lle nuHamiuyHMI 00’€KT, 10 MOCTIHHO TpaHC(HOPMYETHCS BIATOBIAHO
0 TIEPMAaHEHTHO MIHJIMBHX BHMOI CTOCOBHO 3MICTy, METH 1 3aBJaHb MporpaMm ¢HaxoBoi
MATOTOBKHU Ta 3pOCTAIOYMX TEXHIYHUX MOMJIMBOCTEH 1 IHHOBAI[IMHUX TEAArOTIYHUX
TexHojorii.. Ha nanmii yac Ha BHUMycKamoouid Ta CHOPITHEHUX CIHelialli3oBaHUX Kadenpax
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CIIOCTEPITa€ThCA TMEPEOCMUCIICHHS POJIi MaTeMaTHYHUX METOJIB Ta iXHbOI KOMIT FOTEPHOI
peamizamii y WIiATOTOBII CyYaCHHX apXiTeKTOpiB. PoO3MMpEeHHS TNepeniky apXiTeKTypHO-
OymiBeNmbHUX 3ajad, JI0 SIKUX 3aCTOCOBYETHCS CyYaCHWW MaTeMaTHYHUH amapar, MOIOBHEHHS
3ac00iB Mi3HABAIBHOI TiSUIBHOCTI aKTUBHUM BUKOPUCTAHHSAM KOMIT IOTEPHOTO MOJICIIIOBAHHS Ta
O0YHCITIOBAILHOTO EKCIIEPUMEHTY MOoTpeOye MOCWIICHHs yBard 0 BUKiIagaHHs BM. Pazom 3
kadenporo BM mpoBOAMTHCS pPEBi3isl HEOOXITHOTO TEMATHYHOTO Ta OMEPAIiiHOTO pPiBHS
MaTeMaTHUYHUX KOMIIETEHIIIH, 1110 He3a0apoM IMOTATHE 32 co0010 3MiHY poOoyvoi mporpamu 3 BM
1 BignoBigHoro HanosHeHHs K.

ITpu peamizanii JIK 3 BuImoi MareMaTuku mMoTpiOHE HE TUIHKHA IPAMOTHE BUKOPHUCTaHHS
nepeBar eJIeKTPOHHHUX OCBITHIX TEXHOJOTiH, a i MmeJaroriyHo MpaBUJIbHE BHUPIMICHHS HAsSBHUX
JTUIAKTUYHUX 1 BUXOBHHUX MPOOJIEM.
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Abstract

Due to the rapid popularity of blockchain technology, this article has investigated the use
of this technology. Special attention was paid to the use of this technology in the field of
education. In particular, the use of blockchain technology for the formation of digital diplomas
was considered. The article deals with the problems arising in the way of introducing the system
of issuing and creating digital diplomas and certificates. The problems were systematized into
several common groups. For example, universities where the system of issuing digital diplomas
and certificates is already successfully operating, were cited. The article added a link to view the
site where you can check the digital diploma of the University of Massachusetts. A model for
issuing diplomas in the form of a scheme was built. The diagram shows how all elements of the
system should interact: a higher education institution, an information repository of diplomas and
certificates, blockchains, graduates and employers.

The article provides a brief description of the blockchain technology, its advantages and
disadvantages. Attention was paid to the prospects of using this technology. It was determined
that the most promising areas of application of blockchain technology are finance, logistics,
education, and work with documents. It was found that one of the main advantages of technology
is the absence of intermediaries and a high degree of security.

B cyuacHOoMy CBITI Ta €KOHOMIIl BCe IyK4ye MOYMHAIOTh HaOUpaTH MOMYJISIPHOCTI
texHosorii 6mokueitH (blockchain). Bonu He cTosiTh Ha MICIli, OXOIUIIOIOYM BCE HOBI 1 HOBI
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chepu. MorxkHa 6e3 TPUOUIBIICHHS] CK3aTH, IO 3aBASKH IIMM TEXHOJIOTISIM TIEpel HaMU JIeKaTh
BEJIMYE3H1 MEPCIIEKTUBH.

TexHosorist OJIOKYEHH — I1e pO3MOJieHa CHCTEeMa 3aIlMCiB, sKi 3B’s3aHI MK CO0OI0,
HiATBEPKEH], Ta MOKYTh OyTH Jierko nepesipeHi [1-2]. OnucyBartu 1i 3anucu MOXyTh BCe, 110
3aBrOJTHO — BiJl TPOIIOBUX NEPEBOJIB 1 10 MIAMUCAHUX KOHTPAKTiB. | OJJOBHOIO BHMOTOIO € T€,
mo iHdopmalis B IUX 3amucax MOBMHHA OyTH MiATBEpPIKEHOIO, MEPEeBIPEHOI0, ab0 IHIIMMHU
CJIOBaMU, Ha/IIHHOIO.

