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Cexknus 1 NHDopManiinoHHbIE CHCTEMbI YIIPABJICHHS

UDC 621.396.4 (045)

METHOD OF JOINT APPLICATION OF A FLYING INFORMATION
ROBOT AND WIRELESS SENSOR NETWORKS
Dr.Sci. Tachinina O. 1[0000-0001-7081-0576], Dr.Sci. Lysenko 0. 2[0000—0002—7276—9279]7
Ph.D. Valuiskyi S. 3[0000-0002-2878-6514], Ph.D. Alekseeva I. 4[0000»0002—2878—6514]7
Ph.D. Novikov V. 5[OOOO-0003-4199-9968]7
E-mail: *(corresp.) tachinina5@gmail.com, 2lysenko.a.i.1952@gmail.com,
valuiskyi.stanislav@lll.kpi.ua, 4alexirl@ukr.net, Snovikov1967@ukr.net

Annotation. The article describes the method of operational calculation of
intermediate points coordinates for the route of flying information robot, which
collects information from mobile sensors of the ground mobile wireless sensor
network.

Keywords: flying information robot, unmanned aerial vehicle, wireless
sensor network.

Flying Information Robot (FIR) is an unmanned aerial vehicle (UAV), which
is designed to perform information and telecommunication operations.

Depending on the composition of the onboard equipment, the FIR performs
the functions of: a flying multi-sensor; storage device; repeater; controller. At
the same time, FIR is designed to maintain information interaction of the control
center with stationary and mobile subscribers or sensors. The most successful
FIR application is in combination with wireless sensor networks (WSN), both
stationary wireless sensor networks (SWSN) and mobile wireless sensor
network (MWSN) [1].

Mobile wireless sensor network are indispensable in the conditions of absent
or destroyed ground infrastructure (regions with difficult terrain or affected by
natural disasters or man-made disasters).

Typically, MWSN is quickly deployed to organize information interaction
between personnel of search and rescue units and (or) law enforcement services.
MWSN are wireless local area networks in which nodes (mobile sensors) have
the same status (peer-to-peer) and can interact with each other directly in the
radio visibility area, or with relaying messages through other nodes, thus
forming multi hop networks of arbitrary structure [1] (Fig. 1).
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Fig. 1. An example of a hypothetical trajectory of a flying information robot,
providing the minimum time for collecting information from mabile sensors:
S1, S,...,Sk — intermediate points of the FIR route

The time for collecting information from the mobile sensor (MS) using the
FIR consists of the time of its movement between the intermediate points of the
route and the delay time at the intermediate points of the route for reading
information from the MS. We assume that information is read using 5G
technology. Then the time of information reading can be neglected in
comparison with the time of mechanical movement of the FIR from one
intermediate point of the route to another. Considering that the FIR moves
between the intermediate points of the route at the maximum speed, it can be
concluded that the best location of the intermediate points of the route will be
one that ensures cluster connectivity of the MS and the minimum total distance
between these points (Fig. 1).

Currently, trivial methods of collecting information from stationary sensor
networks using one or several telecommunication air platforms are known.
These methods are based on ensuring the connectivity of the disconnected areas
of stationary ground nodes, when the entire stationary network is a single cluster
[2], or on increasing the connectivity of the ground network. However, no one
has yet considered methods of collecting information from MWSN in conditions
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of cluster connectivity and using one FIR according to the criterion of
minimizing the time of flying around all intermediate points of the route
(information collection points).

The purpose of this article is development of a method for the operational
calculation of coordinates of intermediate points of the route of movement of a
FIR. Knowing these points of the route will make it possible to construct a FIR
trajectory that minimizes the time for collecting information from mobile
Sensors.
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HETEROGENEOUS NETWORK PROBLEMS
Dr.Sci. Goloskokov K., Korotkov V.

Annomayua. PaccMOTpeHBl TPOOIEMBI TeTEPOreHHOW CeTH IpHu
MPOCKTUPOBAHKMHU, CBSI3aHHBIE C HMH(POPMAIIMOHHON OE30MacHOCThIO  €e
TIpEUMYIIECTBA, HEAOCTATKH, BO3ZMOXXHOCTH IPUMEHECHHU.

Knroueevle cnoea: rereporeHHas cetb, MH(POPMAIMOHHAS 0E30MaCHOCTS,
MPOTOKOJIBI, CEPBUCHI.

Abstract. The problems of a heterogeneous network in the design, related to
information security, its advantages, disadvantages, and application possibilities
are considered.

Keywords: heterogeneous network, information security, protocols,
services.

25


mailto:korotkovvv@gumrf.ru

Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

TepMHH «reTeporeHHasi CeTh» MOXKET ONPEAENATHCS WM MPUHUMATHCS BO
BHUMAaHHE C Pa3HBIX TOYEK 3PEHHSI. DTO MOXKET O3HA4YaTh O0BEIMHEHHYIO CETh,
KOTOpasi He SBJSIETCS OIHOPOJHOM C TOYKM 3PEHUsI Pa3IMYHBIX TEXHOJIOTHH,
UCTIONIB3YyeMBIX B HEH, WJIM JaXe C TOYKM 3PEHHSI Pa3HBIX ITOCTABIIHMKOB,
KOTOpBIE 3a00TATCSI O Pa3iIMYHBIX YacTsAX WM yciayrax (HampuMep, yciayrax
WAN) B Heil.

Tem He MeHee, HanboJee pacpOCTPaHEHHOE OINpeeICHUE, 3aKITI0YaeTCs B
TOM, YTO «CETh, COCTOSIIAs W3 MIMPOKOrO AWAala30Ha THIIOB YCTPOMCTB, OT
yCTapeBIINX YCTPOMCTB, KOTOpblE OrPaHMYEHBI B MOIHOCTH IIpolieccopa WM
YCIIYT, OHH MOTYT IPEAOCTaBUTh COBPEMEHHBIM YCTPOICTBAM HOBBIE YCIIYTH,
BKJTI04asi 0€30MacHbIE TPOTOKOJIBI U MEXaHU3MBIY.

[IpoektupoBaHue WM YIy4lIEeHHE TETEPOreHHOW CETH MOXKeT OBbITh
JIOBOJIBHO CJIOXHOM 3ajjauel I0 MHOTUM MPHYHHAM.

Tor ¢axr, yro oOliee pelleHHEe HE MOXKET OBbITh NPUMEHEHO KO BCei
00bEAMHEHHON CETH, JieJlaeT HEeBO3MOXKHBIM HAlIMUUE BCEOOBEMITIOLIETO WITH,
JIy4Ille CKa3aTh, OMHOPOMAHOIO PEIICHHUsI, KOTOPOS MOXKHO ObLIO OBl PUMEHATH
BO BCEU CETH.

IIpumepom 3TOrO SIBIISIETCS TO, YTO, HANPUMED, B COBPEMEHHOM CETH, e
BCE CETEBBbIE YCTPOWCTBA, MapIIPyTU3aTOPbl, XOCTBL, CEPBEPHI MOTYT
HOAJEPXKUBATh 0E30IIaCHYIO BEPCUIO MPOTOKOJIA YIPABIECHHS CEThIO, TAKYIO KaK
SNMPv3, BrojHe MOHSATHO, YTO MPUMEHEHNE MOJIUTHKH 0E30MacHOCTH BO BCeH
cerd, TpeOyer, 4YTOObI BCE YCTPOWCTBA VYIPABISIIMCh TOJBKO 4eEpe3 ATOT
NPOTOKOJ, B  3HAYMTEIBHOM  CTENEHH  YIOBIETBOPSET  TpeOOBaHUAM
0€3011aCHOCTH.

Takoe NpPOEKTHOE pelIeHHe MNPOCTO HEBO3MOXHO, €CIH peub HUAET O
TETEPOreHHON CETH.

I'oBopst Gonee KOHKPETHO, OOBEOWHEHHAs CETh COCTOMT M3 Pa3iIMYHBIX
VCS, u B xaxmoir VCS ecTb psii yHaclelIOBaHHBIX CHCTEM, BHYTPEHHHX
CEpPBHUCOB U MPOTOKOJIOB.

Onextpommtel Ha ocHoBe I[P, mmcrurem Ha ocHoBe I[P m HekoTopwie
CHELHUATBHBIE CIYKOBI U YIPABICHUS KOMMYTAIMOHHBIM IIUTOM, TaKHE Kak
OPC, KOTOpBIi mpencTaBisgeT co00H OYeHb MPOCTYIO YCIYTy CepBep-KIHUEHT -
BOT JINIIIb HEKOTOPBIE U3 HUX.

Bonee Toro, cerp pacmupuiach MEHee uUeM 3a JEcATh JIeT Omaromaps
osicTpoMy pocty UT-uamyCcTprE 1 pa3sHOOOpa3Huio MOMIENEH YCTPONUCTB, a TAKKe
X BO3MOXXHOCTEH KaK IO MOIIHOCTH, TaK W IO IIPOTOKOJIAM, KOTOPbIE OHH
MOT'YT HOA/IEPKUBATH, U 110 YCIIyraM, KOTOPbIE OHH MOTYT ITPEAOCTABUTb.

Bce ati (akTel MOOYXIAIOT MPOEKTHPOBIIMKA COCPEJOTOUMTHCS Ha
MPUMEHEHWH [U3aiiHa CeTeBOM WH(QPACTPYKTYpHL, YTOOBI OOECIEYUTh
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MaKCUMAJIBHYIO 0€30MaCHOCTh TAKMM 00pa3oM, 4TOOBI ceTeBast HHPpacTpyKTypa
U CXEMBI CETeBOW MapIIPyTU3allMd MaKCUMAaJIbHO 3alllUIaid CETEBOM IOTOK
JTAHHBIX OT BO3MOXKHBIX CETEBBIX YIPO3.

3TO UMEHHO TO, YTO IPEAIIoaraercs caenarb, ooecreunBasi 0e30MacHOCTh
Ha YpPOBHE CETH W MApUIPYTHU3AI[UH, YTOOBI MAKCHMAIBHO 3aIUTHTH ITOTOK
JIAHHBIX HA 3TOM YPOBHE C YYE€TOM TEXHMYECKUX OTpaHUUYEHUH CYILECTBYIOIIEH
CeTH.

Ho nmpexze, 4eM JOCTUTHYTh PEIICHHS, TOKHO OBITh IOHMMAHUEC U aHAIN3
yrpo3 0e30acHOCTH B CYLIECTBYIOIIEH CeTH.

YK 004.9:001.6

YIOCKOHAJIEHHS METOJIUYHOI'O 3ABE3INEUEHHSA
HABUYAJIBHOI'O ITPOLECY B PAMKAX BUKOHAHHS ITPOEKTY
ERASMUS + BIOART
)I.T.H. Tapacon 0O.D. [0000-0002-0493-1529]’ .T.H. Caraﬁna ILL [0000»0002»4700»8160]’
K.T.H. Bacnibesa JI.B, [0000-0002-9277-1560]

E-mail: kit@dgma.donetsk.ua

IMPROVEMENT OF THE METHODOLOGICAL SUPPORT OF THE
EDUCATIONAL PROCESS WITHIN THE FRAMEWORK OF THE
ERASMUS + BIOART PROJECT
Dr.Sci. Tarasov O., Dr.Sci. Sahaida P.,

Ph.D. Vasylieva L

Anomauin. B pamkax npoekty Erasmus + «BIOART» cTBopeHi OCBiTHBO-
npodeciiiHi  mporpamMu  Juis  OakanaBpiB  Ta  MaricTpiB  CHELIaJbHOCTI
"Komm'torepri Hayku". Po3poOneHuii 3MICT 1 CTPYKTypa KOMIETEHTHOCTEH
crynentiB IT-cnenianbHocTedt B cdepi OloimkeHepii, HEOOXilHE TeXHIYHE,
nporpaMHe 1 MeToguyHe 3a0e3ledeHHs HaByajbHOro mporecy. [IpoBemene
IMJIOTHE HABYAHHS bl BU3HAUEHI HATIPSIMKH HAYKOBHX JTOCHII>KEHb.

Kntouosi cnoea: wommerentHocTi, |T-cmemianpHOCTi, OloiHXKeHepis,
MeIHIHA.

Abstract. Within the framework of the Erasmus + "BIOART" project,
educational and professional programs for bachelors and masters of the specialty
"Computer Science" have been created. The content and structure of
competencies of students of IT specialties in the field of bioengineering are
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developed. The necessary technical, software and methodological support of the
educational process has been created. Pilot training was carried out and
directions of scientific research were determined.

Keywords: competencies, IT specialties, bioengineering, medicine.

MixHapofHe CIIBpOOITHUIITBO € BaXXJIMBOK CKJIAJIOBOKO  IHTErparii
CHCTEMH BUIIOI OCBITH KpaiHH Y CBITOBHI OCBITHIi# MPOCTip.

Ha xkagenpi xomn’totepaux iHdopmauniiinux texunonorii JJIMA 3 2017
poky BuKoHyeTbcsl MpoekT Erasmus + «BIOARTY, npucBsdeHuil cTBopeHHIO
ocBiTHiX niporpam (OIIIT) y ramysi 3acrocyBanHs iHGOpPMAIIITHAX TEXHOJIOTIH B
MeaunuHi. Y 2019-2020 HaBuasbHOMY pOLI IOYAJOCS MUIOTHE HaBYaHHS
crynentiB 3a OIIIl "Komm'toTepHi Hayku B MenuuuHi" s OakajaBpiB Ta
"KoMmm'toTepHi Hayku B TexHimi, Oi3Heci Ta MemuuuHi" it MarictpiB. Y
HacTynHoMYy potli mpoekT «BIOARTY» 1 HaB4aHHS CTYJEHTIB MPOIOBIKEHO.

B nporieci poboTH npoBeieHi HayKOBi JOCIIIKEHHsI Y KiJIbKOX HarpsMKax.

1 Po3pobka 3MicTy 1 CIPYKTypH KOMIETeHTHOcTeH cryzneHtiB IT-
crienjanpHOCcTe B cdepi Oioimkenepii. BukoHaHa po3poOka CTpyKTypH
KOMIIETEHTHOCTEH CTYJEHTIB, SKi YBIMIIUIM 10 OCBITHBO-TIpodeciiiHuX mporpam
miaroroBku cryzaeHtiB Ha kadenpi KIT. 3MicT i cTpykTypa KOMIIETEHTHOCTEH
JIETAIbHO BHKJIAJICHA B MDKHAPOJHIM MyOJikauii mo pesysibTataM BHKOHAHHS
mpoexty « BIOART» [1].

2 ABromaru3allis Tpolecy IMPOEKTYBaHHS IMIUIAHTIB 3 THUTaHy Ta
OCHAILICHHS Ul IJABHIIEHHS SIKOCTI CTPYKTypu MarepianiB. Teoperuuni ta
MPaKTH4YHI  JIOCHI/DKEHHS  CTOCYBaJMCsl  BUKOPUCTaHHs  iH(opmamiitHux
TEXHOJIOTIHl B KOHCTPYIOBaHHI i BHPOOHHITBI iMIUIaHTiB [2, 3] Ta cydacHuX
TEXHOJIOTI} MPOTOTHITYBaHHS GIOMEIUYHHMX CHUCTEM Ha IPUKIAIax MPOTE3iB Ta
3ac00iB KOHTPOIIO Meau4yHuX mapamerpiB sogunau [4]. 1li  mocmimkeHHs
npoBoamIKCh pa3oM 3 AT «Motop Ciu» Ha OCHOBI JOTOBOPY MPO CITiBIIPALIO.

3 [ligBumieHHs sKocTi iH(pOpMAaIiiiHOrO 3a0e3neyeHHs] JWUCLHUIUTIH Ha
OCHOB1 aBTOMAaTH3allii OLIHKK PEIEBAaHTHOCTI HAYKOBHX IyOiikamiii. Bukornano
aHaJli3 METOIIB AaBTOMATHM30BAHOI OIIIHKM pPEJICBAHTHOCTI MyONiKamid mpH
BUKOHAHHI IIOIIYKOBHUX 3amuTiB. Po3pobieHo MaTemMaTHuHy MOAENb i3
3aCTOCYBaHHSAM [JIBOX METOMIB OLIHKKA pENIeBAaHTHOCTI Ta METOh iX
KOMOIHOBaHOTO 3aCTOCYBaHHs. Peani3oBaHO TIporpaMHHN KOMIUIEKC IS
ABTOMATH30BAHOI OLIHKM PEIEBAaHTHOCTI HA OCHOBI LINX MOJENEH.

4 'V 1ocKOHaJIEHHS TEXHIYHOTO 1 METOANYHOrO 3a0€e3MeYeH s JUCIUILTIH. Y
2018-2021 pokax Ha Kadeapi BHKOHYBAIHCh POOOTH 3 YIOCKOHAJICHHS
TEXHIYHOTO 1 METOJMYHOrO 3a0e3IeYeHHs AUCIUILIIH, SKi pO3pOOIIeH] B paMKax
mpoekty «BIOART». CrtBopeni mabopatopii OioMexaHiku i 0i0eNeKTpOHIKH,
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CTYIis 3aluCy JCKINH I JUCTAHIIHHOTO HAaBYaHHSA, SIKI OCHAINCHI Cy9acCHUM
ABTOMATH30BaHUM OOJIaJJHAHHSIM Ta MPOrPaMHUM 3a0€3IIEUCHHSM, IO JTO03BOJISIE
CTyJCHTAaM OTPUMATH HEOOXiTHI KOMIIETCHTHOCTI. BIIOCKOHAITIOETHCS TaKOMXK
MIPAKTHKA CTYICHTIB B MEIMYHIX 3aKJIaIaxX.
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STATE OF MODERN BLOCK SYMMETRIC ENCRYPTION
TECHNOLOGIE
Dr.Sci. Lysytska | [0000 0001 6758 9516]’ Lysytskyl K [0000 0002 7772 3376]
E-mail: lisitskaiv@ukr.net

Abstract. The current stage of development of information protection
technologies is considered. It is emphasized that today information security
technologies are entering the era of quantum cryptography, which forces us to
reconsider many aspects of ensuring reliable protection of communication and
control systems.

Keywords: information protection technologies, quantum cryptography
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The recently proposed new designs of block symmetric ciphers called
"ciphers with controlled substitutions” (SHUP) are briefly described. It is
argued that these ciphers can be considered as a further development of block
symmetric encryption technologies. Information on the features of the current
stage of development of cryptography focused on the emergence of quantum
computers. The results of the analysis of possibilities of application of
symmetric cryptography in the postquantum world are given. It is concluded
that block symmetric ciphers retain their relevance and prospects for
widespread use in current and future information security technologies. It is
noted that the proposed solution for the construction of the code SHUP has
improved rates of arrival to a state of random substitution. In the introduction
it is noted that the development of block encryption technologies is especially
relevant for technologically advanced countries, including Ukraine.

The literature review (Section 1) first provides a general description of the
current stage of development of information security technologies in Ukraine.
The following is information about modern methods of designing BSC. In
particular, the work [1] is recalled, which presents an overview of the principles
of construction of modern ciphers.

Section 2 presents the results of the analysis of the best design solutions for
the construction of BSC. Finally, the section discusses another development of
recent years, which can be attributed to the promising, which is set out in the
patent [2], obtained in 2015. This proposal is presented as "a new concept for
constructing block symmetric ciphers" [1]. Ciphers of this design are called
"ciphers with controlled substitutions™ (SUP).

In the third section features of a modern stage of development of
cryptography (cryptography of the postquantum period) are considered.

The fourth section provides information on the results of the analysis of the
possibilities of using symmetric cryptography in the post-quantum world.

It is also noted that the issue of increasing the speed of encryption algorithms
becomes relevant for the post-quantum period of cryptography development,

In conclusion, the advantages of SHUP series ciphers are noted.

Conclusions (two out of five):

1. Among the scientific problems that need to be solved, the task of
developing methods and means of constructing block symmetric ciphers with
increased stability and speed is relevant.

2. The proposed solution for the construction of cipher SHUP is one of the
promising areas for improving the technology of block symmetric encryption.
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K BOITPOCY OB 2OPEKTUBHOCTHU U KAYECTBE
NH®OPMAIIMU B UHTEPHETE
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ON THE PROBLEM OF INFORMATION EFFICIENCY AND QUALITY
ON THE INTERNET
Dr.Sci. Voloshyn V.S, Dr.Ed. Fedosova 1.V., Ph.D. Mironenko D.S.

Annomayun. B pabore wuccienyercs OOBEKTUBHOCTH U JOCTOBEPHOCTH
uHbOpManuK, pa3MeNIaeMOd B HHTEPHETE, KOTOPHIE CONOCTABISIOTCS C
moBefieHHeM camMoi cucreMbl. Ommpasce Ha 3akoH llleHHOHa 0 CBS3U
uHpopMalMK C OHTpONHUEH, Kak MepOHd OpPraHM30BAHHOCTH CHCTEMBI,
pPacCMOTPEHO MOHATHE HWH(OPMALMOHHOTO OecrmopsaKa, OTPAXKAIOIIEro POCT
SHTponMM B Takod cucreme. IlpencraBineHa rpaduueckas HHTEpIpeTaLys
Pa3HOBEPOSTHOCTHBIX COOBITHH  (DEHOMEHONOrMYeCKUMH KpuBbIMH Jlapca
Omncarepa. OmmcaH mapaMmerp, KOTOPBIA [ODKEH OTJIHYaTh IIOJIE3HYIO
nHpOpPMANUIO OT Oecrone3Hor, McKakeHHOH. [IpoBeneH aHamu3 SKCHEPTHOTO
OLICHMBAHMSA pEaKIHEH OTAENBHBIX TPYNI TIIOJIb30BAaTEICH WHTEpHETAa Ha
MOSABJICHUE UCKA)KEHHOHN MM HEAOCTOBEPHOM MH(OPMAIIHH.

Knwouegvle cnoea: T1nobanpHOE  MHPOPMAIMOHHOE  MPOCTPAHCTBO,
HEJ0CTOBEpHasl HH(POPMALHsl, SKCIIEPTHOE OLICHUBAHKE, YHTPOIIHS.

Abstract. The work deals with the analysis of reliability and objectivity of

information that can be found on the Internet, which are compared with the
behavior of the system itself. On the basis of Shannon’s law of connection
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between information and entropy, as the measure of system’s organization the
notion of information chaos is analyzed, it illustrating growth of entropy in such
system. The work contains a graphical interpretation of various events with Lars
Onsager’s curves. Described is the parameter which has to discern authentic
useful information available for analyzing and obtaining new knowledge from
false and biased. The analysis of expert assessment of the reaction of certain
groups of Internet users to the appearance of distorted or unreliable information
is carried out.

Keywords: global information space, false information, experts’ evaluation,
entropy, reliability, objectivity.

OOBEKTUBHOCTH W JOCTOBEPHOCTHM WH(poOpManuy, pasMmemaeMod B
WHTEpHETE W BHE €ro, BCEr/ia YAENIOCh JOCTATOYHO BHUMAHHUSI B HayYHBIX U
apyrux myOnukammsx [1], oZHaAKO TmpU 3ITOM KpailHE Majo JaHHBIX,
OTHOCHTENIFHO CONOCTaBJIeHHs 00BEKTUBHOCTH M JIOCTOBEPHOCTH MH(OPMALIUH
C TIOBEIACHHEM caMoOil cucTeMbl. B 00beMe «IIHU(PPOBON  BCEICHHON
npeiaraeTcss CYMTaTh KadeCTBEHHOH Ty WH(QOpManuio, KoTopas CrocoOHa
JaBaTh BO3MOXKHOCTh €€ MPHMCHEHHS K aHAJIWTHYECKOW 00paboTke, K
MOABJICHUIO HOBBIX 3HAHUI M KOTOpasi CIIOCOOCTBYET POCTY OPraHHM30BAHHOCTH
CHUCTEMBL. YPOBEHb OpPraHM30BAaHHOCTH CHCTEMBI OIpeAeNsieTcd H3MEHEHHUEM €€
sHTponuu. Ecnu omcymemeue pocma sumponuu OT HayalIbHOTO COCTOSHUS

Ho « mnexoropomy mocnexyromemy Hq, B pesymbrare nosBieHus

ungopmammn |1, comocrasumo ¢ Beipaxennem — g =Hq —Hgp <0, 1o

HMeEeT MPaBO Ha CYLICCTBOBAHHME M IPOTHBOIIOJIOXKHASI JIOTHKA: C MOSBICHHEM
ucKaxeHHOW  uH(popMmanuu  (He3uHpopMalvy, JIOKHOW  WHpOpMaIuy,

v !
Gecrionestoit s cucrembr) |{ mmeer mecto pocr SHIpomMH Tak, dTO
! 14
—11=H{—-Hp>0. B reopun nudopmanum sHTpOmms xapakrepusyer

HEONpPENENCHHOCTh, CBA3aHHYIO C OTCYTCTBHEM WH(OPMALMK O COCTOSHHUU
cucreMbl. HemocToBepHas MH(pOpMaNus yBEIMYUBACT Ty HEONPENECHHOCTD B
CTPOTOM COOTBETCTBHU € JIOTMKOHW IlleHHOHa, MO3TOMY MPUBOAMT K POCTY
sHTponuu cucteMsl. K. IIleHHOH MOKa3bIBaeT, YTO Mepa SHTPOIMH 3TO OAWH U3
(axTopoB HEYBEPEHHOCTH B JIOCTOBEPHOCTH nH(pOpMaIUH

AH ~ _(Idocm - |0)> O [2]. OHa cooTHOCHTCS ¢ pa3HHMIEH JBYX BHIOB
nHpOpPMAUHU: 00IIeH CyMMBI WHPOPMAIUH O COOBITHN ( |0) U TOH ee 4acTH

(190cm)> KOTOpast He BBI3BIBACT COMHEHHs (TOYHO W3BECTHA M SIBIIIETCH

nocroBepHoi). To ecTh, pPOCT SHTPONUU CHCTEMBI COOTHOCHUTCS C
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HEI0CTOBEPHOU nHpopmarmei, KoTopast ~ TpeOyer HEepEenpOBEPKU.
HenocroBepHass wmH(pOpMamuss B HHTEPHETE BO BCEX €€ MHOTOYHCIEHHBIX
MIPOSIBJICHUSIX COCTaBJISIET OrPOMHYIO 4YacTh MH(GOPMALMHM W YK€ CErOAHs, He
MIPOCTO HAHOCHUT Bpel OOMIECTBY, HO CTaHOBHUTCS NPEMSTCTBUEM IS
JalbHEHIero pa3BuTHs MHPOPMAIIIOHHOTO IPOCTPAHCTBA.

OO0 »5TOM CBUAETENHCTBYIOT OOBEKTUBHBIE OHTPONUIHBIE IPOLECCHI,
CBSI3aHHBIE C MH(QOPMAIMOHHBIMH  IOTOKAMH  pa3JIMYHOTO  KadecTBa,
MIPUCYTCTBYIOLIME B UHTEPHETE, a TaKKe, Pe3yIbTaThl COLMOIOTHYECKHUX
OIIPOCOB B Cpeie MOIb30BaTeNIel pa3IuYHbIX TPYIIL.

[Toka oOmiecTBO He M300peNo CrOcOO0B O0OECHEeUeHUsT JOCTOBEPHOCTH ISt
rJ100aJIbHOT0 HHPOPMAIIMOHHOT'O MPOCTPAHCTBA, HO PAHO MIIM MO3[THO PElISHHE
npoOJieMbl MCKaXEHUs M HEIOCTOBEPHOCTH WH(OpPMAIMU JIODKHO OBITh
HalilegHo, B TOM 4YHClIe, U C TIOMOIIBIO KPUTEPHUEB OPraHU30BAHHOCTHU
UH(OPMALIMOHHBIX CUCTEM.
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PROBLEMS OF OUTSOURCING TO ENSURE INFORMATION
SECURITY OF TRANSPORT INFRASTRUCTURE OBJECTS
Kirikov A., Dr.Sci. Nyrkov A.

Annomayus. PaccMOTpeHBI TPOOJIEMHBIE BOIPOCH!, BO3HUKAIOIINE B CITydae

nepenayn GyHKIUN obecriedeHns HHPOPMAIIMOHHOW 0€30ITacHOCTH BHEITHEMY
HCIIOTHUTEITIO.
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Knwouesvle  cnoea:  OezomacHOCT, — WMHGOOPMALMM;  MEHEIKMEHT
0€30MMacHOCTH; ayTCOPCHHT; KpuTH4eckass MH(opMannoHHas MHPPACTPYKTYpa;
TPaHCIIOPTHBIE OOBEKTHI.

Abstract. The problematic issues that arise in the case of transferring the
functions of ensuring information security of transport enterprises to an external
contractor are considered.

Keywords: information security; security management; outsourcing; critical
information infrastructure; transport facilities.

«AyTCcOpcMHI» - TiepeJaya OpraHu3alyell Ha OCHOBaHHM JOrOBOpa
onpeIeEHHBIX BU/JIOB WA GbyHKIHUI MIPOM3BO/ICTBEHHOM
(IpennpUHUMATEIBCKON) NEATSIBHOCTH IPYrod KOMITAHWH, JCHCTBYIOIICH B
HY)KHOH 00JIaCTH.

Hcxonst w3 CylIIECTBYIOIIETO YPOBHS YIrpo3, COBPEMEHHBIE CHCTEMBI
undopManuonnoi 0Oesonacuoctu (UB) peamusyror npuHimn «defense-in-
depth», UM «MHOTOIIIETOHUPOBAHHOM» 3aIUTHI. OHU BKIIIOYAIOT TOACHCTEMBI
CeTeBOM 0e30macHOCTH (4acTO TeTEPOreHHbIE C TMO3HUIIMA HCIOIB3yEMOro
000pyIOBaHUA), AHTUBHUPYCHBIC  IOJCHCTEMBI,  IOACHCTEMBI  CTPOroit
ayTeHTU(UKAIMH, PE3EPBHOIO KOIMMPOBAHKS, MOHUTOPHHTa U Ap. X co3maHue
A TOAACPXKKAa TPEOYIOT MPHOOPETEHUS JOBOJBHO JOPOTHX MPOTrPaMMHO-
anmnapaTHbIX KOMIUIEKCOB M  IPUBJICYEHHS BBICOKOKBAIU(HUIIMPOBAHHBIX
CIIEITUATMCTOB.

B cBsi3u CO CIIOKHOCTBIO pemaeMbIx mpu obecrneuenuu Wb 3amau, yxe
CIIOKMJIACh TMPAKTHKA Iepeaady MAaHHBIX (YHKIUH BHEIIHUM HCIOJHUATEIISIM.
IIpuHIMIBI ayTCOpCUHTa HMH(POPMAIMOHHONW OE€30IMacHOCTH MOYKHO HAWTH B
cragaaprax mo ymnpasiaeauio Wb, mampumep, B 1SO 27001:2013; 1SO 13335-3;
NIST SP800-35 Guide to Information Technology Security Services mim B Cobit
4.0u5.0.

Heckonbko jer Hazaxm B MyONHMKAIUMSAX BCTPEYATMCh MHEHHS, UYTO «B
KPYIIHBIX KOMIIAHUAX, UMEIOIIMX Oonbmioi mrat WMT-nemapramenrta, mpodieMa
moxbopa BBICOKOKIIACCHBIX CIICIMATUCTOB HE CTOWT TaK OCTPO, KaK B
OpraHu3alusgaX CpPeIHET0 W Mayoro Om3Heca». BmecTte ¢ TeM, TOT ke camblid
aBTOpP YKa3bIBaeT Ha TO, YTO «OONbIIAas WHEPTHOCTh KPYIMHOro OW3HEca He
MMO3BOJISIET OBICTPO pearupoBaTh Ha HOBBIE YIPO3Bl W HAHUMATh HYXKHBIX
CITCITHAJTHCTOBY.

IIpoGieMbl ¢ yKOMIIEKTOBAaHUEM INTaTa rmojapasfeneHuii b xapakTepHbI
yKe He TOJBKO I YaCTHBIX, HO M JUISI TOCYJapPCTBEHHBIX MPEINPUATHH, B TOM
YpclIe ~ OTHECEHHBIX  3aKOHOAATelleM K  CyObeKTaM  KPHUTHYECKOH
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nHPOPMANMOHHOW WH(PpacTpyKTypel. K TakOBBIM OTHOCSATCS W MPEIIPUATHIL
TpaHCIopTa.

Ho u Ha 3TOM mTpOoOIEMbI HE 3aKAHUMBAIOTCA. 3a4acTyI0 PYKOBOJICTBO Jaxe
TFOCYJapCTBEHHBIX MPEANPHUATHH OTKPOBEHHO 3KOHOMHUT Ha COICpPKaHHH
noppasaenennii b, mnbo crapaercs He 3aMeuaTh HOBBIX yIpo3, CBSI3aHHBIX, B
YaCTHOCTH, C OOecledeHHEeM OE30MaCHOCTH KPUTHUECKOH WH(MOPMAIMOHHOMN
HHQPPACTPYKTYPHI, YTO aKTYAJIBLHO JUIS TIPSANPHUIATAN TPAHCIIOPTA B TOM YHCIIC.

AHanu3 ppIHKA ayTCOPCHHra WH(OPMALMOHHON 0€30MacHOCTH IMO3BOJSIET
PaccopTHPOBATh CHHMCOK YCIIYT o obecnedenuto Ub:

1. HampaBieHHOCTh Ha amnmapaTHOe M TNPOrpaMMHOE OOecredYeHHe —
yIpaBleHHe MPOAYKTAMH CETEBOH 0€30MacHOCTH M MPOAYKTAMM IPUKIIATHON
3alIMTBl  — KCIOJb30BaHWE OpaHIMAydpOB U  MEXKCETEBBIX  JKPAaHOB,
antuBupycHoi 3amutel, VPN, cucrem odHapyxenus sropkennii (COB) u T.11..

2. HampaBieHHOCTh Ha «dYeJIOBEUECKHID» (DAKTOp — MPemocTaBICHUE
HETIPOAYKTOBBIX» YCIYT W CKOpee KOHCAITHHra, YeM MNPOAYKTOB —
sammiieHHbx  uHpactpykryp (O, SOC, obOmayHble CEpBHCHI), CHCTEM
MOHUTOPHUHTA COOBITMH ¥ ympaBieHuss uHnuAcHTamMu Wb, obecrneyenne
0€30MMacHOr0  WCIOJL30BAHUSA  IOJNIB30BATEASIMU  OJMHAKOBBIX  IUIATHHOB,
0€30I1aCHOr0 UCIIOIH30BAHMS MOOMIIBHBIX IPUIOKECHUHA U T. 1.

[IpobaeMHbIE BOIPOCHI, BO3HUKAIOIINE ITPH ayTCOPCHHTE:

1. Llena Bompoca. 2. Peanbnas sxonomust. 3. [Ipobnema BeiOOpa ayrcopcepa
¢ Touku 3penus Wb, xakue (akropsl HEOOXOOUMO NPUHITH BO BHUMAaHHE. 4.
Bompoc 3ammuThl AaHHBIX. 5. YIpaBiICHHE YSI3BUMOCTSAMH. 6. YIpaBJICHHE
naeHTuukanuet. 7. Opranm3anus OOBEKTOBOW OXpaHbl W IIEpCOHAana. .
Obecreuenne AOCTYITHOCTH BaIllMX JaHHBIX ayrcopcepoM. 9.00ecreueHre
6e3omacuoctu mpunokennit. 10. Yopasinenne unimnentamu. 11. Obecrieuenme
KOH(HUAEHIMAaIbHOCTH Bameil nadopmarmn. 12. ObecrieueHrne HEMPEPHIBHOCTH
MIPOM3BOACTBEHHBIX TIpoIeccoB (Ou3Hec-mporieccos). 13. PerucTpamus coOBITHI
u wuHmuaeHroB MbB. 14. OtBercTBeHHOCTh W TapaHTHH. 15.DHHAHCOBEHIC
rapaHTHU — Kakasi KOMITEHCAIwsl TIojpa3yMeBaeTcs B ciydae uHnuaeHTa b wm
mapymenuss SLA.  16. Bompocekl  o0ecrieueHHS  MHTEIIEKTYalILHON
coOCTBEHHOCTH Baimiero mnpeanpuarus. 17. OOecneueHne 0€30HMaCHOCTH
WHPOPMALIUH TIPH 3aBEPIICHIHN KOHTPAKTA.

Brlmeyka3zanHple moKa3aTelld PUCKOB NpH ayrcopcunre Wb saBisiorcs
I00aNBHBIMH, T.€. 00meMupoBeIMUA. Ho ayrcopcunr b B Poccnn nmeer ere u
JIOTIOJTHATENbHBIE 0OCOOCHHOCTH, HAIIPUMEpP, Ka4eCTBO KaHAJIOB CBSI3W: XOpOIIas
CBSI3b OOBIYHO €CTh B KPYIHBIX T'OpOJaxX; MOXKET JH ayTrcopcep ONepaTHBHO
BBIEXaTh HAa MECTO HAPYIICHUS 32 HECKOIIBKO COTEH WIIM THICSIY KMIOMETPOB.
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OCOBEHHOCTH OBECHEYEHU S HHO®OPMAIIMOHHOM
BE3OINACHOCTH ITPA YJIAJIEHHOM PABOTE B CETH
J.T.1H. JIncenxmii FO. M. [0000-0002-5080-1856]

E-mail: Yurii.Lysetskyi@snt.ua

PECULIARITIES OF ENSURING NETWORK SECURITY DURING
REMOTE WORK
Dr.Sci. Lysetskyi Y.M.

Annomayua. llannemMus W KapaHTHH pPE3KO YBEIWYWIN KOJIHMYECTBO
yIOaJICHHBIX TIOJIb30BATENEH, YTO B CBOIO OYEpEIb BBI3BAJIO MOTPEOHOCTh B HMX
CTPOroil MHOro(aKTOpHOW ayTeHTH(HKAIMKU JUIi HCKJIIOYEHUS J0CTyIa
HEaBTOPU30BaHHBIX JIMIl K KOH(WAEHIMAIBHON uHQOpMamuu. ITy mpodieMy
MOKHO pelIuTh ¢ moMoInpto cucreM DLP, MDM, PAM.

Kniouegwie cnoea: yIaJeHHBIIH JIOCTYTI, ayTeHTH(UKaLus,
uH(pOopMaIMoHHas 0€30MaCHOCTb, IN(pPOBAHHE.

Abstract. Pandemic and subsequent quarantine have sharply increased
number of remote users worldwide, which in turn, required their strict
multifactor authentication to eliminate possibility of unauthorized access to
confidential information. This issue can be addressed with DLP, MDM and
PAM systems.

Keywords: remote access, authentication, information security, encryption

B ycnoBusXx maHAEMHM TOJABIIONIEE KOJIMYECTBO  OpTaHU3alM,
BBIHY)KAEHbI OBUIM IEpEeBECTH COTPYAHUKOB HA YNAJleHHYI paboTy, dTO
TIOBJIEKJIO 332 cOOOW M3MEHEHUS B HCIOJIb30BaHUH HH()OPMAIIMOHHEIX PECYpPCOB,
UT-uappacTpykTypsl, yBEIMYEHHE HArpy3KH Ha (aepBOIBL, CETEBOE
obopymoBaHne © cepBepa, o00OpabaThBAONINE BHEUIHWE ITOIKIIOYCHUS.
Kommnanum, KoTopble 10 Havanga BBEACHWS KapaHTHHA HE MYOJIMKOBAIM CBOU
nHpOpPMANMOHHBIE cepBUCHl B UWHTepHere wu  oOpabaTeiBamm  Om3HEC
nH(pOpMaNUIO HCKIIOYUTENFHO B JIOKAJBHOW BBIYMCINUTEIBHON CETH, TEIephb
BBIHY)KAEHBI IIPEAOCTABIATh JOCTYII K CBOMM BHYTPEHHHM HH(OPMAIOHHBIM
pecypcaM COTpyAHHUKaM, KOTOPBIE B JaHHBIH MOMEHT Pa0OTaOT yIAIEHHO.

C omHOI CTOPOHBI, BO3MOXKHOCTh YHANEHHOH pa0OTHl cTaia TmaHareeil B
YCIOBUSIX KapaHTHHA, a C APYTOH - YBENWYMIIA KOJMYECTBO BEKTOPOB aTaKW Ha
KOPIOpPaTHBHBIE PECYPCHI.
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B 3Tux ycnmoBusX BO3pocia MOTPEOHOCTh B CTPOrOM MHOTrO(akTOpHOM
ayTeHTU(DUKAIUKU YHAIEHHBIX TONb30BATENCH, Ui WCKIFOYCHHS IOTYYCHUS
JocTynma K KOHOUICHIMANbHOW  HMH(POpMAMK  HEABTOPU30BAHHBIMH
CTOPOHHUMH JIHI[AMH.

B  kauectBe  (akTOpoB  ayreHTH(GHKAIMA  MOIb30BATENs  MOTYT
HCTIONB30BaThCs KIFOUYH-TOKEHBI, CMapT-KapThl, CEPTH(MHUKATHI, 3alMCAaHHBIC Ha
HOCHTEM, OWOMETPUKA, TpPHUBSI3aHHAs K KOHKPETHBIM  IIOJb30BATENSM,
MPOrPaMMHO-TeHEpUPYEMbIe OTHOPA30BbIC KITIOYU H T.]I.

3anUTy KOPIOPATUBHBIX PECYPCOB MOXHO O00ECIEYUTh MYIbTH()AKTOPHOI
ayrentudukanueii ¢ ucronpzoBanueM ESET Secure Authentication mnmm One
Identity Defender. Onmnaxo, nake npu coOrOIEHNE CTPOrod MyabTH(HAKTOPHON
ayTeHTU(UKAIUK MONB30BATENs BCE PABHO OCTaéTcs MOTPEOHOCTh B KOHTPOIE
HCTIONB30BaHUS  TIONb30BATE/SIMH  KOH(DUACHIMATIBHONH —HHpOpMAaIK. 1O
BO3MOKHO ¢ momomipio perreanit DLP, MDM u PAM [1-3]. KpymHsie
KOMITAHHH PEKOMEHIYETCsl HCIONB30BaTh MPOAYKTHI COBMEIIAOIIHEe B cebe
¢ynximonan HostDLP u NetworkDLP, Takme kak DigitalGuardian DLP,
Mcafee DLP, Symantec DLP.

Cpemaum —  EndpointProtector or xommanuu CoSoSys, Safetica DLP,
npezactanenHbiii komnanueir ESET u Mirobase. B ycnoBusix ynan€unoii
paboTBl BO3paciia ONACHOCTh HCIIONB30BAHHMS BHPYCHOTO IPOrPaMMHOIO
obecrieueHus. CaMbIM NPOCTHIM pELIEHHEM MOXET OBITh HCIIOIb30BaHHUE
kopropatuBHoro antusupyca ESET ¢ cuctemoii yripaBieHHs THULEH3UIMH.

IloxBoas MTOr MOXKHO CKa3aTh, YTO MaHIAEMHS M KapaHTUH HE MPOUIYT
OeccneqHo Asl OuM3Heca W KOPIOpPATHBHOM WH()OPMALMOHHOW Oe30MacHOCTH.
OHH yXe IoKa3zanu HeoOXOIUMOCTh M3MEHEHUs MPOLECCOB B KOPIOPATHBHBIX
UH(OPMAMOHHBIX CHCTEMaX.

OTO M3MEHEeHUs, IO3BOJISIOIIUNE MOCTPOUTh APQPEKTHUBHYIO paboTy:
OpraHM3alysl pacupenenéHHON U yIAIEHHOW paboThl COTPYIHUKOB, CBOOOIHOE
nepeMenieHne HHQOpMalMu B KOPIIOPATHBHOM CETH, BBICOKAs CKOPOCTh
pactpoctpaHeHus nH}popMaIuu.

OnHako, ¢ JIpYrod CTOPOHBI, 3TH HM3MEHEHHs HECYT W HOBBIE YIPO3BL:
ocrnaleHHe KOHTPONS  JOCTYNa, HEKOHTPOIMPYEMOE paclpOCTpaHEeHHE
UH(OPMAIIUH, CIOXKHOCTH OIEHKH €€ Ba)XHOCTH B IMHAMHYHO MEHSIOIIMXCS
YCIIOBHSIX.

CrpaButbcs ¢ 3TUMH yrpo3amu momoryt pemieaunss DLP, MDM, PAM, a
Talke MU(PpPOBaHME M CHCTEMBl BHUICOKOH(pepeHIMH. braromaps ux
HCIIONB30BAaHUI0 KOMMYHHKALMS MEXKAY MOJIB30BATENIsIMU OyneT ObICTpoil H
3aIUIIEHHOM.
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APPLICATION OF DEEP LEARNING TO SOLVE THE PROBLEM OF
GENERATING THEMATIC TEXT CONTENT
Ph.D. Rudnichenko N.D., Dr.Sci. Vychuzhanin V.V., Pavlov O.0O.,
Dr.Sci. Petrov I.M.

Annomauyin. Y pobOOTi HaBeIeHI pe3yIbTaTH PO3POOKHA 1 HOCIIIKEHHS
MIPOrPaMHOT0 3aCTOCYBAHHS IMIUIEMEHTAIlil Mozeield TTUOOKOro HaBYAaHHS Ha
0a3i MmMTyYHHX HEHPOHHWX MeEpeX [UIA BHUPINICHHS 3aBJaHHA TeHeparlii
PI3HOPITHOTO TEKCTOBOTO KOHTEHTY.

Kntouosi cnosa: rmuboke HaBYAHHS, TEHEPALis TEKCTY, 1HTEIEKTyaIbHUH
aHaji3 JaHuX.

Abstract. The paper presents the results of the development and research of a
software application for the implementation of deep learning models based on
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artificial neural networks for solving the problem of generating heterogeneous
text content.
Keywords: deep learning, text generation, data mining.

TpyIOMICTKICTh CTBOPEHHS CY4aCHOTO TEKCTOBOTO KOHTEHTY Uil MOTped
Mepexi [HTepHeT mMoB's3aHa 3 HEOOXIMHICTIO TOMIYKY 1 3aJydeHHs 10 HOro
HAIMCAaHHs eKCIIEPTIB B TPHKJIaIHIH cdepi, IO MPU3BOIUTH OO YaCOBUX 1
MaTepiaTbHUX BUTPAT HA TMOMEPEHIO OIIHKY MOXITHBOCTEH BHKOHABIIS, SKOCTI
Horo akazemiyHoro abo MyONIIMCTHYHOTO CTHJIIO IIJIBOBOI  ayauTOpii,
BIJIMIOBITHO /IO TEMATHKH CTATTi, BAPTOCTI HOro poOOTH Ta iHIIMX (DaKTOpIB, IO
ckiagHo Gopmaiizysartu [1,2].