brok4yeitn — e Benmka po3mojiieHa 0a3za TaHuX 3arajbHOr0 KopuctyBaHHs. Lle € cyTTiO
texHosiorii. B 1miii 0a3i gaHuMX HEMae ILEeHTPaIbHOTO KEPIBHUIITBA, MEPEBIPKOIO TpPaH3aKIIIMA
3aliMaEeTbcs  OCOONMBAa Tpyna KOPUCTYBadi, SKHX HA3WBalOTh MaiiHepamu. MaiiHepu
MiATBEPDKYIOTh JTOCTOBIPHICTh BHUKOHAHUX TpaH3akIlid, Ta (GOpMYyHOTh 3 HUX OJIOKH, SKi
BUOYZOBYIOTHCS B JAHIIOKKH. OCHOBa 1MOOYIOBH B TOMY, IIIO KOXXEH HACTYNMHUHN OJOK MICTUTh
iHdopmarniro po nonepenHii [3]. [lepeBaroro TeXHOIOTIT € BIICYTHICTh MOCEPEAHUKIB, 00 Ha
JAaHUK MOMEHT BCl omepamii 3 TpomIMMa, JOKYMEHTaMH Ta iHIIUM NOTPeOYyIOTh HAsSBHOCTI
MOCEPETHUKIB, 110 MOTJM O MEpeBIPATH JOCTOBIPHICTh MPOBEACHHUX omepariii. B OmokyeitHi x
TpaH3aKIii MOXYTh 1 IEPEBIPSITUCH, 1 MATBEPIKYBATHCh CAMUMH yYaCHHKaMU CHUCTeMHU. Bcim
JOCTYIHHUI TpOrpaMHUI KOA Mepexi, OyIb-XTO MOKe IMEeperjsHyTd naHi mo omeparisM. [lo
neperisiay JOCTYIHO Bce, KpiM KOH(INEHIIMHMX JaHUX — OCOOMCTOCTI BJIAaCHWKAa Ta HOTO
MEPCOHAIBHUX JaHUX.

3aBISIKU CBOIM SIKOCTSIM, OJIOKYCIHH MOKE 3a0€3IIeYNTH HACTYITHE:

- JIOCTYIHICTh — CHCTEMY MOJKJIMBO BUKOPHCTATH CKpi3b, J€ € JOCTYI IO IHTEPHETY,
OCKUTbKM BIJICYTHICTh aJMIHICTPATOpiB O3HAYa€ BIJCYTHICTb NEPEepB, a PO3MOAUICHICTh —
BiZICYTHICTB 300iB B pOOOTi;

- 3aXUIICHICTh — KOJUCH 3pOOJICHUH 3aITiC HEMOXIIUBO TiApOoOUTH, 200 BUIAIHTH;

- HE3aJIeKHICTh — 3aBISKH MPUCTPOI0 MEPEkKl KOPHUCTyBadi HE MOTPEOYIOTh OyJb-IKHX
MOCEePETHUKIB [4].

3aBASKH TOMY, LIO TEXHOJIOTisl CTPIMKO pPO3BHUBA€THCA, MYy)KE€ CKOpO MOKHa Oyje
3acTOCOBYBaTH 1i B 00JacTi JIOTICTHKH, Ui CIPOILIEHHS CHUCTEMH BIJICIIIKOBYBaHHS
BIJIMIPABJICHHS Ta NPUOYBaHHs MOTATIB Ha 3ali3HUYHHMX BOK3aJaXx. B Takomy BUMaJIKy MOKHA
OyZe BHUKJIIOUUTH MOJIMBICTb JIIOJCHKUX IMOMHJIOK, a CaM KOMII'IOT€p MaTHME€ MOXKJIMBICTb
3HaWTH HAWOUIBLI MPOCTI Ta MIBUAKI HUISXH TPAHCIIOPTYBAHHS BAaHTAXiB, a OTPUMYBau 3MOXeE
oopMHUTH IX YIAaKOBKY Ta YIaKOBKY Ha CKIIaIi.

Ha nymKy ekcrnepTiB, Ha ChOT'OJIHI TEXHOJIOTisl OJIOKYEHH € (P iHAaHCOBUM 1HCTPYMEHTOM.
Binomoro rinkoro B (iHaHCOBIN cdepi 3BHYAWHO XK € KPUNTOBaIOTa. baHKM NOYMHAIOTH
JIEMOHCTPYBaTH CBOI OJOKuYeHH-Tu1aThopMu. 3aBASKM I TEXHOJOrIT MOXJIMBO Habararto
CKOPOTHUTH Yac MPOBEACHHS TPaH3aKIIiH.

[Toni6HO 10 3MEHIIEHHS TEPMiHIB BUKOHAHHS I'POILIOBUX OIEpaLii, MOXKIUBO 3MEHIIUTH
yac Ha 00poOKy JOKYMEHTIB. BUTparu BCiX BENMKHMX KOMIIaHI Ha CTBOPEHHS, MEPEBIPKY, Ta
nepeMillleHHs] JOKYMEHTallll € Jyke BUCOKMMHU. KpiM TOro », METOIM JOCTaBKM TpaauLiHUX
NanepoBUX JIOKYMEHTIB HEJIOCTaTHbO 3axXMILEHl BIJ 3aTPUMOK Ta HiApoOok. TexHomoris
OJIOKYEIH, 3acCTOCOBaHA B SKOCTI PO3MOJAUIEHOr0 HHU(POBOrO peecTpy, Moria O 3HAYHO
CKOPOTHTH BUTpATH Ta 4ac Ha JOKYMEHTOOOIT.

Ane HaimikaBimor Uit Hac cdeporo 3acTocyBaHHA OJIOKYEHH-TEXHOJOTIl € OCBITHS
chepa. 30kpeMa aKTyaTlbHUM € BHUKOPHCTAHHS JIaHOI TEXHOJIOTIi B Tporeci Buaadl udpoBUX
aKaJeMIYHUX JUIUIOMIB Ta cepTudikariB. lle ngo03BomMiI0 O MiABUIIUTH BiIKPUTICTH Ta
npo3zopictb 'y uid cdepi. Ilpu wnpomy, mnoTeHmiiHI poOOTOAABII MOTJIM © MHTTEBO
11eHTUIKYBaTH AUIJIOMHU MPETEHCHTIB HAa po0oYi MicLis.