VY 3B'A3Ky 3 IUM BCE OLIBIIOI aKTyaJbHOCTI HaOYBaKOTh 3aCO0M, TEXHOJOTIT,
METOAM 1 CHCTeMH aBTOMAaTH3allil MPOIECiB reHepallil TeKCTOBOro KOHTEHTY,
HOro CHHTAKCHUYHOI, MYHKTYalidHOI 1 rpaMaTUYHOI OOpOOKH, OIIHKU piBHs
VHIKQJBbHOCTI Ta 1HIIMX [TOKAa3HHWKIB SKOCTI OTpUMaHuX MatepiamiB [3].
Haii0inbI nepcreKTHBHUM HANPSIMKOM JUISl BUPILIEHHS TaKUX 3aBJaHb € Teopis
mTyqHoro inrenekry (Al), mo Bkio4ae a0 CBOro ckiagy Taki cdepu sk
iHTenekTyanpHui ananiz ganux (DM), mammuaae (ML) 1 rnuboke HaBuaHHS
(DL) Ha 6a3i BUKOpHUCTaHHS MITYYHUX HeHpoHHUX Mepex (NN) [4 ].

[IpoanainizyBaBIIM MOXJIMBOCTI BUKOPUCTAHHS Cy4acHHX apXitektyp NN
rJIMOOKOr0 HAaBYAHHS JIOUUIBHUM € TOPIBHAHHS 1 JOCHIIDKEHHS MOXIJIMBOCTEH
3acrocyBanHsi moneneid LSTM i Transformer B pamkax po3B'sizyBaHOI Hamu
3amadi [5].

VY 3B'S3Ky 3 BIJICYTHICTIO MOBHOLIHHHMX 1 (DYHKIIOHAJBHUX MPOrPaMHHUX
pillIeHb B BIIKPUTOMY JIOCTYIII 1 METOIO MPAKTHYHOTO BUKOPUCTAHHS OTPUMaHHUX
pe3ynbTaTiB  HEOOXiMHa pO3poOKa BIIACHOTO MPHUKIAAHOTO MHPOrPaAMHOTO
3a0e3MeueH s, 10 peayidye BUOpaHI apXiTeKTypu Mojeneid TIHOOKOro
HAaBYaHHA I BUPILICHHS 3aBIaHHS FeHepallil TeKCTY.

Jnst  ochmifpKeHHsT MOMIIMBOCTEH BHPIIIEHHS JaHol 3ajadl MpUHHATO
pileHHs B pO3poOIi IMPOrpamMHOrO 3aCTOCYBAHHS MJISi CTBOPEHHS MOIeNeH
rIMOOKOr0 HaBYaHHSA Ha 0a3i BUKOPHCTaHHS MOBH mporpamyBaHHs Python 3.7 i
¢petimBopka Django mms peamizamii JOTiKH CEepBEpHOI CTOPOHH CHCTEMH,
cepenoBuina po3podku mporpamuoro koay PyCharm, CYBJ] Postgress s
30epiraHHs MPU3HAYEHUX Ui KOPHCTYBada JaHUX, AUCTpuOyruBa Anaconda 3
Jupiter ~Notebook (mpoBeneHHs  OOYMCHIOBANBFHMX  EKCIEPUMEHTIB 3
nocmimkeHHs edextuBHOCTI Momeneii NN), a Takox mporpaMHuX 0i0mioTex
sklearn (BukopucTaHHS (YHKIIOHATYy A CTBOPEHHS MOTPiOHMX O0'€KTiB,
3aTBEP/KCHHS Ta OLIHKU YMCENBHUX 3HAYeHb METPHK), matplotlib (Bizyamizaris
OTPHMAaHUX 3aJeXHOCTeW naumx), Pytorch (ctBopeHHs momemeit NN 1 ix
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HaJIAIITYBaHHSI, 3aBJIaHHS 3HAYCHB TilleprapaMeTpoB i 3aIyCK 00YHCITIOBATBHUX
npoueciB), Pandas i NumPy (oOpoOka BXimHMX MacuBiB JaHMX 1 iX
CTPYKTYpH3aIlis U ofayi Ha BXix MogersiM NN).

B sixocTi naracety BUKOpUCTOBYEThCS Habip TekctiB Para-NMT.

Buxonsgun 3 TpakTUYHOrO BUKOPHCTaHHS pPO3POOJIEHOTO NPOrPaMHOIO
3a0e3MeueHHs] B PI3HUX CLEHApIsSX U PI3HUX TEKCTIB CIiJ| 3a3HAYMTH, L0 Ha
6a3i moneneil Transformer B cepenaproMy B 7 3 10 BUNaaKiB TEKCT TeHEPYETHCS
KOPEKTHUM YMHOM 1 3aJIOBOJIbHSIE O4iKyBaHHsM, Juisi Mozaened LSTM me
3HAa4YeHHS CTaHOBUTH 3-4 3 10.

BucnoBku. Cunijg 3a3Ha4MTH, 10 BCI 3rEHEpOBaHI TEKCTH B paMKax
MIPOBEACHOIO JIOCHTI/DKEHHSI € IOBHMMHU 1 3aKiHYEHHMH, BOHHM MalOTh CEHC
ONMM3BKHI JI0 IOYATKOBUX NaHWX, IIO € MiATBEP/PKEHHSIM KOPEKTHOCTI arperarii
B3STOr0 HAOOPY JIAHMX 1 aIEKBATHOCTI PE3yNIbTaTiB pOOOTH MOZECTICH.
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CYBERNETIC SUIT FOR INTERACTION WITH VIRTUAL REALITY
Ph.D. Ruvinskaya V., Ph.D. Troinina A., Zybin D.

Anomauin. Y naHiii HaykoBili poOOTI 3ampONOHOBAaHO amapaTHO-
MPOrpaMHUI TPOAYKT, IO MPEACTABIIsIE COO0I0 KiOEpHETHYHUI KOCTIOM Ha 0a3i
ApayiHO, KU HaAJACTh MOXIIMBICTh MPOBOAMUTH PI3HOMAHITHI €KCIIEPUMEHTH
3 BIPTYaJIbHOIO PEAIbHICTIO.

Knouosi croea: Motion capture, Arduino, MPU6050, Unity 3D

Abstract. In this scientific work is proposed a hardware-software product,
which is a cybernetic suit based on Arduino, which will provide an opportunity
to conduct various experiments with virtual reality.

Keywords: Mation capture, Arduino, MPU6050, Unity 3D

Motion capture [1] - TexHosoris g 3anKMcy pyxiB akTOpiB, sIKi MOTIM
BHKOPUCTOBYIOTECS B KOMI'ToTepHi rpadini. Cucrema wmapkepis Motion
capture, me BHKOPHUCTOBYETHCS CIICLiajdbHE OOJaIHAHHS, IPAIFOE HACTYITHHUM
YHHOM: Ha BHKOHABIIA HAIBAE€THCS KOCTIOM 31 CIellialbHUMK daTarkaMu. Komu
BiH BiATBOPIOE MOTPiOHI PyXy, TO JaHi, OTPUMaHi 3 IUX JATYUKIB, PIKCYIOTHCS
CrieliaJbHIMH KaMepaMM 1 HaJIXOASATh Ha KOMITIOTEp, J€ MEePETBOPIOIOTHCS B
3D-Mozens, 0 B TOYHOCTI BIATBOPIOE BCI PyXHM BHKOHABII, HA OCHOBI SIKOI 1
peani3yeTscs aHIMAIls TMepcoHaxa. I[Ipu3HadeHHSM JaHOi PO3pPOOKH € BimXin
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BiJI IOPOTUX Ta BY3bKO HANPABIICHUI CHCTEM 3aXOILUICHHs pyXiB jroquHu Motion
capture, takux sik Leap Motion i Kinect [2, 3], a Takox CTBOPEHHS HEOPOTOro
MPUCTPOIO, Ha 0a3i SAKOro CTajo O MOXJIMBHM IPOBEACHHSI Pi3HHUX
EKCIICPUMEHTIB B 00JacTi BipTyaJ bHOTO MPOCTOPY 1 MiJBHINCHHS iHTEpPECy 0
JIAaHOI TEMAaTHKH y CTY/EHTIB Ta HIKOJISIPIB. MeToro poOOTH € MpoBeeHHs cepii
€KCIIEPUMEHTIB I10 TIOMIIIIEHHIO MPaIe3JaTHOCTI KiOepHETHYHOT0 KOCTIOMA.

[Mepmwii TPOTOTHUI KOCTIOMA TPEACTABISIB Co0OK0 cucTeMy 3 10 maTdmkiB
akcenepometpi i ripockornie MPUG050, 14 naTuukiB 3ruHy Ha 6a3i onTomnapw,
komyraropa 1udposuii mman 12C TCA9548A 1 Kepyro4oro MikpOKOHTpoJepa
ATmega2560. MikpokoHTposnep 1o 4ep3i onuTyBaB Bci 10 akcenmepomerpiB i
TipOCKOIIB, MONYTHO MEPETBOPIOIOYN «CHPI» JaHi MOJIOXKEHb YacTHH Tijda B
3HA4YeHHA MO ocsiX X, ¥ 1 Zz. B xomi kamiOpyBaHHS OTpHMaHHX JaHUX B
cepenounti Unity 3D [4] Baanocs mepematv pyx KiHIIBOK Jiroauau g0 3D
mozeni. OnHak Oyino BiA3HAYEHO CIIOTBOPEHHS OACPKYBAaHHX JAaHHMX: KiHIIIBKU
MOZIENi MHMOBIJIBHO BHMIMHAIIUCS, 1 4epe3 JesKMid dYac iX TONOXKEHHS He
BIJINOBIJAJTM PEaNbHOMY CTaHy AaT4MKIB Ha KOCTIOMi. [[yis nmpyroro mporotumy
OyJI0 TPUIHATO PIilIEHHS BUKIIOYATH KOMYTATOp HUISIXOM OOpPOOKH KOXKHOT
KIHIIIBKM TIPOMDKHUM MIiKPOKOHTpojepoM. B pesynbrari 30HMparoumii LEHTp
MoYaB CKIIamaTucs 3 4oTupbox rmiaT Arduino Nano i oamiei Arduino Mega, ane
no30yTHcs BiX nepemkoan He Branocs. [Ipodbnema Oyna BusiieHa B GiOmiorer
narunka MPUG050, a came HEKOpeKTHOI MaTeMaTH4HOI O00pOOLi «CHPUXY»
3HaueHb. Tperid mporoTun BuKOpUCTOBYBaB 0Oi0mioreky JKedda PosbGepra,
3aCHOBaHy Ha CHUCTEMI INepepHBaHb, siKa "3ynuHsUIa" JaTYHMK JI0 TOTO MOMEHTY,
KOJIM 30uparoynii MiIKPOKOHTpPOJEp He 3BEPHETHCS IO HBOrO 3a HOBHUMH
3HaYeHHAMHU. TakuM YHHOM, IS YETBEPTOro MPOTOTHIY Oyno chOpMOBaHO
HOBY apXiTeKTypy KocTioma (puc.l): Temep y KOXHOrO JaTdhka OyB CBIi
00poOIIsAtOUniT  KOHTpOJIep, BCTAHOBICHUH 3 HHM B OJHOMY KOpPIIYCI.
ChinkyBaHHA 3 JIOKQIPHHMH KOHTPOJEpAaMH CTaJlo 3AiHCHIOBATHCS 32
JIOIIOMOr'0I0 HOBOro iHTepdeiicy RS-485. 30upatounii LEHTP KOCTIOMa TaKOX
OTPHMAB 3HAYHI 3MiHU: YHCIO OOPOOHMX Ta CIIONYYHHUX IDIAT 3pOciia B B paszd
i Temep cranoButh aBi Arduino Mega i mmicte Arduino Nano. Takox
eKCIIEPIMEHTAIFHO OYJI0 BCTaHOBJICHO ONTHMANbHY IIBHIKICTH pPoOOTH
36mparouoro meHTpy ms 38's3ky 3 Unity 3D - 9600 601 Ha cekyHy.

PesynpraToM MoaepHi3alii cTajio HACTYIIHE:

- apxiTeKTypa KOCTIOMa OTpHUMalla MOAYIBHY KOHCTPYKIUIO i aBTOHOMHY
poboTy Horo 4acTuH;

- 3a0e31e9eHO0 JIETKUIA JOCTYII 10 BHYTPIIIHIX €TEMEHTIB KOPIIYCiB;
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- BCl CHCTEMH 1 IMiJCUCTEMHU CTaJM B3a€MO3aMiHHUMH 1 MalOTh OJHAKOBHH
KOM, IO JO3BOJSIE B pa3i BUXOAY 3 Jaay OJHOTO 3 KOHTPOJIEPIiB IIBHIKO
IMOCTABUTH Ha HOro MiCIle HOBHIA,

- 3aBJISIKA BUKOPHCTAHHIO BUCOKOTOYHOI'O KONy OOPOOKH «CHUPHX» JaHUX
aKCeNIEpOMETPIB Ta TiPOCKOITIB BIATOCS MO30YTHCS TIEPEIIKO/IH;

N.Master

UART

UART
N.Master Mega

UART

N.Master

UART

PC

UART

RS-485 RS-485 R54£/ RS-485

| N.Slave N.Slave

| N.Slave

| N.Slave

| MPU | | MPU | MPU MPU

Puc. 1. Cxema nosoi apximexkmypu KibepHemuuno2o KOCmOMY

- OyB momaHmMii OJOK >KUBJICHHS B 3B'S3KY 31 30UTBIICHHSIM CHOXKHBAHOTO
CTpyMY, 110 BUKIIFOUUIIO BUXIJ| 3 a1y cTabinizaropa Hanpyru mmau USB;
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- po3noiT 000B'SI3KIB BCEPEIMHI CHCTEMH 301IBIIIIIO 11 CTaOIIBHICTD.
Otxe, y poOOTi IIpeCTaBICHO HOBY apXiTEKTypy KiOEpHETHYHOT0 KOCTIOMA,
ONHMCAaHO Cepil0 TPOBENEHHX EKCIIEPUMEHTIB 10 TMOJINIIeHHI0 HOoro
Mpane3 aTHOCTI. SIK pe3yapTar, BAAIOCS 3HAYHO IiJABHIUTH TOYHICTH JAHUX i
3HU3UTH HaBaHTAXXEHHs Ha 30Mparouunii HeHTp. Hanmani s ycyHeHHsT MOXITMBUX
3001B IpH Tepeaadi JaHUX YCepenuHi KOCTIOMa Tpeba JOCTIUTH Y3TO/DKCHICTh
YacoBUX 3aTPUMOK B mimHax RS-485.
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NETWORK TRAFFIC CLASSIFICATION USING DEEP
LEARNING METHODS
Ph. D., Spinareva I. M., Yakushina A. A.

Annomauyusa. B pabote paccMaTpuBaeTcs 3a/1a4a KIIacCU(UKAIIUI CETEBOTO

TpauKa C WCIOIH30BAHMEM METOHOB TiyOokoro oOyuenms. Hccmemyercs
Bompoc BeIOOpa Momenu Helponnoit cetm (MLP, CNN, LSTM) mia IDS,
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KoTopast 3 QEKTUBHO BBIIBIISIET aHOMAIBHOCTB ceTeBoro Tpaduka. [Ipeanoxena
ruOpunHas apxutekrypa HeiiponHoil cetm — CNN+LSTM. IlpencraBnenst
pe3ynbTaTel paboOThl MOjeNiell HEHpOHHBIX CeTed B 3ajgade KiaccH(pUKaluH
CeTeBOro Tpaguxa.

Knrwouesvle cnosa: 1DS; wnaccupukanusi cereBoro Tpaduka; IiIyOOKoe
o0ydeHue; HeHpOHHBIE CETH.

Abstract. The problem of network traffic classification using deep learning
methods is considered in the paper. The issue of choosing a neural network
model (MLP, CNN, LSTM) for IDS, which effectively detects anomalous
network traffic, is studied. A hybrid neural network architecture — CNN + LSTM
is proposed. The results of the work of the neural network models in the problem
of classifying network traffic are presented.

Keywords: IDS; classification of network traffic; deep learning; neural
networks.

Jnst 0e30macHOCTH KOMIIBIOTEPHBIX CeTel, KiIacCU(UKaIMsi CeTeBOro
Tpa(bm(a MOXKET HCIOJb30BAaThCS KaK Ba)KHBIN NpU3HAaK TIpHU BbIABJICHUN
kubepaTak, aHOManuii B pabOTe CETH, HENPAaBOMEPHBIX WIM HEOOBIYHBIX
JEUCTBUI TONB30BAaTENd M MPOYMX HAPYIICHWH, YTO CHOCOOHO IIOBBICHTH
00111yt0 6€30MacHOCTh CETH.

Cucrembl oOHapyxenust Bropxenuit (IDS) BeisBistoT —KuOepaTaku
METOAAMH BBIBICHUS 3JI0yHOTpeOJIeHHH (OCHOBAaHHBIX Ha 3HAHUAX) MU
METOJIaMH BBISIBJICHHS aHOMaJIMil (OCHOBaHHBIE Ha IOBEJCHUHN).

[NapagurMel cucteM OOHapy)XEHHS BTOP)KEHHH, OCHOBAHHBIX Ha 3HAHMSX
(MeTonpl CHTHATYp, OSKCIIEPTHBIE CHCTEMBl M Jp) OoJblIe HE SBIAIOTCS
JOCTATOYHBIMH, IOCKOJIBKY HE MMEIOT BO3MO)KHOCTH BBIABIISITH HOBBIE aTakH,
OTCYTICTBYyIOIIME B 0a3ze 3HAaHWH, B OTIMYHE OT METOIOB OOHAPYKEHHSA
aHOMAJILHOTO [IOBEJEHNS CETeBOr0 TpauKa B JTOKAJIbHOH CETH.

Mertonsl  oOHapy)KeHHS BTOpXKCHHH, OCHOBAaHHBIE Ha MOBEICHUH,
MIPEAyCMaTPUBAIOT, 4YTO BTOP)KEHHE MOXHO OOHApyXuTh, HaOmronas
OTKJIIOHEHUSI OT HOPM@JIBHOTO WM OXXHJAEMOTO TIIOBEJCHUS CHCTEMBI WIIH
mmoJp30BaTened. MeTonsl BRIABIICHHUS aHOMAJN OOBIYHO Oa3UPYIOTCS HA IBYX
OCHOBHBIX TEXHHKaX, KOTOpBIE BKIIOUAIOT MAaIIMHHOE OOydYeHHE U TIIyOOKOe
oOydeHue Uil KilacCH(UKAMA AHOMAJIBHOTO W HOPMAJIBHOIO MOBEICHHUS.
OmHako ¢ TIOCTENEHHBIM  YBEIWYEHHEM CIIOKHOCTH CETEBOH  Cpenbl
CYIIECTBYIOIINE PEICHHS, UCTIONb3YIOMNE TPaIUINOHHBIE METO/IBI MAIIMHHOTO
o0ydeHns, He MOTYT B IONHON Mepe oOpabaThBaTh OrPOMHYI0 HH(OPMAIUIO
ceTeBoro Tpaduka yepes CBOI eANHYIO CTPYKTYPY.
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Meroapl TIyOOKOTO BBISIBICHHS AHOMAJIMHd H3y4aloT HEpapXUUEcKHe
NPU3HAKK ~ JUCKPUMHHAIIMM HAa OCHOBE JaHHBIX. OTa  BO3MOXKHOCTB
ABTOMATHUYECKOT0 N3ydeHus! GYHKIMH ycTpaHsIeT HeoOXOIUMOCTh B pa3paboTke
PYYHBIX (YHKIMH SKCIIepTaMH TPEeJMETHOH obiactH. Meromsl TriryOoKoro
o0y4enust, Hauboee MMUPOKO UCIOIB3YIOTCS B BBISIBICHUH aHOMAJIUH, YCIIOBHO
MOXHO pa3fenuth Ha 3 kateropui [1]: renepatusHble: DCA, SAE, RBM, DBN,
CVAE; ruopumnsie: GAN; muckpumunarmonnbie: RNN, LSTM, CNN.

Hawubonee mnomynsipHbIMH MeTOAaMHU TIYyOOKOro OOy4YeHHs JUIs aHaiInu3a
TpaduKa SIBISIOTCS TUCKPUMHUHAIMOHHBIE. CyIIeCTBYET HECKOIBKO Pa3IHYHBIX
apxurektyp HelpoHHbIX ceteil (HC), mocTymHBIX 1u1si cMcTeM OOHapyXeHus
arak. Kaxnmas HC obnamaer nocToMHCTBaMHM W Henmoctarkamu. Ho s
BBISIBJICHUS] aHOMaJIMH HeoOxoauMmo BeiOpaTh apxutektypy HC, xoropas Oyzer
oOpabaTbiBaTh ceTeBOH Tpaduk W ONpenensaTh NPU3HAKK aHOMAalbHOTO
IOBCACHUS.

OnHolt U3 Haubollee PacpOCTPAHEHHBIX SIBIISIETCSI CETh C MPSIMON CBS3BIO.
OOydeHue B HANpPaBJICHHBIX CETSIX OTHOCUTCS K 00JacTH 00y4eHHs, B KOTOpOU
mapbl BXOJHBIX W BBIXOJAHBIX 3HAYEHU N IIOAAKTCA B CE€Th B TCUCHHUE MHOI'UX
IMKJIOB, TaK 4YTO CETh «Yy3HAeT» O B3aMMOCBSI3M MEKAY BXOAHBIMH W
BBIXOJHBIMH 3HaueHWAMH. B pabore paccmarpuBaeTcss MHOIOCIOHHHAA
HEWpOHHAs CeThb MPSIMOTO PACIpPOCTPAHEHMs, KOTOpas COCTOUT U3 BXOIHOI'O
CIOsl, Ha KOTOpPBIA IOHaeTcs BeKTop, copepkammii 176 aTpubyroB, IBYX
CKPBITBIX CIOEB, coiepamux 128 u 64 HEHPOHOB M BBIXOAHOTO CIOS.
cocrosmero u3 1 HelipoHa. B mepBbIX Tpex ciofX (QYHKIMSA aKTHBALUM —
ReLU, B BeIXoAHOM cii0€ — Sigmoid.

Jnst paGoThl ¢ GONBIIMM KOJIMYECTBOM IIAPaMETPOB BO BHYTPEHHHX CIOSX
CETH WJIH [UISl OTIPEACIICHUs] MHBApPUAHTHBIX OTHOCUTEIHHO IEPEHOCA NIPU3HAKOB
cBoto 3¢ dexTrBHOCTL MOKa3anu cBéprouHbie HeipoHubie cetn (CNN) [2]. B
padore CNN cocTOMT W3 BXOIHOIO CJIOS, HAa KOTOPBIA TMOAAETCs BEKTOP,
cojepkaiuii 176 arpuOyToB, IBYX MOCIIEIOBATENbHBIX KOMOHMHAIMN CIIOS
CBEPTKH U CJI0SI 00BEAMHEHNS U OJIHOTO CIO0SI COSAMHEHHS.

Pexyppentasie cetm (RNN) Moryt wucmomb3oBaThCs A pabOTHI ¢
NIpU3HAKaM{, MMEIOIIMMH 3aBHCHMOCTH BO BpPEMEHM (HampuMmep, B CIydae,
KOr/la TEeKYyIIMH OTBET CETH JODKEH 3aBHCETh HE TOJBKO OT TEKYIIHX
MIPU3HAKOB, HO M OT HEKOTOPBIX IIPU3HAKOB, UCIIOIb30BABIINXCS TPH TPHHATHH
mpeaplaymiero pemenus). Eciam  cBeproyHass ceThb INpeAHa3HaueHa s
00paboTKK CeTKH 3HaUeHUH X THTIA H300pakKEeHUs, TO PEeKyppeHTHAs HEelpOHHAs
CeTh MpenHa3HaveHa Ay 00pabOTKH MOoCIeqoBaTeNbHOCTH 3HaueHnH X (1), ..., X

(® [2].
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Jmuanas xpatkocpounast mamsts (LSTM) — Tun peKyppeHTHOH HeHpOHHOM
CeTH, CIIOCOOHOM YYHTBCS IOJITOCPOYHBIM 3aBUcHMOCTsAM [2]. Cnenpanmsars
LSTM — 3anomuHanne WH(OPMAalMM B TEYCHHE JUIMTENBHBIX IEPUOIOB
BpPEMEHH, IT0ITOMY HX MPAKTHYECKU HE HY)KHO y4UTb.

Jist oy9YeHust JIydIuX pe3ysbTaToB CyHIECTBYIOT IPUMEPhI COBMECTHOI'O
WCIIONIb30BAaHMsI HECKOJBKHX THIIOB HEWPOHHBIX CeTeil, B YacTHOCTH,
CNN+RNN [3].

B pabore mnpemiokeHa apxuTeKTypa THOpPHAHOW HEHPOHHOH ceTH,
COCTOSIIIEH U3 CIIOEB CBEPTOYHON M peKyppeHTHOU HelipoHHbIe cetn LSTM.

Hnst oOydenuss u tectupoBanusi dddektrBHOi mozmenu IDS tpebyercs
Oonbiol 00beM AaHHBIX. KauyecTBO NaHHBIX BIMSIET Ha Pe3yNbTaThl paboThI
mozaenu IDS. Jlns uccnenoBanusia apxurekryp HC mns IDS Bce momenu HC
ObUTH 00y4eHBI M MpoTecTUpoBaHbl Ha Habope manHbix UNSW-NB15. UNSW-
NB15 conmepxxut 2540044 3anmceil ceTeBOro CoOeAMHEHHUs, Iie KaKaasl 3aIich
xapakrepuzyercs 49 npu3sHaKamH.

PesynbraTel TectpoBanus moneneit HC onenuBaercs merpukoi Accuracy
(puc.1). Accuracy — 3TO TOKa3artellb, KOTOPBIH OIEHUBAET OOLIMH MPOIEHT
BBISIBJICHHBIX U JIOKHBIX TPEBOT, IPOU3BEIEHHBIX Mojenbo IDS, oTpakaromuii
00I1yt0 BEpOSITHOCTH ycrexa jito6oit IDS.

1 test_accuracy  0,933152199 0,932082951 0,94845678
0,8
0,643238664
0,6
0,4
0,2
0
MLP LSTM CNN+LSTM

Puc. 1. Oyenxa mecmuposanus paznuunvix apxumexmyp HC.

Jnst apdextrBHOI padoTsl IDS, ocHOBaHHO! Ha BBISBICHHH aHOMAaJHA
ceTeBoro Tpaduka OYeHb BakHO BBIOOp apxurektypel HC. B paGote
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MIPOAHATM3UPOBAHEI UYETHIPE pA3HBIC AapPXUTEKTYPHl: MHOTOCIOWHAs CETh
MPSIMOTO  PACIPOCTPAHCHUS, CBEPTOYHAS HEHPOHHAS CETh W TPEATIOKCHHAS
apxurekrypa ruOpumHoii HC —CNN+LSTM. Jlyumwuid pe3yabraT Iokasajia
rubpuaaas HC, uro cocraBmino 94,84% TodHOCTH.
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THE ATTRACTIVENESS OF INVESTMENTS IN VHCN
Ph.D. Andrzej Rychlik

Abstract. In order to increase the efficiency of investing in
telecommunications infrastructure in Poland, the Office of Electronic
Communications has prepared information portals. At the European Union level,
the Body of European Regulators for Electronics Communication has issued
recommendations for the Very High Capacity Network. The International
Telecommunication  Union has prepared another document  with
recommendations for the 2030 network. Scientists from the academic
community propose the 6G paradigm. The author synthesized these
recommendations to help the investor make optimal decisions regarding the
choice of location and technology for expanding the telecommunications
infrastructure. Was taken into account for the investor the maximum profit, for
the consumer the maximum security of digital data transmission, and for the
remaining ones, the minimum environmental impact. It is proposed to expand
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the InTELI portal to include the coefficients resulting from the implementation
of the 6G paradigm.

Keywords: 2030 network, Very High Capacity Network, business plan,
telecommunications infrastructure, 6G network, ICT

The results of author's work is to support investments in
telecommunications, infrastructure and services. The free telecommunications
market is limited and supported by national, EU and global regulators. The aim
of the activity of the national regulator is to popularize access to digital data
transmission. The aim of the activity of international regulators is to ensure
compatibility between the systems built by various corporations. [1] The aim of
the investor's activity is to maximize profit in both the short and long term.
National regulators, taking care of the subscriber, build portals for investors in
such a way as to achieve their goals. International organizations also make
recommendations to achieve their goals. It has been shown that in order to
optimize the investment process, the existing portals should be supplemented
with the recommendations of the organization. In Poland the inTEL.i platform is
designed to help entrepreneurs analyze investment opportunities based on data
held by the Office of Electronic Communications. [5] The platform is in the
form of a map portal, where you can define unique investment areas and perform
ratio analysis for any designated investment area. Thanks to this analysis, the
entrepreneur can determine the level of investment attractiveness of the
indicated area. The implementation of the 6G paradigm to the inTEL.i portal will
result in the creation of a computer-aided ecosystem design system for 6G
technology, which is compatible with VHCN and 2030 networks. We are
heading toward a society of fully automated remote management systems.
Autonomous systems are becoming popular in all areas of society, including
industry, health, roads, oceans, and space. In this regard, millions of sensors are
integrated into cities, wvehicles, homes, industries, food, toys, and other
environments to provide a smart life and automated systems. Hence, a high-data-
rate with reliable connectivity will be required to support these applications. It is
proposed to implement the 6G paradigm, because 5G networks will not have the
capacity to deliver a completely automated and intelligent network that provides
everything as a service and a completely immersive experiences. Although the
5G communication systems will offer significant improvements over the
existing systems, they will not be able to fulfill the demands of future emerging
intelligent and automation systems after ten years (2020-2030). [3] New items
that may require sixth-generation (6G) system include: massive man-machine
interfaces, ubiquitous computing among local devices and the cloud, multi-
sensory data fusion to create multi-verse maps and different mixed-reality

49



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

experiences, and precision in sensing and actuation to control the physical
world. [4] The general coefficient of inTEL.i is calculated on the basis of detailed
coefficients; therefore the implementation of the 6G paradigm by the inTELI
platform requires supplementing the detailed coefficients with the following
data:

- Coefficient of linking services to KPI for a given investment area;

-The impact of an integrated satellite network on terrestrial investments;

-The indispensability factor of femtocelld, dense cellular networks.

The list of coefficients from the 6G paradigm is not exhaustive. As this
technology develops, new possibilities will emerge that need to be completed in
the set of coefficients.
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Abstract. This paper proposes an approach to decentralized storage and
exchange of business process models using the blockchain technology and
tokenization approach. There was proposed an idea of the Ethereum smart
contract that implements the non-fungible token extended with syntactic and
semantic properties, which can be used to evaluate quality and estimate value of
tokenized business process models.

Keywords: business process modeling, blockchain, tokenization, smart
contract.

Nowadays digital transformation is a trend of the enterprise management. In
the first place, digital transformation is associated with Business Process
Management (BPM) and its applications in business process modeling, and
automation using BPM suites.

The main goal of business process modeling includes visual representation
of business activities as graphical diagrams in order to identify and understand
ongoing workflows, find bottlenecks for improvement, ensure communication
between IT (Information Technology) employees and business stakeholders.
Secure and peer-to-peer exchange of business process models could be
organized using blockchain technologies, including cryptocurrencies and smart
contracts.

The problem of business process models tokenization, i.e. representation of
them as digital tradable assets on a certain crypto-platform [1], must be solved to
reach such BPM-driven tokenomics.

The object of this research includes decentralized storage and exchange of
business process models.

The subject of research is the approach to business process models
tokenization using blockchain and smart contracts.

Business process modeling is considered as the approach to depiction of
current or future organization activities driven by events and control flow logic
[2]. Also in [2] business process models are named as the key tools for process-
aware information systems design, business process re-engineering, and service-
oriented architectures design [2].
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Business process models are also considered as graphical knowledge
resources and could be used as guidelines to introduce best practices for BPM
adoption across multiple enterprises, as it is done by industry reference models
that share knowledge of other organizations [2].

Thanks to the blockchain advantages [1], inter-organizational storage of
tokenized business process models provides collaborative parties with the proof
of authorship, censorship resistance, timestamping, and immutability.

Smart contracts and provide decentralized financial (DeFi) capabilities [1],
such as peer-to-peer exchange of enterprise knowledge presented as business
process models without need of any third-party authorities, i.e. banks or payment
systems.

Therefore, the problem of business process model tokenization remains
relevant and respective information technologies should consider latest trends of
blockchain technology and digital economics.

Since in Spring 2021 NFTs (Non-Fungible Tokens) got a focus in global
crypto attention, mostly for collectibles and digital art (the entire market exceeds
130 USD by Spring 2021) [3], it seems as a great opportunity to extend use
cases of NFTs with tokenization of enterprise models, in particular — business
process models.

The NFT type better suites business process models that are unique and
unequal in terms of their syntactic and semantic properties, which could be used
to define value of shared models.

There could be used the SEQUAL (Semiotic Quality) framework [4] for
evaluation of syntactic and semantic validity and completeness of business
process models given as graphic diagrams (i.e. images).

As for the blockchain platform, there could be chosen Ethereum as the
pioneering and still leading smart contracts platform [5]. Thus, the ERC721
standard may be used for business process models tokenization.

However, the ERC721 standard should be extended with syntactic and
semantic features of business process models.

After NFT is minted (i.e. published on the blockchain), syntactic and
semantic features are used to evaluate validity and completeness of the process
model in order to define its value for collaborating parties [4].
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CYBER SECURITY MODEL FOR HEALTH-FREE ENVIRONMENT
SYSTEMS
Bozhatkin S.M., Guseva-Bozhatkina V.A., Ph.D. Farionova T.A.,
Dr.Sci. Zhuravska .M., Pasiuk B.B.

Anomauin. B naniii po6oTi chopMyabOBaHi KIFOUOBI aCIIEKTH MOJIEII 3arpo3
KibepOe3nekn s CHCTEM CHOBIIIEHHS 3a JIOIMOMOTOK  0e3IpOTOBOTO
MEpPEXEBOro 3B' S3KY.

B xomi poborm Oyrno mpoBeAeHO aHaNi3 ICHYIOUHX MoOJeNeil 3arpo3
kibepOe3nexn, MoaeT MOpyIIHUKa. Bi3HaueHo, 0 IaHi MOAeNi He € TaKUMH,
SIKI TIOBHOIO MipOIO ONHCYIOTH MpobiemMu KibepOesmeku mpoekty. Tomy mMeToro
poboTH € po3pobKa PO3MIMPEHOT MOJETi 3arpo3u KibepOeseky, 1Mo mody1oBaHa
3a qonomororo Mozeni Cyber Kill Chain.
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Knwowuoei cnosa: onoBileHHs, NyONiYHI MEpeXeBI TOYKH JOCTYILY,
HECaHKI[IOHOBaHUH JTOCTYII, CEPBEpP CIIOBIIIEHb, 3arpo3u, Kibepbesneka, MoaeNb
3arpo3 kibepoesmeku, mozenb Cyber Kill Chain.

Abstract. This paper set out the key aspects of cyber security threats to
models of notification via a wireless network Communications.

In the course of work the analysis of existing models of threats of
cybersecurity, model of the violator was carried out. It was determined that these
models are not such that fully describe the problems of cyber security project.
Therefore, the aim of the work is to develop an extended model of cybersecurity
threat, built using the Cyber Kill Chain model.

Keywords: alerts, public wireless access point, unauthorized data access,
alert nodes, emergencies, cybersecurity, model of cybersecurity threats, Cyber
Kill Chain.

CucreMH OMOBIILIEHHS CIYXXaTh BaXKJIMBOIO JAHKOKO B JIAHIFO31 KPH30BOT
KOMYHIKAIlii, BOHM HEOOXiIHI U1 MiHIMI3alii BTpAaT MNpPH HAIA3BUYAHHOI
CHUTYyaIIii.

B Ykpaini Ha3pina HEOOXiIHICTh 3aMiHH ICHYIOUHX CUCTEM OIOBILICHHS Ha
aBTOMaTH30BaHi, 110 JIO3BOJISAIOTH BUKOHYBATH BUMOTH, 110 IPEA ABISIOTHCS 10
HHX B Cy4aCHHX yMOBax

CraHoM Ha CbOTr'OfiHI BiZIOYBA€ETHCsI MEPEXi]] 10 HOBUX CTPYKTYp Opraizarii
TAKUX CHUCTEM 3 ypaxyBaHHSIM Cy4aCHOrO CTaHy TEXHIYHUX 3ac00iB 3B'SI3KY,
3aXMCTY BiJI HECAHKIIOHOBAHOTO JIOCTYIY Ta PO3MOBCIOJKEHHS WIKIJUINBOTO
nporpaMHoro 3abesmneuenss [1,2].

[Tix yac cTBOpPEHHS CHCTEM OMOBIIICHHS Yepe3 O0e3JpOTOBI TOUKU JOCTYIY
HEOOXiTHO BpaxXxOBYBAaTH 3a0e3lEUeHHs 3aXUIICHOCTI TOYOK JOCTYIy Bij
3arpo3a pi3HOTO POIY MEpPEKEBUX aTaK .

Cucrema Oesneku iHGOpPMAIIHUX cuCTeM (B JaHOMY BHIAJIKy, CHUCTEM
OITOBIIIIEHHST) 6a3yeThCst HA MOJIEINI 3arpo3 Ta MOIeNi 37I0BMUCHUKA [3].

Jis cTBOpeHHS TaKuX MozeIeld HeoOXiTHO MpOoaHaTi3yBaTH IaHi, OTpUMaHi
IIiJ] 9ac ayauTy.

[{o6 Bu3HAUMTH piBeHH KibepOe3mekn Oe3IPOTOBOI CHCTEMH OIOBIIIECHHS,
MIPOIIOHYETHCS PO3POOUTH PO3IMHUPEHY MOJETH 3arpo3 Ha ocHOBI Mozeni «Cyber
Kill Chain» Ta BU3HAYHMTH PI3HMITO i3 THTIOBOIO MOIEILTIO 3arpo3 [4].

[IpoBemeHi  JOCHIIPKEHHS  JO3BOJSIOTH  3pOOWTH  BHUCHOBOK  TIPO
BHUKOPHCTAHHS 3alpOoNaHOBAaHOI MOZENI 3arpo3 KibepOesmeku s 6e3IpOTOBOL
CHCTEMH OIOBIIIIEHHS Ta OIHUTH €(EeKTUBHICTh CHCTEMHU OIIOBIIICHHS 3 TOYKU
30py KibepOe3neKu.
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process-for-anticipating-cyber-attacks.html.

4. What is Cyber-Kill Chain and why it should be taken into account in the
defense strategy. https://habr.com/ru/company/panda/blog/327488/.
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INCREASING ACCURACY OF THE MEASUREMENT OF
PROXIMITY BETWEEN OBJECTS WITH INTERVAL ANALYSIS
DURING PATTERN RECOGNITION IN ROBOTIC SYSTEMS
Dr.SCi. Mammadov R.G. [0000-0003-4354»3622]’
Mammadov G.M. [0000-0002-2874-6221]

E-mail: rahim1951@mail.ru, qurban_9492@mail.ru

Abstract. When determining the measure of proximity between objects
(MPBO) during object recognition, errors arise due to the correlation between
the measurements of the parameters of the input and reference objects, the
presence of a modular operation in the formulas for evaluating the MPBO, and
the presence of a gross error in the measurement results. To eliminate these
errors, an algorithm for making decisions based on the results of multiple
measurements of the parameters of recognized and reference objects is
proposed. According to this algorithm, decisions are made not according to the
existing formulas for assessing the MPBO, but by analyzing the intervals for
assigning the results of repeated measurements of parameters. recognized and
reference objects.

Keywords: pattern recognition, measure of proximity between objects,
measurement errors, interval analysis, correlation coefficient, re-measurements

55


https://habr.com/ru/company/panda/blog/327488/

Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

One of the main elements of intelligent systems of modern robots and
flexible automated production is the pattern recognition system. The efficiency
of the pattern recognition system plays a key role in the development of a high
performance and highly reliable intelligent system. They increase the efficiency
of robots and the flexibility of production, providing them with versatility and
adaptability. The reliability of pattern recognition is determined by the accuracy
of the estimation of the MPBO, determined by measurement. And the accuracy
of estimating the MPBO depends on the accuracy of measuring the parameters
of the recognized and standard images and on the method of estimating the
difference between the parameters of the images of the same name.

Errors in measuring image properties are grouped according to a complex
law, which creates an error in assessing the MPBO, on which the reliability of
the pattern recognition system depends. Consequently, such errors, which reduce
the cost of the reliability of pattern recognition, are a serious obstacle to the
widespread use of modern robots [1,2]. To estimate the MPBO, such formulas as
Manhattan distance, Euclidean distance, and others are used. However, due to
the fact that each formula is overly integrated, there are a number of
shortcomings that do not support the relevance of the correct calculation of the
error in estimating the MPBO and, as a consequence, the high accuracy of
pattern recognition. Research shows that it is impossible to eliminate some
random and gross errors using existing empirical formulas. Even increasing the
number of repeated measurements does not solve this problem. This is due to the
use of the modulus sign in existing formulas (distance can never be negative).
When calculating the MPBO, a gross measurement error, the uncertainty of
statistical processing, the presence of a modular sign in existing formulas, and
the failure to take into account the correlation coefficient between measurements
can be a direct cause of incorrect results [3]. The proposed algorithm allows a
more intelligent approach to the calculation of the MPBO, that is, to the analysis
of the histogram of the distribution of errors in measuring the parameters of
input and standard objects and to make a decision on pattern recognition. A
priori the total range of distribution of measurement errors for the standard
image parameters is determined and divided into separate intervals. Further, the
parameter of the recognized pattern is repeatedly measured and the hit of each
repeated measurement in one or another interval is checked.

At the end of repeated measurements, it is checked which interval was the
most common. Based on the maximum hit of this or that interval, a decision is
made on the recognition or non-recognition of patterns.
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The computer simulates the decision-making process based on the data of
18 repeated measurements of the same parameters of the recognized and
standard images. In existing systems for measuring the proximity between
recognized and reference objects, errors arise due to the correlation coefficient
between the measurements of the parameters of the input and reference objects,
the presence of a modulus operation in the formulas for assessing the proximity
measure between objects, and the random presence of a gross error in the
measurement results. Researches have shown that when recognizing, diagnosing
and controlling objects, it is necessary to make decisions not according to the
existing formulas for assessing the MPBO, but by analyzing the hit intervals
based on the results of repeated measurements of the parameters of the
recognized and standard objects.
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ON A DIGITAL FILTER USING A GENETIC ALGORITHM
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ko3pdunmenToB  mmdppoBoro (QGUIbTpa BHIIOJHEH C  HCHOIH30BAHUEM
TEHETUYECKOT0 aJITOPUTMA.

Knrwouesvle cnosa. TIN]I-perynstop, uudpoBoit GuibTp, TeHeTHYECKUit
QJITOPUTM.

Abstract. The problem of constructing a model of a digital PID controller It
is proposed to use digital filtering methods as the basis for the regulator. The
digital filter coefficients are calculated using a genetic algorithm.

Keywords. PID controller, digital filter, genetic algorithm.

3amaua S(GQGEKTUBHOTO YNPABICHHS TEXHOIOTHUECKHMH IPOIIECCaMH,
POOOTOTEXHUUECKMMHU CHUCTEMaMH, JIETaTeNbHBIMH ammnapataMid ¥ ApYTUMH
TEXHUYECKMMHU CpEJCTBAMH OCTaeTcs akTyaJllbHOW JUIsi MHOTHX OTpacie
npombinuieHHocTH. C 3TOW 1EIpl0 BO MHOTMX cepaX HAyKH M TEXHHKU
UCTIOJB3YIOTCs perynsitopbl. Hanbonee nonynsipueim siBnsiercst [T /I-perynstop
[1]. Hactpoiika perymsaTopoB MOXET OBITh OCYIIECTBICHA HECKOIbKHMH
crocobamMH, B TOM YHCJIE MapaMeTpbl Peryiasitopa MOTYT OBITh MOJNY4YEHHI B
aHanutuuecko  gopme [1,2]. OpHako OONBIIMHCTBO O3THX  METOJOB
paspaboranbl uisi  ananoroBoro [IWJ[-perynsitopa M He TOAXOAAT JUIst
uudpoBoro, T.K. €ro MoJeIb HE CcOBCeM TOYHO coorBerctByer [IM/I-
peryiaTopy, H, COOTBETCTBEHHO, ONTHUMM3alMs Mmoxenu uudposoro ITU/I-
perynaropa sBISIETC  aKTyalbHOH. BbIpaxkeHue omuchbiBaromiee padbory
anaorooro [TNJ]-perymsitopa cooTBeTCTBYET BhIpaskeHHo (1):

de(t)
u®=Kye®+K; | e(Ddt+K, . @

0 dt
rae Kp, HI"

Hfi k03¢ ¢unments! ananorosoro [T1/I-perynsrtopa.
Belpakenne ~ omnmceiBatoriee  padory  1mdpoBoro  I[TU]]-perymsropa

COOTBETCTBYET BhIpaXkeHHIO (2) [3]:
n

um)-= KPE(II] +K;q e(k) + Kijg®m)-e-1)),
- )
k=0

K

p = 10K =1 K =1 1),

ITocmotpum Ha AUX perynaropa npu
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AUYX ananorosoro [TH/]-perymnsitopa mokassiBaer, 9To B 00IaCTH HIKHUX
YacTOT BJIMSHHE OKa3hbIBACT HMHTETPHPYIOIIAsl COCTAaBIISIOMIAs, a B 00OJacTH
BEPXHUX 4acTOT — AU HepeHITUPYIOIas COCTABIIAIONIAS.
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VARIETY AND TYPES OF CYBER ATTACKS ON WATER
TRANSPORT
Alekseenkov A., Klyuchnikova D., Dedova N., Dr.Sci. Sokolov S.

Annomayusn. B cratbe paccMOTpEHBI BONPOCHI  WH(POPMAIMOHHOMN
0€30MacHOCTH B OTPacid BOJHOrO TpaHcmopra. [IpuBeAeHBI MpUMEPHI
KrbepaTak Ha Cydaa M 00OpyHOBaHHE, a TaK)KE COCTABJICHA KIaCCH(HKAIMSI Ha
OCHOBE MX  peanu3anuu. [loka3zaHo, 4YTO  COBPEMEHHas  CHCTeMa
nH(pOpPMAIMOHHOM 0€30MacCHOCTH HAa BOJHOM TPAHCIOPTE TOJIBKO HAYHUHACT
pa3BHUBaTHCS W emie He o0NamaeT JOCTATOYHBIM YPOBHEM, YTOOBI OOECIICYHTH
HA/ISKHYIO 3AIUIICHHOCTb.
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Knrouesvle cnosa: wHbOpMaImoHHass 0€30MacHOCTh, KuOepaTaka, IMOPT,
YTCUKa NaHHbIX, aTdaKa, HAaBUT'allTUOHHAAd CUCTEMA, CyA0XOACTBO

Abstract. The article deals with the issues of information security in the
water transport industry. Examples of cyberattacks on ships and equipment are
given, as well as a classification based on their implementation. It is shown that
the modern information security system on water transport is just beginning to
develop and does not yet have a sufficient level to ensure reliable security.