Ha cporoani yxe BiJOMO Mpo JAEKUIbKA YCHIIIHUX NPUKIAAIB BHAAYl IUILUIOMIB 3a
JI0TIOMOT 010 OJI0KueiHy. MaccadyceTChbKHi TEXHOJOTIYHUN 1HCTUTYT OJHUM 3 MEpIIUX 3asBUB,
o0 BUJAB OUIBII HDK CTO IUGPOBUX AUIUIOMIB IIiJI YaCc CBOTO MUIOTHOTO MpoekTy. Lli
ceprudikaTi Oynu BUMYIEHI yepe3 cnerianbauii nogatok Blockcerts Wallet, sikuit 3acHoBaHMiA
Ha BimkputoMy ctanmapti Blockcerts. I{s cucrema mae OITKOMHOBY CXeMy 1 BHUKOPHCTOBYE
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THMYACOBY TPaH3aKIIio, sIKa BKa3ye, IO 1HCTUTYT CTBOPUB U(poBUI 3amucC ajisi cepTudikary.
[lpy 1tbOMY IHCTUTYT MpENCTaBIs€ CAaMT TMepeBipkH cepTU(iIkaTiB A€ 1 MOXKHA MEpEBipUTH
JIOCTOBIPHICTh AWIUIOMY. Takoxk moiOHiI poboTu mpoBoasThes B YHiBepcuteti Hikocii (Kimp),
ABcTpaniiickkoMy yHiBecuTeTi B MenbOypHi, Ta iHIINX.

AHaT3yIOUH MPEJCTaBICHUN B CY4acHHMX IyOJIIKaIlisAX JOCBiJ, MOXHa 3allpOTNIOHYBATH
HACTYIHY MOJIEeJIb BHIa4i U(PPOBUX AUILIOMIB (puc. 1).

Aunnom
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Pucynok 1. Mozaens Bugadi uudpoBux AUIIOMIB.

B naniii koHmerniii 6JOKYEHH € MiciieM peectpaiii Mu(POBUX JHUILIOMIB, ajle I HE €
MicieM ix (akTuuHoro 30epiranus. B OGrmokyeiini 30epiraeThCs JuIle MEeBHUN Xell AUILIOMY, IO
SKOMY MOJIMBO OTPHUMATH IUILUIOM B iH(OpMamiiiHoMy cxoBumii. [H(popmariiiHe cxoBuiie
MOBMHHO 3a0€3MeuyBaTH YHIKaJIbHUM XeIl KO)KHOMY JTOKYMEHTY, BiJIC/IIJTKOBYBAaTH AyOJIOBaHHS
JIOKYMEHTIB 1 EPELIKOKaTh cripodaM Moaudikarii JOKyMeHTIB [5].

Onwuparounchk Ha HaBeIeH! (PaKTH, MOKJIMBO PO3AUTUTH MPOOIEMH Ha TaKi IPyIu:

- TEXHIKO-TEXHOJIOT14H1 Mpo0sieMH (BiICYTHICTh HaIllOHAIBHOT MIaT(opMu OJI0KUEiH);

- opraHizauiiiHi npo0iemu (BIACYTHICTb CTPYKTYpH, IO KOOpAMHYBaia O OCBITHIH
OJIOKYEIH SIK €IMHUHN 1HPOpMALIHHUI POCTIp);

- paBoBi Mpo0IeMHU (BIICYTHICTh IOPUANYHOI CUIIM B €JIEKTPOHHUX JTUILIOMIB).

Ane ui mpobiremu MOXIMBO BupimUTH. [lo Mipi pO3BUTKY 3arajgbHOi LUPPOBOI
€KOHOMIKH, CYCHUIbCTBO BCE€ OJHO TMOBMHHO NPUNTH 10 PO3YMIHHS HOBUX, 1H(OpMAaLIHHUX
MiIXOAIB JO BHpPINIYBaHHA TpaauliiHux 3amad. [Ipouecu mopanbinoi iHdopmarusanii
CyCMUIbCTBA Ta OCBITH B KIHIIl TaKH 3MIHATH ICHYIOU1 MPAaBOBI MIa0JIOHH, IO JACTh MOMJIUBICTh
(bopMyBaHHS HOBOTO, €IMHOTO 1HPOPMAaLIIHHO-HABYAIBHOTO CEPEIOBUIIIA.
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The use of Google services as an innovative cloud-based technology in the
educational process

Byesyedina S., The Bohdan Khmelnytsky National University of
Cherkasy, Cherkasy, Ukraine, bes_sv@ukr.net

Abstract

Our society is at the stage of transition to the information society. In connection with this,
the important task of informatization of education is the formation of an information
environment that will facilitate the involvement of participants in the educational process to use
information and computer technologies in all areas of educational activity. The article considers
the possibilities of using cloud technologies in the educational sphere. The introduction of cloud
technologies brings with it new risks, but also new opportunities for institutions of higher
education, teachers and students.

CporoHi 31 CTpIMKUM PO3BUTKOM KOMII IOTEPHUX Ta 1H(QOpPMAIITHUX TEXHOJOTiH, BCE
OinpIe oprasizaiiii mpamroe i3 mporpaMaMu Ta CepBicaMH, sIKi MOBHHHI MaTH JOCTYH /O
InTepHeT, a TakoX BUKOPHUCTOBYBaTH XMapHI TexHoJjorii aBroMmaru3auii. Jlo mepeBar umx
TEXHOJIOTiM BIHOCSTBH: BIACYTHICTH WIAKIIOUEHHS TOJATKOBOTO arapaTHOrO 3a0e3NeueHHs,
BCTAHOBJIEHHS CIIELIAJIBHOTO MPOrpaMHOIo 3a0e3NedyeHHs, MiArOTOBKH CIEliaJbHO HABUEHOI'O
nepcoHaiy tomo. Taka aBToMaTH3amis JO3BOJISE MiIBUIINTH €()EeKTUBHICTh pOOOTH OpraHizarii
Ta TABUIIUTU 1i KOHKYypeHTo34aTHicTh. Lle ctocyerbes i1 ocBiTHROI cdepu. CydacHi peanii
BUCYBAlOTh HOBI BUMOTH JI0 THX, XTO HaBYAETHCA, 1 TUX, XTO HaBYa€. BIpoBa/KeHHS XMapHHUX
TEXHOJIOT1! CTPIMKO 3pOCTa€, 3aBASIKM HUM OCBITa CTa€ BCE OCTYIHILION.

Bukopucranus XMapHHX TEXHOJIOT1H JIJIsl 3aKJIa 1B BUIIO OCBITH HAa/Ia€ HOBI MOMJIMBOCTI
YIpaBJIiHHSA OCBITHIM HPOLIECOM, IO B CBOIO YE€pry BeA€ N0 MiJBUILEHHS PIBHA METOAMYHOI
poOOTH 1BOrO OCBITHBOTO 3aKJaady Ta HEOOXIJHICTh BIPOBAKEHHS EJIEKTPOHHOIO
JIOKYMEHTO00Iry Ha ycix Horo piBHAX. ToMy HOBITHI BIpTyaJlbHI Ta XMapHI TEXHOJOTil
JIOTIOMararTh 3p0OUTH OCBITY OUTBII JOCTYITHOIO.

[TuTaHHAM BUKOPUCTAHHIO XMAapHHUX TEXHOJOTIM B OCBITHBOMY IpOIECI MPUALIAETHCS
BeJMKa yBara BueHMMHU. Hampukinan, mopiBHsSHHS XapakTepucTuk cepsiciB (Google omucas
O.'ymennnii Ta 1. [lagiil, BnpoBamkeHHs xmapHux cepsiciB Google Apps B iH(popMariifHo-
OCBITHIM mpocTip 3aknaaiB Bumioi ocBith po3rignaB B. Omnekciok, a H. Kononer
npoaHaji3yBaja MOXJIMBOCTI BuKopucTaHHs Google Jlucky s oprasizaiii OCBITHHOTO
IPOIIECy, CTBOPEHHS €NEKTPOHHUX HAaBYAIbHO-METOJAMYHUX KOMIUIEKCIB JMCIUIUTIH Ta OILIHUIIA
nepeBarn M HeNONIKM MOro BHUKOPHUCTaHHS SIK 3aco0y pecypc-Opi€HTOBAaHOTO HaBYaHHS
JTUCIIATUTIH KOMIT IOTEpHOTO THUKITY. B. JlemMemkeBHd po3TIsiHYB OCOOJIMBOCTI BUKOPHUCTAHHS
cepgiciB Google B AisUTHHOCTI NeIarorivHUX MpamiBHUKIB [3-5].

XMapHi cepBicM Ha JaHUW MOMEHT € TOBHOI[IHHAM HaBUYaJbHUM IHCTPYMEHTOM, IIIO
JI03BOJISIE 3aKJIay BUIIOI OCBITH CTBOPUTH BJIACHUHM OHJAMH-TIPOCTIp Ta (OpMyBaTH 0cOOUCTE
OCBITHE CEpe/IOBUIIE BUKJIaJauiB Ta CTYEHTIB MaKCUMaIbHO €()eKTHUBHO.

OpHuM 13 ronoBHUX XMapHUX cepBiciB € Google Jluck. BiH Hagae MOXIHUBICTDH
KOpUCTYBa4aM 3aBaHTa)XyBaTH, CTBOPIOBATH U TIpAIfoBaTH 3 TEKCTOBUMH, TaOIMYHUMHU
JOKYMEHTaMH 1 Tpe3eHTallisIMU MPOCTOo y BikHI Opaysepa. 3a gonomororo cepsicy Google [luck
MOKHa 30epiraTu ocTaHHI Bepcii Bcix cTBopeHux ¢ainiB B IHTepHeri. [lng HaBuanbHOT
JISUTBHOCTI HaMOLIbII IIKABOIO € MOXJIUBICTh JOPMATYBATH 1 peJjaryBaTu TEKCTOBI JOKYMEHTH Yy
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pexkumi OH-TalH. J[Js CTBOpEHHsI PI3HOMAHITHUX ITUIAKTUYHUX MaTepialiB JyUisl CTYACHTIB
BUKJIa/la4yl BUKOPHCTOBYIOTH MepexkeBi cepBicH, ki Hamae Google [luck, a came JTOKyMEHTH
Google, 1#oro Tabmuii, mnpeseHrtanii Ta MamoHkH. CepBic GoogleDocs Bukiamaui
BUKOPUCTOBYIOTh Ul PI3HMX LiJeH: NiABUIICHHA eQEeKTHBHOCTI HaBYaHHS, IEpeBipKa
KYpPCOBHX, JJabOpaTopHUX poOIT Ta pedepariB, KOHTPOJIb 32 BUKOHAHHIM CaMOCTIHHOI poOOTH
CTYZEHTA TOILO.