Keywords: information security, cyberattack, port, data leak, attack,
navigation system, shipping

CoBpeMeHHBIH MHp BCE€ 4alle IOJHAMAET BOIPOCHI, CBSI3aHHBIE C
nHdopmanmoHHoi Oe3onacHocThlo. MckiroueHneM He SBISETCS M OTPAcCib
BOJTHOTO TpPaHCIIOpPTa: KUOepOe30macHOCTh CTAHOBHUTCS OJHOW W3 Ba)KHEHIIMX
YyacTeH ee pa3BUTUSL.

Llenpro kuOepaTak SIBISAIOTCS HE TOJIBKO KOMIIBIOTEPHI B IMOPTY, HO H
HAaBHUT'AlIMOHHBIE CHUCTEMbI, OOPTOBbIE KOMITbIOTEphl Ha cynHe. CyIHO MOXeT
ObITh aTaKOBaHO JaXe B OTKPHITOM Mope. llom yaapoMm NpakTHYECKH Bce
cynoBoe obopynoBanue, cucremsl ECDIS. CymecTByloT BHIBI aTak B
npuOpexHoi 30He Ha HaBuranuoHHoe obopynoBanue GNSS u AIS cucrem
cynoB. Hampumep, cnypunr — noxmena, umwutauus GPS/Glonass-maHHbIX,
MOJIy4aeMbIX CO CIIyTHHKOB CHCTEM HAaBUTALMOHHOTO IO3MLMOHUPOBAHHMS. [l
9TOr0 HCIIONB3YIOT CIeNUajbHOE O0OpYJOBaHME, BHOCSIIEE MCKAKEHHS B
curHaisl GNSS-cucrem.

CyliecTByeT BO3MOXHOCTh KiacCH(UKalMi B 3aBUCUMOCTH OT OOBEKTa,
KOTOpBIH ObLT aTakoBaH. OTO TIOMOXKET B OyaymieM HaWTH Haubonee
3¢ dexTuBHBIE pEeIeHUs I 3aluThl KaXIoro Buma oOBEKTOB. B crathe
NPUBOJUTCS TpUMEp KIAacCU(PUKAIMKM, OCHOBAaHHBIH HA PacCMOTPEHHH
XapaKTEePHBIX OTIMYMH 00BeKkTOB aTaku. CymIeCTBYIOT H IpPYrue BO3MOXKHBIE
knaccudukarmu [1].

Beun paccMOTpeHBI caMble SIpKME HMHIMICHTHI IOCIEAHUX JIET, CPenu
KOTOPBIX:

9 mas 2020 rox. AtaxoBan upaHckuit nopt Hlaxug Pamkan.

15 aBrycra 2020 rox. Kpynmeii omeparop Carnival Corporation
MOATBEPIMI KpaXKy JIMYHON MH(POPMALUH KIHEHTOB, COTPYIAHUKOB U SKHIAXeH
CYZOB.

3aMedeHO, YTO aTaky HalPaBJICHBI HE TOJIBKO HA OPTOBBIE KOMIBIOTEPHI U
0a3pl MaHHBIX, HO W Ha cymoBoe obopymoBanme, BKimrouas GPS. Kaxnmeni uz
00BEKTOB, TTOIBEPXKEHHBIN KHOepaTake, IMeeT CBOM OCOOCHHOCTH, UTO TpeOyeT
pa3paboTKN cHeHaNbHBIX CPEACTB 3aIlIUTHL
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[pennoxena n chopmynrpoBaHa kiaccuukanus KudepaTak Mo MecTy ux
TIpUMEHeHHMs. B Kax10M pa3zene paccMOTPEHBI STIN30/bI.

B vacTy HaBUTAIIIOHHBIX CHCTEM.

TexHOMOruIo CIeXeHus 3a CyAaMH B3JIaMBIBAIOT, YTOOBI MOZJIENATh pa3Mep
U MECTONOJIOKEHNE CY/OB, YTO BBI3BIBAET CHUTHAIBI TPEBOTW CTOJIKHOBEHHS
JIpYrux CcynaoB. Pa3nuuHble acrmekThl aTak Ha HaBUTAMOHHBIE CHCTEMBI
paccMaTpuBaNnch aBTOpaMu B pabdore [2].

B3nomana Moxer OBITh M KOMIIBIOTEpPHAsi HAaBUTAI[MOHHAsl CHCTEMa II0J
nazBanueM Electronic Chart Display (Ecdis), koTopas mpegocTaBiisieT IKHIaxam
QJIBTEPHATHBY UCIIOJIb30BAHHUIO OYMaXKHBIX KapT.

B kauectBe mnprMepa MOXXHO NPUBECTH CHTyalMlo, Koraa Ha Oopr
OIPOMHOT'O TaHKepa KTO-TO M3 WJIEHOB KOMaHJbl IPHHEC JOKYMEHTAIMIO Ha
3apaxxenHoii USB-¢uemke, u mocne oOHoBieHus uepe3 USB-mopr kapTsl,
BUpycoM Obljla TopakeHa HaBuranmonHas cuctema Ecdis. JIFoOONBITHO, 4TO Ha
Ecdis nmpakTHyecky He CTaBsIT aHTUBHPYC.

B wactu noptoBoii nHGpacTpyKTypHI.

Yamie Bcero CTpajaloT MOPTH, a TOUHEE KOMIIAHHHM U cepBepa. ATaku Ha
HHUX pPa3HOOOpa3HbI, HO NMPAKTUUECKH BCErJa HecyT OOJbIIOH MaTepualbHbIH
ypoH. Tak crietmanuctel u3 CyberKeel B xozie npoBepkr HeOONBIIOH KOMITaHUH
BBISICHWIIM, YTO B MOMEHT BBICTAaBJICHHS CUeTa 32 TOIUIMBO, BUPYC ITOAMEHSI B
HeM OaHKOBCKHME PEKBHM3UTHI - W IUIATEXKU YXOAWIM XakepaM. [locie storo B
aBrycre 2011 roma xakepsl B3JOMajl CepBepa HUPAHCKOW CYIOXOAHOM JIMHUH
IRISL, noBpenuB naHHble, CBsI3aHHbIE ¢ KOHTelHepamu. [locTpananu qaHHbIE O
Tapudax, HoMepax Ipy30B, AaTaxX, MECTaX JOCTaBKU U MHOTO€ IpYyroe.

HenaBuue ataku.

B ampene 2020 rona xubeparake nojasepriack Mediterranean Shipping Co.
Wx BeO-caliT M3-3a OTKIIIOUEHHsI CeTH ObLI HEJOCTyNeH B TeueHue Oosee 10
YacoB, aHAJIOTWYHAs CHTyalus ObUIa C COLMAJBHBIMH CETSAMH M IOYTOBBIMH
ciryx0amH.

9 mas 2020 roma 6pL1 aTakoBaH MpaHckui nopt Hlaxwg Pamkan.

B cepenune mas 2020 roma Obuin 3ammudpoBaHbl npubIH3uTenbHo 370
(20%) pabounx cranmmii u 20 (10%) cepBepoB kommarnu Anglo-Eastern.

CpemuzemHoMopckast cymoxonmHass kommanus (MSC) coobmmma o
mpobJeMe OTKIIIOYEHHS CeTH, BIUIOMIEH Ha BeO-caliT msc.com.

B yacTu onepatopoB Ipy30BbIX JIMHUH.

CeKkTop MOpPCKHX TIpY30IEpEeBO30K CEPhE3HO IIOCTpajal OT BHpYyca
NotPetya.
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Bupycel ananormuneie NotPetya pacnpocTpaHSIOTCS OT KOMIIBIOTEpa K
KOMITBIOTEPY U YIPOXKaroT BCEM IOJIKIIOYEHHBIM K CETH YCTpOicTBaM Ha OopTy
cyqHa.

B cenrsope 2020 roma CMA CGM Obul TOpakeH BpEIOHOCHOU
nporpamMmoii mm¢poBaHust gaHHbIXx Ragnar Locker. [lamnas mporpamma
BriepBbele TosiBIiIack B 2019 romy u Obuia mpenHasHavyeHa Juis TpeOoBaHMS
BBIKYIIa, IyT€M YIrpo3bl YHUUTOXKEHUs 3ammdpoBanHbx daitnos. OduipaibHo
COOOIMIIM, YTO aTaka 3aTpPOHYJa psij NneprudepuiHbIX cepBEepOB KOMIAHHUH, W3-
3a uyero WT-mepcoHan ObUT BBIHY)KAEH OTKJIIOUUTH BHEIIHHHA JOCTYI K
TIPUIIOKEHUSIM ISl TIPEOTBPAILICHHUS] PACIIPOCTPAHEHUsSI YTPO3BI.

B uactu cynos.

Kubeparaka Mo)eT BBECTH CYAHO B 3a0NyXIEHHE OTHOCHTEIBHO €ro
HaIpaBJICHUS] HIIM MECTOITOJIOKEHUS ITOpTa.

B 2016 rony nsa xopabnast BMC CILA Obiiu BBeZeHBI B 3a0IyKJCHUE B
pe3yabTare kubeparaku B [lepcuackom 3amuse [3].

Takum o00pa3oM, MOJYYEHHbIE IaHHBIE MOXHO KIACCU(UIMPOBATH 10
MeCTy NIPUMEHEHHsI, KaK TIOKa3aHo Ha pucC. 1.

Ha HaBUraunoHHble Ha nopTosyio Ha onepatopos H
. acypa
CncTembl UHGPACTYKTypy IPY30BbIX NUHMIA yA
Banom Banom noprosbix ATakm supycos ATakm Ha
Ecodis CepBlICoB BbiMoraTeneii cncTemy
ynpasneHusa
M3meHeHue Banom nopToBbIX ATaKN A
pa3MepoB cyaHa KOMMbIOTEPOB annapatHoe
obecneyveHue
VameneHme TEPMUHaNa CBA3N
MECTOHOXOXKIEHNA
cynHa ATaku Ha
cyposoe
obopynosaHue

Puc. 1. Knaccugurayus kubepamax Ha 600HOM mMpancnopme
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3aknroueHue

[MpoBens  aHanmM3  KUOEPIPECTYIUICHWH  3a  TOCHETHEEe  BpeMs,
MPOM3OIIEIINX HA MOPCKOM TpaHcropTe [4], IpUIUIM K BBIBOAY: HambOoiee
yIO0OHOM SBIISIETCS KITACCU(UKALIUS [T0 MECTY IPUMEHEHHSI, @ UIMEHHO:

1. B wuwactm HaBurammoHHbIXx cucteM (M3MeHstorcst pasmepbl U
MECTOITOJIOKEHHSI CYIOB, 4YTO BBI3BIBAET CHTHANBI TPEBOTHM CTOJIKHOBEHHUS,
TaKke HarpaiieHa Ha B3ioM Ecdis);

2. B yactu mnoproBoii uHdpactpykryps! (Llenbro siBnsiroTcst cepBepa u
KOMITBIOTEPBI, TOJ00HBIE aTAKH YaCTO HECYT OOJBIION MaTepUalIbHBIA YPOH);

3. B uactu oneparopoB rpy3oBeix JjuHHH (Yamie Bcero moaBeprarorcs
aTakaM BUPYCOB BbIMOraTeseil);

4. B wuactu cynoB (aTakam TIOIBepraercs CyaoBoe 00OpyIOBaHHE,
annapaTHoe oOecreueHrne TepMUHajIa CITyTHUKOBOH CBSI3W, a TaK)Ke CHCTEMBI
yIIpaBJICHHS).

B kakaoM Kiacce paccMaTpHBaJIKMCh HawOoliee sipkue KuOepaTakd M MX
HOCJIE/ICTBUSI.

Takum o0pa3oM, 3aMeTHAa TEHICHIMS POCTa aTaKk Ha OOBEKTHI BOJHOIO
TpaHCIopTa.

Ha nanHBII MOMEHT 0€30I1aCHOCTh HAXOAMTCS Ha HEOCTATOYHOM YPOBHE,
4TO He 0OecleYrBaeT HAASKHYIO 3AIIUTY JaHHBIX.

B cnydae, ecnu orpacib uWH(POPMALMOHHOH OE30MaCHOCTH HAa BOJHOM
TpaHCHOPTE OCTaHEeTCd Oe3 pa3BUTHA, KOJMYECTBO YCIEIIHBIX KHOepaTak
BO3pacTeT.

310 npuBeneT K OONBIIMM MAaTEpPHAILHBIM YOBITKAM W yT€UYKaM JaHHBIX,
YTO MOXKET MOBJIEYb yHIepO I Ipy3a, HacCaXUPOB M CyTOXOAHBIX KOMITAHUH.
Pa3Butne paccMarpuBaioch aBTOpoM B paborte [5].

B maHHBIIF MOMEHT MOpCKas OTpacib KpaifHe moaBepxena kubepatakam. K
COXKaJIGHHIO, HeNb3s CKa3aTb, YTO YPOBEHb OE30MacCHOCTH JOCTATOYHO BBICOK
s obecriedyeHUss HEOOXOAMMOrO YPOBHS — 3alHWIIEHHOCTH —AaIIlapaTHOTo
obecrieueHns, HABUTAIIMOHHOTO 000PYIOBAHUS U TaHHBIX.

OnHako, CTOMT OTMETHTH, YTO JAAHHAs IMpoOJieMa B HACTOSIIMI MOMEHT
aKTHBHO peUIaeTcs IyTeM IOBBIMICHNUS YPOBHS CIELHAINCTOB W IMOATOTOBKU
HOBBIX KaapoB [6], CIIOCOOHBIX HWCHIPaBUTHh HBIHENIHEE IIOJNIOKEHUE Oen |
MOJHATH KHOepOe30MmacHOCTh B OOJNIACTH BOAHOTO TPAHCIIOpTAa HAa HOBBIM
ypoBesb [7].
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IHTEJEKTYAJIbHA THOOPMAIIMHO-AHAJITUYHA CUCTEMA
AJIANITAIII HABYAJIBHOI'O KOHTEHTY BUITY CKOBOI
KA®EAPU 1O BUMOTI PUHKY ITPAIII
Hpnnena H'B [0000—0002-4022-5496], k.T.H. Hlesexos 1. B. [0000-0003-4304-7768]
E-mail: prilepa.dmitrij@meta.ua, ,igor-i@ukr.net

INTELLECTUAL INFO-ANALYTICAL SYSTEM OF GRADUATING
DEPARTMENT'S EDUCATIONAL CONTENT ADAPTATION TO THE
LABOR MARKET REQUIREMENTS

Prylepa D.V., Ph.D. Shelechov I. V.

AHoTamis: Po3pobiieHo METOJ iH(OpMaIIHHO-EKCTPEMATLHOTO
MAaIllMHHOTO HaB4aHHs iHQopMmamniliHo-ananiTiyHoi cucrtemu (IAC) apmanramii
HAaBYAJILHOIO KOHTEHTY BHITYCKOBOI Kadeapu 10 BUMOI PHUHKY IIpaii, IO
JI03BOJISIE B PEKUMI MOHITOPHHIY OTPUMAaTH MAaKCHMaJIbHy HOBHY HMOBIPHICTh
NPUHHATTS IPaBUIBHUX KiIacH(iKaliitHUX pillieHb.

KawuoBi caoBa: iHdopmaniliHO-eKCTpeMalbHe MalliHHE HaBYaHHS,
iHpOopMaIiHHIN KpUTEpil, BUPIIIATbHI NpaBUiia, HABYAJIbHUI KOHTCHT.

Abstract: A method of information-extreme machine learning of the
information-analytical system (IAS) adaptation of learning content of the
graduating department to the requirements of the labor market has been
developed, which allows to obtain the maximum full probability of making
correct classification decisions in the monitoring mode.

Keywords: information-extreme machine learning, information criterion,
decision rules, educational content.

B CyMcbkoMYy JiepiKaBHOMY YHIBEPCHTETI po3podiieHo iHTenekTyanbay IAC
ajanTanii HAaBYAIBHOTO KOHTEHTY [0 BHMOI PHHKY Ipali, fKka JO3BOJLIE
3MIACHIOBATH KOPEKII0 HABYANBHOIO KOHTEHTY Kadempu B pEKHAMI
MOHITOPHUHTY.

Iadpopmaniiino-excTpemanpHe MamaHe HaBuaHHS [AC 37iiicHIOBanocs Ha
MIPUKJIAAl OMIHKY BiJNOBIOHOCTI BUMOTaM PWHKY TIpalli HABYaJIEHOTO KOHTEHTY
i3 cnenianpHOCTI «Kibepbesmekay OakanaBpChKOTO PiBHS.

Bxinna HaBuasbHa MaTpHId (opMyBajiacs LULIXOM 3YMTYBaHHS OLIHOK
3MICTOBHUX  MOJYIiB HAaBYAIbHMX  JUCIUILIIH, SIK1 BUCTABIISIINCS
PECTIOHIEHTaMH 3a CTOOATBHOIO IIKAJOK. PiBHI SKOCTI HABYAIBHOIO KOHTEHTY

. 0
XapakTEpU3yBaInuCA dYOTHPMa KjlaCaMW  PO3III3HABAaHHA: KJlac X 1 -
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.. X (0] X 0 . . X 0
«B1IMIHHO», KJacC 2 — «z[06pe», KJ1acC 3 — «3a40BUIBHO» 1 KJIaC 4 —

«HE3a/I0BIJILHOY.

MamvHHe HaBYaHHS 3JIHCHIOBAJIOCS 3 ONTHMI3alli€l0 KOHTPOJIBHUX
JIOITYCKiB HA O3HAKH PO3Ii3HABAHHS 32 1€PapXivyHOI0 JEKYPCUBHOIO CTPYKTYPOIO
nanux [1].

Sk kpuTepiii onTHMi3alii mapaMeTpiB MAIIMHHOTO HaBYaHHS PO3TJISIANIacs
mogudikoBana wmipa Kynpbaka y BUmsgl (QyHKIIOHAJIa BiJl TOYHICHUX
XapaKTepUCTUK Kiacu@ikaliifHux pimens. BupimanbHi npaBmia no0yaoBaHo y
BUTJISAL

(vX g € RMY(wxD e RMN i (> 0) & (1 = max{uy)
then x1 e X2 else xV ¢ X°],

M

ne X(J) — BEKTOp, WIO PO3Mi3HAETLCS; Ly, — (YHKIIS HAJIEKHOCTI BEKTOpA
X(j) KOHTEHE i XO i
py Kiacy po3Ii3HaBaHHS m- fAKa Juis rinepchepuaHoro

KOHTEifHepa BU3HAYAETHCS 3a (hopmyioro [1]

* (N
g -1 205 @XD) @
dm
* *
re Xqg, dm — YCepeIHEHHMI BEKTOp O3HaK 1 pajiyc rinepchepruaHoro

. . o . .
KOHTEHUHEpPA KJIaCy PO3II3HaBaHH X m BIANOBIIHO.

Ha puc. 1 nokazano rpadiku 3anexHocTi iHGOpMALIHHOTO KpUTEPiO
KynbOaka Bim paniyciB KOHTEHHEpIB KJACiB pO3IMi3HABAHHS, ONTUMAJbHI
3HAYCHHS SIKUX JTO3BOJISAIOTH MOOYAYyBaTH BUpimanbHi mpaBmia (1). AHami3 puc.
1 mokasye, OO0 ONTUMAaNbHI paaiycH KOHTEHHEpiB KJIACiB  pO3IMi3HaBaHHSI

* * *
JOPiBHIOIOTH dl =5 (TyT 1 mami B KOXOBHUX OJUHHIIIX), d2 = 12, d3 =4 1

d, =14.
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Puc. 1. I'papixu 3anesxcrnocmi kpumepito (2) 6i0 padiycie konmetnepia: a — Kuac

Xlo;671</zac Xg;efmac Xg;efmac Xg

Takum umHOM, iH(pOpMaliHO-eKcTpeMalnbHe MalinHHe HauaHHs [AC
NOJIATae y BIJHOBJICHHI KOHTEHHEPIB KIJIACIB PO3Mi3HABAHHS B pPajiajbHOMY
6a3uci OIHAPHOTO MPOCTOPY O3HAK XeMMiHra.

OckinbKky IOOYI0BaHI BUpIIIAJIbHI IPaBUIIa € He OE3MOMIJIKOBUMH, TO JIJIS
MiBUIIEHHST (QYHKI[IOHATHHOI €(DEKTHBHOCTI MAIIMHHOTO HABYAaHHS HEOOX1ITHO
30UIBIIMTH  HOro TJMOMHY [UIAXOM  ONTHMI3alii IHIIMX [apamerpiB
¢yukmionyBanns [AC, BkiIrouaroum mapamerpu  (GopMyBaHHS — BXiIHOTO
MaTEeMaTHIHOTO OMUCY CHCTEMH.

Jlitepatypa
1. Jooum A.C. IurenekryaipHi iHoOpMamidHi  TexHOIOril B

enektpoHHoMy HaBuaHHI / A.C. JloBOmm, A.B. Bacmnpes, B.O. JIro6uak. —
Cymu: Bugasauirreo Cym/J1V, 2013.— 177 c.
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ANOMALIES SEARCHING
FOR VIDEO SURVILLENCE SYSTEMS
Ph.D. Ruvinskaya V., Devyatkov V., Androsov A.

Annomayusn. TlpoBeneH aHaIW3 TOAXOMOB TPHU MOUCKE aHOMAIIUH, U JUIS
BBUSIBICHMS ~ aHOMAJbHBIX 3HAYCHHH  XapaKTEPUCTHK B  Kaapax MpH
BUICOHAOJIIOICHUY BBIOPaH METOJ, OCHOBAHHBIH Ha MapTHHraynax. Pa3paboran
BeO-CepBUC, TO3BOJSIONIMH  paboTaTh €  NPOrPaMMHBIMH  MOAYJISIMH
BUICOAHAIIUTUKY TIPU aHATIHM3E BUICOHAOIIOICHHS.

Knrwueevie cnoea: eudeonabniooenue, 6UOCOAHANUMUKA, AHOMAIUU,
MapmuHeavl

Abstract. The analysis of approaches to the search for anomalies was
carried out, and a method based on martingales was chosen to identify
anomalous values of characteristics in frames during video surveillance. A web
service has been developed that allows working with video analytics software
modules when analyzing video surveillance.

Keywords: video surveillance, video analytics, anomaly, martingales

BuneonaOironenne — 3TO Tpollecc HAONIOACHHS, OCYIIECTBISIEMbIH ¢
MPUMEHEHHEM ONTHKO-3JIEKTPOHHBIX YCTPOWCTB, TNpeNHa3HAUYEHHBIX IS
BU3YaIbHOT'O KOHTPOJISL M/WJIM aBTOMATHUYECKOro aHamm3a [1].

AKTyaJbHOCTD BHICOHAOMIOACHUS OecCropHa, OHO MPHUMEHSETCS: Ui
obecrieueHnss 0€30IACHOCTH CTPATETHYECKH BAXKHBIX OOBEKTOB, TaKUX Kak
a’pONOPTHI, BOK3albl U TOMY MOAOOHOE; Ul OXpPaHbl Mara3uHOB, OQHCOB,
0aHKOB M APYrWX KOMMEPUYECKMX OpPTaHM3aIWi, a TakKe CBOMX KWW, IUIS
KOHTpOJSI B cepe KUIUIIHO-KOMMYHAITBHOIO XO035CTBa M OJIaroycTponcTBa
ropoja; B APYrux cdepax.

[lepBpie cHCTEMBI BUICOHAOIIOACHUS TOJNBKO IOKA3BIBAIA B PEATHHOM
BPEMEHH TO, YTO «BUATY PACIOIOKEHHBIC B PA3IMIHBIX MECTaX yCTPOICTBA, a
TakKe  3alUCHIBAIM  BHUAEO C  IOCIEAYIOMIEH  BO3MOXKHOCTBIO  €rO
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Bocrpom3BeneHus. OJHAKO B TaKOrO pOAA CHUCTEMaxX CIOXKHO TepelaBath,
MOJICP)KUBATh W NPOCMATPHBATH  OOJNBIION 00BEM  HEOOPAOOTaHHBIX
BUJICOIAHHBIX, IOITOMY COBPEMEHHBIE CHCTEMBI  COIEpKaT  MOIYIH
Buneoananutuku (Video Content Analysis, VCA, wiu Video Analytics, VA)
[2], cocoOHbIe «3aMeuaTs» CYIIECTBEHHBIC U3MEHEHHS B IMOCICIOBATEIBHBIX
KaJIpax, pacro3HaBaTh OOBEKTHl U COOBITHS U, TAKAM 00pa3oM, BBHIWICHATH U B
JajJbHelIeM paboTaTh TONBKO C JAaHHBIMH, B KOTOPBIX MPUCYTCTBYIOT, TaK
Ha3bIBaeMbIe, AaHOMAJTHH.

Tak Kak BHJICO COCTOUT U3 MOCIEAOBATEIBHOCTH KaJIPOB, CICAYIOUIUX APYT
3a JIPyroM BO BPEMEHH, BO3MOXHO JJIsi HErO MPOBOJMTH TaK HA3bIBAEMBIil
Change Point Detection (i Change Detection) — aHanu3 BpeMeHHBIX psIOB
Juisi moucka aHoMmanuii [3]. B sTrom ciydae BHIIEO TpEICTaBISIETCS B BHIE
BPEMEHHOI'0 Psiia U, TAKUM 00pa3oM, MPHUMEHSIFOTCS COOTBETCTBYIOIINE MOJIEIH
Y METOJIbI, TIOJIXOJISIIIUE ISl 00paOOTKH Pe3yabTaToB BHIeOHAOMOAeH!S [4].

PaccmarpuBarot 1Ba BUIa peniaeMbix mpobieM B change detection [3]:

- Offline, xorma mpeamosaraercs, 4To MOCIEI0BATEIBHOCTE BPEMEHHOIO
psima TpH aHalW3e OCTYITHA MOJHOCTBIO, M II€b COCTOMT B TOM, YTOOBI
OTPE/IENUTh, TPOU3OILTH JIH KaKHe-THOO TOYKM M3MEHEHHs B cepud. Takoif
MOAXOJ NPUMEHHUM ISl aHAJIN3a 3allMCAaHHOTO B Pe3y/bTaTe BUACOHAOIIONCHHS
MaTtepHala.

- Online, korma change point detection ceszarHo ¢ 0OHapy)KEHHEM TOYEK
W3MEHEHHs Ul IIOCTYIAIOIIET0 B PEalbHOM BPEMEHH IMOTOKA JAaHHBIX, YTO
NPUMEHNMO P aHAJIHU3€ HETIOCPEICTBEHHO NPU BUACOHAOIIONCHUM.

Haubosee wm3BecTHBI cremyroinue rpymmbl MeromoB mis online change
detection: crarucTuueckmii moCIENOBATENBHBIM aHaMu3 [5], a Takke Hanbojee
3¢ peKTUBHBIC, TaK Ha3bIBa€Mble, MOTOYHBIE AITOPUTMBI JUIsi 0OpPabOTKH
MIOCIIEZIOBATENIbHOCTH JAHHBIX B OIMH WJIM MaJloe YHCIIO MPOXOJOB, 3a4acTylo,
TonpKkO B omuH [6]. K rpymie mOTOYHBIX aNrOpUTMOB OTHOCHUTCS M METO[
[OMCKAa AHOMANWI BO BPEMEHHBIX psigaXx C MOMOIIb0 Online marmmHHOrO
o0ydeHUss Ha OCHOBEe IepecTaHoBOuHbIX MapTuHranoB (Exchangeability
Martingales) [4]. OcHOBHast Hest COCTOMT B aHAIHM3€ CIIEAYIOMIEro (pakTa: eciu
pacnpezeneHre MOCIeIOBaTEIbHOCTH NPUMEPOB WHBAPUAHTHO OTHOCHUTEIHHO
11000 MepecTaHOBKY MHIEKCOB, TO PACIIPE/IC/ICHUE IIePECTAHOBOYHOE, M TaKOH
pAI HE CONEp)KUT aHOMAIIMH; €CIIM He WHBapHAHTHO, TO 3TO yKa3bIBaeT Ha
NPUCYTCTBHE TO4YeK u3MeHeHWs. Jng pa3paGoTKW  mporpamMMel  Jis
BH/ICOAHATIMTHKN B BHIE BeO-cepBrca OBUT HCTONB30BaH Beb-moptan «Microsoft
Azure Machine Learning Studio», moxyie «Time Series Anomaly Detection»
(em.  https://docs.microsoft.com/en-us/azure/machine-learning/studio-module-
reference/time-series-anomaly-detection), mo3BonsroONIMii HAXOMUTH AHOMAMH
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BO BPEMEHHBIX pslax ¢ MOMOIIbI0 MapTHHTANOB. Jlns aHann3a Obuta BHIOpaHa
Takasg XapaKTepUCTUKAa, KaK YPOBEHb SIPKOCTH, TaK KaK WM3MEHEHHE €ro, B
YaCTHOCTH, CBUJETENIBLCTBYET O IOMBITKAX 3aKPBITh WM OCIENUTh KaMepy. Ilpu
pabore  BeO-cepBuCa  CHayaja  M3y4alOTcs  HOpMajbHble  poOouue
XapaKTEepUCTUKM HaYaJbHBIX 3HAUEHUH BPEMEHHOIO psija, BEIWYMHA KOTOPOro
HACTPauBaETCs 3apaHee, CTPOUTCS MOJENb Ha OCHOBE 3THUX JAHHBIX, a 3aTEM
WCTIONB3YeTCs JJIS BHISIBIICHHS! OTKJIIOHEHHH (KaK M3MEHEHHH OOIINX TEeHICHIINH,
TaK M BEJMYMH WIN UX [WANa30HOB), IpHUYEM, MOJEIbh IepecTpauBacTcs B
peaJbHOM BpEMEHHM II0 MEpE IPHXO/a HOBBIX JaHHBIX (OHJIalH-oOy4eHue).
Pe3ynpraTel paboThl BeO-cepBHCAa: MOMEHT BpPEMEHH, HOPMAaJM30BaHHAS
SIPKOCTh, OLIEHKAa aHOMAaJbHOCTH W WHIHMKATOP aHOMAJUHM, YTO MOXET OBITh
HCTONB30BaHO AJIS BhIJAUN CUI'Hajla TPEBOTH B CITydae BBISBICHUS aHOM aJIHi.

ABTOMaTHYECKHH MOUCK aHOMAaJIMH NPU BUJICOHAOIIONCHUH, KaK U JIro0ast
Jpyrasi BUJCOaHAIUTHKA, ITO3BOJISIOT CO37aBaTh CUCTEMBbI, MEHEE 3aBUCUMBIE OT
4enoBeueckoro (hakTopa: 4elnoBeK 3a4acTyl0 MOXET He 3aMETHUTh 4To-TH00 Ha
BUJEO; TOWUCK AaHOMAJUM NpHU MPOCMOTPE BUAECO BPYUHYIO BBIIOITHAETCS
JIONbIIIE, YeM C TIOMOIIbIO BUICOAHATUTHKH.
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BUKOPUCTAHHS KPUIITOBAJIIOTHUX PO3PAXYHKIB Y COEPI
E-KOMEPIIIi

Cycuenko B.B., 1.e.H. 3aTonanpbka T.T, [0000-0001-9197-0560]
E-mail: vladimirmetnew@gmail.com, tzatonatska@gmail.com

THE USE OF CRYPTOCURRENCY SETTLEMENTS IN THE FIELD
OF E-COMMERCE
Suslenko V., Zatonatska T.

Anomauin. Y poOoTi OyIo IOCHIPKEHO BHUKOPUCTAHHS KPHIITOBAIOT SIK
ENIEKTPOHHUX IUIATIKHUX CHCTEM Ha MiJNPHEMCTBAX ENEKTPOHHOI KOMepIIii.
JloBeneHo, 110 MiJIPHEMCTBA €IEKTPOHHOI KOMEpIii, 10 CHeliali3yloThCs Ha
peanizauii CHOXMBYMX TOBApiB, MOXYTh BUKOPHUCTOBYBAaTH KPHITOBAIIOTHI
po3paxyHku y Bitcoin - 50% Ta y Ethereum 65% TpaH3axuiii 1uist 3MEHIIEHHS
BapTOCTI TpaH3aKii y MopiBHsHHI 3 cuctemoro LiqPay.

Knwuosi cnoea. enexTpoHHI IUIATIKHI CHUCTEMH, KPUNTOBAJIIOTa, e-
KOMEDLIisi, TPaH3aKIIii.

Abstract. The article examines integration of cryptocurrencies as electronic
payment systems in e-commerce enterprises. It has been proven that e-
commerce companies specializing on selling consumer goods could use hybrid
cryptocurrency payments in Bitcoin in 50% of transactions and Ethereum in
65% of transactions in the studied timeframe to reduce the cost of the transaction
compared to the LigPay system.

Keywords: Electronic payment systems, cryptocurrency, e-commerce,
transactions.

EnexkTpoHHI MIaTiXHI CHCTEM CTPIMKO PO3BHBAIOTHCS U 3a/I0BOJICHHS
MIONUTY HAa EJNIEKTPOHHHWU IepeKa3 KOIITIB Ta JEMOHCTPYIOTh IMEBHHHA HaOip
TPEHIIB PpO3BUTKY, TaKhX SK TPEHA OO IHKIIO3UBHOCTI MOCTYIy IO
BHUKOPUCTAHHS €IEeKTPOHHOI  IUIATKHOL CHCTEMH, 3a0e31meveHoCTi
iHpopMaIliifHOT Oe3Mekr CHUCTeMH Ta [0 [IDKHTAN3allii CHUCTeMU uepe3
PO3BUTOK MOOITBHOrO OaHKIHTY, AOCTIIKEHHA IM(PPOBUX BAIOT Ta PO3BUTKY
BHKOPHCTAHHS Mepexi [HTepHeT sk MepexKi TII00aIbHOI eNeKTPOHHOI KOMEPITii.

Mertoro DOCTiKEHHS € OIiHKa €(PEeKTHBHOCTI Ta PO3poOKa peKOMEHIAIiH
00 BUKOPHCTAaHHS KPUITOBATIOTHHUX PO3PaxXyHKIB y cdepi e-xomepmii 3
ypaxyBaHHSIM cydacHOi 3akoHOaB4oi 0azu €C Ta Ykpainu.
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Jlo HayKoBOI rinoTe3u MOKHA BiIHECTH HACTYITHE TBEP/KCHHS: UM MOXYTh
KPHUITOBANIOTH 3HAWTH MpaKTUYHE BUKOPUCTAHHS SIK YACTHHU ab0 3aMiHHUKH
EJIEKTPOHHHUX TUIATIKHUX CUCTEM.

JloBeneHo, MIO KPHIITOBAIIOTH JEMOHCTPYIOTH II€BHI BIAMIHHOCTI Bij
ENIEKTPOHHMX IUIATIKHUX CHCTEM, a came: (DiKCOBaHY €MICiI0 KpPHITOBAIIOTH,
JUHAMIYHY I[IHA TPaH3aKIlii, JIUHAMIYHAHA TIONWTY HAa KPUITOBAIIOTH,
MOTEHIITHY HEMOXXJIMBICTh PETyITIOBaHHS, BUCOKY BOJATHIIBHICTh, (hiKCOBaHMIMA
Yac IPOXO/KEHHS TpaH3aKiii, CIEKYIATHBHY 3a0e3Me4eHICTh TNEeBHUX
KPHIITOBAIIOT TOLIO.

SIKIO MiANPUEMCTBO 3aNMINIAE KPUNTOBAIIOTY HAa paxyHKy, KOJIH Mae
MOXIIUBICTH MpOJaTH il 200 po3paxyBaTUCs 3 KOHTPAreHTaMH, TO JAaHE MUTaHHS
Mae OyTH pO3IJISIHYTO Y JOCHI/DKEHHSIX, 110 BHBYAIOTh KPUNTOBAIIOTY SIK
IBTEPHATHBHY 1HBECTHIIII0 200 BUBYAIOTh MHUTaHHS 30€peKeHHs e()eKTHBHOTO
BANIOTHOrO  OamaHca  HAa  MiJNPHEMCTBI. Hapasi KPHIITOBAIIIOTH
BUKOPUCTOBYIOThCSL Ha TEBHIM JaHI MiJNPUEMCTB: SK Ha IiIIPHEMCTBAX
eNIEKTPOHHOI KOMepIlii, Tak 1 Ha MiANPUEMCTBAX, IO PEANi3yIOTh BJACHY
JiSIBHICTD Yy peaJlbHOMY CBiTi, He Yy TIJobanbpHilE Mepexi. [Ipuxianom
BUKOPUCTAHHS KpPUNTOBAJIOT JUIS PO3PaxyHKIB y oduiaiiHI € HeloJaBHs
MONYJISIPHICTh KpUIITOBAMOT Y Typeudnni [1], cipuurHeHa majiHHSIM BapTOCTI
HaLliOHAJBHOI BaJIIOTH, a TAKOXK HOMYJISIPHICTh KPUNTOBANIOTH B PO3PaxyHKax y
Benecyeni, cnpuuunena rinepinduisniero HanioHanpHoi Bamotd [2]. Le
TOBOPUTh IIPO AaKTYaJbHICTh BHUKOPUCTAHHS KpPUNTOBAIIOT YKPAaiHCHKUMU
MAPUEMCTBAMHU €JIEKTPOHHOI KOMEPIIii.

BapTo 3a3HaunTH, IO KPUNITOBAJIOTH BXKE MAlOTh IIEBHE BHKOPHCTAHHA y
eNIEKTPOHHMX IUIATDKHUX CHCTEMax, ajle 16 BUKOPHCTAHHS HE Ma€ XapakTep
CHCTEMHOT0 Ta CTa0IIbHOIO PIIIEHHs, a 3/1e0LIBIIOr0 Haraaye MapKeTHHT OBHI
xin geskux mianpueMcts: akuii Big Burger King ta Coca cola 3 yHikaabHUMHE
NOapyHKaMHU ISl THX, XTO BUKOPHCTaB KPHIITOBATIOTY A po3paxyHKiB. Ha
JAHUH MOMEHT HaHOLIbILI MiANPUEMCTBA CBITY cTaHOM Ha moTuil 2021 poky,
0 BHUKOPUCTOBYIOTH KPHIITOBATIOTHI PO3PAaXyHKH Y ENEKTPOHHIM KOMepIii,
BUKOPHUCTOBYIOTh TaKHX JIJIEpiB PUHKY MPOBAWIEpiB KPHUOTOBATIOTHUX
miatexiB sk BitPay, Coinbase, Flexa, abo cTBopioroTh BiacHi iHTerparii 3
MepexaMi KPHITOBAIIIOT.

BucHoBku. JloBemeHo, IO MiAMPHEMCTBA EIEKTPOHHOI KOMeEpIii, IIIo
CIEIiali3yI0ThCS HA peai3amii CIIOKUBYNX TOBApiB, MOXKYTh BUKOPHCTOBYBATH
KPHITTOBITIOTHI po3paxyHKH y Bitcoin - 50% Tpanzakuiii ta y Ethereum 65%
TpaH3aKIiil U1 3MEHIIICHHST BAPTOCTI TPAH3aKIIi] Y IOPIBHAHHI 3 €NEKTPOHHOIO
IUTaTXHOIO cucTemoro LigPay.

73



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

Jlitepatypa.

1. Crypto Is Not Regulated in Turkey, and It’s Thriving [Enexrponnuit
pecypc]. — Pexum moctymy: https://www.coindesk.com/turkey-doesnt-regulate-
crypto-its-thriving

2. Venezuela’s Bitcoin Story Puts It in a Category of One [Enextponnnii
pecypc]. —  Pexum gocrymy: https://www.coindesk.com/bitcoin-adoption-
venezuela-research

YK 681.518
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INFORMATION SYSTEMS FOR CAR RENTAL SERVICES
Ph.D. Shpinkovski O.A. Ph.D. Shpinkovska M.I., Dikhtiar N.S.

Anomauia. Y pobomi 6U3HAYEHO 6ANCIUGICIb AKICHO20 OPOPMIEHHA 8
apendy aemo. Posensanymo Oekinbka i0omMux cucmem opeHou ma 3pooreHo ix
NOPIBHANbHULL  aHANI3 0N NOOANBUO20  CMBOPEHHA  HOB0i  cUCmeMU.

Knrouogi cnosa: inopmayiini cucmemu, openoa, asmomooine.

Abstract. The paper identifies the importance of quality car rental. Several
well-known rental systems are considered and their comparative analysis is
made for further creation of a new system.

Keywords: information systems, rent, car.

CycIiapcTBO BUKOPUCTOBYE CYYacHI TEXHOJOTIT A1l 3pYyIHOCTI Ta €KOHOMIT
4acy, IIBHIKOro 30MpaHHS Ta 0OpoOkm moTpiOHOi iH(popMaIii B cydacHOMY
JUHAMIYHOMY CBITi.

Ha crorognimHiii geHs opeHna aBTOMOOLUIIB — Ie MOCTyra, sika 30UIbITye
CBOIO IIOIMYJISIPHICTB 3 KOXXHUM POKOM Ta aKTHBHO PO3BHBAEThCs. bararto moxpeit
BCE YaCTIIlle BBaXKAarOTh, IO Kpallle, BUTiTHIIIE KOPHCTYBATHCh OPEHIOBAHUM
aBTO, HIXK IPUAOATH BIACHE.

e BimOyBaeThCcs "epe3 Te, MO AaHA IMOCITyTa HAJa€ TaKi MOXKIHBOCTI SIK:
KOM(OpPTHI YMOBU OpPEHNIN, BEIWKHUN BHOIp aBTO, THMYACOBY 3aMiHy BIIACHOTO
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aBTOMOOLISA, MIBHAKE OpOHIOBaHHS Ta JIOCTaBKY aBTO, 3PYYHI MOXIJIMBOCTI JUIS
TYPHCTIB Y HOBOMY MicCTi 200 KpaiHi.

[Mocmyra opeHmu crajia HACTUTBKH MOIYJISIPHOIO, 10 y JIWIHI — ceprHi 2021
POKY 3 dYeTBepra JO IOHEIITKAa HEMOXIUBO Oyino ohopMUTH OpeHIy, 00 He
BHCTA4aJ0 MAIIMH EKOHOM Ta CEPEAHBOr0 KIIacy.

[Ticnst TpuBaNoro monrykKy Mo)kHa Oynao 3HaWTH Xi0a IO TIOOIUHOKI aBTO
MIpEeMiyM KJiacy.

Omxe, 3apa3 BaXJIHMBOI IOCIYIOI0 € IIBUIKA Ta 3py4yHa OpEHIa aBTo.
BaknuBuM TOMIYHMKOM KOpHCTYBauy cCTaHe iHQopMaliiiHa cucrema, sKa
JIO3BOJIMTH IIBUJIKO OOpaTH HEOOXiTHHH aBTOMOOLIb Ta JIETKO 0)OPMHUTH HOTO
operay. TakuM YHHOM, po3poOKa iH(POPMALIWHOI CUCTEMHU I OPCHIH aBTO
OHJIAHH € aKTyaJIbHOIO.

[IporionyeThCs, A TONANBIIONO NPOEKTYBAaHHS Ta PO3POOKH BIIACHOI
CHCTEMH OHJIAiH OPEHAN aBTOMOOLIIB, TPOBECTH aHANITHYHUH OIS iICHYIOUHX.
HactynHi cuctemu Oynu [eTanbHO HpOAHANi30BaHI, a caMe 3a JOIOMOTOH0
HOPIBHSHHS PUHIMITIB pOOOTH Ta MPOrpaMHOI CKJIaI0BOI:

Mobilecar — MmoGinpHHE 3aCTOCYHOK /ISl  TOXBHJIMHHOI  OpPEHIH
eJIeKTpoaBTOMOO1TiB B Ofeci.

JlaHa koMIaHis MPOMOHYE OPEHJY EKOJIOTIYHO YHCTOro, Oe3IIyMHOro Ta
Cy4acHOr0 aBTOMOOIIL.

JUnst KOpUCTYBaHHS JaHOIO CHCTEMOIO HEOOXIAHO 3aBaHTaKUTH 3aCTOCYHOK
Ha MOOUIBHMH Tene(oH, MPOUTH PEECTpALlifo, MaTH BOJIIMCHKI MpaBa Ta CTax
BOJIIHHSI HE MeHII JBOX POKiB [1]. Y MOOLIBHOMY 3aCTOCYHKY MOXKHA 3HAWTH
BUIbHI JUI OpEHJM aBTOMOOL, 3a0pOHIOBATH 3PYYHHMU JUIs KOpUCTyBada Ta
3IIHCHUTH OHJIAMH OILIATY.

Getmancar — MoOUTBHUIA 3acTOCYHOK uisi opeHau aBTo B Kuesi. [lanwmii
3aCTOCYHOK Ja€ 3MOr'y KOPHCTyBa4aM o0OpaTH Oynb-siKe BiJbHE aBTO, ajie HeMae
3MOTH 3aMOBUTH HOT0 JIOCTaBKY B TIeBHE Mictie [2].

[Ticns 3aBaHTaXEHHS 3aCTOCYHKY Ta IPOXOMKEHHS peecTpaii 3’ sBIsS€ThCS
Mara, Ha SKid BiZoOpakaroThCs BITBHI IS OPEHIN aBTO. Miclie 3HaXOMKEHHS
aBTO 00paTH HEMOXJIMBO, OT)KE€ KOPHUCTYBad IEperiIigace BiIbHI aBTO, IO
3HaXOAATHCS HAUOIIKYE 10 HBOTO.

Rental.ua — caift s opeHmr aBTOMOOLTIB, TIpEACTaBIeHa 110 BCiil YKpaiHi.
KopucryBau wmoxe oOpatu Oygp-sike aBTO cepel 3alpOlOHOBAaHUX Ta
o3HafomuTHCs 3 Horo xapakrepuctukamu [3]. Ha caiiti MoxHa 3mificHUTH
omary Ta 3a0paTH aBTO y 3a3Ha4eHOMY MicIli a0 3aMOBHTH JOCTaBKY. Takox
KOpUCTYBAa4 MOXe OOpaTH IOAATKOBI TOCTYTH Ta OIii 3a OKpeMy IUIaTy.
BapTicTs aBTO 3aJI€XKHUTH BiJl MAPKH Ta CTAHY.
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7cars.com.ua — calt mus opeHIM aBTOMOOUTIB. ABTomapk wmictuts 100
ManvH Bif «ExkoHOMY» 10 «bBi3Hec» kiacy.

JlaHa KOMIMaHIS TaKOX HANa€ TOCIYTH OpPEHAHM aBTOMOOINS 3 BOIIEM,
tparchep VIP wmacy. KoxknHa MammmHa Mae CTpaxoBKY, TEXHIYHA ITiITPUMKa
TIPAIIoE 11110100080 [4].

B pesynbraTi MOCTIIKCHHS CHCTEM-aHAJIOTIB MOXKHA MMOOAYUTH, IO BOHU
MAalOTh 3HaYHI BIIMIHHOCTI, 110 BigoOpakeHo y Tabu. 1.

Tabnuns 1 — Pe3ynbratu mopiBHAHb CUCTEM-aHAJIOTIB
HasBa 3acTocyHKy

O3Haku -
Mobilecar | Getmancar Rental.ua 7cars.com.ua

Bincrexenus
BUILHHMX aBTO
MOKJIUBICTE
OpEeHIIU Ta
OILJIaTH
OHJIAMH
MOKITUBICTE
BKa3yBaHHs - - + +
KpUTEPIiB
3pyuHuit
iHTepdeiic + - - +
cauty
MOKITUBICTE
3aMOBJICHHSA - - + +
JIOCTABKH aBTO
Hananus
3HIKOK
MOCTIAHUM
KJIEHTaM

+ + + +

Po3pobnioBana cucremMa TMOBMHHA MATdh  CHOUTbHHA — (QYHKIOHAm 3
HaBEJACHMMH BHIIC aHAJIOTAMHM, 1 MICTUTH JOIOBHEHHS. I OJIOBHOIO BiAMIHHICTIO
Oyme MOXJIMBICTh IIBHAKOTO MIOOPY OCOOHMCTOrO aBTO 3a TICBHUMH
KPUTEPisIMH, HapaxyBaHHS 3HIDKOK TIIOCTIHHMM KIIi€EHTaM Ta MOXJIHUBICTh
BIJICTEXXEHHS MICIII 3HAXOHKEHHS aBTo.
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3ACTOCYBAHHSI HEUPOHHOI MEPEXKI JJIsA BUPIINEHHSA
3ABJIAHHSA PO3ITIIBHABAHHSI OBPA3IB TA TEKCTOBOI'O
KOHTEHTY
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APPLICATION OF THE NEURAL NETWORK TO SOLVE THE
PROBLEM OF PATTERN RECOGNITION AND TEXT CONTENT
Poprotska-Plachynda D.I., Ph.D. Rudnichenko N.D., Pavlov O.0.

Anomauin. Y poOOTI HaBeleHI pe3yJabTaTH PO3POOKU 1 JIOCHIIKEHHS
MPOrpaMHOro 3aCTOCYBAaHHS PO3Ii3HaBaHHS 00pa3iB Ta TEKCTOBOIO KOHTEHTY Ha
0a3i ITYyIHUX HEHPOHHUX MEPEXK.

Kntouosi cnoea: wmrydHi HEHpPOHHI Mepexi, po3Mi3HaBaHHSA 00pa3iB,
pO3Mi3HABaHHSA TEKCTY, aHAJ3 JaHUX.

Abstract. The paper presents the results of development and research of
software application of pattern recognition and text content based on artificial
neural networks.

Keywords: artificial neural networks, pattern recognition, text recognition,
data analysis.
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PosmizHaBaHHs 00pa3iB Ta TEKCTOBOIO KOHTGHTY — CKIaJHUIA Ta
TpyAoMicTKuil Tiporiec. [yist BUpileHHs TaHOl 3a1a4i OyB BUKOPUCTAHUN METOJ
posmizHaBaHHS 00pa3iB Ta TEKCTy — INTy4HI HeWponHi Mepexi (ILIHM).
Heliponni Mepexxi — 1[e BEJIMKHA MOPOPUB B  Cy4aCHOMY DPO3BHTKY
iHpOpMaIifHUX TexHONOriil. BOHM MaroTh 3aCTOCYBaHHS B BENHKIH KUIBKOCTI
pi3HOMaHITHHX cep MiSUTBHOCTI JIFOMUHMU, HAPUKIA: aHaji3i Ta kiacudikarii
JaHUX 3a 3aJaHAMH Tapamerpamy, (OpMyBaHHI aHATITHYHHX MPOTHO3IB,
TIOPIBHSHHI Ta PO3MTi3HABaHHI 1IEHTHYHUX IAaHUX, pO3Ii3HaBaHHI o0pa3iB [1].
Jns  3HaXOmKeHHs HAWOLIBII MpPOAYKTHBHOI B pobori IIIHM, Oymo
CIPOCKTOBAHO Ta MPOBEACHO aHANi3 PI3HUX apXiTEKTyp HEHPOHHX MEpex, a
came: OaraTolmapoBUil TEpENTPOH; 3rOPTKOBI HEHpOMepeki; pPeKypeHTHi
HelipoHHI Mepexi. Byma chopmoBana HaB4anbHa Ta TecroBa BUOipKa, Oynu
migiOpani  BignoBimHi mapamerpu IIIHM  jnis jgocsarHeHHs — HaiOinbIn
JIOCTOBIPHOTO pE3yabTaTy pO3IMi3HABAHHS OOpa3iB Ta TEKCTOBOI'O KOHTEHTY.
KoxHa po3risiHyTa apXiTeKTypa JOIoMarae JA0CSITH METH, SIKy CTaBUTb Iepel
co0or0 pOo3poOHMK, 3 BHCOKOK TOuHICTIO [2]. Jlns po3poOKu mporpamMHOro
3acTOCyBaHHS OyB BHM3HA4€HHMH CTEK TEXHOJOTIH, SKi Ha/JalOTh MOXIIUBICTh
pO3pOOKM KJITIEHTCHKOI Ta cepBepHOi wyacTuHH. JIjis 30epiraHHs JaHUX
KopuctyBada BuUkopuctoByethcsi CYBJl Postgress, sika Hazae BETHKHHA CHEKTP
MoxuuBocteil. Jlnst  peamizamii cepBepHOi uactuHM Oyna oOpaHa MoBa
nporpamysaHHsi Python, sika Bifpi3Hs€TbCS BUCOKOIO ITPOAYKTUBHICTD, JIETKICTIO
B BUKOPHCTaHHI, MiJPUMKOIO BEJIHKOI KIJILKOCTI 0i0110TEK, 1110 3HAYHO CIIPOIILYE
npouec po3podku. s modymosu IIIHM posnizHaBaHHs 0o0OpasiB Ta TEKCTY,
Oys10 BUKOpUCTAHO OiOII0OTEKY HACKPI3ZHOro MallMHHOrO HaB4aHHs Python —
TensorFlow. [lns po3mupeHHs MOXIUBOCTEH po3mi3HaBaHHs, Oyna oOpana
6i6mioreka Keras, sika mpaioe crinbHo 3 TensorFlow, Hamatoum Oinbiimit
cnektp nmii. s pobotm 3 paHMMH, OOpOOKOI Ta aHali30M [aHuX Oyso
BUKOPHCTAHO 010110TeKH 3 BIAKPUTH BUXiTHUM KogoM — NumPy ta Pandas [3].
Jdnst po3poOku  KITIEHTChKOI 4YacTMHHM Oyna oOpaHa MoBa TMPOTrpaMyBaHHs
TypeScript (TS — wmoBa mporpaMmyBaHHs po3pobieHa Microsoft, BoHa €
TUMI30BAHOIO HAIMHOKHHOIO MOBH JavaScript, 1 BKIII09a€ BIACHUN KOMITLJISTOP)
3 (petimBopkom React v16.13.1 (6ibmioTeka it CTBOPEHHS KOPUCTYBAILbKUX
iaTepeiiciB) [4]. st BimoOpaxkeHHs epeKTHBHOCTI pOOOTH 00paHNX HEHPOHUX
Mepex IpH pOo3Mi3HaBaHHI 00pa3iB Ta TEKCTy, Oyna miakmrodeHa OibmioTeka
Victory — 1e HaGip MOmynTbHMX KOMITOHEHTIB miarpami misi React ta React
Native [5].

BucuoBku. Ilpum po3poOrmi mporpaMHOrO 3acTOCYBAaHHS pPO3ITi3HABAHHSI
00pa3iB Ta TEKCTOBOTO KOHTEHTY, OCHOBHMM € pnociimkeHHs IIIHM Ha 06asi
mmapaMeTpiB, sKi BiAIIOBiIalOTH 3a JOCTOBIPHICTH pe3yabTary. BimmoBimao mo
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00paHOro CTEKY TEXHOJOriH, Oylo po3poOlieHO HporpaMHe 3acTOCYBaHHS, 3
MOXIIUBICTIO 0O€3IocepeHhOro aHamizy poOOTH — po3Ii3HaBaHHS 00pa3iB Ta
TEKCTY.
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Abstract. The article describes a new implementation of an encryption
scheme based on the small Ree groups. Our suggestion is to use the small Ree
groups for encryption on the full group with associated keys and brute force
attack complexity. We have extended the logarithmic signature to the entire Ree
group and changed the encryption algorithm to bind the logarithmic signature
keys and protect against a sequential recovery attack.
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Ree groups.

Cryptosystems in the post-quantum period should not have vulnerabilities
based on the problem of factorization of large humbers and discrete logarithms.
One of the promising areas is the use of cryptosystems on non-commutative
groups. The concept of cryptosystems based on the unsolvable problem of words
in groups and semigroups was proposed by Wagner and Magyarik [1]. All
known proposals are based on the calculation of logarithmic signatures in the
center of the group. The next step is the implementation of MST3 cryptosystems
on a wide class of multiparameter groups and the construction of logarithmic
signatures on the entire group [2-5]. The use of multiparameter groups allows
you to optimize the overhead costs, to reduce the memory consumption for the
implementation of a logarithmic signature, to increase the speed of computing
the encryption (decryption) algorithm without decreasing the cryptographic
strength. At the moment, the results of quantum cryptanalysis of MST3
cryptosystems are not known. Preliminary estimates show that the application of
random coverings and secret vectors in the MST3 implementation leads the
cryptanalysis problem to Grover's algorithm. We propose an encryption scheme
based on the small Ree groups. MST3 cryptosystem is based on the cover that
called logarithmic signature with computing on the non-commutative group.
Logarithmic signature as a representation is given in [2]. MST3 cryptosystem
realization on a small Ree group uses the idea that good implementation and
secrecy parameters can be obtained on a large-order multiparameter group. The

small Ree group is defined over a finite field F,, q= 3™ for some m>0 and
t=3"as [12] Ree(q) =<a(x), BX).7X).N(A) 1" |xeF, Ae qu> . The
subgroup U(q) for the group Ree(q) of upper triangular matrices has the
representation U(q):<a(x),ﬂ(x), ]/(X)|X€ Fq>. Each element of U(q) can be
expressed uniquely S(ab,c)=a(a)B(b)y(c), o)
U(q) :{S(a,b,c)|a,b,c € Fq}, and it follows that [U(q)|=q°. Also, U(q) isa
Sylow 3 —subgroup of Ree(q) , and direct calculations show that
S(a,,b,,c,)S(a,,b,,c,) =S(a, +a,,b, +b, —aa’ c, +c, —a,b +aal" —a’al),

S(a,b,c)* =S(-a,—b—-a**",—c—ab+a®*?).
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The center Z(U(q))= {S(0,0,c)|c E Fq} . The subgroup U (q) for the small

group Ree(q) has a greater ordU (q) = q3 than the orders of the Suzuki
groups. Suzuki groups, which appear in MST3 cryptosystems, are isomorphic to
the projective linear group PGL(3, Fq), where q=2q7, g, =2" and has order
g°. The proposal and correct implementation of the encryption scheme based on
a small Ree group Ree(q) was shown in [5]. The considered encryption has
several significant disadvantages. Our suggestion is to use the small Ree groups
for the encryption on a full group U(q) = {S(a,b,c)|a,b,c € Fq} with bind keys

R=(R,R,,R,) and brute force complexity equal to g®. We also have
considered brute force attacks of key recovery R=(R,R,,R,), ciphertext y,,
ciphertext y;, (tyy...-t )@nd we found that the overall complexity of the

attack realization is equal q°. For a practical attack, the message m is also not

known and has uncertainty for choice g*. This makes a brute-force attack on a
key infeasible. If we take an attack model with a known text, then the
complexity of the attack remains equal tog®.

We have presented the advantage of using the small Ree groups for

encryption on a complete group U(q) = {S(a,b,c)|a,b,c € Fq} with bound keys
R=(R,R,,R,) and brute force complexity equal to g°. We have extended the
logarithmic signature to the entire Ree group U(q):{S(a,b,c)|a,b,0e Fq},

with [U(q)|=g° and changed the encryption algorithm in such a way as to bind

the keys of the logarithmic signatures and protect against sequential recovery
attacks.
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Abstract. The paper considers the influence of the phase response values
when calculating the frequency-dependent component transfer function
coefficients in robotic systems.

Keywords: Industry 4.0, complex rearrangement characteristics, transfer
function coefficients.

CoBpeMeHHOEe pa3BUTHE YMHBIX» CUCTEM, KaK B pOOOTOTEXHHKE, TaK U MPU
MIOCTPOEHHUH CIEUNATHU3UPOBAHHBIX KOMITBIOTEPHBIX CUCTEM TpeOyeT Hajau4ue B
COCTaBE CHUCTEMBI KOMIIOHEHTOB C BO3MOXHOCTBIO TIEPECTPOIKH CBOMX
XapaKTepUCTUK B 3aBHCHMOCTH OT YCIOBHH (yHKIHOHUpoBaHus. [Ipu
MOCTPOEHUN aHAJIOTOBOW 4YacTW O0OpaOOTKM CHTI'HAJIOB JIATYMKOB TMPHXOIUTCS
pemarts 3a1ady 1Mo U3MEHEHUIO YacTOTHI Cpe3a, a TAK)Ke MOBBIIICHUS] KPYTU3HBI
crajia aMIUTUTYIHO-4acTOTHOH Xapaktepuctuku (AUX). [Toctpoenne ¢punbTpoB
BBICOKOT'O TOpsiIKa CI0XKHO. [lo3ToMy B OONBIIMHCTBE CIIy4asx NPUMEHSIOT
KacKaJHOe CoeIMHeHne (PUIIbTPOB HU3KOT'O MOpsi/IKa, HanpuMep, Broporo [1].

M3BecTHO, YTO TpPU KacKaJHOM COEIUHEHUM IIepeAaTO4YHble (YHKINH

NepEeMHOXKAIOTCS [2]
H(P =T H(p).

ree H (p), Hi ( p) - UTOTOBasl U i-51 epeiaTouHble yHKIUH.

[lpu nepemMHOkeHMH mepenatouHbix GyHkiuidi wx AUX, kak Obl,
«CKUMAETCS», TIPU ATOM YacTOTa cpe3a CABHIAETCS B 00IAaCTh HU3KUX YacTOT U
YBEJIMYMBACTCS KPYTU3HA ClIa/la XapaKTePUCTHKH.

Ilpm wuccnemoBaHMM  BBINOJHEHO KacKagHOE COGAMHEHHE  OECATH
OJHOTHITHBIX 0a30BbIX (GuiabTpoB. st Gpuibrpa baTrepBopra BrOporo mpsmka
Takas 3aBHCHMOCTb XOPOIIO alllPOKCHMHUPYETCs ypaBHEHHEM BHA

F=FN™¥, 1)

rmie FO — vacToTa cpe3a 6azoBoro ¢uibTpa Broporo mopsaka (1000 I'm), F -

9acToTa cpe3a QUILTPOB NpH N xackaHom coeuHenin 6a30BbIxX GuIETPOB
Ucxonst u3 dopmyasl (2) MOXHO HAWTH COOTHOIICHHE, MO3BOISIONICE
OIPEeNIeNITh YacTOTy cpe3a 0a30BOro (GMIbTpa MO YacTOTE cpe3a COCOUHEHHS

F n3 N COCANMHECHHBIX (DUJIIBTPOB BTOPOTO MOPSAAKa
0 P p p
0.27
F=FN™". )
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IIpn xackagHoMm coenuHeHuu GuiIbTpoB YeObleBa IMepBOro poaa u
AMNTHYECKOro Bua AUX CTaHOBUTBCS CIIOKHEE H3-32 HAJIMYMS YPOBHA
K0JIe0aTENBHOCTH B TIOJIOCE MTPOITYCKaHHS.

YacToTel cpe3a cMenaroTcss B 00NacTb HHU3KHX YacTOT HEPaBHOMEPHO,
aHasornuHo ¢uiabTpy barrepBopra. OmHAaKO YacTOTa NMUKa HE CIBUrAeTcs, T.K.
Bce (PMIIBTPBI KACKaTHOTO COSTUHEHUS OJTHOTHUITHEIE.

B momoce mpomyckaHus ypOBEHb KOJ€0AaTENLHOCTH BO3PACTaeT, dTO
3aTpyJHSET IPOXOXKJICHUIO CUTHANIA B TTOJI0CE MPOITyCKaHMUSI.

VY annuntadeckoro GUIbTpa B IOJIOCE TOJAABJICHHS YPOBEHb IMOJABICHUS
TaK)Ke BO3pacTaer.

Takum o0pa3om, kackamHoe coennHeHue (uibTpoB YeOblieBa mepBoro
poAa ¥ DIUIMNTHUYECKOrO HE TIO3BOJISET IOBBICUTH NOpsAoK ¢(uibTpa 06e3
CYIIECTBEHHBIX UCKakeHnH AUX B monoce mpomycKaHusl.

AHanorn4Ho ObUIO MOKa3aHO Y aHAJIOTOBBIX (DHIBTPOB.

Ha oOCHOBEe TIIONYYEHHBIX pE3YIbTATOB MOXXHO OTMETHTh, 4YTO JUIS
KaCKaJHOTO COEJMHEHUS OJHOTHMITHBIX (HIBTPOB CIEAYEeT HCIONb30BaTh
6a3oBble PUIIBTPHI ¢ Iockoi AUX B monoce mporycKaHus.

Takumu QuibTpamu  siBistorcs  GUIbTpel barrepBopra u  UeOblmeBa
BTOPOT'O POJa.

Kak u Bo Bcex 3aj1auaX, ypoBeHb aNNPOKCHMAIMK BBIOMpAETCS M3 pacuer
OTHOCUTENBHOM HOorpemHocTy He Oomee 1%, Tak W IpH pPa3IOKEHUH B
CTETIEHHOM Psifl KOJIMYECTBO CIIAaraeMbIX BHIOMPAETCS M3 ATOM NOTPEIIHOCTH.
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MANAGEMENT EXPERT DATA PROCESSING
Dr.Sci. Arkhypov O.Ye., Ph.D. Arkhipova S.A.

Annomayusn. PaccMOTpeHBI TOYHOCTHBIE aCMEKThl OOpPaOOTKH AaHHBIX
CepHH TPYMIIOBBIX 3KkcnepTu3. IlombiTka (OPMYIMPOBKH M pPEIICHHs 3ahadyu
ONITUMU3AIMY 00PaOOTKH MPUBOJHUT K KOHPIUKTHOW CUTYaIlMH, 00YCIOBICHHOM
HETIOJTHOTOW HEOOXOAMMBIX CBEACHHH O XapaKTepHCTHKax o00pabaThiBaeMbIX
naHHbix. IIpemnnmokeHa cxema  W3BJIEUEHHS  HENOCTAIONIMX  CBEACHHM
HEMOCPEACTBEHHO B XOJ¢ OOpaOOTKH MaHHBIX, MO3BOJIONIAS aJalNTHPOBATh
METO/Ibl 00pa0OTKHU K XapaKTEPUCTUKAM PEabHBIX JaHHbIX.

Kniouesvle cnosea: rpynmoBas OKCIEPTH3a, OKCIEPTHBIE JaHHbIC,
a/IaNTUBHBIH MOAXOM, METOIbI 00pPadOTKH JaHHBIX.

Abstract. Precision aspects of data processing of a series of group
examinations are considered. An attempt to formulate and solve the processing
optimization problem leads to a conflict situation due to the incompleteness of
the necessary information about the characteristics of the data being processed.
A scheme for extracting missing information directly in the course of data
processing is proposed, which makes it possible to adapt processing methods to
the characteristics of real data.

Keywords: group expertise, expert data, adaptive approach, data processing
methods.

AHANM3UPYIOTCS BO3MOXKHOCTH  ONTUMH3AIMH TOYHOCTH 0OpaboTKH
JaHHBIX TPYIIOBOH O3KCIEPTH3BI B 3aBUCHMOCTH OT cHoco0a ONMUCaHHSA H
XapakTepa CBEICHUH O MEXaHW3ME BO3HMKHOBEHHS OIIMOOK JKCIEPTOB, HUX
KOMIIETEHTHOCTH M IPUMEHSIEMBIX METOIOB 00paOOTKHU JAHHBIX.

B mpaktike 00paGOTKHM DKCHEPTHBIX JAHHBIX CIOXHIACh M 3aKPEHHIACh
HeraTHBHAs TCHICHIMS: CIEHHUAINCT, «IIOTPEOIISIOMMID SKCIEPTHBIC TaHHbIE,
caM pemaeT BOIPOCHl OOOCHOBAaHHUS BBIOOpAa METONOJOTHH WX O00pabOTKH,

85



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

JEHUCTBYS TIPH 3TOM BECbMa CyOBEKTHBHO, (DaKTHUECKH MOJTOHSS CBOU BBIBOJIBI
IoA 3apaHee HAaMEYEHHbIE WM MeToabl oOpaborkm. Kak mpaBmiio, 3T0
MpO3pavHble M MPOCThIE B IMOHMMAaHHK METO[bI, HE TpeOylolye MpUMEHEHHS
CKOJIb-HUOYIb CIOKHBIX TEXHOJNOrHi o00padoTku. Ilpm 3TOM TOYHOCTHBIE
acrieKTbl  00paboTKH, SBISIICH  (OPMABHO NPUOPUTETHBIMH, —YCTYMAIOT
TEHJEHIIUH K YIPOILIEHHIO TPOoLEeaAypsl 00padOTKH, MUHIMHU3AIMK 3aTpaT Ha ee
ONITUMU3AIHIO.

Mopnenb  SKCIEPTHOM  TPYNIbl,  MPEroNiararomias  paBHOBBICOKYIO
KOMIIETEHTHOCTh COCTaBa OJKCHEPTOB, OOECHEUMBAIONIYI0 HECMENIEHHOCTh
WH/IMBUYAIbHBIX JKCIIEPTHBIX OICHOK W HHU3KHH YPOBEHb HX CIy4alHBIX
OLIMOOK, TO3BOJISIET TOCTYAUPOBATh HOPMAaJIbHOCTh MOTPEIIHOCTH AKCIIEPTHBIX
JaHHBIX W JIOKA3aTeJIbHO OOOCHOBATh ONTHMAIBHOCTH OIICHKH BBIOOPOYHOIO
cpeaHero. DTOT IMPOCTEHINNE, HO BO MHOTHX Cly4asx HE JY4IIMH croco0
00paboTKN — pe3yNbTaT MOATOHKH MOJENU OIIMOOK IOJ 3apaHee 3aJlaHHOe
(opManbHO-TEOPETUUECKOE OIUCAHME C LEJIbI0 WMHTAIMH  JI0OKa3yeMOCTH
BbIOOpa MeToma oOpaboTku. [lomoOHBI BapuaHT BBIOOpa MeTola 00pabOTKU
Ha3BaH HYJIEBbIM YPOBHEM aJarTaliiu.

Hcrnonb3oBanue Oonee pEaMCTHYHOW MOJENU SKCIEPTHOW TPYIIbI,
BKIIIOYAIOIIEH JKCIIEPTOB pPAa3HOW KOMIETEHTHOCTH, OOECIeunBaEeT NEpBbIi
YPOBEHb aJanTaluy (IpH ONpeeTIeHHBIX IOMYLIEHHAX ONTHMAJILHON OLIEHKOH
3mech Oyzer BeiOopouHas meanana [1]). Yuer nHAMBHIYaTbHBIX OCOOCHHOCTEH
sKcrepToB [2] Bemer KO BTOpoMy U Gojiee BBICOKHM YpPOBHSM amamnrtarnu [3].
KaxnoMy NOBBIILIEHUIO YPOBHIO alaTalliK, HAYMHAS C IIEPBOT0, COOTBETCTBYET
COBEPLICHCTBOBaHUE MPOLEAYPhl 00pabOTKH AAHHBIX. DTO B CBOIO OYepenb
obecrieunBaeT IMOJNy4eHHE JOIOJHHUTEIbHOH HHGOPMAIMUd O CBOMCTBaX
9KCIEPTHBIX JAHHBIX U XapaKTEePHCTUKAX JKCIIEPTOB, CO3IaBasi MPENHNOCHIIKH
JUIS HOBOTO (OYepeHOro) Imara aJganTanud 00paboTKL.

B urore ¢popmupyercst uTepaTUBHAs TEXHOJOIMYECKas CXeMa aJallTHBHOM
00paboTKu JaHHBIX. B paboTe OMMCHIBAIOTCS BO3MOXKHBIE YPOBHH aJlalTallvy,
UX COIEPXKATEIbHBIA acleKT, METObl HAKOIUIEHHS M XpaHEeHUs WH(OpMaluH O
CBOMCTBAX JKCIIEPTHBIX NAHHBIX U XapaKTEPHCTUKAX KCIEPTOB, PACCMOTPEHEI
KPHUTEPUH M METOMOJIOTUS IPHHATHS PELIEHHI 0 MeTofax oOpabOTKH JaHHBIX
(dbopMax ux pearu3aium.
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HUHTEJUVIEKTYAJIBHASI CACTEMA OLIEHOK PUCKA OTKA30B
CJIOKHBIX TEXHUYECKUX CUCTEM

)I.T.H. Bbl‘ly)l(aHHH B.B. [0000-0002-6302-1832], Bl)l‘ly)l(al-ll/ll-l A.B. [0000-0001-8779-2503]
E-mail: vint532@yandex.ua

INTELLIGENT SYSTEM FOR ASSESSING THE RISK OF FAILURES
OF COMPLEX TECHNICAL SYSTEMS
Dr.Sci. V. Vychuzhanina, A. Vychuzhanin

Annomayusa. Viccmenyercss HHTEIUIEKTyallbHasl CHUCTeMa IUArHOCTHKHU,
MIPOTHO3UPOBAHUS OLIEHKH PUCKA OTKA30B MPOSKTHPYEMBIX U IKCILTyaTHPYEMBIX
CIIOKHBIX TEXHHYECKHUX CHUCTEM, HCIOJB3YIOMIas NaHHBIE O BEPOSTHOCTAX M
MOBPEKJCHUAX OT OTKAa30B DJIEMEHTOB M MEXJJIEMEHTHBIX COEIUHEHU,
BXOJSIIIMX B cocTaB cucteM. HoBBIN pa3paboTaHHBI METOJ MpPUMEHSETCS B
HHTEJUIEKTYaJIbHON CHCTEME, a TakKe B KOTHUTUBHO-UMHUTAIIMOHHBIX, HEUETKO-
BEPOSTHOCTHBIX MOJIENSAX JUIS OIIEHKH CTPYKTYPHOrO U (DYHKIIMOHAIBHOTO
pUCKa OTKa30B B3aMMOCBA3aHHBIX W B3aMMOJCHUCTBYIOIIMX D3JIEMEHTOB H
MEXKDJIEMEHTHBIX CBS3€H CIIOKHBIX TEXHHYECKMX cHcTeM. baza 3HaHui
WHTEJUIEKTYyaTbHOH CHCTEMBI OCHOBaHa Ha MOJENH JepeBa peIIeHHH u
chopMHpOBaHA C Y4ETOM  pe3yIbTaTOB KOTHHUTHBHOIO W  HEYETKO-
BEPOSITHOCTHOTO MOJEIHPOBAHHUS, YTO MO3BONSAET PAacCMAaTPHUBATH CIICHAPUHU
MEXK3JIEMEHTHBIX CBSI3€H M DJIEMEHTOB CHCTEM, PHUCK OTKa30B. Vcmonp3oBaHMe
pa3paboTaHHBIX METOIOB M MOJENEeH B MHTEIUICKTYAIIbHOW CHCTEME TO3BOJISET
OIIEHUBATh HAJISKHOCTh CUCTEM II0 PE3YIIbTaTaM OBPEXKIAIOMIErO BO3ACHCTBUS
KaKIOT0 3JIEMEHTa B aBAPUHHBIX CIICHAPHUSAX HA CTPYKTYPY CHCTEMEBI, a TaKXKe
MIPOTHO3UPOBATH IMOCIEACTBHS OT OTKA30B MEXDIIEMEHTHBIX CBS3CH CHCTEM H
aneMeHTOB. llpuMmeHeHume pa3paOOTAHHOTO MeETOJa ¥ MOJENEeH IO3BONUT
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npuHUMaTh 3((EKTHBHBIE YyNpaBIEHYECKWE pEHICHHs ISl O0OecIedeHus
Ha/IS)KHOCTH CHCTEM Ha YPOBHE MX NMPOESKTUPOBAHKS U SKCILTyaTAIlUH.

Knrouegvle cnoea: cnoxHas TeXHMYECKass CHUCTEMa, JAWArHOCTHUKA,
MIPOTHO3UPOBAaHNE, HMHTEUIEKTyajbHAsl CHCT€Ma, KOTHHTHBHBIE W HEYETKHE
BEPOSATHOCTHBIE MOJIENH, Oa3a 3HAHUH.

Abstract. An intellectual system of diagnostics, predicting the risk
assessment of failures of designed and operated complex technical systems,
using the data of probabilities and damages from failures of elements and
inter-element connections included in the systems, is researched. New
developed method is applied in the intellectual system, as well as cognitive-
imitation, fuzzy-probabilistic models for assessing the structural and
functional risk of failures of interconnected and interacting elements and
inter-element connections of complex technical systems. The knowledge base of
the intelligent system is based on the decision tree model and is formed taking
into account the results of cognitive and fuzzy-probabilistic modeling, which
allows to consider the scenarios of the systems inter-element connections and
elements failure risk. The use of the developed methods and models in the
intellectual system makes it possible to assess the reliability of systems
based on the results of the damaging effect of each element in emergency
scenarios on the structure of the system, as well as to predict the consequences
of systems inter-element connections and elements failure. Application of the
developed method and models will make it possible to take effective
management decisions to ensure the reliability of systems at the level of design
and operation of technical systems.

Keywords: complex technical system, diagnostics, forecasting, intelligent
system, cognitive and fuzzy probabilistic models, knowledge base.

D¢ hekTUBHOCT,  (HYHKIIMOHUPOBAHUSI CIOKHBIX TEXHUYECKHX CHUCTEM
(CTO) BO MHOTOM 3aBHCHT OT HAJSKHOCTH HWX B3aWMOCBS3aHHBIX,
B3aNMOJIEHCTBYIOIIHMX DIIEMEHTOB, MeK3IeMeHTHBIX cBszeit (MC). OGecrneuenue
HA/IOKHOCTH BO3MOXKHO MPUMEHEHHEM METO/IOB, CPEACTB AMATHOCTUKU U
MPOTHO3UPOBAHUS ~ TEXHUYECKOIO  COCTOSHHMS ~ CHCTEM  Ha  CTaausx
mpoexTupoBanus U dkcioryaTanui CTC [1,2]. OueHka TeXHHYECKOTO COCTOSHUS
snemeHToB 1 MC OCHOBBIBaeTCs Ha aHanu3e pucka otka3oB CTC, coueraromero
BEPOATHOCTH W BO3MOKHBIHN yiriep6 oT 0Tka30B [3-5].

[MpumeHenne WHPOPMAIMOHHO — AHAJIMTHYCCKUX M HWHTEIJICKTYaIbHBIX
BO3MOXKHOCTEH B CHCTEMaX JUATHOCTUKH M MPOTHO3UPOBAHUS C ONPEACICHHEM
YPOBHS HA/IKHOCTU MO3BOJISIFOT OCYIECTBIIATh KAYECTBEHHOE MPOSKTUPOBAHUE
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u obcnyxuBanne obopymoBanus CTC. Hcmomp3oBaHWE HWHTEIDICKTYaTIbHOU
cucteMbl auarHoctukn u npornosupoBanust (MCJIT) pucka orkazoB CTC,
0a3upyromielics Ha 3HAHUSX, OBICTPOI 00pabOTKe U aHATN3Ee OONBIIAX 00HEMOB
pasHoponHoii ~ uH(MOpManmK ~ oOeclieuMBaeT  aJeKBAaTHBIM  MOAXOA K
MIPOEKTUPOBAHHIO, HAIEKHOM OSKCIUTyaTallid, W OCYIIECTBUTh KadeCTBEHHYIO
JIMarHOCTHKY CHCTEM. akTyaibHbIM mnpu moctpoeHnn WCHII pucka oTka3oB
snemenToB 1 MC B3aumocBszaHHbIX U B3auMoaeuctByronmx CTC sBisiercs
JalbHEelIee pa3BUTHE METOJ0B KOIHUTHBHO-UMHMTAIIMOHHOTO W HEYETKO-
BEPOSTHOCTHOI'O MOJIEITUPOBAHHMSI, UCIIOJIb30BAaHWE B KaueCTBE OCHOBBI 0a3bl
sHanuit (B3) Mogenel pemrarompx JIepeBbeB. MeETOJ JHATHOCTHKH U
MIPOTHO3UPOBAHUS MPEAINONaraeT onpeseiaeHue oueHkn pucka otkazoB CTC Ha
OCHOBE Pa3HOPOJHOW MH(pOPMAIMK Pa3IMIHOr0 00beMa U collepkaHus. MeTon
peanmuzyercsi B cxeme MC/II, Bkmtoyaromieil KOTHUTUBHbBIE U HEUETKHUE MOJIETTH
orneHok pucka orka3oB aemeHtoB CTC, B3 wu 6a3a mannsix (B/). B
npennaraemoii VC/II1 Ga3a 3HaHMH HMCHONB3yeT pPe3yNbTaThl HEYETKOIO MU
KOTHUTHBHOI'O MOJIEJIMPOBAHHUH, a TaKXKe CLEHApUH DPa3BUTHSI PHUCKA OTKAa30B
CTC, Bo3HMKaOUMX IpHU NpoekTHpoBaHuu u 3kcruryatarpm CTC.

Pa3paOoranHasi KOTHUTHBHO-uMHTalMoHHas Mozenb (KWM) orpaxaer
MPSIMYIO 3aBUCHMOCTh PHCKa OTKa30B 37eMeHTOB U MC 0T uX MOJOKEHHH B
CTPYKTYpe CHCTeMBl, a Takxke 3aBucuMocTb Bcei CTC oT BBIOpaHHOM
TOIIOJIOTMH Ha ATaIle €€ IPOCKTUPOBAHUS.

[IpenmymiectBOM MeToAa SBJISETCS €r0 MPOCTOTa, HATJSAHOCTh H
BO3MOXKHOCTh IIPUMEHEHUS ISl OI[CHOK PHCKa 0TKa30B mupokoro kimacca CTC.
[pouenypsl Meroma Jierko QoOpMaiIM3ylOTCs M TpaHCHOPMHUPYIOTCS B
BBIYMCIIUTENBHBIN aNTOPUTM U MOJAENH JUISI OIICHOK PHUCKA OTKA30B, YTO Ba)KHO
st CTC ¢ 6onpIIMM KOIUYECTBOM d1eMeHTOB 1 MC. YunTEIBast, YTO OOBEKTHI
JUAaTHOCTUKH TEXHUYECKOTO COCTOSHHS YacTO COCTOAT U3 pasHooOpas3ubix CTC,
JUI 9acTH KOTOopbIx nmpuMmeneHne KM 1iis olleHOK prcKa OTKa30B AJIEMEHTOB
u MC 3aTpyIHHTEIBHO W3-3a HEONPENENeHHOCTH, HEMONHOTH M HEYeTKOCTH
WHPOPMALINH, TOIYy9aeMOH CHCTeMaMH IMATHOCTUKHA W MPOTHO3UPOBAHUS HX
TEXHUYECKOTO COCTOsHUSA, Ienecoodpazno B MCIII nonoxHUTENEHO, TTOMUAMO
KOTHUTHBHOTO  MOJEIHPOBAHUS, WCIONB30BaTh  HEYETKO-BEPOSTHOCTHBIC
MOJIEITH.

Pa3paborana MHTEIIEKTyaJIbHAs CHCTEMA JWATHOCTHKH, IMPOTHO3UPOBAHUS
OIIEHOK PHCKa OTKA30B MPOEKTUPYEMBIX H IKCILUTYaTHPYEMBIX B3aMMOCBI3aHHBIX
W B3aUMOJCHUCTBYIOIIMX JJIEMEHTOB, MEXKDIJIEMEHTHBIX CBS3€H  CIOKHBIX
TEXHUYECKUX CHUCTEM, OCHOBaHHAas Ha MPUMEHCHHH METOJa W KOTHHUTHUBHO-
MMUTALMOHHOM, HEYETKO-BEPOSTHOCTHOW MOZENIEH OLICHOK pUCKa OTKa30B. ba3a
3HAHWH WMHTEIUIEKTYaJIbHOH CHCTEMBI IIOCTPOCHA HA OCHOBE METOIOJIOTHH
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KOTHUTHBHOTO M  HEYETKO-BEPOSTHOCTHOTO  MOJCIHUPOBAHUS,  MOJICIH
pEIIAoNMX JEePEBhEB, YTO TO3BOJSCT YUUTHIBATH CIICHAPUH Pa3BUTHSA PHCKA
OTKAa30B 3JICMCHTOB U MEKJJIEMCHTHBIX CBS3CH CHCTEM.

[IpuMeHEeHHE B WHTEIUICKTYaJIbHOM CHUCTEME pa3pabOTaHHBIX MeETona W
MOJIeJICH MO3BOJIAET OIICHUTh HAJISKHOCTh CHCTEM IO Pe3yJIbTaTaM BO3ICHCTBHI
MTOPAXKAIOUIETO BIMSHUSA Ka)XJIOr0 3JIEMEHTa B aBAPHUHHBIX CIICHAPUAX Ha
CTPYKTYPY CHCTEMBI, a TaK)K€ MPOTHO3UPOBATH TOCICACTBUS BBIXOMA U3 CTPOS
3JIEMEHTOB M MEKJJICMEHTHBIX CBSI3CH CHUCTEM.

[IpuMeHeHne pa3pabOTAHHOTO METOJa W MOJIENCH MO3BOJHMT NMPHUHUMATH
3¢ (GeKTUBHBIC YNPABICHYCCKHE PCHICHHUS IO  OOCCICUCHHIO HAJCKHOCTU
CHCTEM, KaK NpPH MPOCKTHPOBAHWH, TaK W NPH OKCILTyaTallMH CIOKHBIX
TEXHUYECKHUX CUCTEM.
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NONPARAMETRIC CHANGE POINT DETECTION USING HILL’S
ASSUMPTION
Dr.Sci. Klyushin D.A., Martynenko I.A.

Annomnuyua. llpenyaraloTcsi HOBbIE BapUaHTHl HeNapaMeTPUYECKOro
KpUTEpHs Ul OOHAPY)KEHUSI TOYKH Pa3iia/Iki BPEMEHHOTO psijia, T.€. TOYKH, JI0
U TIOCNe KOTOPOH 3HAuYeHWs] BPEMEHHOro psija HWMEIT pas3Hble (YHKIUU
pacnpenenenus. KpuTepun OCHOBaHBI Ha THUMNOTE3e XWIIa M CXEMe
Margeituyka—Ilerynuna, npencravistonieii  coboii  0000LIEHHE  CXEMBI
bepnymu.

Knrouegvle cnoga: BpeMEHHOH psili, TOuKa pas3lajiku, Iurore3a Xwuiia,
kputepuii Kimrommna—Ilerynuna, cxema beprymim

Abstract. We propose novel nonparametric tests for detecting the point of
change in the trend of the time series, i.e. points, before and after which the
points of the time series have different distributions. These tests use the Hill’s
assumption and the Matveychuk—Petunin scheme, which is a generalization of
the Bernoulli scheme.

Keywords: Time series, change point, Hill assumption, Klyushin—Petunin
test, Bernoulli scheme

IIycts Xy Xy Xy — BApUALIMOHHBIA psiZl, TOCTPOECHHBINA 110

BBIOOpKE X, COCTOSIIIEH W3 ONMHAKOBO PACIPEACICHHBIX CHMMETPHYHO
3aBUCHMBIX CIy4alHbIX BemWYMH Oe3 coBmageHnii. [wmmoresa Xwmma [1]
YTBEPXKIAET:

L
P(XE(X(i),X(j)))— Ty 1< J.
OToT (aKT MOXKHO HCIIONB30BaTh U TPOBEPKH OTHOPOIHOCTH IBYX

BEIOOpOK U 1 V. HymeBas runoresa H o 3aKIH0YaeTCs B TOM, 4TO 00¢ BBIOOPKH
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HUMCIOT OAMHAKOBOC paclupeACICHUEC, B TO BPEMA KaK aJIbTCPHATHUBHASA T'MIIOTE3a

H 1 yTBEpKAAeT obpartHoe. Paccmotpum coObITHE

Aj = {Vk c (u(i)’u(j))’ V, € V} W ONpENEeIUM €ro OTHOCHTENbHYIO

‘IaCTOTy hlj . ECJ‘II/I HyJ'IeBaH TUIIOoTe3a SBJISICTCA HCTHHHOﬁ, TO hIJ
CTaTUCTUYCCKHU HC3HAYUMO OTJINYACTCs OT J —1 . B HUCXOOHOM BapI/IaHTe
n+1

kputepuid  Kmonmmnua—Ilerynuna [2] g OpoBepKHM — CTaTUCTUYECKOM
3HAYUMOCTH 3TOrO OTKJIOHEHHUsS UCIOJIb3YyeTcs [IOBEPUTEIbHBI HHTEpBal

Bunbscona Iij JUIT OMHOMMAJILHOM OJMM B cXeMe bepHysuin, MOCTPOCHHBIN O

hij . B nmanHoOii paboTe BMecTO WHTepBaja BHIbCOHA mpemTaracTcs
UCTIONIb30BaTh TOYHBIM JOBEPUTENBHBIM MHTEpBad [3], BEPOSTHOCTh MOKPHITHSA
KoToporo npesbimaet 0,95, a Takxe yrpoIieHHbIe BApHAHTHI KPUTEPHSI.

OO0mee  KOIWMYECTBO  JIOBEPHUTEIBbHBIX  HHTEPBAJIOB | i paBHO

N :(n—l) n / 2. OGosHaunM uepes L KONMYECTBO HMHTEPBAIIOB Iij’

coaepIKaIux . Bemnmuuna X, =L/N = €JICTaBJIsIET CcO0O0i1
p ij p

OTHOCUTENBHYIO YacTOTy CIy4ailHOro COOBITHS B= { pij € Iij}' Ota

BEJIMYMHA Ha3bIBaeTCs p-cmamucmukou. [1ocTpouB noBepUTENbHBIN HHTEpBA |
JU1s1 OMHOMUANIBHON ONM B cxeMe bepHylmm Ha OCHOBE p-CTaTHCTUKH, MOXKHO
copMynHpoOBaTh Cleqyronlee NpaBHIO: €CIU JOBEPUTENBHbIA HHTepBad |

cogepxkut 0.95, To nmpuHUMaeTcs THIIOTE3a HO , B IPOTUBHOM CITy4ae HyJeBas

TUIIOTE3a OTKIOHIETCS.
[Nockonbky uncino N MokeT ObITh JOCTATOYHO OONBIINM, TPEIATaloTCs ABa
BapHaHTa YOpOUIeHWA KpuTepus: 1) cimydaiiHo BbeiOupats 40 MHTEpBaIOB

(X(i)’x(j))’ 2) cmywaiiHO BbEIOMpaTh 40 WHTEpBAIOB (X(O),XU)). 9710

rapaHTUPYET TOCTATOYHO BBICOKYIO TOYHOCTb.

Touka pasmagkyl ONpeAeNseTcss METOOOM CKOJb3siiero okHa. Ilepsas
BEIOOpKA TpeACTaBisieT co00M  (UKCHPOBAHHBIA  HAYaJbHBIA  OTPE30K
BPEMEHHOI'O psia, a BTOpas CKOJB3HUT BIPABO BIOJIb BPEMEHHOTO psAma c
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omnpeneNeHHbIM  ImaroM. Ilocme  KakAgoro Imara  BeIMHCISETCS — Mepa
OJHOPOJHOCTH JIBYX BBIOOPOK (p-cTaTHCTHKa). TOYKOM Iepexoia sBIseTCs
TOYKa MHMHUMYMa  p-CTaTHUCTUKH.  OKCIEpHUMEHTaJbHbIE  BBIYMCICHUSA
JEMOHCTPHUPYIOT BBICOKYIO TOYHOCTH IIPEIOKEHHOI'O METO/1A.

Jlutepartypa

1.Hill B. Posterior distribution of percentiles: Bayes' theorem for sampling
from a population // Journal of the American Statistician Association. —
1968. — vol. 63. — pp. 677-691.

2.Klyushin D., Petunin Yu. A nonparametric test for the equivalence of
populations based on a measure of proximity of samples // Ukrainian
Mathematical Journal. — 2003 — 55 — pp. 181-198.

3.Andrushkiw R., Klyushin D., Petunin Yu., Savkina M. The exact
confidence limits for unknown probability Bernoulli models // Proceedings of
the International Conference on Information Technology Interfaces, ITlI,
2005. — pp. 164-168.

VIIK 004.021

3ACTOCYBAHHS BEMBJIET-IEPETBOPEHHS JIJISI AHAJII3Y
EJIEKTPOKAPJIAIOI'PAM

I[.T.H. Hlepﬁaxosa I.1O. [0000-0003-0475-3854], A.T.H. Kpl/l.]'IOB B.M. [0000-0003-1950-4690]
Measenenko B.O.
E-mail: Galina_onpu@ukr.net

APPLICATION OF WAVELET TRANSFORMATION FOR ECG
ANALISIS
Dr.Sci. Shcherbakova G.Yu., Dr.Sci. Krylov V.N., Medvedenko V. O.

Annomayia. Y poOOTi HaBeleHI OCHOBHI €TalmW METOAY BH3HAYCHHS
KOOpAWHAT €KCTPEMYMIB CHUTHANIB enekTpokapaiorpam. Lleit meron 3acHoBaHmMit
Ha BUKOPHCTaHHI BEWBIET-TIEPETBOPEHHS MPHU TOIIYKY EKCTPEMYMIB CHTHAJIIB
Ta O3BOJISIE IMiIBUIIMATH 3aBaJOCTIHKICTh Ta 3HU3UTH UYTIUBICTH J0 JIOKAIBHUX
EKCTPEMYMIB.