OpmHiero 13 KITIOYOBHX IepeBar MporpaMd € Te, IO JOKYMEHTH 1 TaOuwmi, IIo
CTBOPIOIOTHCSI KOPUCTYBaueM, 30epiratoTbes Ha cepBepi Google, abo MOXyTh OyTH 30epexeHi y
daiin gocTynm [0 BBEACHUX JaHUX MOXeE 3JIHCHIOBaTHCA 3 OyIb-IKOT0 KOMII I0Tepa,
i1’ €IHAaHOTO J0 IHTEPHETY, a OT JOCTYII A0 OCOOMCTHX JTOKYMEHTIB 3aXuIIeHui naponem [1].

e omni€ero mepeBaror® BUKOPUCTAHHS XMApHUX OOYHMCIICHb € MOMJIMBICTH 3MIIIYBaTH 1
NOPIBHIOBATH  pi3HI  KOMIIOHEHTH, ©O€3 TpHB'I3KM JO JKOPCTKOI  OOYHMCIIIOBAJIBHOL
iHppacTpykTypu. IliTkoM oOuYeBHIHO, I TIEPEBEACHHS KOMIT FOTEPHOI 1H(pACTPyKTypH
HIDKHBOTO PIBHS B XMapy € Baromi aprymenTH. Hampukimaz, crangapTHi IporpaMu, Mo HIMPOKO
BUKOPHUCTOBYIOTHCSI B OCBITI (TEKCTOBUM MPOIIECOP, PEIAKTOP EICKTPOHHHUX TaOIHIlb, TpadiyHui
penaKkTop, eJEeKTPOHHA IIOIITa TOILIO) 3aBXKIM OYAyThb aKTyaJbHHUMH, THM OLUIbIIE IIPH
BUKOPUCTaHHI xMap [2].

3acrocyBaHHsS €ICKTpOHHUX TaOmuie (Google HaBYAIBHO-METOIUYHUM  BiJIUIOM
YepkachbKoro HaI[lOHAJIILHOTO YHIBepCUTETY iMeH1 b. XMeNnbHUIIBKOTO 3HAYHO CIIPOCTHIIO POOOTY
NpaliBHUKIB I[HOTO 3aKJaay 31 CHUCKAaMH Ha CTUICHIIIO CTYACHTIB, (pOpMyBaHHS 3BEICHUX
BIJIOMOCTEH, IMepeniKy CTYIEHTIB, SIKI HABYAIOThCS 3a IHAMBIAyalbHUM IpadikoM HaBYaHHS,
iH(popMariro npo podoToaasuis Tomo. Bukopucranus Google nucky ta Google-tabnuup Ha 6asi
EnexkTpoHHOr0 yHIBEpCUTETY, JO3BOJIMIIO BUKJIaauaM BCi CBOi MaTepiajid pO3MICTUTH Y BUTIIAIL
€JICKTPOHHOT'O0 HABYAIBHO-METOAMYHOTO 3a0€3MeUCHHS UCIMIUIIHYU 13 3a3HAYCHHSM BCIX BHUJIIB
poOiT Ta rinmeprnocuiaHHAM. KOXXHUN CTyIeHT 3apeecTpoBaHUM y Wil cucTeMi MO CBOIl
CHEUiaJIbHOCTI Ma€ JIOCTYII 10 JaHUX PecypciB. 3BiCHO, BBEICHHS IUX HOBOBBEACHB CIIOUATKY 3
OOKy MpaliBHUKIB BHKJIMKAJIO CYINPOTUB Ta OOYpEHHS, OJHAK IIICIs BIPOBADKEHHS, SK
pe3yabpTaT CKOPOTHJIaCh pyTHHHA PO0OTa — BCE EPEPOOIIIOBATH, & TAKOK KUTBKICTh HEOTPIOHOT
npykoBaHoi iH(popMarii. Xoua po3pobnenuii pecypce (https://teach.cdu.edu.ua/) i 3HaxonuThcst Ha
cTaali BUNPOOOBYBaHHS, ajie BXKE II0Ka3aB IO3UTUBHUM pe3yabTaT BiJ BIPOBAIKEHHS.
[TepeBaroro BUKOPHCTaHHsS LUX CEPBICIB JaJI0 MOKJIMBICTH BHKJIaJayy CBOi MaTepiaj 3TiJHO
BHUMOT CY4acHOTI'O CBITY Ta PUHKY Ipalli, a JOCTYI JI0 PeCypciB Moxe BiiOyBaTucs 3 0yIb-SKOro
MicCIisl OYIb-SIKUM MPAIliBHUKOM I[HOTO 3aKJIaay.