Kntouosi cnosa: BeWBIET-TIEPETBOPEHHS, MYIBTHCTAPTOBA ONTHMIi3aIlis,
eIIeKTpOKapiorpama.
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Abstract. The paper present the main stage for method of determining of the
coordinates of the extrema of ECG signals. This method based on the wavelet
transformation and makes it possible to increase noise resistance and reduce
sensitivity to local extrema in time of search extrema of such signals.

Keywords: wavelet transformation, multi start optimization, ECG.

BeiiBner-neperBopennst (BII) 1ocuTh MIMPOKO 3aCTOCOBYETHCS MIPH aHAMI3i
CHUTHAJIB Ta 300pa)keHb. AKTYyaJbHUM TaKM{ MiAXiJ € TakoX IpU aHali3i
enexrpokapaiorpam (EKT). Ile 3yMOBIIEHO MepiOmUYHICTIO, HECTAlliOHAPHUM
XapaKTepOM TaKHX CUTHAJIB (pe3yJbTaTiB BHMIpiB), a TAKOXK HAsBHICTIO B HHUX
LIyMiB peecTpamii Ta mepeaadi mo JiHisM 3B’s3Ky. TpaauuiiHuil miaxia npu
TakoMy aHaii3i nependayae poskiazn curnany EKI no nabopy BeiiBner-¢yHKIii
(B®). Taki B® € pe3ynbrarom 3cyBy B 4aci Ta 3MiHM Maciitady BuxigHoi BO.
Hanmani oOupaeThest TOW PO3KIIaJ] CUTHATY, SIKMHA BiIIOBITA€ METi JTOCHIHKSHHS
(Ha po3cya IOCHiIHHMKa) Ta MPOBOJWTHCS TNoOAanblia o0poOka — a cawme,
BU3HAYAIOTHCS XapakTepHi (parmMeHTH (200 XapakTepHi TOYKH (EKCTPEMYMH))
Takoro curHainy. llpy LbOMy YacTO BHMKOPUCTOBYHOTHCS METOAU IMOLIYKY
EeKCTPEMYMY Ha OCHOBI mepIiroi moxigHoi Ta/abo BIACTHBICTH BeEHBIET
TIEPETBOPEHHS 3MIHIOBATH 3HAK MPH MEPEXO/li uepe3 eKCTPEMyM 3 MOMATbIINM
copryBanHsaM Janux. Meroau ananizy EKI' Ha ocHOBI mepiunoi moximHOi, sk
BiJIOMO, BIAPI3HSAIOTHCS HU3BKOIO 3aBa/IOCTIMKICTIO, YYTIUBICTIO JIO JIOKAIBHUX
exctpemMyMiB [1], a BioMi MiAXOAM Ha OCHOBI BEWBJIET-IIEPETBOPEHHS — JIO
00pOOKH JIOCHTh BEJIMKUX OOCSriB jAaHux. Jlns MiIBHUIIEHHS IIMOBIpHOCTI
BU3HAUEHHS IJI00AJBHOIO EKCTPEMYMY MYNbTIEKCTpEMalbHUX  (YHKIIN
aBTOpaMH pO3pOOJICHHH METOJ ONTHMI3allii, B SIKOMY HAampsM IOUIYKY
eKCTpeMyMy OOYHUCIIOETHCS 3a JOMOMOrM HaOOpy BeWBieT-QYHKIIA 3MIHHOI
¢dbopMu 1 TOBXKHHHU HOCIsI (MeTO MyabTicTapToBol ontuMizarii 3 BIT (MOBII)).
3aBaIOCTIHKICTh IIbOTO METOTY TOBEACHO [2].

B poborti gocmiKkeHo METOIUKY BU3HAYCHHsI €KCTPEMYMIB (MaKCUMYMIB Ta
Mminimy™miB) curnanis EKI npu HecramioHapHOMY Mepiofii MiX €KCTpeMyMaMH,
sika Oa3yeTbesa Ha meroni MOBIL

B MOBII xoopauHaTy eKCTPEMYMY OILIHIOIOTH 32 ITePaIliifHOI0 CXEMOIO

c[n]=c[n —1] —y[n]WT, (Q(X[n], c[n -1])), @

ne y[n] —xpok; n — Homep itepamii; K — Homep crapry; WT, — BusHauae
HATIPSM TepEMIIIEHHS JI0 eKCTPEMYMY Ta OOUYHCITIOETHCS 3T1/THO:

WT (Q(n], c[n —11)) = {G1, Gk, Gk | @
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ne G jk — Pe3yIbTar 0OpOGKH TI0 | -iit 3MiHHiIL:

Sk
1 2 . .
Gjk =— 2. Q(xIn],c; +ia) - ¥ (), (©)
Sk i——s—k
.2
i#0
S,— noxuHa Hocia B®; a — kpok mguckpermsanii BD; j=1,...,N -

posmiphicTs Bektopy mapametpis; V) (i) — B® na K -omy crapri.
Ha 6a3i 11p0ro MeToy po3po0ieHO METOANKY BH3HAUeHHS R —
excrpemyMiB EKI ta iHTepBasiB Mik HUIMHU 3 HACTYITHUIMU OCHOBHUMH €TaraMH.

Eran 1. BeiiBner — neperBopennst curnany EKI. [lns 3HWKeHHS piBHS
IIyMy BHXIJHOTO CHUrHajny 3i 30epexxeHHsM iHpopMamii mpo yactoTy Ta
IPOCTOPOBY JIoKaJlizalito R-ekcTtpemyMiB B poOoTi BukopuctaHo BD JloGern
[1].

Eran 2. BwusHaueHHs koopauHaT R-ekcTpeMyMiB 3 JIONOMOrOIO
PO3pO0JIEHOr0 METOAy ONTHMI3alii. B SKOCTI CHrHaNOB ISt JOCIIIKCHHS B
pobori obpani curaamu 3 MIT/BIH Arrhytmia Database [3].

Etan 3. BusHaueHHs JOBXHHHU IHTepBaliB MK R-ekctpemymamu st
HACTYITHOI OLIHKM CTaTUCTHYHUX xapaktepuctuk curHaniB EKT, xiacudikamii
Ta MPUAHSTTS AIarHOCTHYHOTO pitteHust [3-5].

BucnoBku. BifgHOCHI TOrpiniHOCTI TPH BH3HAYEHHI CKJIAjdM HACTYIIHI
3HAYEHHs: JUIS KoopauHaT R- ekctpemyMmiB He Ounbiie 1,4%, mist gosxunn RR
iHTepBayiB - He Oumbine, HiX 2,4%. [lpu mocmimkeHHI 3aBaJIOCTIMKOCTI
BiZIHOCHA MOTPIIIHICTh BU3HaueHHA AoBxHHH RR iHTepBamiB - MeHute 4% mpu
BiJIHOIIIEHHI curHai/3aBazaa no ammtityi 20...10.

TakuM YMHOM, MOXKHa 3pOOWTH BHCHOBOK, IO pPO3pOoOJIE€Ha METONMKa
Bu3HaueHHs1 koopauHat R excrpemymiB EKI Bomomie morpimHicTio Ta
3aBaIOCTIMKICTIO, SIKi BiAMOBIAIOTH BUMOTAM i€l IPUKIIaTHOI 3aadi.

[lpn nopmampIIMX  JOCTIDKEHHAX IUIAHYETHCS PO3POOKA  METOAUKH
BU3HA4YeHHI iHmmx rapamerpiB EKT, ominka BBy Benmwmunan Kpoky Y[n] ma
OMEpATUBHICTh Ta YCYHEHHA BIUIMBY KpaloBHX e(eKTiB Ha BH3HAUYCHHA
KOOPAWHAT EKCTPEMYMIB.

Jlirepatypa

1. Gonzales R. C. Digital image processing / R. C. Gonzales, R. E. Woods. -

Second Edition. - Pearson education, Inc. Prentice Hall, 2002.
2.1epbakoBa I'. 1O. Uepapxudeckuil CyOTpaMEHTHBIA HTEPATUBHBIN

95



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

METOJl ONTHMHU3AIMd B IIPOCTpaHCTBE BeiiBieT-npeodpazoBanus / I'. IO.
[ep6akora, B.H. Kpeuio B.H. // Dnekrponnka u cBszb. — 2008. - Ne 6 (47). —
C.28-31.

3.MIT/BIH Arrhytmia Database. Available from:
http://physionet.org/physiobank/database/mitdb/.

4.SCHILLER ECG Measurement and Interpretation Software for Children
and Adult ECGs [Enektponnuii pecypc]. — Pexum moctymy: WWW.
Schiller.ch/en/ ECG_Interpretation.

5.Marquette 12SL ECG analysis program [DnekTponHbIit pecypc]. — Pexum
nocrymy: Www3.gehealthcare.co/ Marquette_12SL._ ECG_ Analysis.

YK 004.8

BU3HAUEHHS HEPEJIEBAHTHUX O3HAK
B MAJIUX JAHUX HA BA3I KJIACTEPHOI'O IIIIXOAY
T.H. BapMalc A. B. [0000-0003-0739-9678]1
B [0000-0002-8043-0785]2 , K.T.H. Mansiox E. A
K.T.H. Ma3ypeul> 0 B. [0000-0002-8900- 065011
k.e.H MIuaunsik O.B. [0000-0002-3246- 3590]1
'E-mail: alexander.barmak@gmail.com, eduard.em.km@gmail.com,
exechong@gmail.com, oleksandrpylypiak7 @gmail.com, 2krak@univ.kiev.ua

n.1.H. Kpak 1O. [0000-0002-7310-2126]1.

DETECTION OF OUTLIER FEATURES IN SMALL DATA BASED ON
CLUSTERING
Dr.Sci. Barmak O., Dr.Sci. Krak 1., Ph.D. Manziuk E.,
Ph.D. Mazurets O., Ph.D. Pylypiak O.

Anomauin. JlereKTyBaHHS HETHIIOBUX JAHUX Ta BUKHUIIB € BOXKJIUBUM Ta
CKIIQJIHUM 3aBlaHHsAM. [laHi siki BBa)KalOThCS HETHIIOBUMHU B CBOIO HeEpry
XapaKTepU3ylThCsl HAOOPOM O3HAK, SIKI BU3HAYAIOTH IXHIO 1H()OPMATHUBHICTB.
Tomy momryk 03HaK, 3aBSIKH SIKUM €IIEMEHTH JIAHUX BBAXKAIOTHCSI HETUIIOBHUMU
€ aKkTyanbHUM Ta HeoOXimHuM. llle OinpIl CKIaIHMM 3aBOAHHSAM € TIONIYK
HETUTIOBMX O3HAK HA MHOXHHI MajHX JaHHUX, SKAM MOXXHA BBRXKATH IMEpPEeXiiHi
JlaHi, TOOTO TI JaHi, sIKI PO3TAIllOBaHI HA TPAHMILIX KJIACIB MpHU Kiacudikarii
maanx. JlaHi mepexigHOI 30HM MK KJIacaMH CTBOPIOIOTH CKJIATHOCTI IIpH
knmacudikamii Ta moOymoBi po3nmiaeHHS. B 1iii poOOTI TPOMOHYETHCS METOX
BHU3HAYCHHS BHUKHIIB HE HEPENCBAHTHUX NaHWX 0a3ylOUHCh Ha KIacTepu3arlii
JAHUX KJIACy BUKOPHCTOBYIOYM MiHIMaJbHE OCTOBE JepeBo. Bukuau
JNETEKTYIOTBCSA MUITXOM MiHIMi3alii MHOXWHH IBOAOJNBHOTO Tpada HaHUX
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CYMIXXHHX TPYII. 3ampoITOHOBaHUN METOJ TO3BOJISIE BUSBISATH BUKHUIM HA Pi3HUX
MHOXXHHAX O3HAK, SIK CIUTFHUX, TaK 1 HA O3HAKaX OKPEMHUX KJIaciB.

Knrouosi cnosa: BU3HAYCHHS BUKHWIIB, MiHIMAIbHE OCTOBE JCPEBO,
KJIaCTepH3allis.

Abstract. Detection of atypical data and outliers is an important and
difficult task. Data that are considered atypical in turn are characterized by a set
of features that determine their informativeness. Therefore, the search for
features due to which data elements are considered atypical is relevant and
necessary. An even more difficult task is to find atypical features on a set of
small data, which can be considered transient data, i.e. those data that are located
at the boundaries of classes in the classification of data. Transition zone data
between classes create difficulties in classifying and constructing discriminant
separation. This paper proposes a method for determining outliers and irrelevant
data based on the clustering of class data using a minimal spanning tree. Outliers
are detected by minimizing the set of bipartite graph data of adjacent groups.
This leads to spatial local delimitation and determination of the set of outlier
characteristics. The proposed method allows detecting outliers on different sets
of features, both common and on the features of individual classes.

Keywords: outlier detection, classification, minimum spanning tree (MST),
clustering.

Knacudikauis 1aHUX € BKJIMBOIO Ta BIJIOMOIO YaCTHHOK MAaIIMHHOTO
HaB4YaHHs. BiZloOMO 1IMpOKe 1mojie MEeTOIB Ta MiaXo/iB Kiachudikauii siKi JOCUTb
e€(eKTUBHO BUKOPUCTOBYIOTBCS JUIs TMPUKIAJHUAX 3ajad. Iocepen pi3HuX
METOJIB HEOOXiZHO BiaMiTHTH onHOKiIacoBy kinacudikamito (OKK) sky moxHa
po3srisaaTy sik 0a30Bui BU Kiacudikaii, OCKUIbKK 70 HET MOXKHA 3BECTH 1HIII
meronu knacudikaii [1]. Tlpu ogHOKIacoBi# knacudikallii po3risaaeTbes AaHi,
SIKI BITHOCSITBCS JIO TIEBHOTO KJIACy Ta JaHi 11032 MeXaMH KJIacy.

OCKiNBKH JAaHI XapaKTePU3YIOThCSA OCOOIMBOCTSIMH BIJOMUI PSIIT IMiIXO/iB
110 BU3HAYEHHIO HAHOUIBII BINIMBOBHX K O3HAK Ha B3a€MHE ITOJIOKEHHS JAaHHUX 3
BuKopucTaHHsIM k-cepenHix [2]. Xopomr pe3yiabTaTH Jal0Th BUKOPUCTaHHS 3
BUKOpHUCTaHHIM TpadiB Takux sk low-rank rpa¢ [3] Takoxk 3 BUKOPHCTaHHIM
rpada Jlarmmaca [4].

[IpononyeThcst B miii poOOTI MeTON BHU3HAUEHHS HETUIOBHX JaHUX Ha
MHOXWHI MallUX [aHUX BUKOPHCTOBYIOUHM MiHIMadbHE OCTOBE IEPEBO IS
KJIECTEPH3AIIii.

Mertoro poboTH € po3poOKa METOAY BH3HAYCHHS OCOONHMBOCTEH, SIKi
BU3HAYaTh TPYIyBaHHS MAaHUX Ta YTBOPCHHS KIACTEPIB JUIs JIOCATHEHHS
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MPOCTOPOBOTrO PO3MEKOBYBAHHS JaHUX. BpaxoByrOuu po3jiiieHHs Ha KaTeropii
M0 BU3HAYCHHIO BUKUIB JaHUX [4] MOXKHA BH3HAYKTH, IO iCHYE JBA TOJOBHUX
HAMpPSMKH: BU3HAYCHHS BUKHIB HAa PO3MIUCHHX JaHUX Ta Ha HEPO3MIYECHHX
nanux. 1[i 7Ba HampsSMKH BH3HAYAIOTHCS SK HE3ANeKHI Ta BKa3ylOTh Ha
0COOJIMBOCTI 3aCTOCYBaHHS MiAXOAIB. B Toif jke yac BOHM MalOTh CBOI IlepeBaru
a TpU OJHOYACHOMY 3aCTOCYBaHHI HAa JAaHHMX DPE3yNbTaTH 1X MODPIBHSIHHA Ha
NpUKIal kimacugikaTopiB . BHKOPHUCTOBYIOUM CYMICHO IIi MMAXOAW MOXKHA
OTPUMATH MEPEBArd Ta MOKPAIIUTH MOKa3HUKH €()EeKTHBHOCTI.

B 3arampHOMY pO3IJISIAEThes 3ajaya B TAaKOMY BHII HA MHOXHHI
MEePEXiJIHUX TaHUX

min c:Supervised - c:Unsupervised (1)
rans

Tobro posrnmspaeTbest 3amaya  MiHIMI3alil  BIAMIHHOCTI  pe3ynbTaTiB
wiacudikamii MK MiAXOAaMH  pPO3MIYEHMX Ta HEPO3MIYEHHMX JIaHHX.
BukopucranHs peryisipu3aliii 03Hak Ha MHOXHHI MEpeXiJHAX AaHUX JI03BOJISIE
BU3HAYUTH O3HAKH, SIKI B 3HAYHIHM Mipi BIUTMBAIOTh HA PO3MEKOBYBAHHS JIAaHHX.
[lpun upoMy naHi Kiacy NpU OJHOKIACOBIM Kiacudikauii B nepeximHiil 30HI
YTBOPIOIOTH O1JIbIII KOMITAKTHI 00JIACTI.

Takum yuHOM Wi MiAXOau OyAyTh B3a€MHO JIOTIOBHIOBATH I/IBUIIYIOYH
e()eKTUBHICTh Ta KOMIICHCYIOYH ITOMUIIKU Kiiacuikarli.
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OI'PAHUYEHHON MAIIVHBI BOJIBIIMAHA C KACKAJIAMHA
EJUHUYHBIX 3AJIEP’KEK
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THE SUPPLY CHAIN FORECASTING METHOD BASED ON A
TEMPORAL DISCRIMINATIVE RESTRICTED BOLTZMANN
MACHINE
Dr.Sci. Grygor A., Dr.Sci. Fedorov E., Ph.D. Nechyporenko A.,
Ph.D. Grygorian N.

Annomayun. PaccmarpuBaercs mnpoOiieMa HEZOCTaTOYHOH TOYHOCTH
[IPOTHO3a, BO3HUKAIOWIAsl NP YNPABICHUM LEMsMH IOCTaBOK. lIpemnoxeHa
HelpoceTeBasi MOJIEb IPOrHO3a Ha OCHOBE OIPaHUYEHHOM MalMHbl bosbliMaHa
C KacKaJaMH €JUHUYHBIX 3a/IepXKEK BO BXOJHOM M BBIXOIHOM cllosix. B xozme
CTPYKTYPHOU UICHTU(PHKAIMH STOH MOJIEIH ONPE/EICHO KOJINYECTBO HEHPOHOB
B CKPBITOM CJIO€, a TapaMeTpuyecKas HISHTU(HUKAINS BBIIOIHANIACH HA OCHOBE
TEXHOJIOTUH TapajuienbHoi 00paboTku uHpopmammun CUDA. DT1o mnozsossier
MOBBICUTH 3()(EKTHBHOCTH NMPOrHO3a 33 CYET YMEHBUICHUS BBIYUCIHTENBHOH
CIIOKHOCTH U TIOBBIIICHUS TOYHOCTH IporHosa. Co3aHHOE MporpaMMHOeE
obecrieyeHne mocpenctBoMm makera Matlab, peammsyromiee mHpeIoKEHHBIH
METO/l, MOJKET HCIIOIb30BAThCS ANl peaau3aliiy MPOrHo3a B 3aJaue yIpaBIeHUs
LIETISIMH TTOCTABOK.

Knrouegvle cnoea: TOUHOCTH TPOTHO3a, MPOOIEMa YHPABICHUS IEMSIMU
IIOCTaBOK, MOJEIb HEHPOHHOH CeTH MpOrHo3a, OrpaHHYCHHAas MalliHa
BonbsMaHa, croxacTudaeckoe 00y4eHHe.

Abstract. Determining the optimal level of inventory comes down to the
timeliness of the procurement and replenishment procedures, which ensure the
minimum total costs associated with procurement and storage. The problem of
insufficient forecast accuracy for inventory management arising in supply chains
is considered. A neural network forecasting model based on a Time-Delay
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Restricted Boltzmann Machine with cascades of single delays in the input and
output layers is proposed. During the structural identification of this model, the
number of neurons in the hidden layer was determined, and the parametric
identification was performed based on the CUDA parallel processing
technology. This improves the forecast efficiency by reducing the computational
complexity and increasing the forecast accuracy. The software created by means
of the Matlab package, which implements the proposed method, can be used to
implement the forecast in the problem of supply chain management.

Keywords: forecast accuracy, supply chain management problem, neural
network forecasting model, Restricted Boltzmann Machine, stochastic learning.

B Hacrosiiee BpeMsi OHOM M3 Ba)KHEHWIIMX MpoOisieM B cdepe yrpaBiieHHs
LEMsIMH TIOCTaBOK SIBJISIETCS HEJIOCTATOYHO BBICOKAsh TOYHOCTH MporHosa [1].
9t10 IIpUBOAUT K TOMY, YTO YIPABJICHHUEC LCIAMU IIOCTAaBOK MOXKET 6I)ITI>
HeappekTuBHBIM. [l03TOMY pa3paboTka METOJOB MPOrHO3a B IIENH IMOCTaBOK
SBJIAETCS aKTyaJIbHOM 3a7auei.

B pabore wucmonap30Baics HEHpPOCETeBOM Cmocod MPOrHo3a, Tak Kak
UCIIOJIb30BAaHUE HEHWPOHHBIX CETEM IPU NPOTHO3UPOBAHUU JAET MHOXKECTBO
OLIYTUMBIX MPEHMYINECTB (B3aUMOCBI3H MEXIy (pakTopamMu HCCIemyloTcs Ha
TOTOBBIX  MOJENAX; He TpeOyloTcs  NPEONoIOKEHHS  OTHOCHTEIBHO
pacnpeneneHus (GpakTopoB; MCXOAHBIE TaHHBIE MOI'YT CHIBHO KOPpPEIHPOBATh,
OBbITh HEMIOJIHBIMU MJIM 3alIyMJICHHBIMU | T. 11.) [2, 3].

JU7st OBBIILIEHHS KauecTBa MIPOrHO3a, B KauecTBe HeHpoceTH Oblla BEIOpaHa
orpaHM4YeHHas MammHa bonbumana, MomuduIMpoBaHa (BBEICHHEM KacKaloB
€IMHUYHBIX 3aJepP’KEK BO BXOJHOM U BBIXOJHOM CJIO€) U B XOJI€ YHCICHHOTO
HCCIIEJOBAaHUS OIpe/ieNieHa CTPYKTYpa €€ MOZIEIH.

[IpoBeneHHbIE 3KCIEPUMEHTHI TOKa3ald, 4To MpU 16 CKPBITBIX HEWpOHaX,
3HaveHue cpenHekBaapaTndHon ommbku (CKO) cylecTBeHHO HE M3MEHseTCs,
U BBIOpaHHAs CeTh JaeT pe3yJbTaThl MPOTHO3a ¢ MHUHUMAJBHBIM OTKIOHEHHEM
(CKO pasusnace 0.02). [IpemioskeH MeTo ONpeaeieHus 3HAaYeHI TapaMeTpOB
NPEATIOKEHHON HEHUpOCETEBOM MOJEIM IPOTrHO3a HAa OCHOBE TEXHOJIOIMH
CUDA. D10 no3BONMWIO 00ECHEYUTh BHICOKYIO CKOPOCTh U TOYHOCTH MPOrHO3a.
[IpennosxeHHBI TOAXOA MOKET MCIIOIB30BATHCS IS BBIIOJIHEHUS IPOTHO3a B
CHCTEMax yIpaBIIeHHUs 3amacaMu B Tiensx noctaBok (MRP u Lean Production).
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PROTOTYPING SMART HOME FOR DISABLED PEOPLE WITHOUT
PHYSICAL MOVEMENT: EEG/MQTT-BASED
BRAIN-TO-THING COMMUNICATION
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Ph.D. Qureshi M.S. [0000-0002-3908-6302],
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Ph.D. Kose U, [0000-0002-9652-6415],
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Dr.SCi. Kupin A. [0000-0001-7569-1721],
kupin@knu.edu.ua

Abstract. Disabled people without physical movement face additional
barriers in almost all areas of life, including simple operations like turning light
on/off and controlling the air conditioner. During the COVID-19 pandemic, they
are disproportionately affected since regular transportation of medical and other
support staff has got broken for some areas and even countries. The problem is
getting more complicated for people physically immobilized from neck to toes.
If their brain and eye control work normally, the brain-to-thing communication
with EEG non-invasive electrodes can be used to manage smart home appliances
based on loT techniques. In this paper, a non-invasive Sichiray TGAM
brainwave EEG sensor kit captures EEG signals transmitted via Bluetooth to the
HC-05 module connected to the Arduino Mega board. Personalized smart home
interactions proposed through Markov Decision Process and Q-Learning identify
usage flow that significantly expedites the selection of a control command.
Information about edge 0T devices is presented to the disabled on the LCD
1602 display wired to the same Arduino Mega microcontroller. The double blink
means that the disabled person chooses the option shown on display. The double
blink event is detected if the quality of signal equals 0 and low/mid gamma
waves less than 10 in three consecutive Bluetooth packets. Control commands
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are sent from Arduino Mega (MQTT publisher) to the edge IoT devices (MQTT
subscribers) that analyze them and start a specific operation like opening a door
and turning alarm on/off. Five females and five males of different ages from 8 to
59 years old examined the control of the smart home appliances with the
Sichiray TGAM brainwave EEG sensor kit. Everyone successfully handled the
EEG headset and showed satisfaction with the brain-to-thing system.

Keywords: Brain-To-Thing, disabled people, EEG, MQTT

Disabled people without physical movement face additional barriers in
almost all areas of life, including simple operations like turning light on/off and
controlling the air conditioner.

During the COVID-19 pandemic, they are disproportionately affected since
regular transportation of medical and other support staff has got broken in some
areas. For instance, public transport is suspended, and passengers may
disembark from regional buses and trains but may not board in red zones under
the Ukrainian adaptive quarantine regime.

Because of that and other factors, people without physical movement spend
some time alone.

The problem is getting more complicated for the disabled who are physically
immobilized from neck to toes; if their brain and eye control work normally, the
brain-computer interface (BCI) with EEG (electroencephalogram) non-invasive
electrodes and a headset installation is broadly applied to manage smart home
appliances using Internet of Things (10T) techniques.

It is also important to personalize smart home interactions to help disabled
people improving their daily life routines through solutions based on artificial
intelligence (Al). For instance, the menu options can be shown in a different
order in accord with previous selections, i.e., rates/ranks of the options, of the
disabled.

Analysis of the concepts and soft-/hardware solutions shows that none of
them implement wireless BCI (WBCI) to control the smart home appliances
using loT data protocol(s) along with budget EEG-based brain kit(s). In authors’
view, the most promising approach is the WBCI based on the low-cost
brainwave EEG sensor such as Sichiray TGAM (ThinkGear ASIC module) and
lightweight publish/subscribe 10T data protocol such as MQTT.

This paper presents a thought-managed smart home system based on brain-
to-thing communication (BTC) for people physically immobilized from neck to
toes whose brain and eye control work normally.

A non-invasive WBCI Sichiray TGAM brainwave EEG sensor kit is
proposed to capture EEG signals.
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The EEG signals are transmitted via Bluetooth to the HC-05 module
connected to the Arduino Mega board.

The information about edge 10T devices is presented to the disabled on the
LCD 1602 display wired to the same Arduino Mega microcontroller.

The double blink is used to detect an event where the disabled person
chooses the option shown on display.

Control commands are sent from Arduino Mega (MQTT publisher) to the
edge loT devices (MQTT subscribers) that analyze them and start a specific
operation like opening a door and turning light on/off. The operation’s
confirmation is shown on the LCD 1602 display.

To support the personalized usage of the BTC system with an Al touch, a
combination of Markov Decision Process and Q-Learning is proposed to identify
the personalized suggestion flow directly.

The BTC system has been examined by five males and five females of
different ages between 8 and 59 years. Everyone successfully handled the BCI
headset and showed satisfaction with the BTC system.

UDC 004.048+004.94

COMPARISON ANALYSIS OF THE EFFECTIVENESS OF PEARSON
X? COEFFICIENT AND CORRELATION METRIC TO EVALUATE
THE GENE EXPRESSION PROFILES PROXIMITY

Ph D. Yasmska Damrl L. [0000-0002-8629- 8658]1 Ph D. Llakh l. [0000-0001-5417-9403]2
Dr. SCl Bablchev S [0000-0001-6797-1467]3,4 Dr SCl Durnyak B. [0000-0003-1526-9005] 1
! Lm.yasinska@gmail. com durnyak@uad.lviv.ua
2 ihor.lyah@uzhnu.edu.ua
3 shabichev@ksu.ks.ua

Abstract. Creation of various diseases diagnostic systems based on gene
expression data is one of the current directions of modern bioinformatics. One of
the important steps of this problem solving is the extraction of mutually similar
gene expression profiles which allow identifying the investigated objects with
high accuracy. Various types of similarity metrics can be used to identify the
level of gene expression profiles similarity. In this paper, we present the results
of the research regarding the comparison of the Pearson phi-square coefficient
and correlation metric to evaluate the proximity level of gene expression
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profiles. The investigated objects classification quality criteria (Accuracy, F-
score and Matthews correlation coefficient (MCC)) were used to evaluate the
appropriate metric effectiveness. The simulation results have shown that the
metric based on Pearson’s phi-square coefficient is significantly effective in
comparison with the correlation metric to allocate the mutually similar gene
expression profiles and, this metric can be used within the framework of gene
expression profiles clustering techniques.

Keywords: Gene expression profiles, correlation metric, Pearson phi-square
coefficient, gene expression profiles classification, classification quality criteria

Within the framework of our research, we have presented the results of the
research concerning comparison analysis of two distance functions: Pearson phi-
square coefficient and correlation distance to assess the gene expression profiles
proximity.

The results of the investigated objects classification have been used to
evaluation of the appropriate distance function effectiveness.

The classification accuracy, F-score and Matthews correlation coefficient
have been used as the classification quality criteria within the framework of our
research.

The dataset GSE19188 gene expression profiles of patients studied for
early-stage lung cancer has been used as the experimental data.

These data have been obtained using DNA microchips and contained 156
microchips, 65 of them contained gene expression data of healthy patients, and
91 microchips identified gene expressions of patients with lung cancer tumor
(mild form).

The stepwise procedure of increasing the nearest gene expression profiles
from 2 to 100 with the implementation of data classification and calculation of
the classification quality criteria has been implemented during the simulation
process.

The charts of classification quality criteria versus the number of gene
expression profiles for each of the used distance functions have been obtained as
the simulation results.

An analysis of the obtained charts has allowed us to conclude about the
lower efficiency of the correlation distance metric in comparison with the
Pearson's phi-square coefficient both in absolute value and sensitivity.

When using correlation distance metric for the subset of the nearest gene
expression profiles formation, the results of the objects' classification that make

104



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

up a subset of the testing data are significantly worse than the results obtained
with the use of Pearson's phi-square coefficient as the distance function.

The obtained results also create the conditions for increasing the objectivity
of the most informative gene expression profiles extraction due to the careful
selection of the distance functions which can be used as the component in
complex distance metric calculated based on the use of an ensemble of the most
effective distance functions.

This is a further perspectives of the authors’ research.

YK 004.91

MEHTAJIbBHO-®OPMAJIbHI PINEHHSI MAILIMHHOT'O
HABYAHHS JIJISI IHOOPMAILIMHOI TEXHOJIOTTi
ABTOMATHU30BAHOI'O CTBOPEHHSI TECTIB Y C®EPI BE3IIEKHA
TA MEJULIMHA
)I.T.H. BapMaK 0O.B. [0000 -0003-0739-9678]1 ) I (l) -M.H. Kpalc 10.B. [0000-0002-8043-0785]2
K.T.H. Masypeub 0. B [0000-0002-8900- 065013 Kk.T.H. Mamsiok E.A. [0000-0002-7310- 2126]
'E-mail: alexander.barmak@gmall.com
2E-mail: yuri.krak@gmail.com
3 E-mail: exe.chong@gmail.com
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MENTALLY-FORMAL SOLUTIONS OF MACHINE LEARNING FOR
INFORMATION TECHNOLOGY FOR TEST AUTOMATED
CREATION IN SECURITY AND MEDICINE AREA
Dr.Sci. Barmak A., Dr.Sci. Krak Y., Ph.D. Mazurets A., Ph.D. Manziuk E.

Anomauin. Po3pobnena iHpopMaliiiHa TEXHOJOTIS HAJAE€ TOBHOLIHHUIN
IHCTpYMEHT Ul NPOBENEHHS AJAlTHBHOIO CEMAaHTHYHOIO TECTYBAaHHS PiBHSA
3HaHb y cdepi Oe3mexkd Ta MEAMIMHM, 10 3a0e3nedye BCl JIaHKH
aBTOMAaTHU30BaHOIO TECTYBaHHA PIBHS 3HAaHb BiJ] 3aBAHTAXKEHHSA JOKYMEHTY
HABYAJIIFHOTO MaTepiaiy 10 00paxyHKY OIIHKH PiBHS HOTO BUBYCHHSI.

Kntouosi cnosa: amanTuBHE TECTYBaHHs, TECTOBI 3aBIaHHA, Oe3IeKa,
MEIWIIMHA, KIIOYOBi TEPMiHH, piBeHb 3HAHb, HABUAIbHI MaTepiai

Abstract. The developed information technology provides a full-fledged

tool for adaptive semantic testing of knowledge level in the field of security and
medicine, which provides all parts of automated testing of knowledge from
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downloading an educational material document to calculating the knowledge
level.

Keywords: adaptive testing, test tasks, security, medicine, key terms,
knowledge level, educational materials

3anponoHOBaHO KOMITJIEKCHHUH MEHTaJIbHO-(OpMaTEHIMA MIAX1
MaIIMHHOTO HaBYaHHS Ui aBTOMAaTH30BAaHOTO CTBOPEHHS TECTIB Ta iX
BUKOPDHUCTAaHHS JUIsl aJalNTUBHOTO CEMAHTUYHOTO TECTYBaHHS Y BHIJISAL
iHpopMaIlifiHOT TEXHOJOrii, sKa 3a0e3leuye BUPINICHHSA pPsIy MpooOIeM
TeCTyBaHHA B cdepi Oe3meku Ta MequnuHU. [H(pOpMaIliiHA TEXHOJIOTIS
3a0e3neuye MOXKJIMBICTh BU3HAUATH OLIIHKY PIBHS 3HaHb HABYAJILHUX MaTepiaiB
LUISIXOM BUKOPHCTAHHS ITOKa3HUKIB CEMaHTHYHOI BaXKIIMBOCTI KIFOUOBUX
TepMiHIB [1] a1 aBTOMAaTH30BAaHOTO CTBOPEHHS TeCTiB [2] Ta aJaNTUBHOTO
ni100py TECTOBUX 3aBAaHb (puc. 1).
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Po3pobnena iHdopMmariiiHa TEXHOJIOTIS aJalTUBHOTO CEMAaHTHYHOTO
TECTyBaHHA pIiBHS 3HaHb HAaBYAIBHMX MaTepiaJiB  Ja€  MOXIIHBICTH
BUKOPDHCTOBYBAaTH Ppi3HI aJrOPUTMH CTapTy TeCTyBaHHS (pErpecHBHUH,
MIPOTPECUBHUM, MEIIaHHUH TOIIO), AITOPUTMHU JTUHAMIKH (IIBUIIKE TECTyBaHHS,
TECTyBaHHS 3 MiATBEP/UKEHHSIM) Ta aJrOPUTMH OIIHIOBaHHA PIBHS 3HaHb
(cepenunHMIA, aOCONFOTHUH TOPOTOBHI TOIIIO).

[IpoBeneni  mpukmagHi  JOCHiIKEHHS  e€()EKTUBHOCTI  po3pobieHoi
iH(pOpMAaIifHOI TEXHOJIOTi], B MOPIBHSAHHI 3 TPAAWIIIHHIM aITOPUTMOM BHOOpY
TECTOBUX 3aB/iaHb, BCTAHOBMIIH, 1110 TECTYBaHHS 3a0€3MeUnio B CEpeJHHOMY Ha
20,53% Oinbll MBUAKE TPOXODKEHHS TECTY, BOAHOYAC ISl BU3HAYCHHS PIBHS
3HaHb 3HaJJO0MIIOCS BUKOPHCTaHHS B cepenHboMy Ha 19,33% MeHIoi KiTbKOCTi
3aBJIaHb.

Jlitepatypa

1. Kpak 0. B, bapmak O. B., Mazypeur O. B. Ilpaktnuna peaiizamis
iHpOpMaIliiHOT ~ TEeXHONOril  aBTOMAaTU30BAaHOrO  BU3HAYCHHS  MHOKUHHU
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OPTIMIZATION OF PARAMETERS FOR CONDITIONS OF
BENEFICIATION TECHNOLOGY THROUGH INTELLECTUAL
CLASSIFICATION
Dr.Sci.Kupin A [0000-0001-7569-1721]’ DrSCI ZUbOV D [0000-0002-6807-0924,]’
PhD Osadchuk Y [0000-0001-6110- 9534] IVChenko R [0000-0003-4252-4825]’
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E-mail: kupin.andrew@knu.edu.ua, dzubov@leee org,
u.osadchuk@knu.edu.ua, ivchenko.ra@gmail.com, queke888@gmail.com

Abstract. Based on the application of the classification control approach, a
generalized algorithm for optimization of beneficiation processes is proposed.
The results of computer modelling of the classification optimization process on
the example of real indicators of magnetite quartzite beneficiation are presented.
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The results of classification and evolutionary optimization procedures are
compared.

Keywords: optimization, beneficiation processes, magnetite quartzite,
intellectual classification and control.

The question of optimization of parameters of technological process (TP) of
magnetite quartzites (iron ore) beneficiation in industrial conditions of the
mining and processing plant (MPP) for the purpose of definition of settings of
regulators as a part of intelligent control system (ICS) is considered. The
multidimensional and multiconnected mathematical model of TP, which is
obtained as a result of the identification procedure using the neural network
approach, is considered to be known. The relevance and general formulation of
such a task is presented in the works of the authors.Various modifications of
gradient algorithms are now mainly used as search methods for multifactor
optimization of technological functions of targets, optimal and adaptive
automatic control systems (AACS). However, it is well known that in the case of
poor conditionality of the optimization problem, which is typical in the case of
an attempt to approximate technological functions (especially in non-stationary
processes), there are some problems with the coincidence of the extremum
search process appear. A good enough alternative to this is the use of intelligent
approaches: classification control and evolutionary calculations.

Taking into account listed above, a combined ICS with multi-stage TP
beneficiation was developed by authors. Features of the offered decisions are a
rational combination of approaches of classification control and genetic
optimization. The purpose of this part is to develop a generalized algorithm of
intellectual classification, its research by computer modelling and verification on
the principle of comparison with the results of genetic optimization.

This paper presents some results of intellectual classification and indicates
the sufficient quality of such a procedure. Thus, when changing the normalized
average tolerance fields within 4-4.5%, it is possible to determine with sufficient
adequacy from 1 to 13 vectors with potentially quasi-optimal settings that are
close to the ideal sample. In this case, based on the application of the empirical
linear dependence of the trend, the quality of such a classification can be
significantly improved and brought to 1-3 samples. The rate of convergence in
the parameterization of the circuit (Fig. 3) allows you to apply this approach in
real time. Analysis of the results of the comparison of dependencies shows their
satisfactory convergence. As expected, more accurate control results are given
by genetic optimization. On the other hand, the classification approach has a
higher rate of coincidence. Therefore, both methods have demonstrated the
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ability to determine the required settings, both in the individual stages of TP
beneficiation, and for several stages simultaneously. Depending on the quantity
and quality of a priori information in the technological database at the current
time it may be appropriate to use a certain method. Therefore, the rational
combination and application in the ICS of two alternative strategies
(classification control and global optimization using genetic algorithms) is
appropriate and justified. The analysis of results of computer modelling allows to
make certain generalisations in the form of such conclusions.

1. Intelligent classification using multilayer neural networks and preceding
cluster selection of the training sample while ensuring the appropriate number of
cluster elements allows to determine the vector of settings and predict the TP
beneficiation with satisfactory accuracy, which relative error does not exceed the
average normalized tolerance field within 4-4.5%.

2. The results of computer simulation using neurosimulators such as Neuro
Solutions, NeuroShell2 and genetic optimizer type GeneHunter proved that the
developed algorithms and control principles using evolutionary optimization
methods, genetic algorithms and automated intelligent classification can be
applied to the practical implementation of modern ICS in conditions of complex
multistage TP to determine the required values of the settings.

VJIK 004.315

MPOBJIEMA JOCTOBIPHOCTI PE3YJIbTATIB B APUOMETUYHUX
KOMIIOHEHTAX CUCTEM
KPUTHUYHOT' O 3BACTOCYBAHHA
I[ T.H. HPOSH O.B. [0000-0003-2191-6758],

Borouk O. C [0000-0002-0855-0061] Fopﬂqlco M.C. [0000-0002-9068- 7672]
I[OBFZIH]) s1. O [0000-0002-8111-539X] MOBceCﬂH A.M. [0000-0001-6840- 8289]
E-mail: drozd@ukr.net, sann|25251@gmall com, peakking218@gmail.com,
ydov000@gmail.com, agaronmovsesan@gmail.com

A PROBLEM OF RESULT TRUSTWORTHINESS IN ARITHMETIC
COMPONENTS OF SAFETY-CRITICAL SYSTEMS
Dr.Sci. Drozd O.V., Bohovyk O.S., Horiachko M.S.,
Dovhan Y.O., Movsesian A.M.

Anomauyia. JIoCTOBipHICTh OOYHCIIOBAHHUX PE3yJIbTATIB, Ta X KOHTPOIIO

Ma€ CyTT€BHH BIDIMB Ha (YHKIIOHANBHY O€3MEeKy CHCTEM KPUTHIHOTO
3acTOCyBaHHS Ta 00’ €KTiB X MOHITOpHHTY. OCOOIMBOCTI IUX CHCTEM, TIOB’sI3aH1
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3 yMOBaMHU pOOOTH Ta BUKOPHCTAHHSIM B iX KOMIIOHEHTaX IM(POBUX CXEM 3
MaTPUYHUMH CTPYKTYpaMmH, 0OyYMOBIIIOIOTh BUHUKHEHHS B HUX KpaTHHUX BiJIMOB
BHACJI/IOK TX HAKOINWYEHHS MPOTSATOM JIOBIOTPHBAJIOIO HOPMAIBHOTO PEXKHMY.
3a TakuMu OOCTaBUHAMH aKTyaJIbHUMH CTarOTh JOCITIJDKEHHS IOCTOBIpHOCTI
pe3yNbTaTiB Ta X KOHTPOIIIO 33 PI3SHUMH METOJIaMH POOOYOro iarHOCTYBaHHS B
yMOBax [ii KpaTHUX HecrpaBHOCTeH. JIOCHi/KeHHs TPOBOAWTHCS LIS
apu(pMETHYHOr0 3CyBaya Ta MaTPUYHOI'O IIOMHOXYBayua i METO/IB TX KOHTPOIIIO
3a MOAYJIEM, a TAaKOX 3a JIOrapu(MIYHIM Ta TPAHUYHUM KOHTPOJIEM.

Knwwuosi cnosa: CucteMa KPUTHYHOTO 3aCTOCYBaHHs, KpaTHI BiIMOBH,
JIOCTOBIpHICTh, MATPUYHUI TTOMHOXYBa4, apU(PMETHYHUH 3CyBa4, KOHTPOJIb 3a
MOJyJIeM, JorapuMiuHUl Ta TpaHUYHUNA KOHTPOIIb.

Abstract. The trustworthiness of the calculated results and their checking
has a significant impact on the functional safety of critical systems and their
monitoring objects. The peculiarities of these systems, associated with the
operating conditions and the use in their components of digital circuits with
matrix structures, cause them to have multiple failures due to their accumulation
during long-term normal operation. Under such circumstances, research into the
trustworthiness of the results and their checking over various methods of on-line
testing in the conditions of multiple faults becomes relevant. The research is
carried out for arithmetic shifter and iterative array multiplier and methods of
their residue checking, as well as by logarithmic and boundary check.

Keywords: critical system, multiple failures, trustworthiness, iterative array
multiplier, arithmetic bias, residue checking, logarithmic and boundary check.

OO’eKTH TMiJBUIIEHOTO PH3MKY, [0 BKJIIOYAIOTh CHEProMepexi Ta
€NEKTPOCTAHINT, XIMI4HI MIJANPUEMCTBA Ta 1H., BXKE CTalK MPUPOJHUM
OTOYCHHSIM JIIO/ICTBA. BOHM BilirparoTh BAXIIMBY POIb Y PO3BUTKY CYCIILIBCTBA,
3a0e3Meuyour CHEpreTHYHy, MPOAYKTOBY Ta IHINI PIZHOBUIU OE€3MeKH, IO
rapaHTye NOAANbINI CTali eBOMOUiHHI mporecn. Tomy Big mux 00 €KTiB
HEMOKJIMBO BIAMOBHMTHCH. Pa3oM 3 THM, BOHHU IIMCHO € HOCISIMH IIiIBHILIEHOTO
PU3UKY BUHUKHEHHS aBapiil, KUl MOCTIHHO 301IbIIyEThCA y YACTHHI pPeaTbHUX
Ta TMOTEHIIHUX BTPAT B TEXHOTEHHUX KaTaKIi3MiB 32 (JaKTOPOM 3pOCTaHHS
KUTBKOCTI Ta TOTY)XHOCTI 00’€KTiB. TOMy CTpUMYBAaHHS PHU3WKIB MOXKIIHBE
TITBKK 32 YMOBH 3MEHIIEHHS HMOBIPHOCTI aBapiif, IO 3a BiAIOBiaJIbHICTIO
MOBHICTIO Jisirae  Ha  iHpOpPMAamidHI  TEXHONOTii, IMIUIEMEHTOBaHI 10
VOPaBSIFOUMX KOMIT IOTEPHUX CHCTEM, fAKI 3a TakKOW CIeIiaTi3alli€ro
MIEPEeTBOPIOIOTECS Y CHCTEMHM KPHUTHYHOro 3actocyBaHHs LI cumcremu, 1mo
NPOSKTYIOThCS ISl pOOOTH Yy IIBOX PEXUMAax: HOPMalbHOMY Ta aBapiiHOMY,
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crpsiMOBaHI Ha 3a0e3medeHHs (YHKI[IOHAJbHOI Oe3MeKH, BIACHOI Ta
PHU3HKOBaHMX OO €KTIB YyNpAaBIIHHS I 3armo0iraHHs apapisMm, a y pasi ix
BUHUKHEHHS — JUI 3MEHIIICHHS HACiAKiB [1].