Otxe, BukopucTtaHHs cepBiciB Google y ocBiTHROMY mporeci crnpuse (HopMyBaHHIO
KOHKYPEHTOCTIDOMOKHOI ¥ YCIIIIHOT OCOOUCTOCTI B E€JIEKTPOHHOMY iH(opMauiiHOMY
CYCIIIJIBCTBI Ta 3HAYHO BJOCKOHAIIOE 1 YpPI3SHOMAHITHIOE MISJIbHICTh BHKJIAJaya, aKTHUBI3ZYE
TBOpYY JiSUIbHICTH CTY/EHTIB, CTBOPIOE HAJEXKHI YMOBHU A1 (pOpMyBaHHS M PO3BUTKY y HHX
BIMOBIAHUX yMIHb Ta HaBUYOK, IOKpAIIly€e 3aCBOEHHS 1 BIATBOPEHHS HUMH OTPUMAHOI
iHdopmarii. Bei 11l yMOBH € TiepeIyMOBOIO IMiIBUILIEHHS SKOCTI HABUAHHS B I[LIIOMY.

TakuM 4MHOM, Cy4acHUN YKPAaiHCHbKUI PUHOK XMAapHUX TEXHOJIOT1H 3HAXOANUTHCS B CTall
CTPIMKOTO pO3BUTKY. OCKIJIbKHM ICHY€E IIAJIEHUH NONMUT Ha BUKOPUCTAHHS X TEXHOJOT1H, TO SK
HACJIIJIOK MOMUT Ha (axiBLIB 1 MPaliBHUKIB 3JaTHUX MPALIOBATU 3 UMM TEXHOJIOTISIMH Oyre
3pocTaTH. A BHIa OCBiTa HE TMOBHHHA CTOSTH HAa MICIi, BOHAa MOBHMHHA PYXaTUCS B HOTY 3
cydacHuM IT-CBiTOM, /€ BEIMKHM IIOIIUTOM CHOTOJIHI KOPUCTYETHCS BCE, MO CTOCYETHCS
XMapHHUX TEXHOJIOT1H.

Bukopucrtanus iHQoOpMamiHMX TEXHOJOTIH B OCBITI € aKTyaJdbHOIO Ta THOTpedye
MOJAJIBIION0 PO3BUTKY. BHpoBakeHHS B MPAKTUKY ISUTBHOCTI OCBITHIX 3aKJIaJAiB XMapHHX
TEXHOJIOT1H HaJa€ MOXKIIUBICTh €(EKTUBHO CTBOPUTH CBiM BlacHUM 1HQOpMaLiiHUIi mpocTip Ta
0coOMCTe HaBUAJIbHE CEPEOBHUIIE, CTBOPIOBATH YMOBH: JJIsi 3alpOBAPKEHHS MeIaroriyHo
BUBAKEHUX MOJeNiell HaBUaHHS; BUKOPUCTAHHS XMapo 1 MOOUIbHO-OPIEHTOBAHHUX HaBUaJIbHUX
pecypciB amnst GopMyBaHHS KIHOYOBUX KommeTeHIid XX cTomiTTs.
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Google-forms. The possibilities for using in education.

Blakova O., The Bohdan Khmelnytsky National University of Cherkasy,
Cherkasy, Ukraine, O_Blakova@ukr.net

Abstract

Using of cloud technologies and online services intensify the learning process, and
improve the level of the students professional studing. So, the article provides a brief description
of the Google-forms possibilities for using in education process in the Bohdan Khmelnytsky
national university of Cherkasy.

CporosHi BiZIOyBa€TbCS CTAHOBJIEHHS HOBOI CHCTEMH OCBITH, OpIEHTOBaHOI Ha
IHTerpamito B CBITOBe 1H(OpMAIiitHO-OCBITHIM mpoctip. Llelt mporec CynpoBOIKYETHCS
NOMITHUMHM 3MiHaMM B OpraHi3auii mpolecy HaBUaHHs, SIKHH MOBMHEH BIJINOBIIATH CY4aCHUM
TEXHIYHAM MOKJIUBOCTSIM.

[TpoHukHEHHS cyyacHHUX 1H(GOpMaLIHHUX TEXHOJIOTIH B chepy OCBITH 103BOJISE SKICHO
3MIHUTH METOAM 1 oOprasizamiiiHi ¢opMu HaByaHHS 3pOOMBIIM HOro OUIBII 3pYYHUM 1
JOCTYITHUM.

[ndopmariiitni Ta KOMyHIKAI[iiHI TEXHOJIOTII CTaJId HEBIJ'€MHOI YAaCTHHOKO OCBITH 1
TOJOBHOIO 3a/1a4€l0 € IIJIBUIICHHS KOMIT'FOTEPHOI T'PaMOTHOCTI CTYAEHTIB CHEI[iaIbHOCTEH
"CepenHst ocBiTa", OCBOEHHS HHUMH pOOOTHM 3 MPOTPAMHUMH OCBITHIMH KOMIUIEKCaMH,
pecypcamu Mepexi IHTepHeT, Ui Toro, o0 B MEepPCIeKTUBI KOXKEH 3 HUX MII' BAKOPUCTOBYBATH
CydacHI KOMMI'FOTEpPHI TE€XHOJIOTIl JJIS MATOTOBKW 1 MPOBEJACHHS 3aHATh 3 YYHSIMHU Ha SKICHO
HoBOMY piBHI. Came TOoMy B YepkacbKOMYy HAI[lOHAIBHOMY YHIBEpCUTETI Oyl0 BBEICHO
mucumiiny "HoBiTHI iHpopMaIiiiHi TEXHOJIOTIT B OCBITHROMY MpoIieci"” JJis CTYI€HTIB TPEThOTO
Kypcy cneuianbHocTi "CepenHsi ocBiTa" HamepeaoJHi MPOXOPKEHHS MIKUIBHOI MpPaKTHUKH.
OCHOBOIO 1IBOTO KYpCY € BUKOPUCTAHHSI XMapHUX TEXHOJIOTIH.

Jlnist G1IbIIOCTI CTYAEHTIB MEpIIMM KPOKOM Y BUKOPHCTAaHHI XMapHUX OOUYMCIIEHb CTajia
enexktponHa nomra Google, sika JIETKO MOXE MIATPUMYBATHCS 330BHI, @ TaKOX JOJATKH IS
CTBOPEHHS JOKYMEHTIB, II0 J03BOJIAIOTH MPALIOBATH 3 TEKCTAMHU, €JIEKTPOHHUMHU TaOIUISIMHU 1
Ipe3eHTallIsIMH, CTBOPIOBATH BeO-caiiTu Ta (opMHU JJi OMUTYBAHHS Ta OL[IHIOBAHHS iX 3HAHb.

3HayHy yBary InpH BUBUEHHI Kypcy MU npuiisemMo goaatkam Google:
- Google-mokymenTH;

- Google-ta6muii;
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- Google-npesenrartii;
- Google-popmu;
- Google-caiitu Ta iX 1OMOBHEHHSM.

®opma Google — 3py4yHHii IHCTPYMEHT, 32 JONOMOTOI0 SIKOT'O MOJKHA JIETKO 1 IIBUAKO
MJIaHyBaTH 3aXOJ¥, CKJIaJlaTH OMHMTYBAaHHS Ta aHKETH, a TAKOXX 30WMpaTH 1HINY iH(OpPMAIIIIO,
BIJINIPABUBIIN [TOCUJIAHHSA HA CTOPIHKY OMHMTYBAHHS I10 €JIEKTPOHHIHM MOMITI, OmyOJiKyBaBIIN B
COLlIaIbHAX MEpekax, Ha BJIACHOMY CaMTi.

Ha 3aHATTSAX MU 3BepTaeMoO yBary CTYACHTIB Ha CTBOPEHHS Ta ampoOaiilo aHKeT-
ONUTYBaHb Ta MPOMIDKHOTO KOHTPOJIIO 3 BUBUCHHS TeMH (TECTIB).

3 mpuKIagiB BUAHO, IO B OUIBIIOCTI CTYIEHTH BHKOPHCTOBYBAIM SIK BIIKPHUTI, TaK i
3aKpUTI TUMU TUTaHb. BiAKPUTI MUTAaHHS 3aCTOCOBYIOTHCS LISl 310paHHS OlIBII PO3TOPHYTHUX
SKICHUX JaHHX, Hanpukiaa B Google-popmax 1e TekeT (0JI0K TEKCTY JOBKUHOIO OiNIbIe 0JHOTO
pedenHs). Lle xopommii cnocid oTpruMaTH pO3TOPHYTY BiANOBIIb.

————— Kuenotu

woignaTax
Baranesi siaowos
K yeo ywamrms Blanos
P

VY 3akpuTOMY K MHUTaHHI MPONOHYETHCSI 0OOMEKEHa KUIBKICTh BapiaHTIB BiAMOBiAEH 110
HUX BIJJHOCUTBCS:

- TEKCT (HeBEJIMKE TEKCTOBE 10JI€ JOBXKHUHOIO B OJ[HE-/IBA CJIOBA, aje He OlIblle peuyeHHs);
- OJIUH 31 CITUCKY (BUOIp OAHOTO BapiaHTy 3 MPEICTaBIEHOrO CIMCKY BIAMOBIEH);

- KUJTbKa 31 CIMCKY (BUOIp OUIBII HIXK OJMH BapiaHT 3 Oy/b-sIKOTO MPEICTABICHOTO YUCIia
HaBEJICHUX BIJIMOBIJIEH);

- CIHMCOK, WIO0 pPO3KpUBAEThCA (BUOIp OJHOTO BapiaHTy 3 MPEACTABICHOIO CIHUCKY
BIJINOB1JIEH, IPEACTABICHOTO Y BUTJISI/II BUTIAJAI0UOTO CITUCKY);

- IIKaja BIANOBLAEH (MUTaHHSA 3 Tpajalli€l0 BUKOPUCTOBYIOTHCS Ui BUMIPIOBAHHS
JIOACBKHUX TMO3UIIH, AYMOK, 00pa3iB JKMTTA 1 OTOYEHHS, IO JO3BOJSE CTABUTU I1O3HAUKY
BIJINOBI/11 B Oy/Ib-SIKOMY MICII TIIKAJIH);

- CiTKa MHOXHMHHHMM BuOIp (mMUTaHHA mnepeAdayaroTh OLIHKY JEKUIbKOX OJMHHUIL 3a
3aMpOIIOHOBAHOIO IIKAJIO0);

- CiTKa nparnopuiB (MMTaHHS Nepe0ayaroTh OLIIHKY MapaMeTpiB 3a KUIbKOMa KpUTEPisMH);
- nata (MUTaHHSA, SKI JIO3BOJIIOTH JIETKO BBECTH Jary, a BaM B IOAAJBIIOMY
IIpOaHaNi3yBaTH ii).

{006 oTpumaTH HalKpall pe3ylbTaTH, MOXJIMBE O0'€THAHHS BIIKPUTOTO 1 3aKPUTOTO
NUTAaHHS. 3a3BUYaii B TaKWX BHUIMAJKaX TIPOMOHYETHCS KiUTbKa TOTOBHX BIATIOBiZCH, aie
JIOJTA€THCS PAZOK KaTeropii «lHiey», B IKOMY € MOKJIMBICTh OSCHUTH CBOIO BiJIIOBI/Ib.