OdynkuionanpHa Oe3reka 3a0e3MevyeThbcss Ha OCHOBI  BHKOPHCTaHHS
BiJIMOBOCTIHKHX PillleHb, sIKi, K 3@ TPABUIIO, TIPOCKTYIOTHCS IUIS POTUCTOSHHS
ONHIM 4YM JBOM BiMOBaM 1 TOMY Bpa3nuBi 3 OOKy JDKEpen KpaTHHX
HecIlipaBHOCTEH. MiXKHApOIHI CTaHJapTH, NOB’s3aHI 3  (YHKIIOHAIBEHOIO
0e3IeKol0, BU3HAIOTH Yy SIKOCTI Takoro JpKepena BIAMOBH 3a 3arajbHOIO
MPUYMHOK T4 BU3HAYAIOTH IF0 MPUYMHY TIMBKH Y KOMIOBAHHI MOMHIKOBUX
pimenb. Pa3zoM 3 TuM, mie ofHa CyTTe€Ba 3arajibHa IpUYMHA IIOB’s3aHa 3
KOHTPOJICTIPUAATHICTIO [U(PPOBUX CXeM. B HOPMAaibHOMY pEKHMI, SKHiA
XapaKTEePU3YEThCS 3HAYHOK TPHBAIICTIO Ta CTANICTIO BXIIHUX JIaHUX,
KOHTPOJIETIPHIATHICT Cy4acHHX IHU(POBUX CXEM € HH3BKOI, IO CHpHE
HAaKOIMYEHHIO MPUXOBAHUX HECIPABHOCTEH. 3 TMOYATKOM aBapiliHOrO PexHUMY
AKTHUBHICTh BXIJHHX JAHUX 3pPOCTA€, IO MNPHU3BOIUTH 1O IiBUIICHHS
KOHTPOJIETIPUAATHOCTI Ta MAacoBOTO MPOSBY HAKOIMWYEHHX BiJMOB, 32 SKUMHU
BTpayaeThcsl BIIMOBOCTIMKICTH cXeM Ta 0Oa30BaHa Ha Hi (yHKIIOHaIbHA
Oesrieka KPUTUYHMX CHUCTEM. TakUM YHHOM CTBOPIOEThCS —MpoOiieMa
MIPUXOBAaHUX HecIpaBHOCTEH [2].

Pecypcuuii miaxin inentudikye ii sk mpobiieMy 3pOCTaHHsI, KOJIU CUCTEMa
migiiMaeTscss Ha piBeHb JauBepcudikallii, sKa NPOSBISETHCS Y PO3MOJLI
poboUOro pexuMy 3BHUYAIHOrO KOMIT'IOTEpa Ha HOpPMaJbHHI Ta aBapiiiHuii
PEKUMH, LIO i MO3HAYAETHCS Ha Pi3HIA aKTMBHOCTI BXIJJHUX JAHUX Ta Pi3HIA
KOHTPOJICIPUAATHOCTI CXeM Yy IMX pexuMmax. BomHowac, KOMIIOHEHTH
KPUTHUYHHUX CHCTEM MPOJOBXKYIOThH HITAMITYBATH Ha HIXKUOMY PIBHI perntikanii 3
BUKOPUCTaHHAM MAaTPUYHHX CTPYKTYp, 10O CXWIBHI [0 TPHUXOBYBAaHHI
HECIIPaBHOCTEH Ta 3aJIeKHI B I[bOMY BiJl aKTUBHOCTI BXIJHUX JaHUX [3].

JocnijpkeHHss cOpsMOBaHI Ha OLIHKY JIOCTOBIPHOCTI  pe3yNbTaTiB,
O0YMCITIOBaHUX Ha MAaTPUYHMX CXeMaxX Ta iX KOHTPOIIO B YMOBaxX [ii KpaTHHX
HECIIPABHOCTEM.

Po3pobneno mporpamui mMozeni apupMETHYHOro 3cyBaya Ta MAaTPUYHOTO
momHOXkyBada Ha Delphi 10 Seattle memosepcii st excrieprMMEHTaIBHOTO
JOCIiDKEHHS pOOOTH CXEM IIiJl Ai€0 KPATHUX HECIIPaBHOCTEH.

HocnimkenHs apuMETHIHOro 3CyBaya, MOOYIOBAHOTO 3 PI3HUM PiBHEM
CXEMHOT'0 Tapaeni3Mmy, HOoKa3ajo, M0 S5-KpaTHE IiIBUIICHHS NPOTyKTUBHOCTI
CYINPOBOIKYETHCS MOKPALIEHHSIM JOCTOBIPHOCTI pe3ynbTatiB Ha 4,5%.

JlocmipKeHHsT MaTPUYHOTO MOMHOXYBaya ITOKA3all0 CYTTEBE 3HIDKCHHS
JOCTOBIPHOCTI OOYHCIIOBAHMX pE3YIbTATiB Ta MOKPAIIEHHS OCTOBIPHOCTI
JOrapu(MIYHOTO, TPAHUYIHOT'O KOHTPOIIO Ta KOHTPONIO 3a MOAyIeM i3
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INFORMATION SYSTEM FOR MANAGING THE ELECTRIC POWER
TRANSMISSION PROCESS UNDER THE CONDITIONS OF THE
HYDROMETEOROLOGICAL FACTORS DESTRUCTIVE IMPACT
Dr.Sci. Burlov V.G., Mankov V.D., Polyukhovich M.A.

Annomayun. PaccMorpeHa mpoOiieMa yCTONYMBOCTH TIpoIiecca IMeperadn
JIEKTPOIHEPTUH B YCIOBHSIX JECTPYKTUBHOTO BO3/ICHCTBUS
THAPOMETEOPOJIOTHYECKHX (DaKTOPOB OKpykaromieil cpempl. s obecriedeHus
HAaJIeKHOTO (YHKIMOHHPOBAHMS OOBEKTA, PACIIONIOKEHHOTO Ha OTKPBITOH
MECTHOCTH, HE00X0IMMO YCTPaHUTH BCE  BO3MOJKHBIE YIpo3bl
THIPOMETEOPOJIOTHYECKOr0  XapakTepa. s pelneHus IOaHHOM MpoOIeMBbl
pa3paboraHa wH(pOpMAIMOHHAS CHCTEMa YIPABICHHS IIPOIECCOM IEpeaadn
JIEKTPOIHEPTUH B YCIOBHSIX JECTPYKTUBHOTO BO3/ICHCTBUS
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THAPOMETEOPOJIOTUYECKUX (PAKTOPOB Ha OCHOBE WHTETPAlMH IPOLIECCOB
obecrieueHns1 0€30MaCHOCTH 1 TeOMH()OPMAIIMOHHOM CHCTEMBI.

Knrouegwvie cnosa: cucreMa ympaBieHHWs, Iepefada dIIEKTPOIHEPTHH,
TUIPOMETEOPOTOrHIECKUe (bakTopsl, MPOCTPAHCTBEHHBIC JIAHHEIE,
reouH(}OpMaIMOHHAS CHCTEMA, MOJISb PUHATHUS PEIICHU

Abstract. The problem of the electric power transmission process stability
under the conditions of the hydrometeorological factors destructive impact is
considered. To ensure the reliable operation of an object located in an open area,
it is necessary to eliminate all possible threats of a hydrometeorological nature.
To solve this problem, an information system for managing the process of
electric power transmission under the conditions of the hydrometeorological
factors destructive impact based on the integration of safety processes and a
geographic information system has been developed.

Keywords:  management  system, electric  power transmission,
hydrometeorological factors, spatial data, geographic information system,
decision-making model

Jng ycTOHYMBOTO M KadeCTBEHHOI'O AJIEKTPOCHAOXKEHHS MoTpeduTeneil B
YCIIOBUSIX JECTPYKTHBHOI'O BO3JCHCTBUS TMAPOMETEOPOIOrHYECKUX (PaKTOpOB
OKpyXaromieil cpensl TpeOyeTrcss MONy4daTh HNPOCTPAHCTBEHHbBIE AaHHBIE IS
HNOAJEPKKHM HPUHATHSA PEIICHUH M o0ecredeHHs KOMIUIEKCHOTO IMOAXOoAa K
yrpasieHuo 6e3onacHocTbio. ['eonndopmanuonnsie cuctemsl (I'MC) siBisttorest
Hanbosee MOOXOIAIIMMH MNaTGopMaMM JI PEIICHUsS NOCTABICHHOH 3a1aduu
[1]. Cucremsr  ympaBieHus, B  YaCTHOCTH,  OE€30MAaCHOCTBIO  HIIH
JJIEKTPOCHAOKEHUEM, JOBOJIBHO UYBCTBUTENBHBI K IPHHATHIO ONPENeTIeHHOro
yIIpaBieHYecKoro peureHus. O4YeBUIHO, YTO JUId CO3JaHUS PALHOHAIBHO
OPraHM30BAHHOM CHCTEMBl HEOOXOIMMO HMETh MAaTEMAaTHYECKYl0 MOZEINb
pemieHus nuia, npuHuMaromero pemenus [2]. Materpauus 'C u mpomecco
obecrieueHns1 OE30MaCHOCTH TTO3BOISAET ABTOMATHYECKH OIICHHBATH CHTYaIUIO
Ha OMNpEAEIECHHOH TEPPUTOPUH U IIPUHMMATh HEOOXOJUMBIE DEIICHUS II0
YCTpaHEHHIO BO3MOXKHOHM Yrpo3bl. B Xome mpoBeneHHOro mccienoBaHus Oblia
paspaboraHa WH(pOPMALMOHHAs CHCTEMa YIPaBJICHHS IPOLECCOM Iepenadn
SHEPTHH B YCIIOBUSX IECTPYKTHBHOTO BO3AEHCTBHS THIPOMETEOPOIOTHIECKUX
(akTOpOB Ha OCHOBE HMHTETPAIMU IIPOIECCOB OOECTIeYeHHsT OE30IMacHOCTH M
I'YC. Brura onpenmeneHa KOHIENINS MOAETH MPUHATHS PEIICHUH B YCIOBHSIX
HEONpEAENEHHOCTH OKpy»Karole cpenpl. J(aHHbII MOAXOX  TMO3BOJSIET
YCTaHOBHUTH TpeOyeMBIA IOKa3aTedb I(PPEKTHBHOCTH CHUCTEMBI YIPABICHUS
MPOLIECCOM Mepenayl JJIEKTPOIHEPTHH W 337aBaTh KOHKPETHBIE 3HAYCHUS
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MEPEMEHHBIX CHUCTEMbI 0E30MACHOCTH Ui JOCTHKEHHS IIETH JESTEIbHOCTH
(3mekTpocHAOXKEHNE TTOTPEOHTEIEH IIEKTPOIHEPTHEH).
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VJIK 004.9:519.8

IHG)OPMAHIFIHA TEXHOJIOT'TSI BUBHAYEHHSI ®IHAHCOBOI'O
CTAHY KOMITAHII HA CTPATETTYHOMY IEPIOAI 3
BUKOPUCTAHHSIM METOAIB OBUUCJ/IIOBAJIBHOI'O

IHTEJIEKTY
JI.T.H. Mockanenko B. B, [0000-0002:9984-5404] "y o 3 @ omra H. T, [0000-0001-5593-1409]
E-mail: valentinamosk17@gmail.com, natalia.fonta@dataart.com

INFORMATION TECHNOLOGY FOR DETERMINING THE
FINANCIAL CONDITION OF A COMPANY FOR A STRATEGIC
PERIOD USING COMPUTATIONAL INTELLIGENCE METHODS
Dr.Sci. Moskalenko V., Ph.D. Fonta N.

Anomauin. Po3pobneno iHdopMmaliliHy TEXHONOTI Al  pearizalii
METO/0JI0T1i BH3HAYEHHs (PIHAHCOBOTO CTaHy KOMIAHIi SIK CKJIaJOBOI YaCTHHU
METOAWKH (OpMYBaHHA IporpamH (iHAHCYBaHHS pPO3BHTKY KoMmaHii. Y
pe3yabTati BipoBamkeHHs 1T 3milicHIOEThCS OLIHKA 1 MPOrHO3 (hiHAHCOBOTO
cTaHy KommaHii 1 ¢opmyerscs (¢iHaHcOBa cTpaTeriss 1 pO3BUTKY.
[IporHo3yBanHs (DIHAHCOBOTO CTaHy peani3oBaHa 3a JOMOMOIOK HEHpPOHHOI
Mepexi 3 apxitektyporo Temporal Fusion Transformer.

Kntouosi cnosa: crpateriuHmii MEHEIKMEHT, CHCTEMa YIPaBIiHHA
NPOAYKTUBHICTIO IiMPUEMCTBA, HEHPOHHA Meperka MPOrHO3yBaHHS

Abstract. Information technology for the implementation of methodology
for determining the financial condition of the company as a component of the
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method of forming a company's development finance program has been
developed. As a result of IT implementation, the assessment and forecast of the
company's financial condition is carried out and the financial strategy of the
company's development is formed. The method of forecasting financial states in
the strategic period was implemented using a neural network with the Temporal
Fusion Transformer architecture.

Keywords: Strategic Management, Enterprise Performance Management
System, Forecasting Neural Network

Hns  ¢dopmyBanHs mnporpamMu  (iHaHCYBaHHS PO3BUTKY HEOOXiITHO
BH3HAYUTU (piHAHCOBHMH CTaH KOMIIaHii B CTpaTeriuHUN Tepio.

Po3pobiieHo iH(opMallifiHy TEXHONOTiI0, B pe3yabTaTi ii peamizaril
3IIHCHIOETBCS OIHKA 1 MPOrHO3 ()iHAHCOBOTO CTaHy KoMmmaHii i (opmyeTbes
¢inaHcoBa crpareris po3BuTky kommanii. IT cknajgaeTbcs 3 ceMH OCHOBHHMX
eTamiB.

Eran 1. Po3paxyHok (hiHAHCOBMX TIOKa3HHKIB Ha OCHOBI JIaHHX
OyXrantepchbKol 3BITHOCTI 32 MEBHUH MEPiOj.

Eran 2. Awnamiz penrabenpHocti kamitany (ROE) mist omiHKM pH3HKiB
BTpPATH JIJIOBOI penyTalii KOMIIaHii Ha CTpaTEeriyHOMY Mepioii.

Eran 3. BusnauenHst (iHaHCOBOI CTIMKOCTI KOMIIaHii Ha OCHOBI aHaJi3y
¢iHaHCcOBOro OayjiaHCy MiX OKPEeMHUMH pO3AUIAMH 1 MHiApo3aiiaMu OalaHCcy
AKTHBIB 1 IaCHBIB Ha (PyHKIIIOHAJIbHINA OCHOBI.

Eram 4. AHai3 JIiKBIZJHOCTI Ta IUIATOCIIPOMOXKHOCTI KoMIaHii. OLiHIOEThCS
¢iHaHCOBa  CTIHKICTh, KPEAMTOCHPOMOXHICTh MIJNMPUEMCTBA 1 PH3HUKU
OankpyrcTBa 1u1s popmyBaHHs PpiHAHCOBOI cTpaTerii KoMIaHii.

Etan 5. Busnauennst ¢inancoBoro crany y aumHamini. Lleit eran o6'ennye
pe3ynbraty erarmis 2-4.

[IponoHyeTbCS BUKOPHCTOBYBATH METOAM CKOPHHTY 1 KiacTepu3auii Ha
OCHOBI HEHPOHHUX MEPEK.

Etan 6. [IporHo3 (iHaHCOBOTO CTaHy KOMIIAHIi Ha CTpAaTEriYHUI Mepiof.
[IponoHy€eThCSI BUKOHYBATH MPOTHO3 UIA PI3HUX CHEHAPiiB 3MIHH PHHKOBHX
YMOB (HAIIPHUKJIAMI, U1 ONTUMICTHYHOTO 1 IECHMICTUYHOTO CIIEHapiiB).

Ha ocHOBI TpOrHO3HMX  3HAYEHb  IapaMeTPiB  MPOTHO3YIOTHCS
peHTabenbHICTh KamitTany, (iHaHCOBa CTIMKICTP Ta IUIATOCIIPOMOXKHICTB
KOMITaHii.

Ertan 7. ®opMyBaHHS cTpaTerii pO3BHTKY JJIsl BapiaHTIB MPOTHO30BAHUX
(hiHAaHCOBHIX CTaHIB KOMIIaHil.

Hdns  peamizamii mpouemypd TpOTrHO3YBaHHS — (PIHAHCOBOTO  CTaHy
MIPOTIIOHYETHCSI BUKOPUCTOBYBATH HEHPOHHI Mepexi 3 apxiTekTyporo Temporal
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Fusion Transformer [1]. Jlns HaBuaHHS HEHPOHHOI MeEpeXi BUKOPHCTAHO
¢petimBopkun  PyTorch i TensorFlow. Jlns mporHo3yBaHHS —(piHAHCOBUX
MOKA3HUKIB CTBOPEHO 13 Mozenel Ha OCHOBI TJIMOOKOr0 MAaIlIMHHOT'O HaBYaHHSI.
Mepexa Oyna HaBueHa Ha OCHOBI YHCIOBHX psafiB. Habip nanux OyB
po3nincHui Ha JBi YacTHHU B criBBigHOmEeHHI 80 10 20. Bemukuii HaOip qaHuX
BHUKOPHCTOBYBABCSI [Tl HABYAHHS MEPEXKi, 2 MCHIIHI - IS 11 TSCTYBAaHHS.

[Ticns HaBuaHHS MepeXxa IepeBipsuIacs Ha KOHTPOJIbHOMY HaOOpi NaHMX i
obumcmoBanacs nommika mporuody - MAPE (Mean Absolute Percent Error).
[Micns naBuannss MAPE nopiBHioe 14,34%. IlporHosnuit (iHaHCOBMIA cTaH
KOMIMaHii OyJl0o BH3HAUCHO Ha IHTEpBajax CTPATEriYHOro Mepiogy 3a
(GIHAHCOBUMM  TOKAa3HUKAMH, 10  SKHX  BiTHOCSTHCS: KoediieHTH
PEHTA0EIBHOCTI  BJIACHOTO  KamiTaldy, aKTHBiB, BHUPOOHWYOI MisIBHOCTI,
npofaxiB; koedinieHTH (iHAHCOBOI aBTOHOMIi KoedilieHT QiHaHCOBOIO
JIeBepUKY Ta iH. Hamam HeoOXimaHI JOJaTKOBI JOCIIHKEHHS, 100 CKOpPEeryBaTH
TpOIIeC HABYAHHS MEPEXKi IS MiABUIICHHS TOYHOCTI TPOTHO31B.
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WEB STRUCTURE MINING: METO/I IOIIEPEJJHHOI OFPOBKH
JAHUX B 3AJIAUI BUBHAYEHHS CEMAHTUYHOI TOJIBHOCTI
EJEMEHTIB BEB-CTOPIHKHA
K.T.H. €rommua L.A. [0000-0002-2381-1231]’ K.T.H. BOpOHOﬁ C.M. [0000-0001-8564-1103]
CeBean M.B. [0000-0002-2706-5205]

E-mail: yegoshyna@onat.edu.ua

WEB STRUCTURE MINING: AMETHOD OF DATA
PREPROCESSING IN DETERMINING SEMANTIC SIMILARITY OF
WEB-PAGE ELEMENTS
Ph.D Yegoshyna G.A., Ph.D Voronoy S.M., Severin M.V.

Anomauyin. Posrmsaayti ocHOBHI eramm Web Mining: momyk pKepen

iHpopMmamii Ta BWIYYCHHS «CHPHX» JaHUX; TONepeaHs  oOpoOka
(Tpanchopmariis, komyBaHHS ab0 BimoOpaXkeHHS HaHUX 10 (OpMHU Ta BHIY, AKi
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HEeoOXiHI JUIsl YCIIIHOI MOOYI0BU Ti€l UM IHIIOI MOJIENi); €Tar MOJEIIOBAHHS
(moOynoBa Ta HaBYaHHS MOJEINI); €Tal aHali3y Ta iHTepHpeTanii OTpUMaHHUX
pe3ynbTatiB. [IpoBeneHo anaii3 kateropiii Web Mining: Web Structure Mining,
Web Content Mining ta Web Usage Mining. [loka3aHo, 1m0 B cy4yacHuUX BeO-
CTOpiHKaX KOXXEH €JEMEHT MpEJCTaBIsE COOOI HE TIIBKH 00’€KT (BY30I]) B
Document Object Model, ane it xapakrepusyerscst Habopom CSS-BIacTUBOCTEH,
caMe 3a JIOIIOMOrOI0 SIKMX 3a0e3MedyeThcsi CTWI3allisi Ta MaKeTyBaHHS.
OOrpyHTOBaHO JOLIJBHICTH BHUKOpUCTaHHS HaOopiB CSS-BrnactuBOCTEH
okpemux html-enementiB B Document Object Model misi BupimneHHs 3axadi
BH3HAYCHHS CEMAaHTUYHOI MOIIOHOCTI SIEMEHTIB BeO-CTOPIHKHU. 3ampOIOHOBAHO
METOJ TIONEPEHbOI OOpPOOKM JaHWX B 3aj7adi BH3HAYCHHS CEMaHTUYHOL
MOAIOHOCTI  €JIEMEHTIB BEO-CTOPIHKH, B SKOMY BHKOPHCTOBYIOTHCS TpHU
ITOPUTMU BiIoOpakeHHs! (KOIyBaHHS) TEKCTOBMX 3HadeHb CSS-arpuOyrtiB y
4yHCyI0BI B AiamasoHi [0;1].

Kniouosi cnosa: Web Mining, iHTeleKTyalbHHH aHaimi3 naHux, Web
Structure Mining, BeO-cTopinka, html-enement, Document Object Model, CSS-
BJIACTHBICTb, BiJIOOpa)kKE€HHsI, TEH30p, CEMAHTHYHA MO/I0HICTb.

Abstract. Basic stages of Web Mining are considered: searching for
information sources and removing «raw» data; preprocessing (transformation,
encoding or data presentation to a form and view required for successful
development of a model); a stage of modeling and interpretation of obtained
results. An analysis of Web Mining categories is carried out: Web structure
mining, Web content mining, and Web usage mining. It is shown that in modern
web-pages every element is not just an object (node) in Document Object
Model, but also is characterized by a set of CSS-properties which provide
stylization and layout building. The appropriateness of using sets of CSS-
properties of some html-elements in Document Object Model is substantiated for
solving a problem of determining semantic similarity of web-page elements. A
method of data preprocessing in determining semantic similarity of web-page
elements is suggested, in which three algorithms are used for presenting
(encoding) CSS-attribute text values as numeric values within range [0; 1].

Keywords: Web Mining, Data Mining, Web Structure Mining, web-page,
html-element, Document Object Model, CSS-property, presentation, tensor,
semantic similarity.

B ymoBax quHaMivyHOro Ta HMIBHAKOIO 3apOCTaHHA 00cATy IHTepHeT-naHnx

Ta y 3B’SA3Ky 3 THM, M0 CKIQJHICTP CyJacHUX Be0-CalTiB TOCTIHHO
301BIIYEThCA, 3a7a4a aBTOMATUYHOTO BHIIYYCHHS KOPHCHOI iH(popMmarii 3 BeO

117



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

(Web Mining) norpebye 3ailydeHHS HE TUIbKH ayroputMmiB Data Mining, a i
noreHniany metoniB Deep Learning [1, 2]. B 3anexHoCTi BiJ [Kepen «CHPUX»
JAHUX, B SKOCTI SIKMX MOXYTh BHCTYIATH Jor-¢aiiin cepBepiB, KyKi-aimm,
KOHTEHT (SIK TEKCTOBHI, TaK U MYJbTUMEiIHNIT) BeO-CTOPIHOK Ta iX CTPYKTypa
(Document Object Model tree), Ta Bif 3aa4i IpeAMETHOI 00JIaCTI BUIUISIOTHCS
HacTynHi kareropii Web Mining: Web structure mining, Web content mining
and Web usage mining [1-4]. HesanexxHo Bif Kiacy 3ajavi Ta KaTeropii ta
obacti BUKopucTaHHs mpornec Web Mining BKJItouae HAaCTYIHI €Tamy: MOUIYK
Jokepen iHQopmanii Ta BHIYYEHHS «CHpUX» JlaHMX; MomnepenHs oOpoOka
(Tpancdopmattis, KoxyBaHHS a00 BiOOpaXKeHHsI NaHUX 10 (GOPMH Ta BULY, SKi
HEeOoOXiHI JUIsl YCIIIHOI MO0y I0BU Ti€l UM IHIIOI MOJIENi); eTar MOJIEIIOBAaHHS
(moOynoBa Ta HaBYaHHS MOJEINI); €Tam aHallizy Ta IHTepHperanii OTPUMaHUX
pe3ynbraris [4].

B naHiii poOOTi 3aIpOITOHOBAHO MiIX111 IS BUPIIICHHS 3a/1a4i MOMePEaHbOT
00poOku nmanux B obmacti Web structure mining [3] 3 MeTol0 BH3Ha4YeHHS
CEeMaHTHYHOI TIOMIOHOCTI €JEeMEHTIB BeO-CTOPIHKM Ha OCHOBI aHaNizy
BiactuBocTeld html-enementiB B Document Object Model. B cyuacHux BeO-
CTOpIHKaX KOXXEH eJIEMEHT IPEJCTaBiIse COOOK HE TUIBKH 00’€KT (By301) B
Document Object Model, ane it xapakrepusyerbcst Habopom CSS-BiiacTuBocTei,
came 3a JIONIOMOTI'OF0 SIKUX 320€3MeuyeThCsl CTUITI3allis Ta MAKETyBaHHSI.

Jiisi BU3HAUEHHS CEMAaHTHYHOI MOZAIOHOCTI €JIeMEHTIB BeO-CTOpPIHKHM Ha
OCHOBi aHami3y BiactuBocTedl html-enementiB B Document Object Model
Oynyth BHKOpHCTOBYBaTHCsS Mertomu Deep Learning. YV 3B’s3ky 3 uuM
HEOoOXI1THO peai3yBaTH BiJI0OpakEHHsI TEKCTOBUX 3HAUY€Hb aTPUOYTIB y YMCIIOBI
B miamasowi [0;1].

Jlnist BUpilIeHHS 1aHOT 33/1a4i MPOMOHYETHCS TPU ATOPUTMH BiJIOOpaKEeHHS
(xomyBaHHS).

[epiuit anropuT™ 3aCHOBaHWH Ha WMOBIPHOCTSIX MOSIBM CUMBOIY y OIHCI
CSS-pnactuBocti. [IpoBomuthesi 00poOKa KOXKHOI —MIJICTPOKH 3 OMHKCY.
UwncnoBuit KoA KOXKHOTO CUMBOITY HIICTPOKH OOYUCITIOETHCS 32 (POpMYIIoro:

num® =c¢,q,, - P° ~(LS - inds(°)), @)

S

c . A
ne C ASCII — ASCII-xox cumBony c; PS( ) — IMOBIpHICTh TIOSIBM CUMBOIIY C B
3aranpHe uucimoBe BimoOpakeHHs CSS-BIACTHBOCTI € CymMa YHCIOBUX
KofiB, obuncieHux 3a popmymoro (1).

. . . H c .
JCTPOKI S; |_S — JIOBXKHHA TiJCTPOKH S; ind S( — 1H/IEKC CUMBOITY C B S.
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Hpyruit anroput™m 3acHoBanmii Ha ASCII-komax Ta iHIEKcax CHMBOJIB B
ITiICTPOKAaX OIHUCY:

NS

num; = ZCASC” -(indS(C) +1), v

w=0

S . . .
Jc N ( — KUIBKICTb CJI1B B OIIMCY S.

B Tperbomy anroputMmy cnodatky ¢opMyeThes andasiT, 10 BKIIOYAE
CHMBOJIH, sIKi HasBHI B MOTOYHOMY OIHCI, Jaji OOYHCIIOIOTHCS HMOBIPHOCTI
TIOSIBY CUMBOJTiB Ta BU3HAYAETHCSI CETMEHT.

Yucnose BimoOpakenHs: CSS-BIacTUBOCTI 3HAXOAUTHCS 3 BUKOPHCTaHHIM
nepepaxoBaHMUX JIBOI Ta MNpPaBoi MeXi CEerMeHTy, 10 OOYMCIIIOITHCS 3a
1H/IEKCOM CUMBOITY B an(aBiTi, 3HaU€Hb MEX CErMEHTY Ta HOTO TOBXKUHH.

TakuM YHHOM, OTpPHMAaHE 3HAUCHHS YHCIOBOro BimoOpaxenus CSS-
BJIACTHBOCTI € YHCIOBUM BEKTOPOM 3 TpPhOX EIIEMEHTIB, 3HA4YCHHS SIKHUX
HaJiexxarb J10 Aianasony [0;1].

OtpumaHi pe3ynbTaTH IEPeTBOPIOIOTHCS B TPUBMMIPHMI TEH30p, SKUi
MOJAETHCS HA BXiJl C1aMChKOT HEHPOHHOT MEpEexi.
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NEURAL NETWORKS FOR THE CONFORMITY OF SOFTWARE
TESTING RESULTS TO THE DECLARED REQUIREMENTS
Shepeliev 0. [0000-0002-6258-3446], Ph.D. Bilova M., [0000-0001-7002-4698]
E-mail: zirgusl@gmail.com, missalchem@gmail.com

Abstract: The urgency of the work lies in the need to improve existing
software designed to analyze the compliance of software testing results with the
stated requirements. To achieve this goal, neural networks can be used by
quality control specialists to make decisions about software quality, or by project
managers as an expert system, for one of the quality indicators for the customer.

Keywords: software testing, software quality, stated requirements, neural
network, fuzzy networks

The goal of the work is to improve the management process of software
product development. The object of research is the process of analyzing the
compliance of software testing results with the stated requirements. The subject
of research is conformity analysis of software testing results to the declared
requirements with use of neural networks. From the characteristics of the subject
area, we can conclude that the results obtained in the testing process are reduced
to the conclusion: passed tests (pass) or not passed (fail) [1]. Such an assessment
is relatively superficial and does not give an accurate definition of how well the
developed software meets the requirements for it. Therefore, recognized as high-
quality software can be a source of failure with changing the configuration or
operating conditions. The input data of the problem of assessing the compliance
of the software with the requirements of the test results are not numerical, so the
use of mathematical methods for its solution is not appropriate.

Formalization of the input data of the above problem would simplify the
solution and, as a result, improve the quality of the software used. For
formalization it is expedient to use methods of fuzzy logical inference, which
allow to operate instead of non-numerical values with numerical values of their
belonging to the corresponding sets [2]. The proposed method allows to
determine the compliance of the developed software with functional and non-
functional requirements, taking into account how successfully or unsuccessfully
implemented a particular requirement. Its application can ignore important but
isolated facts that do not fit into the proposed formulas.

Therefore, to improve the quality of assessing the compliance of the test
results of critical application software with the requirements, it will be expedient

120


mailto:zirgus1@gmail.com

Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

to build a fuzzy neural network on the basis of the above method to solve this
problem [3]. The proposed method based on a fuzzy neural network allows to
eliminate this shortcoming by replacing the non-numerical results of tests with
numerical values of their belonging to the corresponding fuzzy sets of
"execution” and "non-execution" and determine how the developed software
does not meet the requirements [4]. Therefore, the information and algorithmic
software of the solution was designed to implement the analysis of the
compliance of the software testing results with the stated requirements, which
will allow to form an expert assessment of the quality of the software.
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Annomayusn. TlpennoxeHO WCIONb30BaHWE (DAKTOPHOrO aHAIHM3a UL

OLIEHKH  KOHKYPEHTOCIIOCOOHOCTH  COCTaBOB  MEIKO3EPHUCTHIX  OETOHOB
o yHKIIMOHATIBHOTO HA3HAYCHUSL.
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Knioueevle cnoea:  TOHKOAMCIEPCHBIE  HANOJMHUTENH,  aKTUBALUS,
(haKTOPHBIN aHAIN3, XPAHIJIHUINA TaHHBIX.

Abstract. The use of factor analysis to assess the competitiveness of
compositions of fine-grained concretes for polyfunctional purposes is proposed..
Keywords: fine fillers, activation, factor analysis, data warehouse.

CoBpeMeHHOE CTPOUTEIHCTBO TPEOYeT NMPUMEHEHHs HOBBIX 3((EeKTUBHBIX
MaTEepHAJIOB, CPEIN KOTOPBIX Ba)KHOE MECTO 3aHHUMAIOT BBICOKOKAUeCTBEHHBIC
MEJIKO3EPHUCThIE PAacTBOPbl W  BBICOKOIIOJBIDKHBIE cMecu. [lomyueHue
MEJIKO3EPHUCTHIX PacTBOPHBIX cMmecei BBICOKOM OJTHOPOZHOCTH,
JKM3HECTOMKOCTH ¥ TPOYHOCTH  HEBO3MOXKHO  0€3  HCIONb30BaHMS
o yHKIMOHAIBHBIX J100aBOK-Moau(uKkaTopoB, Haubonee 3((PEeKTUBHBIMU
U3 KOTOPBIX SIBJSIFOTCSI KOMIUIEKCHI Ha OCHOBE CYINEpIUIaCTU(QUKATOPOB U
BBICOKOJTUCIIEPCHBIX MUHEPAJIbHBIX I00aBOK HA OCHOBE MHUKPOKpPEMHE3EeMa.

Paznuunbie KpeMHe3eMco/IepKalye AKTHBHBIC MUKPO- U
MAaKpOHAIIOJHUTECIN C pas3IMIHbIMH BCIIMYMHAMH iomaau y}ICHBHOﬁ
MOBEPXHOCTH, CTPYKTYPOH M MOJIMMHHEPATBHBIM COCTABOM MOTYT HO-Pa3HOMY
BIIMATh HAa PEOJIOTHIO CMECEH, MPOLECChl CTPYKTYpOOOpa30BaHUsI M TBEPIACHUS
pactBopoB.  [IpuMeHeHHE  BBICOKOCKOPOCTHBIX  CMECHTENICH-aKTHBATOPOB
o0ecrieunBaeT BBICOKYIO CTOHMKOCTh K TPEIIMHAM M BBICOKYIO aIre3Hio K
pa3IUYHBIM OCHOBaM, a Ha IOPUCTBIX HAIOJIHUTENSAX - €Il M BBICOKHE
TEIUI03aIUUTHBIE U AKyCTHYECKHE CBOMCTBA. BONpPOCHI COBMECTHOrO AEHCTBUS
9TUX 100aBOK M IPHOPUTETHOCTh MX BIMSHMA HA CBOMCTBA cMecell U OETOHOB,
pa3paboTKa BBICOKONOABIKHBIX CMECEH C PasiIM4HBIMH IUIACTH(HKATOPAMH
OIIPEIETISIIOT TEMATHKY HIMPOKOrO Kpyra 3SKCIEepPUMEHTalbHO-CTaTHCTHUCKUX
uccnenoanuil. [lodyueHHble TMpakTHYECKHE pe3yJabTaThl O0OECIedHBAIOT
MOBBILIEHHbIE, II0 CPAaBHEHHWIO C HOPMATHBHBIMH, IIOKa3aTeNd KauecTBa.
MHOTr04YHCIEHHOCTh U MHOTOIUIAHOBOCTh IOJIY4YEHHBIX aBTOPaMH COCTAaBOB Ha
OCHOBE O/INHAKOBBIX MO KAa4ECTBEHHOMY, M PA3IMYHBIX 0 KOIUYECTBEHHOMY
COCTaBaM OpraHO-MUHEPATBHBIX MOIHU(UKATOPOB TIPEAONIPENCISIET
LENECOO0Pa3HOCTh M aKTYyaJIbHOCTh ~ ABTOMATH3AlMM  aHAIUTHYECKUX
HCCIEOBAaHUH C  TNPUMEHEHHEM  CHCTEMBl  TOZIEPKKH  NPHHATHA
pemernii(CIIIIP) [1]. OcHoBHO# 3amadeii CHCTEMBI SIBIISCTCSI TIPEAOCTABICHHE
HHQOpPMAMK 10 YK€ HMEIOIUMCS COCTaBaM M IOMH()yHKIHOHAIBHBIM
MomupHuKaTopaM. OTO TO3BONUT pACIIUPUTH TIIOJIe BBIOOpa W  OICHUTH
KOHKYPEHTOCIIOCOOHOCTh cocTaBa. He MeHee BaxHoit 3amaueii CIIIIP sBmsercs
BBIpa)KEHNE MpEeNoCTaBIsieMOd WH(pOpPMAIMd B KOMIIAKTHOH (opme, KoTopas
oTpaxkaeT Hanboyee CyIIeCTBEHHBIE 3aKOHOMEPHBIE acIeKThl BIMSHUS 100aBOK
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Ha KWHETHKY TBEpJEHUs U CBOWCTBa cMeceil. DakTOpHBIN aHaIM3 JaHHBIX Kak
pa3 M TpeAcTaBiseT AAEKBATHBIH WHCTPYMEHT OOHAPY)KEHHS JIOTHYECKOH
CTPYKTYpPBI CIIOXHOTO SIBJICHUS, TIO3BOJISIET OTIEIUTH CYIIECTBEHHBIE (DaKTOPHI
OT HECYIIECTBEHHBIX, OIECHUTh WX HWH(OOPMATUBHOCTb, MPOBEPUTH HIIH
BBIIBUHYTh THIOTE3Bl O (aKTOPHBIX B3aUMOCBS3sIX. JIpyruMu cioBamu,
(baKTOpHBIIA aHAIN3 MOYKHO MCIOJIB30BATh ISl CHIDKEHUS] pa3MEPHOCTH JJaHHBIX,
9TOOBI HAaWTH HEOONBIIOE YHCIO (PAKTOPOB, KOTOPHIC OOBACHSIOT OOJBIIYIO
YacTh TUCIIEPCHH, HAOMIOAaeMOM TSl GONBINOTO YHCIA ABHBIX MEPEMEHHBIX [2].

B Xozme craTMCTHUECKOrO HWCCIIEAOBAaHUSI C HMCHOJNB30BaHWEM (HaKTOPHOTO
aHaJM3a HeOOXOMMO BBIIIOJHUTH 3 JTara.

1. CO0p 3MIIUPHYECKUX JaHHBIX M NOATOTOBKA KOPPEISIUOHHON MaTPHIIBL.

2. Beigenenne nepBoHaYaIbHbIX (OPTOrOHAIBHBIX) (DAKTOPOB.

3. Bpamienue (GakTopHOW CTPYKTYPHI U COJCpIKATEIbHAS WHTEPIPETALUS
pe3yNbTaToOB aHAJIK3a.

3amauy cOopa [aHHBIX JOJDKHA BBINOJIHUTH paspadateiBaemas CIIIIP.
q)aKTOprIﬁ aHaJIu3 Ha TEPBOM ITar€ HUCCICIAO0BAHUA MOKHO BBIIIOJIHUTE C
nomoIielo makera SPSS.
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DIAGNOSING CORONAVIRUS USING ARTIFICIAL INTELLIGENCE
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Abstract. The coronavirus pandemic is currently raging in the world. For the
timely diagnosis of this deadly disease, the entire medical system of the world
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has been abandoned. However, due to the difficulty of diagnosing this disease,
many people die every day. Diagnostics is carried out by doctors using separate
computer applications. Currently, there is no separate effective program for the
rapid diagnosis of this disease in the context of its proximity to some others. We
have proposed an algorithm with which to quickly and accurately diagnose. The
proposed algorithm was implemented on a computer and positive results were
obtained. The symptoms of coronavirus and other related diseases were taken
from open sources.
Keywords: Express diagnostics, coronavirus, flu, colds, symptoms

As you know, the coronavirus pandemic has been raging all over the world
recently. Scientists and doctors cannot accurately determine this disease in time
due to the similarity with some other diseases. For this and other reasons, the
pandemic is widespread throughout the world and continues in the form of new
modifications. In this sense, it is very important to diagnose this disease on time
and precisely.

Analysis of the symptoms of coronavirus showed that the main symptoms
of related diseases are logical and have different weights. Therefore, if the
features are of a qualitative nature (let, for definiteness, all m features are
alternative, that is, take values 0 or 1), then the degree of similarity of a pair of
objects (i, j) can be expressed by different coefficients. From the existing
formulas it is possible to give the Hamming distance, Euclidean distance and the
coefficient of compositional similarity. In real problems, when we cannot
accurately determine the importance of a particular attribute coordinate, we
should make an assumption about the importance of this or that attribute and
formally take this into account by assigning some weight values to the attributes.
However, the result obtained is too integrated and therefore it is impossible to
obtain accurate diagnostic data. The development of information technology,
computer technology and nanotechnology sets the task of increasing the
efficiency of the biological and medical industry.

Thus, in the general case, the problem of fuzzy clustering is to find a fuzzy
partition of the set of elements of the studied population, which form the
structure of fuzzy clusters present in the data under consideration. This problem
is reduced to finding the degrees of membership of the elements to the desired
fuzzy clusters, which together determine the fuzzy partition of the original set of
the elements under consideration.

Let us consider the classification of objects using the example of disease
recognition (coronavirus, influenza, ARVI) based on a patient survey.
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According to the table of attributes, a program was written that uses the
database method for classification.

The algorithm of the program (classification - determination of belonging to
the group of the studied symptoms of the patient) is presented below.

Step 1. Start of the program

Step 2. Entering the values of parameters - symptoms of diseases:
coronavirus, influenza, acute respiratory infections (cold) according to Table
and the studied symptoms of the patient

Step 3. Input of initial values for the counter of parameters - disease
symptoms

Steps 4-6. Verification of belonging to the group of symptoms Coronavirus
of the studied symptoms

Steps 7-9. Verification of belonging to the group of symptoms Influenza of
the studied symptoms

Steps 10-12. Verification of belonging to the group of symptoms of acute
respiratory infections (cold) of the studied symptoms

Steps 13-17. Determination of belonging to the group of symptoms
Coronavirus, Influenza and acute respiratory infections (cold) of the studied
symptoms and the conclusion of the result.

The simulation results of the algorithm are shown in Fig. 1.

W Form! - B X
1 Coronavirus
Caronavirus Colds Fiu Dot N A A A _Serest Graphik
from file YAV AV
Experinent | /\/\ ! M
Manual input 1 5 1 ] + + v i Y Result
N Coronavirus |Ca\ds ‘F\u ‘Expenmer A PSS S S S S T
Elevated temperatur|d 1 3 1
Colds Clear
Cough 3 1 2 1 - Series?
h - Series5
Fatigue 3 1 2 1 i
2 -
[Runny nose 1 3 2 3 ; i’L Close
Taste, smel 3 0 0 0
Headache 1 2 3 2
Sore throat 1 2 3 2 Flu
— Series3
Diarrhea 3 1 1 1 B ~ Series|
Sneezing (] 3 (] 3 2 : ; ; : d -
Dysprea 3 0 0 0 v 1 oA
< > Lo 1 V |
Kol koronavirus Kal cols Kol fiu
o 10 g Your diagnosis: Colds

Fig.1. The simulation results of the algorithm
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Thus, using the database method, a method for determining the diagnosis was
obtained, which can be extended to any disease.

VJIK 004

PO3POEKA BEB-CEPBICY 11O CEMAHTUYHOMY AHAJII3Y
TEKCTY TA PE®OEPYBAHHIO
JleonThen K.O, [0000-0003-1788-1122] o 1 b Py niverico M. ]I, [0000-0002-7343-8076]
Texa Ni.l. [0000-0004-5064-0043] '

_E-mail: firmn@]ust.ru, nickolay.rud@gmail.com,

DEVELOPMENT OF WEB-SERVICE ON SEMANTICAL ANALYSIS
OF TEXT AND REFERENCE
Leontiev K.O., Ph.D. Rudnichenko N.D., Geza M.I.

Anomauin. Y poOOTI HaBeAeHI pe3yJbTaTH pO3POOKH CepBiCy O
CEMaHTUYHOMY aHaji3y TEKCTY Ta pedepyBaHHIO Ha OCHOBI aOCTPaKTHOTO
miXony JUis TeHepalii HOBOrO, CKOPOYEHOrO TEKCTy, SKHH SIBIISETHCS
3MICTOBHO y3arajibHIOIOYNM HEPBHHHOIO JOKYMCHTY.

Knwowuosi croea: anani3 Tekcry, reHepallis TeKCTy

Abstract. The paper presents the results of the development of a service for
semantic text analysis and abstracting on the basis of an abstract approach to
generate a completely new, abbreviated text, which is meaningfully
summarizing the primary document.

Keywords: text analysis, text generation

Ckiamnicth mouryky iHgopmamii st BHBYCHHS TMEBHOI TEMaTHKH B
InrepHeTri, a00 B KHMrax, MOB'S3aHUX 3 BEIUKOK KIUIBKICTIO HEOIXHOPITHOT
iH(popMallii B OHUX JPKEpeNaX, MPU3BOAUTH 10 OUTBIIOI KiJTbKOCTI BUTPAYCHOTO
Yyacy Ta 3MEHIIEHHS MIBUAKOCTI BUBYEHHS a00 nociimkeHHs indopmarii [1].

VY 3B'SI3Ky 3 Li€I0 TONYJSIPHICTIO KOPUCTYIOTHCS TIOCIYTH 32 pedepyBaHHIM,
CEMAHTHYHUM aHaNi30M Ta OOpoOKol TekcTiB. i BUpImICHHS 3aBAaHb
pedepyBaHHS TEKCTIB BHIOUIAIOTH 2 OKPEMHUX IIAXOAW: EKCTPaKTHHH Ta
abcrpakTHuii [2].

AOCTpakTHHH MeTOA € HAHOLIBbII MiIXOMAMAM B paMKax IPOSKTOBAHOI
CHCTEMH, depe3 Te, 0 TeHepye MOBHICTIO HOBUI TEKCT HAa OCHOBI cTaporo. Bin
XapaKTepu3yeThes 3-Ma eranamu [3]:

— aHaji3 BUXIJHOTO TEKCTY 3 TEHEPAIli€l0 BHYTPIIIHBOT'O YSBICHHS,
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— CEMaHTHYHE CTUCHEHHS BHYTPIIIHBOT'O YSBJICHHS;

— TeHepallis HOBOI'O TEKCTY.

st peanizanii JaHMX METOAIB HEOOXiHI MOTYXHI O0UHCITIOBAIBHI PecypcH
st cucteM o0poOku mpupogHux MoB (NLP - natural language processing), B
TOMY YHCJII TpaMaTWK{ 1 CJIOBHUKH JJIsI CHHTAKCHYHOrOo po3dopy [4]. s
JOCITI/DKEHHS] MOMKJIMBOCTEH BUIIIEHHS AaHOI 3ajadi NPUHHATO pIIIEHHS B
Po3po0IIi TaHOrO cepBiCy BUKOPHCTOBYBATH MOBY HporpamyBanHs Python 3.8 i
¢peiimBopky Django mnst peamizanii JIOTiKM CepBEpHOI CTOPOHHM CHUCTEMH,
cepenoBuiia po3podku mporpamuoro komy PyCharm, CYB]l Postgress s
30epiraHHs MpU3HAYEHUX Ul KOPHCTyBauda JaHMX, QUCTpuOyTruBa Anaconda 3
Jupiter Notebook (mpoBemeHHS  OOYHCIIOBAJIBHUX  EKCICPHUMCHTIB 3
nociimkenHs epextuBHocti Mozeneit NN), matplotlib (Bizyanizawist orpumMaHux
3alekHOCTe nanux), Pytorch (ctBopenHss momenedt NN 1 iX HajmamrtyBaHHS,
3aBJlaHHS 3HAY€Hb TileprnapaMeTpoB 1 3amyCcK OOUYMCIIOBAIILHHUX IPOLECIB),
Pandas i NumPy (0OpoOka BXiJHMX MacWBIB NaHUX 1 1X CTpyKTypu3aiis yis
nozaaui Ha Bxig momensam NN).

BucnoBku. Cinig 3a3HaYMTH, IO BCI 3rEHEPOBaHI TEKCTH B paMKax
NPOBEICHOrO AOCTIDKEHHS € TMOBHUMH 1 3aKiHUCHMMH, BOHH MarOTh CCHC
ONMM3bKHI JI0 TOYATKOBHX JIaHHX, 10 € MiJATBEP/PKEHHSAM KOPEKTHOCTI arperaiii
B3SITOr0 HA0OPY JaHKX 1 aJJIEKBaTHOCTI pe3yJIbTaTiB poOOTH MOJEIIeH.
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METOOJOT IS MIATPUMKHA NNPUMHATTS PIIIEHh HA OCHOBI
IHTEI'PAIII METOIIB AHAJII3Y IEPAPXIN, AHATITUYHUX
MEPEX TA BI3YAJIIBAIII HA TPA®AX
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A DECISION MAKING SUPPORT METHODOLOGY BASED
ON INTEGRATION AHP, ANP AND GRAPH VISUALIZATION
Ph.D. Netesin I.E., Ph.D. Polischuk V.B., Dr.Sci. Nesterenko O.V.

Anomauin. 3amporOHOBaHa METOAOJIOTISI  €KCIEPTHOrO  OILIHIOBaHHS
QJIBTEPHATHB Ha OCHOBI 3aCTOCYBAaHHSIM METOJIIB TOJIOCYBaHHS, aHANI3Y iepapXii
Ta aQHANITUYHUX MeEpPEeX JUId 3a/Jad MPUHHATTA pilieHb pI3HUX KIIACIB
CKJIQIHOCTI, 3aJI)KHO BiJ JIIHIIHOI, i€epapXiuHOi ab0 MepekeBOi CTPYKTYpH iX
omucy. IHTerpoBaHa iHQopMaliiiHa TEXHOJOris peanizalii WX METOIIB
crpoinye poOOTy eKCHepTiB 3aBASKM Bidyani3aiii HA OCHOBI Opi€HTOBaHUX
rpadis.

Knwwuosi cnosa: Meron aHamizy iepapxiid, METOA aHAIITHYHUX MEPEK,
METOJM T'OJIOCYBAHHS, OLIHIOBAaHHS allbTEPHATUB, Teopis rpadiB, MPUHHATTS
pileHs

Abstract. The methodology for expert evaluation of alternatives based on
voting methods, AHP and ANP for decision-making problems of various
complexity classes, depending on their description's linear, hierarchy or network
structure, is proposed. Integrated information technology implementation of
these methods simplifies the work of experts through visualization using
oriented graphs.

Keywords: AHP, ANP, voting methods, alternatives evaluation, oriented
graphs, decision-making

Y pi3HOMaHITHHX 3a3Ja4yax, $AKi MOTPEeOYIOTh TIPHUHHSATTS pPillIeHHS,
3aCTOCOBYIOTHCS POLIETYPH EKCIIEPTHOTO OLIHFOBAHHS aJbTEPHATHB.
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[IpakTHyHO y KOXHIA NMpeAMEeTHIH o0yacTi B 3aJEXHOCTI BiJ CTPYKTYpH
MOJIETl JaHuX, sKa il OIMCYye, MOXIMBOCTEH BW3HAUCHHS albTEpHATHB 1
KpHUTepiiB iX OLIHIOBaHHS, IHMMX (akToOpiB, SKi BIUIMBAIOTH Ha BHUOIp
IBTEPHATHB, EKCIIEPTHI TPYNMH MAaloTh CIHpaBy 3 3ajadaMd pIi3HOTO piBHS
CKIaJHOCTI. Y IIbOMY MOCIIPKEHHI MPOMOHYETHCS METOMOJNOTIS PO3BUTKY Ta
CHUJIBHOTO 3aCTOCYBaHHS OKPEMHX METOJIB TOJIOCYBaHHS Ta METOJIB aHAJi3y
iepapxiif i aHamTHIHUX Mepex [1- 3] B 3a1eXHOCTI BiA piBHS CKIAJHOCTI 3a1a4
npuitHATTA pimeHb (puc. 1). IlepenOauaerbcs MOCHIIOBHE BUKOPHUCTAHHS Ha
HACTYITHUX pIiBHSAX pE3YJIbTaTiB, OTPUMAaHMX Ha TONEpeAHil piBHAX 1
HapOUIYBaHHs Ha KO)KHOMY pIiBHI  CKJIQJIHOCTI METO/IB OILIHIOBaHHS — BiJ
JOCTaTHBO IMPOCTHX O OUIBII CKJIaJHUX B 3aJISKHOCTI BiJl PIiBHS CKIIaJHOCTI
3a1a4 BUOOPY ajbTepHATUB. Ba)KIMBUM €JIeMEHTOM METOJOJIOTIT € TEXHOIOTis
JIOIIOMOTY €KCIIepTaM Bifipasy MiATPUMYBATH TPAaH3UTHBHICTh Ta IOKPAIyBaTH
Y3TOJDKEHICTh CBOIX CYy/DKEHb IUIIXOM Bi3yaunizalii Ha Opi€HTOBaHOMY rpadi
npolecy TMapHUX IOPIBHSHb albTEPHATHB. 3alpoOlOHOBaHA HACKpi3HA
¢dopmManizoBaHa MeETONONOTisE 3 eneMeHTamMu rpadiyHoi Bisyamizamii Ta
3aCTOCYBAaHHSIM OHTOJIOTiI Ma€e Ha MeTi CIPOILEHHS AisUIbHOCTI EKCIIEpPTiB.

A [T T T TTTTTT T TT T T [
5 | OmiHIOBaHHS albTEpPHATHB I

| . . . I ><
s% 34 || | WJUIXOM NOPIBHAHHS BIUMBIB Ha HUX PI3HMX | | | o B =
® | TPyl €NEMEHTIB, 3B’ A3aHUX I 2 3a
£ piBEHb | | < B2
E | y MEpexeBy CTPYKTYpY | FE g
jesl y y TR ®
P AT L__ S E T
S I i 2.8
=8 | . o | i< Nejeh
E o IUISXOM MOPIBHSHHS iX .- £2
T I BIIACTUBOCTEH, 331aHAX BEKTOPAMU I «©g
S piBeHb e S . ' &7
= : KPHTEpIiB y iepapXiuHiil CTPYKTYpi [ oR
(<] | ~—
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y= [ S N S R S S
8 I Me1
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E p I CTPYKTYpOIO CXBAJIBHOI'O
2 | TOJIOCYBaHHSI
T IR (! . ?_-4_4 ______ I —
A
9

[Iponecu npeameTHOT 00macTi

Puc. 1. 3acanvna cxema 3acmocy8aHHs Memo0ono2ii
Mertopornorito arpoboBaHO Ha po3pOO0IEHOMY MPOTOTHII TPOTPAMHOTO BeO-
IHCTpyMeHTapito. Y SKOCTI TPHUKIALY BHKOPHCTAHO TMPOIEC EKCIIePTHOTO
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OLIIHIOBaHHS Ta BHOOpPY pecypcHOro 3abesreueHHs y cdepi 0O0OpOHHOTO
IJIaHYBAaHHSA Ha OCHOBI CHpOMO)KHOCTefI JUIA BHU3HAYCHHA HaNO1IbII
MPUAHATHUX 3aCO0IB JUTS BEICHHS PO3BINKK B IHTepecaX Ha3eMHOI apTwiepii
[3].
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DEVELOPMENT OF A NEURO-FUZZY INTELLIGENT NETWORK
FOR MONITORING AND CONTROL OF MICROCLIMATE SYSTEMS
Dr.Sci.prof., Mikhailov S.A, [0000-0002-3218-2238]

Ph.D. Kharchenko R.Yu, [0000-0003-3051-7513]

E-mail: romannn30@gmail.com

Abstract. A method for intelligent identification and adaptation of the
control object is proposed. This allows maintaining high accuracy of the
specified parameters for different operating modes of the system and reducing
the complexity of control. Software has been developed that implements the
proposed network. Computer simulations have shown the ability of the network
to self-learn based on expert experience and an error propagation backward
algorithm.

Keywords: neurocontroller, adaptive PID - controller, parameter
approximation, active identification, fuzzy logic.

As frequent works on setting up ACS (automated control systems) at the
time of commissioning as well as during subsequent operation (when tasks and
loads are changed) are required, organizational problems arise during their
implementation.
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For example, the number of control system circuits to be adjusted at a
modern heat power object may reach several tens, which makes it almost
impossible to provide high-quality and rapid manual execution of the work by a
limited number of the employees from the operational personnel [1-3].

At present, scientific approaches related to the use of intelligent systems are
very popular in the theory of adaptive control [4-5].

These systems successfully implement the experience and knowledge of
experts (fuzzy regulators) as well as possess the self-learning ability (neural
controllers).

The authors proposed a structure of the hybrid adaptive control system (Fig.
1). In fig. 1 the following designations are introduced: K - object transfer
coefficient, T - object time constant, T - delay, n -order of the object, y - output
parameter.

] . KT nn
newo-fazzy ———— Identifier

network

-

Kp' Ti
-

Generator »—@—-— PID - controller i.__ microclimate ‘ >

T system

Fig .1. Structure of adaptive ACS

The proposed control system can be improved by developing and using new
algorithms, as well as expanding the functionality of the system (regulation of
air exchange, humidity, chemical and biological composition of air, etc.).

Analysis of intelligent control methods allows us to conclude that the use of
neuro-fuzzy logic is promising to improve the quality of control of microclimate
systems. Such intelligent systems have the properties of self-learning and the
ability to change depending on the circumstances. The scientific task of
searching for new, more effective methods of adaptive regulation using the
experience of an expert from the ACS remains open.
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POSSIBILITIES OF 10T BY WATER TRANSPORT
Alekseenkov A., Klyuchnikova D., Ph.D. Li I.

Annomayusa. B cratbe paccMOTpeHBI OCHOBHBIE oOnactu npuMeHeHus loT
Ha BOJHOM TPAHCIIOPTE B HAcTosiIee BpeMsl. FIHTepHeT Belle, 3axBaTbiBasi Bce
OoIbIlIe ACIIEKTOB HAIEH )KU3HH, JAET CEPhE3HbIE MPEATIOCHIIKHI K IPUMEHEHUIO
cpencTs KoHTpons u MonuTopuHra. Cucremsl loT mno3Bomstior rubko u
3¢ ¢eKTHBHO pemaTek MOAOOHBIE 3aJadyd. JTO MOTYT OBITH TIOPTHI, Cyaa,
HaBUTaMOHHOE 00OpyAOBaHME M MHOTWE Apyrue chepsl. B Hacrosimee Bpems
HHrepHer Belleil akTUBHO BBOJAUTCS B UCIIOJIb30BAHKE, SIBIISISICH BaKHOW YacThIO
paboTHI OTpaciau BOAHOTO TPAHCIIOPTA.
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Knioueevie cnosa: 10T, uatepHer Beliei, BOJHBIA TPaHCIOPT, HABUTALMS,
YMHEIH ITOPT, aBTOHOMHOE CYJTHO

Abstract. The article discusses the main areas of application of 10T in water
transport at the present time. The Internet of Things, capturing more and more
aspects of our life, provides serious prerequisites for the use of control and
monitoring tools. 10T systems allow you to flexibly and efficiently solve such
problems. These can be ports, ships, navigation equipment and many other
areas. The Internet of Things is currently being actively used as an important
part of the work of the water transport industry.

Keywords: 10T, internet of things, water transport, navigation, smart port,
autonomous ship

Beenenue.

B nmocnenHee BpeMs co3maercs Bce OOJblIe YCTPOMCTB U TEXHOMOTUH Ui
Oonee KOM(OPTHOrO yHpaBieHHs W B3auMoJeWCcTBUs. ONHMM H3 CIIOCOOOB
aBTomaruzanuu cran MurepHer Bemed (Internet of Things). [lo onpenenenuto
WurepHeToM Bemled SBISIOTCS (DU3UUECKHE OOBEKTHI, MOJKIIOYEHHBIE K CETH U
oOMeHHBarOIMecss JaHHbIMU. Mammuanas cBs3b (MTC - Machine type
communications - ¢opma TepemadM JAHHBIX, BKIIOYAIONIAS OTHY HJIH
HECKOJIBKO CYIIHOCTEH, KOTOPBIMH JIIOAW HE MOTYT YIPABIATH HANPAMYIO)
SIBIIIETCA KIIIOYOM K Mopckomy VHTepHeTy Bemieil Oiaronaps He0OOXOAUMOCTH
YCTAHOBJICHHS CBSI3M MEXIY CylaMHU M OeperoM, a Takxke MEXAY CyIdaMH s
MOJAEP’KKU BBITIOIHEHHS PA3IMUHBIX BHIOB MOpCKUX yciyr. MHTepHeT Bemieit
TAK)KE€ MOXET ObITh IOJE3eH IPH I[OMCKOBO-CIACATEIbHBIX ONEpalyix, B
HABUTALMOHHBIX YCTPOMCTBAaX M B YCTPOMCTBAX, OTCICKUBAIOIIUX IMEPEBO3KH.
PaccMotpum mosipoGHee 001acTH €ro NPUMEHEHHUs] Ha BOAHOM TPaHCIIOPTE.

Hapuraiust B JaHHBIH MOMEHT He MOKeT oboiTuch 0e3 10T [1-3]. Omuum
13 BOKHEHIITNX aCMeKTOB HABUTALIMH SBJISETCS MOHUTOPHUHT OyeB U MasikoB [1].
CucremMa KOHTpOJS Ha OCHOBe MHTepHeTa Bemiell MOo3BOIAET OBICTPO U
3¢ ¢GeKTHBHO pearupoBaTh B CIlydae BO3HHKHOBEHHS mpoOieM, dTO
obecmeunBaeT Kak 0e30MaCHOCTb HABUTAINH, TaK M [ETOCTHOCTh CUTHAJIOB.

Byn 1 ux cBeToBBIe CHTHAIBI HEOOXOIUMBI TSI O€30IIaCHOTO MTPOX OXKACHHUS
MapuipyTa BOIHBIM TPaHCIOPTOM. Y cTpoicTBO [0T MOXKET OTHpaBUTh CUTHAN O
MAJeHUN HANPHKEHUS aKKyMyJSITOpa, VBEIHMYEHHH CMEIIEeHHWs KOOpAWHAT,
CHUTHAI 00 OTKPHITOM KOXKYX€ JIaMITBl, a TakXe€ OTCYTCTBHUH CHTHalla OT Oyd
Ooiee deTHIpEX 9YacoB. B HaBHWTrammy OTAENHHO CTOUT OTMETHTH CHCTEMEI
Mopckoi kaprorpaduu [4]. Jannabie cucTteMbl pa3paboTaHbl sl o0ecTiedeHuUs
OecniepeOOIHOM, COTJacOBaHHONH W CTaHOAPTHU3UPOBAHHOW Oas3bl IaHHBIX,
BKITIOYATOIIEH: MOpPCKOW KJIMMAT, JaHHBIE O HABHUTAIMU C WCIOIH30BAHUEM
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(doTorpaMMeTpHH, IMOAXOABI, OCHOBAaHHbIE HA 30HJWPOBAHMM WM JIa3€PHOM
CKaHWPOBAaHUH U T.1. TeM He MeHee, COBpEeMEHHBIE METO/IbI OCHOBAHKI JIN00 Ha
yOaJCeHHOM MOHHTOPHHIE€ C TPUMEHEHHWEM CIyTHHKOB, HE HWMEIOIINX
TpeOyeMOi TOYHOCTH H3-3a 3arpsA3HEHMH B aTMocdepe, JUOO Ha MeTOHaX,
OCHOBaHHBIX Ha pasBeike. K TakuM MerogaM OTHOCAT IIOMCKOBBIE Cy/a,
BKJIfOYasi ruaporpaguyeckue U okeaHorpauyeckue cyzaa, KOTOpble He MOTYT
MIOKPHITH OOIIMPHBIE MPOCTPAHCTBA OKEAHOB W MOpeH W3-3a (PU3NYECKHX
OrpaHUYEHUH U OTPaHMYEHHOT'0 KOJIMYECTBA MPOBEICHHBIX HCCIIEJOBAHHH.

HarnsgHo Bce Bo3MokHOCTH mnpuMmeHeHuss [oT Ha BogHOM TpaHcmoprte
MOXXHO YBUJETh B Tab. 1.

Tabnuna 1. Boamoxuoctu 10T Ha BoHOM TpaHcropTe

Iot Ha BOJIHOM TpaHCIIOpPTE

Oo6nactpb [Mpumenenue

Hapuranus byu u cBeTOBBIE MasUKU

Mopckast kaprorpadus

MozenupoBaHie TpaHCIOPTHBIX IIOTOKOB

‘YMHBII opT

YnpasieHue Npou3BOACTBEHHBIMU IPOLIECCAMHU

Jloructuka

OrciiexuBaHue

YnpaBneHue ckiaagoMm

CucTeMbl BapPTOBKHI

YMHOE cyHO

OnrumMusanys

MonuTtopuHr
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Hexoropble W3 KpyHmHBIX IOPTOB IO BCEMY MHPY YyXKe IIPEJOCTaBISIOT
WHTEPaKTUBHBIE YCIIYTH CBOMM KJIMEHTAM HCIOJIB3YSl HOBEWIINE TEXHOJIOTHH.
[Mpumepom wmoxer cayxute nopt [amOypr B IT'epmanmm. OpHoil u3
WHTEPAKTUBHBIX YCIIYT Ul KIMEHTOB SIBIISIETCS BOSMOXKHOCTh HAWTH cyna M
MecTa HX pAacCIOJIOKEHHs, TPOBEPUTH HMX COCTOSHHE B PEXHME peaJbHOro
BpPEMEHU Ha caiiTe mopra.

ITopt AMcrepiaM 3amycTHII HECKOJIbKO mpuioxeHuil. [punoxenue «I am
Port» mpemiaraer wHGOpPMAnMIO O MECTOHAXOXKJICHWUHM CYAOB M Maplipyrax
JBIDKEHUsI B TIOPTY B PEXHUME peaibHOro BpeMeHH. KpoMe Toro, Mbl MOXKeM
Haiith wHpoOpMaNWIO O NPUOBITUM W OTHPABICHHH, pa3Mepe, OcaiaKe |
MIPUYAIMBAaHUN KXKIOro CyaHa B mopTy. OHU TakKe MapKHPYIOT CyJa pa3HbIMH
LIBETaMH, HO IIBET O3HAYAET HE THUII Cy/IHA, & CKOPEE ero CTaTyc.

Crapran WedSea (https://www.wedsea.com/) pa3pabaThiBacT MPIIOKCHHE
1L CYAOB, YTO MNO3BOJISIET COKPATUTH pacXxodbl Ha TOIUIMBO 10 20 IIPOIICHTOB.
Cucrema We4Sea cobupaeT HEKOTOpbIE ONEpaTHUBHBIE TAaHHBIE MO CYAHY, Kak
€ro MECTOIOI0XKEHHUE, CKOPOCTh, KypC W JAHHBIE IBUTATEIsl, U OTIPABISET UX
Ha 6CpCF JJIA O6’be}]I/IHeHI/IH C JApyruMu JaHHBIMH, TAKMMHU KaK I10roJia, BbICOTHI
BOJIH, CHUJIa BETpPaA. ITocne 06’I)CJII/IHCHI/I$[ OTHUX JaHHBIX, CACTCMHBIC aJITOPUTMBI U
SHEPreTHYECKHe MOJENN NpeoOpasyloT MX B IIOJE3HYI0 HHGOPMALMIO s
ONTHUMHU3ALIHN 3KCIUTyaTalUK U KOMITJIEKTAIUH.

CucreMbl MOHUTOpPHHTA (PM3MYECKOTO U IICUXO3MOLMOHAIBEHOTO COCTOSHUS
9KHIIaXKa MOIJIU ObI OBITH BHEAPEHBI C IPUMEHEHNnEeM TexHosnoruu loT.

3aKIroueHue.

OCHOBHBIMH CUJIBHBIMH CTOpOHaMH VIHTepHeTa Belel SBISIOTCS THOKOCTh
1 MOZYJBHOCTh BMECTE C HU3KMMHU 3aTpaTaMu.

OcHoBHast 1enb l[oT - moBbIcHTH KOM(OPT MW HPOM3BOAUTEIBHOCTH B
obmactn mpumeHeHHs. OH  MOXeT  CHOCOOCTBOBaTb  CYIIECTBEHHOMY
MOBBINICHUIO 3()()EKTUBHOCTH M Ka4yecTBa YCIyr, 0e30MacHOCTH IKCILTyaTalluu
000pyn0BaHUSA U OE30IIACHOCTH IIOPTOB OJIaroaps MOBBIIICHHUIO JOCTYITHOCTH H
TOYHOCTH COOTBeTCTBYMollel wuHpopMmanuu. Mopckoit loT momkeH uMeTh
aJaNTUBHYIO CTPYKTYpY, THOKOCTb Al BHEIPEHHS HOBBIX HPHIOKCHHH,
obecrieunBaTh 0€30MIACHOE MOAKIIOYCHHE K CYIIECTBYIOMUM WHPOPMAINOHHBIM
cucteMaM M 00pabaTblBaTh OIPOMHOE KOJIMYECTBO MAaHHbIX. KommuecTBo
obmacreii mpumeHeHns: VHTepHeTa Bemiedl TONBKO yBemuumBaeTcs. MHTepHET
BEIIEH HAaXOAWT INPUMEHEHHE HE TOJBKO B IOPTY, HO M Ha CyAax, B
HABUTAIMOHHOM O0OPYIOBaHHUH U TPOUHX cepax.

IoT »¢dexrtuBen B cOope MAaHHBIX O TOTOAHBIX YCIOBHUSX, COCTOSTHHUU
000py/IOBaHUS, MECTOHAXOXKIACHMH W T.A. Vcnomp3oBaHWe MONydeHHON
nH(pOpManNK MOMOTaeT B NPUHATHN PEIICHUH, MO3BOJS OLCHUTh CHUTYAIHIO B

135



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

Ooiree TONHOM O0BEME, a TaKKe CBOAWTH K MUHHMYMY YpE3BBIYAMHBIC WU
TPaBMOOIIACHBIC ~ CHUTYalldd, YTO OCOOCHHO AaKTyaJlbHO B  CHCTEMaX,
MIPUMEHSIEMBIX B IPOMBILUIEHHBIX U KOMMEPUYECKUX 3a/1auyax.

MokHO TpenBUIETh, YTO cucTeMbl MOpckoro IoT craHyT He3aMeHUMBIMU
ITOMOIITHUKAMH B 00JTACTH BOJIHOI'O TPAHCIIOPTA.
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SYNTHESIS OF AN INTEGRAL SIGNAL FOR MORPHOLOGICAL
ANALYSIS OF ELECTROCARDIOGRAMS
Dr. Sci. Filatova A.E., Dr. Sci. Povoroznyuk A.l.

Annomayua. JlanHas pa0oTa TOCBAINICHA pa3paOOTKE MeEToma CHHTEe3a
HHTETPaIbHON 3JIEKTPOKapANOrpaMMbl BO (DPOHTANBHONW IUIOCKOCTH OT BCEX
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OTBEJICHUN OT KOHEYHOCTEM C y4eTOM YIJIOB OTBEIEHHM B Te€KCaKCHAIbHOM
CHCTEME OTCYeTa M IOJIOKEHHUs JJIEeKTpUYeckod ocm cepaua. IIposepka
pE3yNBTaTOB IIPOBONIIACH c HCTIONBb30BaHUEM 0azbl JTAaHHBIX
JJIEKTPOKAPIUOTPaMM, KOTOpble ~ OBUIM  3ammcaHbl C  TIOMOIIBIO
TpaHCTeNneOoHHOro IHGpoBOoro 12-KaHAJIBHOTO 3JIEKTPOKAPAUOIOIHYECKOro
komiiekca «Tenmekap», BXOIAIIEro B COCTaB JIEUEOHO-AUATHOCTHYECKOTO
komiuiekca «TREDEX». B pabore moka3aHo, 4YTO NpEAIOKEHHBIH METO.
CHHT€3a MHTErpajbHOr0 CHUIHaja C JIOKAJIBHO CKOHLEHTPUPOBAHHBIMU
MPU3HAKAMH TIO3BOJINT TOBBICHTH KayeCTBO MOP(OIOTHUECKOr0 aHajH3a
3EKTPOKAapAUOrpaMM B KapJIHOJIOTHUECKUX CHUCTEMax MONACPIKKH MPUHATHS
pereHui.

Knrouegovle cnoea: JNEKTPOKAPIHOIOTHIECKOE UCCIIEZIOBAHUE;
KapAUOJIOTHUECKHE CUCTEMbI MOANEP)KKH NMPUHATUS pEIIeHUil; BepOITHOCTHO-
BPEMEHHbIE  XapaKTEePUCTHKH;, OWOMEIMIIMHCKHE CHTHAJbl C  JIOKAJIBHO
COCPEIOTOYCHHBIMU PU3HAKAMU.

Abstract. This work is developed a method for synthesizing an integral
electrocardiogram in the frontal plane from all limb leads, taking into account
the lead angle in the hexaxial reference system and the position of the heart’s
electrical axis. Verification of the results was carried out using a database of
electrocardiograms, which were recorded using a transtelephone digital 12-
channel electrocardiological complex "Telecard", which is part of the medical
diagnostic complex "TREDEX". The work shows that the proposed method for
the synthesis of an integral signal with locally concentrated features will
improve the quality of morphological analysis of electrocardiograms in
cardiological decision support systems.

Keywords: morphological analysis, biomedical signals, locally concentrated
features, integral electrocardiogram, heart’s electrical axis, cardiological
decision support system.

Haubonee pacnpocTpaHeHHBIM —cHOCOOOM — JMarHOCTHKH — CEpAEYHO-
COCYIUCTBIX 3a0osneBaHuit SABJIACTCS MOP(OITOr HYESCKUH aHan3
anekrpokapauorpammer  (OKI) ¢ mocienyrommM aHAIN30M — aMILTUTYTHO-
BPEMEHHBIX XapaKTEPUCTUK HaWICHHBIX 3yOI[0B U KOMILIEKCOB U UX (opmbi [1].

3ajauya TOBBILEHHS KAayecTBA aBTOMAaTHYECKOrO MOP(OIOTHUECcKOro
aHanm3a OMOMEIUIIMHCKHX CHUTHAJIOB OCTAeTCsl aKTyalbHOW H3-3a OOJNBLIOrO
paszHoobpasus (opm 3yomoB IKI', koTropoe 00yCIIOBIIEHO HE TOIHKO HATUIUEM
MAaTOJOTHYECKUX ITIPOIIECCOB B MHUOKapHe, HO W IOJOKCHHEM JIIEKTPUYECKOU
ocu cepana (30C).
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B pabote paspaboran METOJ CHHTE3a HUHTETpajibHOTO
SJIEKTPOKAPAUOIIOTMYECKOr0 CUTHAIA MO0 BCEM OTBEJEHUSIM OT KOHEYHOCTEH C
YUETOM YIJIOB OTBEJACHUN B T'€KCAKCHAIILHON CHUCTEME OTCUeTa U IOJIOKEHU I
20C.

OTO TO3BONUT IMOBHICUTH KadecTBO Mopdonormyeckoro anammza OKI B
KapJAUOJIOTHYECKUX CHCTEMAaX IMOICPKKUA TPHHATHS PEIICHHA W yMEHBIIUTH
KOJIMYECTBO BPAYCOHBIX OITHOOK.

s cHHTe3a HMHTErpajibHOIO 3JICKTPOKAPIAMOIOTHYESCKOrO CUTHANA ObLI
HCTIONIb30BaH TMpeNjioKeHHbIH aBTopamMu B [2] meton ompenenenus D0C.
[IpennoxxeHHBIH METOJ] MO3BOJSAET MOJIYUYUTh UHTErpasibHble curHaibl st DKIT
¢ paznuuHbiM TojoxkeHueM ODOC ¢ COM3MEPUMBIMH  aMIUIUTYIHBIMHU
XapaKTEPUCTUKAMU OCHOBHBIX CTPYKTYPHBIX JJIEMEHTOB, 4YTO TIO3BOJUT
OIPEICIUTh OOIIUE MOKA3aTEIH HOPMBI.

B pabote BhInonHeHa BepuUKaIHs pa3padOTaHHOTO METOIa Ha PeabHbBIX
OKT', koTopble ObUIM 3aNKMCaHbI ¢ MOMOIIBIO TpaHcTenedoHHoro 1uppoBoro 12-
KaHaJILHOTO 3JIEKTPOKAPNOIOrHIeCKOro KoMIuiekca « Tenekap/, BXOASIIETO B
COCTaB MEJIUILIMHCKOI O JUATHOCTUYECKOrO KOMILIEKCa «TREDEX»
(mpouzeonctBo OO0 «Kommnanust TREDEX», r. XapbkoB).

JanpHeiiie uccienoBaHusl HAIIPaBiICHbl HA M3Y4eHHE MOP(OIOrHIecKux
cBOWCTB mHTerpajbHOro curhana ansi OKI' ¢ pasnumyHBIMH NATONOTHSAMH C
Lenbio moBbleHus: Mopgosiornueckoro anainuza JKIT B kapauonorniyeckux
CUCTEMax MOJICPKKU NPUHATHS PELICHUH.
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IITYYHOI IMYHHOI CHCTEMUI
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BASIC ALGORITHMS USING AN ARTIFICIAL IMMUNE SYSTEM
ANALYSIS
Gilmiyarov VO, Ph.D. Rudnichenko ND, Plotnikov MS

Annomayin. Y naHiii poOOTi HaBeleHO pPe3y/bTaTU aHaNi3y OCHOBHHX
QJITOPUTMIB BUKOPHCTAHHS IUTYYHOI IMYHHOI CHUCTEMH [JIsl BUPIIICHHA
ONTHMIi3aliiHUX 3aBAaHb.

Kniouoei cnosa: mry4Hi iMyHHI CUCTEMH, OOUUCITIOBAILHUMN 1HTEJIECKT.

Abstract. This paper presents the results of the analysis main algorithms for
using an artificial immune system to solve optimization problems.
Keywords: artificial immune systems, computational intelligence.

AxtyanpHicTh mpoOiemMu. Ha choropHimHiii JeHp MOJENIOBaHHS, IO
KOXHOT'O [HS PO3BUBAETHCS Ta BUKOPHCTOBYETHCA Maibke BCIOOHM, HE MOXKeE
o0ifitucs 0e3 3aco0iB TPUPOAHUX OOYMCIICHb, TaKWX SK: INTY4HI IMYHHI
CHCTEMH, IWITYYHI HEHPOHHI MEpexXi, MypallWHI alrOpUTMH, METOA POI0
YaCTHHOK, TEHETUYHI aJrOPUTMH TOIO. binbimii moTeHmian y chepi BUpilIeHHS
CKJIQJIHUX ONTUMI3aliHHUX 33724 MaroTh MTy4Hi iMyHHI cuctemu (ILIC). HIIC
— L€ aJanTHBHa OOYMCIIIOBAIIEHA CHUCTEMA, SIKa BHUKOPUCTOBYE OCHOBHI acCIeKTH
(YHKIIOHYBaHHS TPUPOIHOI IMYHHOI CHCTEMH XHBHX OpraHi3MiB (il QyHKIIH,
MEXaHi3MiB, TPHUHIHUIIB, MOAEJNEH) I dYac BHPIMICHHS PI3HOMaHITHUX
npuknagaux 3amad [1]. Koxxuil KuBWH OpraHi3M CKIQTAa€ThCA 3 OpraHiB,
TKAaHWH, KIITHH TOImO. TaKy CYKYyITHICTh 3B’S3aHUX MiX COOOIO €JIeMEHTIB, SKi
320e31edyroTh 3aXUCT OPTaHi3MY BiJ Uy>KOPiTHUX areHTiB NPUHHATO HAa3HBATU
IMyHHOIO cHCTeMOI0. J[JIs1 IIOr0 OpraHi3M TOBHHEH 00poOnsaTH iH(opMaIliio.
[IpucrocyBanns MexaHi3MiB iMyHHOI cuctemu y Burnini LIIC ans BupimeHHS
0araTomiILOBHUX 33/1a4, 1[0 TOTPEOYIOTh 3HAYHUX OOYHCIICHB, HA CHOT'OHIMTHIH
nenb, € akryansHuM. HIIC myxxe nobpe mokasanu cebe mpu BUPIIICHH] 32139 Y
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cdepl KOMIT'IOTEpHOI Oe3leKkn, a came: BHSBICHHS KOMIT IOTEPHHX BIpYCiB,
MOHITOPHHT MPOLECiB, 3HAXOMKEHHI aHOMaJIii, JiarHocTHLi cuctem [1].

Coin 3a3HaYMTH, IO AOCTATHHO HMPOAYKTUBHUM BHJIAJIACh CIJIbHAa podoTa
IIIC 3 reHeTMYHUMH anropuTMaMu Ta HeHpoHHUMH Mepexamu. B IHIC
OCHOBHHUMH AQJITOPUTMaMH TNPUIHATO BBaXKaTH TaKi: KIOHOBUI aJropuUT™M
BiOOpY, HEraTHMBHUH ajJrOpUTM BifOOpYy, IMYHHHH MEpEXHHUI aJrOpHUTM,
JCHIPUTHHUIN aJIroput™ [2].

KrnoHoBmii anroputMm BinOopy mpencraBiisie co0O0 Kiac allrOpUTMIB, 3a
OCHOBY SIKMX B35TI METOAM KJIOHOBOI CeJeKlii Ta Teopito NpuadaHoro
IMyHITETY, SIKMH Ja€ po3yMiHHS Tpo peakuiro b i T nim¢ouuTie Ha aHTHUTEHH.
Anroput™ nependavae, mo 3i 301TbIIeHHSAM a(iHHOCTI KIITHHM 301IBLIYETHCS
KUIBKICTB 11 KOMiH Ta 3MEHITYEThCsl HIMOBIPHICTh BHHUKHEHHS MyTallill y KIIITHHI
[2].

[TpuHIMn poOOTH ANTOPUTMY TOJSTAE y CTBOPEHHI BHIIAKOBUM YHHOM
MHOXKMHH aHTUTUI, IS KOKHOTO 3 SIKMX BH3HAYA€ThCA Aa(iHHICTH IIOJ0
JOCITI/DKYBAHOTO aHTHUT€HA Ta 3IHCHIOETHCS YIOPSAKYBAHHS 32 OTPUMAHUMHU
3HAYEHHSMU. 3 MHOKHHU OOMPA€EThCS JesKa KiJIbKICTh QHTUTLN 3 HAWOUIBIINM
3HaYCHHAM a(iHHOCTI Ta 3AIHCHIOETHCS KIOHYBaHHA. Pe3ynapTaTi moMmilarotbes
JI0 Ipyroi MHOXKHHH, Jie O KJIOHIB 3aCTOCOBYEThCs orepaliisi myraiii. [Ticis
NPOBEICHHS MyTallil pe3yabTaTd MOMIIAIOThCA MO TPEThOI MHOXHHH I
KJITHH SIKOT pO3paxoBYEThCS aiHHICTH LIOAO JOCIHIIKYBAHOrO aHTHUIeHA. 3
TPEThOI MHOXXMHH BHKOHYETHCSI BHOIpKa HAWKpaIioi KIITHHM 3a 3HAYEHHSIM
a(iHHOCTI Ta MOMIIIAETHCS JO HACTYITHOI MHOXKHHHU.

CyTb HEraTUBHOTO AJTOPUTMY BiZOOpY MOJArae y TOMY, L0 KO)KHE HOBE
anrurino HIIC, yrBopeHe y mpoiieci Myralii, MiaeThcss TECTY Ha MOAIOHICTh
JIO KIIITHH OpTaHi3My.

[Ipu HasiBHOCTI MOMIOHUX 30ITiB AHTHUTIIO 3HHUILYETHCS TOMY, IO € PH3HK
3apratu mkoau IIIIC. HeratuBHa cenekilisi yTBOPIOE MEBHUI MAOIOH KIIITHH,
SIKI He € MOAIOHUMU JI0 KJIITHH OpraHi3Mmy, MoAiOHI 30BHIIIHIM Bipycam, TOOTO
BOHH He IiJXOIATH 10 OpraHi3My 1 OyayTs BBaXKaTuCS UykuMH. Konu HeraTuBHI
KIITHHA 3HAWIEHO, Ha OCHOBI AEAKOro MIa0JIOHY, TE€HEPYIOTbCS AaHTHTLIA.
AJTOPUTM  BHUKOPHUCTOBYETHCS Yy BHUpIOICHHI 3amad  kimacudikamii Ta
po3mi3HaBaHHI 00pa3iB. IMyHHO MepeXHHH alTOpUTM MpPEACTaBiIsiE COOOIO
CTPYKTYpPY MEpEXKHOro rpada, By3IH SKOIO € aHTHTLIAMH, a BiJCTaHb MIX
BY3JaMH 3aJ&KUTh BiJ CTyHmeHS IX YMOBHOI Oym3pkocTi. Haffuacrimie
BHUKOPHCTOBYETHCS Y BUPIIIICHH] 3a7a4 KJIacTepu3allii, Biyalizamii JaHuX.

BucHoBku. B pe3ynmpTaTi BUKOHAHHS JaHOI pOOOTH TPOBEICHO OCHOBHHX
anmroputMmiB  IIIIC Ta o0OrpaHKyBaHO aKTYalbHICTh iX BHUKOPHCTAHHS IUIS
MTOJAITBIIIO] IMIUIEMEHTAIII] B paMKaX MPOEKTy iH)OPMAIIITHOT CHCTEMH.

140



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

Jlitepatypa

1. Yepnemues 10.0. HckyccTBeHHBIE WMMYHHBIE CHCTEMBI: 0030p H
coBpemenHoe cocrostaue / FO.O. Uepnpimes, ['.B. I'puropres, H.H. Benmos //
[IporpamMmHbIe IPOAYKTHI B cUcTeMBL. - 2014. - Ne108. - C.136-142.

2. Kapmenko A.Il. I'moGanpHas ONTHMM3ANMSA Ha OCHOBE THOpPHIM3AIMA
ITOPUTMOB ITorcKa rapMoHuy U pos dactunl / A.I1. Kapnenko, T.B. [leuenuna,
B.A. BynanoB // MammHOCTpoeHHE W KOMIbIOTEpHBIE TexHoymornu. - 2014. -
Ne7. - 2014. - C.215-242.

VJIK 004.4

AHAJII3 BUJJAYI KPEJIUTIB BAHKIPAMU PI3BHUM KJIIEHTAM 3A
JTOMOI'OIO CKOPIHI'OBOi CUCTEMH
Kosoniu LYO., k.1.H. Pyqunuenko H.JJ, [0000-0002-7343-8076]
ByT H.B. [0000-0021-1456-3446]
E-mail: nickolay.rud@gmail.com, vint532@yandex.ua,
denscreamer@gmail.com, firmn@list.ru

ANALYSIS OF LOANS ISSUED BY BANKS TO VARIOUS CLIENTS
USING A SCORING SYSTEM
Kolodich 1.Y., Ph.D. Rudnichenko N.D., But N.V.

KpenuryBanus 6ankamu (i3nyHHX 0Ci0 B YKpaiHi € MacoBUM SIBHIIEM, i
CydacHa eKOHOMIYHA CUTYaIlisl MiJIITOBXYE OAHKHU JIO0 PO3MIMPEHHS KPEIUTHOTO
TIPOITO3HIIII.

AJe pO3UIMPEHHsI MNPOIMO3MIIH KPEIUTHUX TMPOAYKTIB 1 OaHKIBCHKHX
MOCIIYT, 3pOCTaHHs OaHKIBCHKOrO Oi3HECY 1 YCKJIAJHEHHsI MOro Xapakrepy
CYIPOBO/UKYIOTBCSI HAKOMMWYEHHSIM pHU3UKIB. Y 3BSBKY 3 [UM HEOOXimHi
aJeKBaTHI 3aXO/IH, SIKi MiHIMI3YIOTb PH3HUKH.

OntuMmanpHE pIMIeHHS [HOTO 3aBAAHHS MOXJIMBE IPU BHKOPHUCTAHHI
CHCTEMH KPEIUTHOTO CKOPUHTY. 3apyOiKHI OaHKM TOHIOHMMH CHCTEMaMHU
KOPHCTYIOTBCS BXKE JaBHO.

KpeauTHuii CKOpHMHr - [e aBTOMaTH4Ha OallbHa CHCTeMa OLIHKH
no3uyanbHUKa. KoxkeH KiTieHT OaHKy MPOXOAUTH aHKETYBAHHS - 3aJIMIIAE ITIPO
cebe moxmanHi maHi. Byme-ska #oro xapakTepucTHKa Mae€ CBOE€ 3HAYCHHS B
6amax. [Ticms mepeBipku TOCTOBIPHOCTI IUX JAaHUX 1 MiJCYMOBYBaHHS HaOpaHUX
0amiB MPWAMAETBHCA pIMIEHHS TPO  IUIATOCIPOMOXKHICTH — MOTEHIIIHHOTO
MO3WYalbHUKA 1, BHXOISIYM 3 IBOr0, PO BUIady ab0 HEBHAAYY KpEIHTY.
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BenuunHa ~ «IpoXimHOrOo» Oanmy 3aJeKUTh Bil KPEIUTHOTO MPOIYKTY.
Hanpuxman, mis Bumadi OaHKIBCRKOI KapTH 3 KpeauTHHM JtiMiToM B 5000
IPHUBEHB BiH Oy/ie MOMITHO MEHIIE, HiJK JUISl CIIOKUBYOTO KPEIUTY HA MOKYIKY
cmaptdona 3a 20 000.

[epesaru ckopunry [1]:

- ONTHMI3allisl BUTPAT Ha PO3IIIS 3asIBKH 32 PaXYHOK aBTOMATH3AaIlii
MpoIeCy NPUIHATTS PIllICHHS Ta BUAAYi KPEIHTY;

- CKOPOYCHHSI 4Yacy pO3IJISAY 3asBKH, 30UIBIICHHS 4YHCHIa |
IIBUJIKOCTI 00pOOJTFOBAHKX 3a5BOK;

- BIJICYTHICT CyO'€KTMBHOI JIyMKH €KCIepTa MpH yXBaJjeHHI
pIllICHHS IPO BUAYY KPEIHUTY;

- BU3HAUYCHHS PIBHS JIOX1AHOCTI Ta PU3UKY KPETUTHOTO TIOPTQEIs;

- BUSIBJICHHS 1 3a00IraHHs CIpo0aM IaxpancTaa.

Henomiku ckopunry [1]:

- nporpama OI[IHIOE He peajbHy JIIOIUHY, a iHpOpMaIlifo, SIKy BiH
npo cede MoBiIOMIISIE, 1 J0OPE MiArOTOBJACHUN KIIEHT MOXE MPEICTAaBUTH JaHi
npo cebe Tak, 110 MPAKTHIHO TapaHTOBAHO OTPUMAE KPEIIHT;

- OLIIHKA KPEIUTOCIPOMOKHOCTI MPOBOAMUTHCS HA TIJICTaBi JaHUX
PO TUX IMO3UYAJBbHUKIB, KPEAUT SIKMM Oyiao BupaHo. [Ipo mnoBemiHKy
M03MYaJIbHUKIB, SIKAM OyJ0 BIJIMOBJICHO Y BHJa4i KPEIHUTIB, MOXKHA JIMIIE
3[10ralyBaTUCS.

CranmapTHUH @epenik 3a SKHUMH OTPUMYIOTh pe3yIbTaTH Ui BHOadi
KpeauTiB  Taki sk [2]: ciMeWHHMH CTaH, HasiBHICTh JITEH, yTpUMaHIIB, BiK
NO3UYaJIbHUKA, ITO3WTHBHA KpPEIWTHA 1CTOpis, NpaleBIallTYBaHHSA, TPYLOBHI
cTax, KBanigikals 1 mocaja.

PiBenp 3apoOitHoi rmuath. KpenuTHe HaBaHTakeHHs. PiBeHb OCBITH.
HasiBHICTh y BIacHOCTI HepyxomocTi abo aBToMoOusi. JlomaTKoBHiA JTOXIi.
[MacriopTHi naHHI. AKTyaJIbHI KOHTaKTHI JaHi.

Jyist BUpINIEHHST MUTaHb 32 BHJAYOK KPEIHUTIB MOXKHA 3aCTOCYBAaTH TaKi
anroputMu sk «BumagkoBmit mic» [3], MeTomoM HaWOMKYHX CYCIfiB,
«HaiBHuii» OaliecoBckuit knacudikarop [4].

BucnoBku. B paniii poOori mpoBeneHH aHadi3 TOJOBHHUX ILIIOCIB Ta
MiHyCIB CKOPHMHI'OBOI CHCTEMH, TakoX Oyiau po3iOpani Kpurepii 3a SKuUMH
MIPOBOJIUTHCS BiAOIp KIIEHTIB OaHKY Uil BHJA4l KPEIUTIB, Ta 3alpOINOHOBAaHI
QITOPUTMHU ISl BUPIIIIEHHS TaHOI 3a1adi.