[Tpu crBOpenHi Google-popm He TIABKKM MOTPIOHO 3BEPTaTH yBary Ha PI3HOMAHITTS
TUIIB MMUTaHb, a HA 11 HAMAIITYBaHHA. Y 3aJ€KHOCTI Bl crierudiku Popmu, 11e ONUTYBaHHS YU
TECTYBaHHSI, MOYKJINBO BCTAHOBHTH HACTYITHI TTapaMeTPH:

— 310paTH eNeKTPOHHI aJpecH;

- J03BOJIUTH a00 3a00pOHUTH 3aIMOBHIOBATH (DOPMY ITOBTOPHO;

- J03BOJIUTH 200 3a00pPOHUTH 3MIHIOBATH BIJIOBII 3T0/I0M;

— BIJITBOPIOBATH a00 MPUXOBYBATH XiJl BUKOHAHHS, 1[0 OCOOJIMBO BAKJIMBO IS 00'€MHHX
OIUTYBaHb;
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- nepeMillyBaTl MUTAHHSA, ITOKAa3yBaTH NpPaBWIbHI, HE3apaxoBaHi BIIMOBiJI Ta KUIbKICTH
OamiB 3pa3zy abo mi3Hilme Micias HajcuiaaHHA (OpMH (BUKOPUCTOBYETHCS, SIK MPABHIO, TMPHU
CTBOPCHHI TECTIB);

- MOKa3yBaTH a00 TPHXOBYBAaTH 3BEICHHS BIANOBIAEH (CTATUCTUKY BIAMOBIACH 1HIINX
KOPHUCTYBAUiB);

- JIO3BOJIUTH 3aloOBHIOBaTH (OpMYy aHOHIMHO (B TOMY YHCIi HEOJHOPa30BO) abo
JIO3BOJIMTH 3aIIOBHEHHS TIJIbKU aBTOPU30BaHUM KopucTyBadam Google.

Takox MOTPIOHO 3BEpHYTH IE€ Ha OJHY MOXJIMBICTb, 3MIHIOBaTH Ha CBi po3cyn
obopmiienHs BiacHoi Google-dbopmu. Ilpumipom BuOpaTtH TOTOBHUK KOJIp OGOPMIICHHS,
rpadiuny Temy opopMiIeHHS a00 JOJATH BIACHHUHA CTHUJIb, @ TAKOXK ITiIBUITUTH i MTPUBAOIUBICTH
JUTS IITHOBOT ay AU TOPIi.

Y ¢dopMmi € MOXIMBICTH J0JaBaHHA po3AUTiB. Bci muTtanHs y ¢opMi MOXKIUBO
00'eTHyBaTH B PO3IUIH, KOKEH 3 SKUX € OKPEeMUM EKpaHOM. BaxIJMBO BiJ3HAYWTH, TIO B
3aJISKHOCTI BiJl BIAMOBII HA MEBHE MUTAHHS KOPUCTYBaua MOXKJIMBO B PEKUMI pEabHOTO Yacy
BIJIMIPABJIATH JI0 TIEBHOTO PO3JiIy a00 HaBiTh MPUIIMHATH 3allOBHEHHS (POPMHU OCTPOKOBO. Y
PO3MiJIM MOKJIMBO BCTaBIISITH TEKCTOBI (pparmeHTH, 300paskeHHsI, BiJeo, KajleHaap, BUOip vacy,
TEKCTOBE TO0JIe, CITKY JAJIi MHOKUHHOTO BHOOPY 1 1HIII €JIEMEHTH.

Ax 1 gna iHmmx pomatkiB Google, mns GopM € OE3KOMTOBHI JONMOBHEHHS, SIKI
PO3IIUPIOIOTH iX PYHKIIOHATBHICTD.

[Tpu BuKOpHCcTaHHI (HhOPM OMHUTYBaHb 1 aHKET 30UIBIIYETHCSI HE TUIBKH MIBUIKICTH 300pY
Ta aHanmizy iHdopmaiii, ane i 3'IBISETbCS MOXKIUBICTH OTPUMAaHHS HEOOXiAHOI CTATHUCTUKH Y
Bursii Google Tabmuisax Ta 00poOuTH JaHi 1 o0y yBaTH rpadikm.

3po3yMmisio, MU TUIBKH PO3MOYAIM BUBUYATH Ta BIPOBAHKYBATH B OCBITHIN IpPOIEC JEsKi
nonatku Google, taki sk Google-popmu Tta Google-caiiTu, SIK HACTYIHHA KPOK BOAYAETHCS
palioHaJbHUM BHBYEHHSM IHIIUX CEPBICIB Ta iX [OMOBHEHb. llicymMoByrOuM BUKIIa/JEHE
3a3HAYMMO, IO 3aCTOCYBaHHS XMapHHX TEXHOJIOTiH 1 OHJIAH CEpBICIB HaJla€ MOXKIUBICTh
iHTeHCU(IKyBaTH MpOLIeC HABYaHHS, MIABUIIMTU piBeHb MpodeciiiHOi MIATOTOBKH CTYICHTIB,
30KpeMa MailOyTHIX 6akanaBpiB creniaabHocT! "CepenHs ocBiTa".
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