Jlitepatypa

1. CKoprHTOBa CHCTEMa, ii BPA3IHMBICTh i MEPCIIEKTHBA PO3BHUTKY B
pociticekux ¢inancoBux cructemax [Emextponnit pecype] / M.I'onosim — Pexim
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nocryny: https://www.banki.ru/blog/Milanix/9742.php

2. Cxopunr  [Enexktponmit  pecypc] —  Pexum  goctymy:
https://www.calltouch.ru/glossary/skoring/

3. Random forest algorithm - [Enektponmii pecypc] — Pexum
nocrymy: https://en.wikipedia.org/wiki/Random_forest

4. «HaiBHuit» OaitecoBckuii kiacudikatop - [Enekrponuit pecypc] —
Pexum JOCTYILY: https://ru.wikipedia.org/wiki/HavBHb1ii OalieCOBCKUM
KiaccupuKaTop
YK 004.4

PO3POBKA KOHIIENIIIi IHTEJEKTYAJILHOI'O MOIIYKY
AHOMAJIIM TPU TECTYBAHHI IHTEPAKTUBHUX CUCTEM
KpaMapeHKO )I'O' [0000-0013-6657-4955], K.T.H. Pyzmiqemco MJI- [0000»0002»7343»8076],
IIu6aera H.O. [0000-0002-7869-9953]

E-mail: nickolay.rud@gmail.com, denscreamer@gmail.com, firmn@list.ru

DEVELOPMENT OF THE CONCEPT OF INTELLECTUAL SEARCH
FOR ANOMALIES IN TESTING OF INTERACTIVE SYSTEMS
Kramarenko D.O., Ph.D. Rudnichenko N.D., Ph.D. Shybaieva N.

Annomauin. Y poOOTI HaBeleHI pe3ynbTaTh pPO3POOKK  KOHIEMIT
IHTEJIEKTYaJIbHOTO TIOIIYKY aHOMAIIii TIPU TECTYBaHHI IHTEPAKTUBHHUX CHCTEM Y
PI3HUX (YHKI[IOHAILHUX PEXKUMaX.

Knrouosi cnosa: aBromMaTu3allisi TECTYBaHHS, MOLIYK aHOMATiH, IITYYHUH
IHTEIJICKT.

Abstract. The paper presents the results of the development of the concept
of intelligent search for anomalies in testing interactive systems in different
functional modes.

Keywords: automation of testing, search of anomalies, artificial intelligence.

Ilponec po3poOku  mporpamMHOro  3a0e3NeYeHHS  CYNPOBOUKYETHCS
MOCTIHHAM TIOIIYKOM 1 OOpoOKOI0 aHOMalid, KITBKICTh SKHX 9acTo
TpornopuiiHa ckiIagHocTi mporpamMu. OcoOIMBO aKTyallbHUHA MOMIYK TOMHJIOK B
ITpOBHX MPOAYKTaX, TaK SK CTPYKTypa irop CKIamaeThcsi 3 KOMIUIEKCHUX
MOZIYJIB 1 9acTO TeHepye MOMWIKHA. TOMy NMUTAaHHS TECTYBaHHS irop CTae Bce
BaXK4e 1 JOpOXXKYe 3 KOXKHUM POKOM, Ha BEIHMKHX IPOEKTAaX KIIBbKICTH Hacy,
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BUTPAYEHOr0 Ha TECTYBaHHsI, 4acTO B KUIbKa pa3iB MEPEBHUILYE Yac pO3POOKH
[1]. ABToMaTu3OBaHE TECTYBaHHS PO3BHBAEThCA 1 MOCTYNOBO 3aMiHIOE
MaHyaJbHe, aJe PI3HOMaHITHICTb irop 1 MmpaBWJI yHOBLIbHIOE el mpouec. OnHe
3 HaWMONIMPEHIIINX 3aBJlaHb ISl TECTYBaHHS B BiI€OIrpax € MOUIYK Bi3yaJbHUX
nedeKTiB: BiICYTHICTD TEKCTYp, HENPaBWIbHA T€OMETPisl piBHA, HENPaIfOI0UHH
UI [2]. KinbKicTh MOXIMBUAX MOMHJIOK 3aJI€KHUTH BiJl CKJIaTHOCTI MIPOEKTY, ajie B
cyqacHUX AAA-irpax TOIIyK Bi3yalbHUX OariB MOXeE OKYyIyBaTH COTHI
CICIAJICTIB 1 TUCSYI TouH [3].

Y KOXHOI cTyzii CBOI CTaHAApPTH CTBOPEHHS iIrpOBOTO OTOYEHHS, HABITh Ha
PiBHI OKpPEMHX MPOEKTIB IIA0JIOHH PO3POOKH MOXKYTh 3HAYHO 3MiHIOBaTHCS. 3
i€l NPUYMHNA HE MOXKHA CTBOPHUTH €IMHHMU IHCTPYMEHT JUIsi aBTOMaTH30BaHOTO
nomyky aedexTiB BUXomsauu 3 ikcoBaHux mpaBwi. PirreHHsM wiei mpobiemu
MOXE CTaTH HEeMpPOHHA MEpeka, HaJlalllTOBaHa Ha TOIIYK aHOMallii. Bussnenus
aHOMAJTil IPYHTYETHCSI Ha MOIIYKY BiXHJICHD BiJl CTEKa HOPMAaNbHUX JAaHuX [4].
Jns toro, mo0 cucremMa Morja NpalfoBaTH, JaHi NMOBUHHI OyTH 3rpyHoBaHi
BIJITIOBITHUM YMHOM 1 HECTU B OOl 3arajibHi PUCH, SIKi JISTKO BHSBHUTH. Y pa3i
nomyKky JAedeKTHHX TeKCTyp Yy BiJgeoirpax, TakUMU JaHUMH CTaHyTb
300pa)KeHHsI IrPOBOI'O0 OTOYEHHS 1 BUTATHYTa 3 300pa)kCHHs KOJipHA ramma
00'exTiB. Il KOPEKTHOrO HABYAHHS BCl JIaHl MOBUHHI OyTH HOPMaJbHUMH, JJIsI
IiIBUIICHHST e(pEKTUBHOCTI MOMIYKYy aHoManiid. CrpolieHa KOHLEINIisl MOUIYKY
aHoMaJIiii HajaHa Ha puc. 1.

HeiiporHa AHaniz fanmx i
Mepexa NOLLYK aHOMasii

-
e | W ) || =) U

Puc. 1. Cnpowena cxema pobomu HeliponHoi Mepedxci

Tak sKx CTBOpeHHS HEMPOHHOI Mepeki HaIllIeHEe Ha BUPIMICHHS MpoOieMu
MONIYKY Bi3yanbHHUX NedeKTiB, Juis peamisamii pimeHHs Oyae JAOCUTh aHali3y
300pakeHb. HagaHHA TakMxX BHXIJHUX JaHUX, K PO3TAlIyBaHHS Ta JHKEPENOo
nedexTy, MOXYTh OyTH peani3oBaHi 3a JOMOMOIOK BHYTPILIHBO IPOBUX
inctpymenTiB. Ha mpuknazmi po3mizHaBaHHA Ae(hEeKTHHX TEKCTYP 3a JOIIOMOTOI0
MaHyaJIbHOTO TECTyBaHHS, HEWpOHHa Mepeka IOBHHHA BMITH 3HAXOIUTH
HETNPUPONHI KONBOPY i aHOMAaNbHI MaTepHH Ha 300pakeHHi. [ wminiMizamii
TTIOMIJIKOBHX CIIPAIbOBYBAHB 1 3a100iTaHHs NepeHaBYaHHSI HEHPOHHOI MEpexi B
CHCTEMYy TIONIYKY aHOMaiiii HEeoOXiHO BHECTH oIleparopa, sAkuid Oyme
aHANI3YBAaTH 1 YIpPaBISATH CTEKOM 3HaWaeHWX aHomaiiid. Ilicms copTyBaHHS
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OTPUMAHMX BUXITHUX JaHUX 300paKCHHSI 3 aHOMATiISIMH MOXYTh OyTH
3TpyNoBaHi I HOBOTO KypCy HaBUaHHS, 300pa)XeHHS 3 HOPMAIGHUMHU JaHUMU
OynyTh 30epexeHi B 0a3y MaHWX U MMOBTOPEHHS 1 3aKPIIUICHHS ITOYaTKOBOI
MOJIeNli HaBYaHHSA. B mporeci poOOTH Ta MONANBIIOMY HABYaHHI BiJICOTOK
MIOMHJIKOBHX CIPaIlbOBYBaHb HEHPOHHOI Mepexi Oyjie cTaBaTH MEHIIe, CcTeMa
3MOXKE PO3IMi3HABATU OiNbIIy KUTBKICTH aHOMaNild 1 Kpamie aJanTyeTbes 10
HamineHoi rpi. Ha puc. 2 HaBeneHO cxemaTuuHe 300pa)KeHHsI MPOLECY MOUIYKY
aHOMaJIiif 32 yJacTIO JIIO/ICHKOI TIEPEBIPKH.

Basa o
aHomanii XiaHe
300paxeHHn
-

HelipoHHa
KoHeeprauis Mepexa
306pakeHHs
AHOMaNBHO? y4—  Oneparop
$ J -
OujHka HarueHa I
HoTtudpikayis u ; ©
aHoManeHocTi MoJjernk A
E:
'y
Knacudikalifl | o o AuomancHo?>—rie| Basa
aHOMa/BHICTI Lanux

Puc. 2. Cxemamuune 306pasxcents npoyecy nouyKy aHomaii
BucnoBku. Meroj aHamizy 300pa)KeHHS Uil TOMIYKY aHOMAaii
JIOTIOMOXKE Yy BUSIBICHHI Je()EKTHHX TEKCTYp, M0 OOMEXKYye MPaKTUYHICTh
CHCTEMH JIMIIEe OAHMM BuaoM OariB. [l BHU3HAYEHHs IHINMX Bi3yaabHHX
aHOMaJii HEOOXIJHO IMPOBECTH aHaNi3 pPEe3yNbTaTiB 1 PO3POOHTH JONATKOBI
AITOPUTMHU IS TiABUIIEHHS HAAIHHOCTI IHCTPYMEHTY B TECTyBaHHI.
Jlitepatypa
1. Homyk aHoMmaurii 3a momoMoror Heiipomepex [Enexkrponuii pecypc] —
Pexxum moctymy: https://habr.com/ru/company/krista/blog/478392/.
2. Bwussrnenns anomaniii [Emektponmit pecypc] — Pexum moctymy:
https://uk.wikipedia.org/wiki/BusBieHHs _aHOMAITii.
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3. laHi MOHITOPHHTY 3a JOIIOMOroI0 Helipomepexi [Enexrponuii pecype] —
Pexxum moctymy: https://habr.com/ru/company/itsumma/blog/341598/.

4. Charles P. Game Testing: All in One / P. Charles, M. Schultz, B. Robert,
T. Langdell // Course Technology, 2005. — 520 p.

VJIK 004.4

AHAJII3 COHELM®IKY ®YHKIIOHAJTY PEKOMEHJIALIMHAX
CUCTEM JJI NIJATPUMU BUPIIIEHHA TYPUCTUYHUX
3ABJIAHb
Menabauk B.O. [0000-0002-9683-2033], K.T.H. PYJIHH'{EHKO H.Z[ [0000»0002—7343—8076]7
TKanK LB. [0000-0002-3955-9454]

E-mail: bogdanmelnikbo@gmail.com, nickolay.rud@gmail.com,
tkachukiii@gmail.com

ANALYSIS OF TYPES OF RECOMMENDATION SYSTEMS IN ORDER
TO DETERMINE THE OPTIMAL MODEL OF THE
RECOMMENDATION SYSTEM OF TOURIST SERVICES
Melnik B.O., Ph.D. Rudnichenko N.D., Tkachuk I.V.

Annomauin. Y  pobOTI  HaBeNeHI  pe3yibTaTH  aHAi3y  THIIB
pEeKOMEHJALIHIX CcUCTeM 3 YypaxyBaHHsIM MoTped NpeaMeTHOi o0JyacTi
TYPUCTUYHUX MOCHYr. BH3HAYEHO ONTHMAIBbHHMIl LULIX UL  OTPUMAaHHS
MAaKCHMaJbHOTO PE3yIbTaTy.

Knwuosi cnosa: pexkoMeHIANilHI CHUCTEMH, IHTEIEKTYaJbHUH aHali3
JaHUX.

Abstract. The paper presents the results of the analysis of the types of
recommendation systems taking into account the needs of the subject area of
tourist services. The optimal way to get the maximum result is determined.

Keywords: recommendation systems, data mining.

AKTYyaJbHICTS BUKOPHMCTAaHHS CY4YaCHHMX DPO3POOKHM HOBHX 1H(MOpMAIUWHHX
CHCTEM MiI00py peKOMEHAAIIN ToJsATae B 3MiHI B3a€MOJil CydacHOI JIFOJMHU 3
cepBicamu.

3apa3 Gararo cepBiCiB MICTATh BeIWMYE3HY KiIBKICTh iH(oOpMaIli, ska
CKJIaIa€ThCA 3 00'€KTIB 1 30epiraeThcs y BCUIAKHX (hopMaTax. PexoMeHmarriitHa
cucrema (PC) HamaraeTbcs miependadnTH sIKi came 3 X 00'€KTiB OyIyTh HiKaBi
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KopHucTyBaueBi. Ha OCHOBI IbOro BHOYIOBYETHCS HOBHH CIOCIO KOMYHiKarii
CEepBiCiB 1 KOPHUCTYBAUIB, JIc KOXKEH KOPHCTYBAad MOXKE IOJIIIIIATH B3aEMOIIFO 3
CHUCTEMOI0, TOMY IO iH(opMaIis miaiopaHa Mo Horo iHTepecaM i BIOAOOAHHIM
[1]. 3aBmanHs TmONSrae B TOMY, IMO0 BH3HAYMTH ONTHUMAJBHI THIH
PEKOMEHIAIIMHNX ~CHUCTEM, JJIs TOJIMIIEHHS 3PYYHOCTI BHUKOPUCTAHHS
TYPUCTHYHOI COLIAIEHOT MEPEXI.

ToBapoM abo mocnyrorw Oyne meBHHE 00'€kT B chepi Typusmy. Hani Mu
OylneMo OTpUMYBaTH 3 TYPUCTHYHOI COIAIbHOI MEpeXi, Jie¢ € JBa THIH
kopuctyBauiB. Omni kopuctyBadi e B2C (buisness-to-customer) OisHec st
CIIOXKMBAYa, HAITPUKJIIA TYPareHCTBO.

A iumr B2B (business to business) - B 1[f0 KaTeropito BXOAUTh BCi MOXKIUBI
TOTeNi, KapIIepiHri, KeUTEPHHT i TOMY MOAIOHI mianpueMcTBa. PekoMeHnariiHi
CHUCTEMHU MUIAThCS Ha 4 TumM: KoyutabopathBHa (UTBTpallis, 3aCHOBaHI Ha
KOHTEHT, 3HAHHSIX Ta T1OpUIHi.

KonmabopatuBHa ¢inbrpamist (collaborative filtering) - me cucrema,
pexoMeHalii SKoi 3aCHOBaHiI Ha 1CTOpii OILIHOK, SIK CaMOr0 KOPHCTyBada, Tak i
iHmmx. [II0CH mOIsATaloTh B TOMY, IO SKIINO Y HAC € JOCTaTHS KITbKICTh JaHUX
PO KOPHCTYBaya - MU MOXKEMO MepeI0auyuT HOro HaCTYIHHUIA BHOIp (BHCOKA
TEOpeTHYHA TOYHICTh). MIHYCH TONSralOTh Yy TOMY, W0 [UIS HOBHX
KOPHCTYBa4iB IO SIKMX y HAC HEMae JaHuX abo X mayxe mMasio, MU HE MOXEMO
cKiactu pexkoMmenaanii [2].

3acHoBaHI Ha KOHTEHTI (content-based) - me cucrema pexoMeHpaniii, sika
3aCHOBaHa Ha 3HAHHSAX NPO MPOAYKTH. Hampukiaa: KiNIBKICTH MiCLb B TOTEI,
LiHK, BUTbHI gatu. [lmocu B TOMYy, 110 TakuWii METOJ AOIOMAarae He BTPATUTH
HOBHX KOPHCTYBaYiB, TaHUX IO SKUX IIIC HEMAE.

MiHycH B TOMY, IIIO 1€l METO Ay»Ke HETOUHHMIA 1 TIOTPiOHO O1IbIIE Yacy Ha
peanmizamiro. 3acHoBani Ha 3HadHaAx (knowledge-based) - 1me Tun
PEKOMEHALIMHNX CHCTEM, J€ PEKOMEHIaIlli MPOMOHYIOTHCS Ha OCHOBI 3HAHB
PO AKyCh MPEAMETHOI 00IacTi, PO KOPHUCTYBAYiB TOBAPH Ta IHIII JaHHUX, AKi
MOXYTh JOINOMOITH B pamKHPyBaHHI. Y Takiii cHCTEeMi OI[IHOK He
BPaxoBYIOThCA. ILIIOCH B TOMY IO MH MOXXEMO 3alpOIOHYBaTH 3a3/ajeriab
BIJOMMI Tepestik TOBapiB a00 MOCIYT, SKi HAMKPAIIUM YMHOM IiIXOIATh OIMH
JI0 ofgHOro. I B TakoMy BHIIAIKy CHCTeMa Oyle BOJOMITH BHUCOKOK TOYHICTIO.
Minyc B TOMy, IO A po3poOKH Takoi chcTeMH MOTpiOHO OaraTo wacy i
pecypcis.

lopumni (hybrid) - komOiHyBaHHS AEKUIBKOX THITIB PEKOMEHIAIIHHUX
CHCTEM, JJISl OTPUMAHHS OUIBII TOYHOTO PE3yIbTaTy abo MiHIMI3aIlil HeHOMiKiB
OKpPEMUX THITIB PEKOMEHIAIIIHHAX CUCTEM.

BukoprcTOBYETBCS BENUKOIO KiJIBKICTIO TIOMYISIPHUX CEPBICOM HA CHOTOMHI
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JUTsl OTPUMAHHS CAMOTO TOYHOT'O PE3Y/IbTAaTy Ha BUXOI.
Minyec, sk 1 y Bunaaky 3 knowledge-based mosnsirae B ckimagHocTi po3poOku
[3].

BucHoBku. Meton xomrabopatuBHOI (hinbTparlii € HAHOUThII eheKTHBHUM
JUTA PEKOMEH/IAIT Bi/ITOBITHIMX KOHTAKTIB, HA OCHOBI B3a€MOJIii KOPUCTyBada 3
BeO-caliTOM B paMKaXx MPOIOHOBAHOI CUCTEMH y chepi TypU3My.

VY cucreMi MoxxHa Oyzie BpaXOBYBaTH TYPUCTHYHI HANIPSMKH, 3 SKMMU BOHA
MIPAIOE, Ta BIATYKH, sIKi Oy/IM 3aUINEHI MEBHUM TOTEISIM ab0 KapIepiHTram,
JUTS TOOYAOBH peKOMeHalli y cepi Oi3Hecy.

A npyruii tun knowledge-based Oyme BuKOpHCTOBYBaTHCS s (haiiiis,
JIOKYMCHTIB, CcTaTell Ta IHIIMX Mefia, SKi MOTEHI[HHO Moriu O OyTH IiKaBi
KOHKpETHOMY Oi3Hecy.

Jlitepatypa

1. Cryenko L.}IO. Po3pobka mporpaMHOro 3abecrieueHHs ISl CTBOPEHHS
pexomenpaniiuux cucreM / 1.1O. Cryenko, M.JI. Pynauuenko, J1.C. IlIubaes //
Marepianu IX MikHApOAHOT HAYKOBO-TIPaKTHUHOI KOH(pepeHwii «[Hpopmarlriiini
yIIpaBJsiFoui cucreMu 1 TexHodorii» 24-26 Bepecust 2020 p., m.Oneca. - 2020. -
C.212-214.

2. Pynuivenko M.JI. IIpoeKT iHTeNEKTYaabHOI PEKOMEHIAIIMHOI CHCTEMBI
Bisyamizamii OGaratomipuux mammx / M.Jl. Pymuiuenko, C.€. Timenko, O. O.
Spuyk, A. C. BoiinexoBcekuii // 3axuct iHdopmalii B iH(pOpMaIiiiHO-
KOMYHIKaIiiHUX cucTemMax: 30ipuuk Te3 gomosizeii III  BeeykpaiHcbkol
HayKOBO-TIPAKTHYHOI KOH(EPEHIITMOIOIUX YIEHHUX, CTYACHTIB 1 KypCaHTiB, M.
JIsBiB, 28 mucromama 2019 poky.JIesis, JIIYBX]I, 2019. — C.277-278.

3.Texxa M.I. Po3pobka KOHIIEHINT MPOEKTY PEKOMEHIALIMHOI CHCTEMH
IHTENIEKTYaNbHOTO aHami3y Benukux oocsriB manux / M.I. T'exa, C.€. Tuenko,
€.A. Tonomormmrok // Martepianu BCEYKPAIiHCHKOI HAyKOBO-IPAKTHYHOL
KoH(epeHIii MONOIUX BYEHHX, acmipaHTiB Ta cryaeHtiB, YHY im. Ilerpa
Morunu. — Mukonais: Bug-so UITY im. [lerpa Morun, 2019. — C. 99 — 102.
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CONCEPT OF THE PROJECT OF THE INFORMATION SYSTEM OF
SEARCH OF OPTIMAL ROUTES ON GRAPH MODELS
Pashkovsky M.R., Ph.D. Rudnichenko N.D., Holopotilyuk E.A.

Annomauyin. Y poOOTI HaBeleHI Pe3yJNbTAaTH JOCIHIIKEHHS MOXJIMBOCTEH
CTBOPEHHSI Ta OCHOBHOIO (PYHKIIOHANY KOHIENIil MPOeKTy iHpopMaliiHol
CHCTEMH IOUIYKY ONTHMAIBHUX MapLIPYTiB Ha rpa)OBUX MOJIEISX.

Kniwouosi cnoea: momyk onTuManpHOro uuUIsXy, rpadosi  Moneni,
iMiTaLiiHe MOICTIOBAHHSI.

Abstract. The paper presents the results of the study of the possibilities of
creating and the main functionality of the project concept of the information
system for finding optimal routes on graph models.

Keywords: optimal path search, graph models, simulation modeling.

[IpoGiiema mOIIYKY ONTUMAaldbHOI BiJCTaHi OyjJa akTyalbHa 3aBXKIH.
ChoroziHi MeTo[M TOIIYKY BHKOPUCTOBYIOTBCS B JIOTICTHIN, B TypH3Mi, 1 B
MOBCSIKICHHOMY JKUTTI B MICTi, KOJMM Tpeba NPOAyMaTH SIK HaWIIBUALIE
nibpatucs 3 Touku «A» B Touky «b» [1].

CucreMa MOIIYKy ONTHMAJIbHOrO CTaHy (LUBIXy) Ha rpadi mpH3HAYAETHCS
JUTSL aBTOMATH3AIlii POKJIaJaHHs MapIIpyTiB Ha KapTax [2].

Ls cucrema Oyme KopucHa Uil KOPHUCTYBAYiB, SIKi MOCTIHHO MPAIIOIOTH 3
KapTaMH# Ta, SKAM HOTPiOHO MPOKIAJaTH HOBI IUIAXU Ta MapmpyTH. Po3podka
CHCTEMH aKTyallbHa B TakUxX cepax, Je MOCTIHHO MOTpiOHO, a0 ONTHMI3yBaTH,
a00 CTBOPUTH HOBUU MapIIpPyT.

KoHuenrtyansHa imes TNpPOEKTYy CHUCTEMH IMONAra€e B TOMY, 10O
MIPOAHAJI3yBaTH CHELiaTbHUI CIIMCOK BXiTHUX MapaMeTpiB Ta BUJATH HA BUXOII
MapIuIpyT, SKAH MaKCHMAalbHO ITIOBHO BiAIOBifa€ BHMOraM KOpHCTyBada. B
CIHCOK BXITHUX IApPaMETPiB IUIAHYETHCS BHECTH: MAaKCHMallbHY, a0o
MiHIMAIIBHY JOBXWHY MAapIIPYyTy; THII TIEPECcideHoi MICIEeBOCTi; TPYAHICTh
MMOJIOJIAHHA TepemKoan, abo i 00XiJ; TMOYaTOK Ta/ab0 KiHEmb MapIIpyTy;
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napamerp, KM BU3HAYAE, SIK YaCTO MOBUHEH HA MAPIIPYTi TPAIUIATHCH MIEBHUM
00’€KT; KapTy palioHy, 00’€KTH SIKOr0 IPOrpamMHO OyIyTh MPUBENEHI y BUIIISAIL
rpada.

Cucrema Oyge BHKOHYBaTH IIOUIYK ONTHMajbHUX MapLIpyTiB 3a
JIOTIOMOT'0I0  aJITOPUTMY A *, SKMH TpU3HAYEHO IS TIONIYKYy MO MEepIIoMY
Halikpamomy 30iry Ha rpadi, SKHA 3HAXOOUTh MapWIPyT 3 HAHMEHIIOI
BapTICTIO Bijl OJHI€T BEPIIMHU (II0YaTKOBOI) 110 iHIOI (11J1b0BOT, KiHIEBOT) [3].

CucreMy IUIaHYETBCSI peasli3oBYBaTH y BHIVISAI MOOUIBHOTO JOAATKY Ha
MOBI nporpamysanus Java B cepenosumii IntelliJ IDEA.

HaiikpanmM anropuTMoM Jjs MOIIYKY ONTHMAJbHHX LUISAXiB B PI3HHX
npocropax € A*. llelf eBpUCTUYHUIA MOIIYK COPTYE BCi BY3IJIM 1O HAaOJIMKEHHIO
HAWKpamoro Mapmpyty ine depe3 1ed By3on. Tumoma (opMyna eBpPHCTHKH
Bupaxaetbest y Bunmimi f(n) = g(n) + h(n), me f(n) 3HauenwHst oriHKH,
npu3HaYeHui By3ny N, g(N) HalMeHIa BapTiCTh MPUOYTTS B BY30d N 3 TOYKH
crapry, h (n) eBprucTHYHE HAOIMKEHHS BAPTOCTI NUTAXY IO METH Bix By3ia N.

TakuM duHOM, 1I€fi aQJTOpPUTM TMOEAHYE B €00l OONIK JOBKUHU
HOMEPEHbOro NUIAXY 3 anropurMmy JlidKcTpa 3 €BpPHCTHKOIO 3 alTOpUTMY
"kpammuii-nepmii”.

BiH rapaHTOBaHO 3HAXOJWTh HAMKOPOTIIMH WDIAX, A0 THX HIp IOKK
eBpuctnuHe HabmmkenHs h(n) e gomycTumuM, TOOTO BiH HIKOJIM HE MEPEBUIILYE
IIMCHOI BifcTaHi 40 1ij, sIKa 3aIMIIHIIACE.

Ileii anroput™M HaWKpallMM YUHOM BHMKOPUCTOBYE EBPUCTHKY: >KOIEH
IHIIWIA aJrOPUTM HE PO3KPHUE MEHIIE YUCIIO BY3JIIB, HE BPaxXxOBYIOUM BY3IIB 3
OJTHAKOBOIO BapTicTio [2].

[opiBHIOIOYM ANTOPUTMHU: aNrOpuT™M JIelKCTpu OO0YMCIIOE BiACTaHb Bij
IIOYaTKOBOI TOYKH.

XKaniOHuit momyk mo mepuioMy HalKpalioMy 30iry OILIHIOE BIJICTaHb JI0
TOYKHU METH. A * BUKOPUCTOBYE CyMY IIMX JIBOX BijcTaneii (puc.1).

BucHoBku. B pe3ysibraTi aHamizy MeTOiB MOIIYKY ONTHMAJIBHOTO HUISXY
Ha Tpadax BUABIEHO, MO Ui NPOOOPOHOBAHOI CHCTEMH  HaWKpaIiuM
aNrOpUTMOM BHSBUBCS A* 3a Hioro e(peKTHBHICTH HAa THYYKICTh, HOPIBHSHO 3
IHIINMHU METOIaMH.

Ha 6a3i oTpumaHHX pe3ynbTaTiB 3 PO3POOKH KOHIICMIlii IPOEKTY CTa€e
MOJIMBHM HOTO ITOajIbIa IpOrpaMHa IMIDIEMEHTALIIS.
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Puc. 1. lopisusanns arcopummie A*, [itikcmpu ma scadionul

Jlitepatypa
1. Anroputmu momyky nuiaxy. [Emekrponmii pecypc] - Pexxum moctymy:
http://pmg.org.ru/ai/stout.htm.
2. Beenennsa B anroputm A * [Enexrtponmit pecypc] - Pexum moctymy:
https://habr.com/ru/post/331192/.
3. Tlomryk Ha rpadax. [Enextponmii pecypc] - Pexum pocrymy:
http://synset.com/ai/ru/search/Graphs_search.html.
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ANALYSIS OF THE SPECIFICITY OF APPLICATION OF
ASSOCIATIVE AND GENERALIZED LOGICAL RULES
Unguryan D.Z., Ph.D. Rudnichenko N.D., Ph.D. Kozlov A.Y.

Annomauyin. Metoro naHoi poOOTH € PO3TJIAA Ta aHATI3 acOI[laTHBHUX Ta
y3arajJlbHeHHX AacoliaTMBHUX NpaBwi. PO3MISHYTO Ta JaHO BIANOBIAb Ha
HACTYIHI NMUTaHHS: 10 TaKe acolliaTHBHI Ta y3arajbHEHi NMpaBWIIa; 3aBJaHHS
ACOI[IaTMBHUX MPAaBWJI, POJb ACOIIaTUBHUX IPABUI, AJITOPHTM aCOLiaTHBHHUX
NPaBUJI, HABEJICHO MPHUKJIAIM BHKOPUCTAHHS aCOLIaTUBHHUX IMPABHI Ta PO3TIIST
PUHKOBOT'O KOIIIHKA.

Knwwuosi cnoea: acouiatuBHi JaHi, y3arajJbHEHI acoliaTUBHI JaHi,
anroput™ APriori, pUHKOBHI1 KOIIHK.

Abstract. By the method of the given robot € a look at the analysis of the
associative and public associative rules. It is clear and given a view on the next
meal: the same are the associative and public rules; establishment of associative
rules; the role of association rules; algorithm of associative rules; That is, it is
pointed at the bottom of the associative rules and the view of the cinnamon cat.

Keywords: associative data, generalized associative data, APriori algorithm,
market basket.

Bnepuie 3aBraHHs NOIIYKY acOLiaTUBHUX MpaBUiI Oylia 3alpOIIOHOBaHA IS
3HAXOIDKEHHA TUIIOBMX MIA0JNIOHIB TOKYIOK, IO 3IIHCHIOIOTBCA B
cymepMapKeTax, TOMY iHOAI ii Ie Ha3WBalOTh aHATI30M PHUHKOBOI KOP3WHH
(market basket analysis) [1]. Hexaii € 0a3a nmaHmx, IO CKJIAIaeThes 3
KymiBenbHUX TpaH3akiiil. KokHa TpaHsakuis - me HaOip TOBapiB, KYIUICHHX
NOKYIIIEeM 3a OXWH Bi3WT. Taky TpaH3aKIif0 IIe HAa3WBAIOTh PHHKOBOIO
KOLINKOM. MeTOI0 aHaNi3y € BCTAHOBJICHHS HACTYIHHX 3QJISKHOCTEH: SIKIIO B
TpaH3aKIii 3ycTpiBes meskuit Habip eneMeHTiB XX, TO Ha IMiICTaBi IIHOr0 MOXKHA
3p0oOUTH BIHCHOBOK IIPO T€, IO iHIHHA HaOIp eleMeHTiB YY TaKoX K€ TIOBHHEH
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3'IBUTHCS B Il TpaH3akilii. BCTaHOBIICHHS TaKWX 3alle)KHOCTEH Jae HaMm
MOXKJIMBICTh 3HAXOAUTHU YK€ MPOCTi i iIHTYITUBHO 3p0o3yMiJii mpaBuia [2].

AJNTOPUTMH TIOIIYKY acOLiaTHBHUX NPaBWI NMPU3HAYEHI /U1 3HAXO/DKEHHS
Beix mpaBmit XY XY, NIpU4oMy MiITPUMKA i TOCTOBIPHICTh IIMX TPAaBHII MIOBUHHI
OyTu BHUIIE AESKUX Harepe] BU3HAYCHUX MOPOTiB, SKi HA3UBAIOThCS BiJIIOBIIHO
MIHIMAJIBHOIO MiATPUMKOIO (minsupport) 1 MiHIMaJIBHOI JTOCTOBIPHICTIO
(minconfidence)[1]. OauH 3 MepmUMX aaTOPUTMIB, sIKi €PEKTHBHO BHPILIYIOTh
noAiOHUH KJlac 3aBJaHb, - 1e anroput™ APriori. Kpim Hboro 0ynu po3po0ieHi i
inmi anropurmu: DHP, Partition, DIC [2]. 3naueHHs a1 mapamerpiB
MiHIMalbHa MATPUMKa 1 MiHIMaJbHa JOCTOBIPHICTH BHOWPAIOTHCS TaKHM
YUHOM, 100 OOMEXHUTH KUIBKICTh 3HAWICHUX MpaBWI. SIKIIO MiITPUMKa Mae
BEJIMKE 3HAYEHHS, TO AITOPUTMHU 3HAXOMUTUMYTh IpaBHWia, J00pe BijoMi
aHaJiTHKaM ab0 HACTIIBKM OYEBHUIHI, IO HEMAa€ HISIKOrO0 CEHCY TPOBOJUTH
Takui aHaji3. 3 IHIIOro OOKY, HU3bKE 3HAYCHHS MiATPUMKH BeZE 0 TeHeparlii
BEIMYE3HOI  KUIBKOCTI  NpaBWj, 1110, 3BHYaiiHO, BHMAara€ ICTOTHHX
OOYHMCITIOBAILHUX pecypciB. TUM He MeHIe, OUTBINICTh I[IKaBUX IIPaBUII
3HaXOJUTLCS caMe MPHU HU3bKOMY 3HA4YEHHI MOpOry MiATPHUMKH. Xoua 3aHaiTo
HHM3bKE 3HaYEeHHS MiTPUMKHU BeJle JI0 IeHepallii CTaTUCTUYHO HEOOTPYHTOBaHUX
npaBwil. OjHa 3 MPoOOJIeM - ANrOPUTMIYHA CKIIQIHICTh TPH 3HAXOPKEHHI 4acTo
3yCTpiYaroThCs HAOOPIB EINEMEHTIB, TOMY 1110 3 pocTOM uucia eneMeHTiB B I (| 1
) I (|]I]) excrioHeHIia)IbHO 3pOCTAE YMCIIO TTOTEHIIMHIX HAOOPIB €JIEMEHTIB.

Hexait Ham nana 6as3a tpanzakuiii DD 1 BiioMo B siki rpynu (TakCOHH)
BXOIATH elleMeHTH. ToAi MOXHa BUTATATH 3 JaHUX MpaBUiIa, IO 3B'A3YIOThH
TPYIHU 3 TpyHaMy, OKpeMi eleMeHTH 3 IpynaMu. Hampukman, sKImo moxymnens
KYIUB TOBap 3 rpynu «be3aykoroyibHi Hamoi», TO BiH KYMHUTh 1 TOBAap 3 TPyNu
«MomnouHi npoayktu» abo «Cik» «Morouni npoayktwy». Lli mpaBuima HOCSATH
Ha3BY y3araJbHEHHX acOLiaTHBHHX MpaBwil. OKpeMi eJIeMEeHTH MOXYTh MaTH
HEJOCTaTHIO MIATPUMKY, aje B LUIOMY Ipyna MOXKe 3aJOBOJBHATH IIOPOTY
minsupport. J[is 3HaXOMKEHHSI TaKHX MPABHI MOXKHA BUKOPHCTOBYBATH OY.b-
SIKMHA 3 BUINEHA3BAaHUX alTOpUTMIB. I IOT0 KOXHY TpPaH3aKIi0 MOTPiOHO
JIOTIOBHUTH yciMa NpeIKaMh KOXKHOTO eNIeMEHTa, II0 BXOAWTH B TPAH3AKIIIO.
OpHak, 3aCTOCYBaHHA «B JI00» IIMX AaITOPUTMIB HEMHUHYYE IMpHU3BENE [0
HACTYNHUX mpoOieM. EneMeHTH Ha BepXHIX pIBHAX i€papXii HparHyTs A0
3HAYHO OLTBIIMX 3HAYEHb MiATPUMKH Yy TOPIBHSAHHI 3 €JIeMEHTaMH Ha HIDKHIX
piBHAX. 3 JOmaBaHHIM B TPaH3aKIii Tpyn 30iMbIIMIACS KUTBKICTH aTpPHOYTIB i
BiJIMOBiTHO PO3MIPHICTH BXiAHOTO mpocTopy. Lle yckimaaHtioe 3aBnaHHs, a TAaKOXK
BeJIe JI0 TeHeparlii OUTBIIO] KUTBKOCTI TIPABHIIL.

BucHoBku. B pesynbraTi NpOBENCHOrO aHami3y BCTAHOBIECHO, LIO IS
3HaXOMKEHHS Y3araJbHEHHX AacOLIaTUBHUX MPaBWI OaXaHO BHKOPHCTAHHS
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CTIeIiayli30BaHOr0 anroput™y [3], sIKMii yCyBa€ BHINIEOMHCaHI MpoOieMu i 10
TOT'O X IIpaIoe B 2-5 pa3iB MIBUALIE, HIX cTaHaapTHUN APriori.

Jlitepatypa

1. BBenmeHHs B aHaNi3 acoIiaTUBHUX NpaBWI - [EmexTpoHHUit pecypc]. -
Pexxum moctymy: https://loginom.ru/blog/associative-rules.

2. ANropuTMH BHIICHHS acOIIaTUBHUX MpaBwi - [EnekTponHwMii pecypc].
- Pexum mocrymy: https://ranalytics.github.io/data-mining/054-Association-
Rules-Algos.html.

3. Characteristics of association rules and item sets - [EnextpoHnuit
pecypc]. — Pexum moctymy: https://www.ibm.com/docs/en/db2/10.5?topic=
visualizer-characteristics-association-rules-item-sets.
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IMPOEKT CUCTEMMU INIITPUMKU OPUMHATTS PILIEHD OIIHKHA
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®imyx /1. JI., k.T.H. Pyqanuenxo H.JJ, [0000-0002-7343-8076]
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ACREDIT RISK ASSESSMENT DECISION SUPPORT SYSTEM
Fishchuk D.L., Ph.D. Rudnichenko N.D., Shybaiev D.

Anomauin. Y poOOTI HaBeNeHI pe3yabTaTH PO3POOKH Ta JIOCIHIIKEHHS
MoJiesiel TITMOOKOro HaBYaHHsI Ha OCHOBI IHTENEKTYalbHOIO aHANI3y MaHUX IS
BU3HAYEHHS METOJIB KPEAUTHOTO CKOPHUHTY.

Kntouogi cnosa: xpemuTHHI CKOPUHT, IPOTHO3yBaHH:, HEHpOHHA Mepexa,
IHTETIeKTYaIbHU aHaji3 JaHWX, CKOPUHTOBa MOJENb, perpecis, CKOPHUHTOBA
Kapra.

Abstract. The paper presents the results of development and research of
deep learning models based on data mining for determining credit scoring
methods.

Keywords: credit scoring, forecasting, neural network, data mining, scoring
model, regression, scoring map.

[Ipomiec pO3BUTKY pPHUHKOBUX TIOTJBIMIB B YKpaiHi MOKa3ye 3HAYHE
3pocTaHHA TOTpeOM Ha KpemuTHI ciayxOm ©OaHkiB 3 OOKy Cy0'ekTiB
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rOCIOAapIoBanHs. Y 3B'A3Ky 3 1M, OAaHKW TOBWHHI NOAIIMBO CTaBHUTHCS 0
TaKOTO 3aBJaHHSA, SIK aHATI3 KPESAUTOCIIPOMOXKHOCTI MO3WYAIIbHUKA, B TEPILY
Yepry depe3 CBOIO JK BJIACHOI eKOHOMiuHOi Oesmeku. Choroni OaHKIBCBHKI
YCTaHOBU PO3POOJISIOTh BCUIAKI TMIIXOAW JUIS OINHKK KPEmiTOCTIHKICTI
3aMOBHUKIB, TPUTOMY KOXEH pillydnii OaHK po3po0iisiec OCOOMCTY CUCTEMY
OLIIHKK KPEJUTOCTIPOMOXKHOCTI HIMOBIPHOTO MO3WYAIbHUKA, CTIKAIOUH 3 TIEBHUX
yroIl JOrOBOPY, MPIOPUTETIB B poOOTI OaHKY, HOro Cremiatizamii, MicIs Juis
PHHKY, KOHKYPEHTOCHPOMOXXHOCTI, CTaHy BIJJHOCUH 3 KII€HTYPOIO, CTYyIEHs
(i1HAHCOBOI 1 MOJITHYHOI CTIMKOCTI B KpaiHi 1 ToMy mofiOHe. Y 3B'S3KY 3 UM
3aTpeOyBaHICTh TEMH JOCHIPKEHHS MOB'I3aHa TaKOX 3 THUM, L0 Pe3yJbTaTHBHA
OLIIHKAa KPEAUTOCIIPOMOXHOCTI KOHTpareHTa - Iie OjiHa 3 HaWOUIBIINX 3aBIaHb
OankiBcbKkOi cucremu Ykpainu. KoxHomy OaHKy came KpemuTHi oneparii
MIPUHOCATH HAWOUIBINI JJOXO/H 1 BiJl TOr0, HACKIJIBKH MPAaBWIBHO OYAYyTh 0OpaHi
METO/IM 1 JIOTPUMaHi YMOBU KPEIUTYBaHHS, B 3HAYHIN Mipi 3aJIe)KHUTh PE3yJIbTaT
KPEAUTHOI orepallii, 0co0a1Bo, Koy OaHKIBChbKa CUCTEMH Y KpaiHU NepeKuBae
Kpu3zy. Meroro poOoTH € aHaji3 CHCTeMH KPEAWTHOTrO CKOPUHTY Ha OCHOBI
METO/IIB Ta MOJIEJIEH 1HTEJIEKTYaIbHOIO aHaJI3y JJaHUX, a TAKOXK, X MOPiBHSIHHS
3 ICHYIOUMMH METOJaMH KpPEIMTHOTO CKOPHHTY. B mpormeci BHKOHaHHS
pO3pOOKHM CHCTEMH TIPOBEICHO aHali3 KIIYOBHX MAXOAIB MOOYIOBH
CKOPHHTOBHX MOJIEJIel, PO3IIITHYTO Ta MPOAHATI30BAHO TEXHOJOTil HEMPOHHUX
i GaiiecoBckux Mepex [2]. Bymu mpoaHasizoBaHi IMiJICYMKH TPOTHO3YBAHHS Ta
OLIHKK [yl OOIPYHTYBaHb TMepeBard ONTHUMAJbHOI MOJENi JUIsi OLIHKH
KpPEeIUTOCIPOMOXKHOCTI  KiIieHTiB  [3]. 3 1i€l0 METOl TpOBEACHO psij
EKCIIEPUMEHTAJIbHUX JIOCHI/PKEHb, y SKUX BHUSBIICHO, IO HAKOUIBIIOrO piBHS
TOYHOCTI JIOCSTAaIOTh MOJENi, sIKi KOMOIHOBaHO B paMKax aHCaMOJo, IO
JIO3BOJIMJIO 3HU3UTU MOXHOKY 10 1-2%. BucHoBku. BukoHnaHe oOrpyHTYBaHHs
BUOOPY TEXHOJIOTI 1 METOMIB KPEITUTHOIO CKOPHHTY Ta PO3pPOOJIEHO MPOEKT
apXITEKTYpU CHUCTEMH, SIKA JJACTh 3MOTY 3MEHIINTH KPEAUTHI PU3UKH OaHKIB, a
BIJITIOBITHO, 1 TIPOCYBAaHHS MO0 KPETUTHOTO PEHTHHTY, 110 B CBOIO YEPry Mae
CHCTEMHUH BIDIMB [T OaHKIBCHKOTO Nany Ykpainu. [loTeHnianbHIME nUIIxaMu
MOANIBIIOr0 PO3BUTKY € IHTErpamisi y CTPYKTYpY CHCTEMH OKPEMHX
CTPYKTYPHHUX Ta THYYKHM YHHOM KOH(IrypOBaHHX MOXYIMIB, SIKi ITO3BOJSATH
3aJIOBUIBHUTH Psifi (PYHKI[IOHAIBHUX BHMOI Ta 3alUTIB MPAKTUKH 31 CTOPOHH
cy4JacHoOro Oi3Hecy.
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3ACTOCYBAHHSA METOAIB ITPOI'HO3YBAHHSA AJ1S1 BUPIINEHHSA
3ABJAHHS CUCTEMU JUHAMIYHOI'O CITOPTUBHOI'O
PO3BUTKY
qu'lI)IIOB K.L [0000-0043-5966-5531]’ K.T.H. Pyzumqemco H-)I- [0000»0002»7343»8076], ByT
H.B. [0000-0002-8740-6198]
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APPLICATION OF SOLVING THE PROBLEM OF DYNAMIC SPORT
DEVELOPMENT SYSTEM
Chelsov K.1., Ph.D. Rudnichenko N.D., But N.V.

Annomauyin. Y poOOTI HaBEIEHO PE3yNbTaTH PO3POOKU Ta IIOCIIIKEHHS
OpPOrpaMHOT0  3aCTOCYBAaHHS I[POTHO3YBAHHS IS  BHPIIICHHS 3aBOaHb
JOCSITHEHHSI 1 (hJiIKCYBaHHS CIIOPTUBHHX LILIEH.

Knrouoei cnosa: merony mporHo3yBaHHs, CIIOPTUBHUI PO3BUTOK.

Abstract. The paper presents the results of development and research of
software application of forecasting to solve problems of achieving and fixing
sports goals.

Keywords: forecasting methods, sports development.

VY Ham yac BeNHMKY NONYJSPHICTH 3HAXOAUTH TPEHJ 3J0POBOTO CHOCOOY
KUTTS, SIKAA TOBOPUTH IIPO T€, IO MOTPIOHO CTEKUTH 32 KUIBKICTIO Kalopii
BKMBAaHUX 3a JI€Hb, OalaHCOM BOAWM B OpTaHi3Mi 1 (i3UYHUMH BIIPaBaMH.
JloTpuMyBaTHCST TaKOTO CIIOCO0Y XUTTS CKJIaIHO, TaK SK B HHOMY MOTPiOHI:
OONIK TOTOYHUX JIOCATHEHb, PETYISPHICTP BHKOHAHHS IUIAaHY (i3U9HUX
yOpakeHHH 1 XapdyBaHHS. Y 3BSBKY 3 IIMM CTald 3aTpeOyBaHi CHCTEMH
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CIIOPTHBHOTO PO3BUTKY. Taki CHCTEMH IOTIOMAraroTh IiIiOpaTH IIeBHUH
KOMIUIEKC BIIPaB 3 METOIO 3MEHIIECHHsS Baru abo 30UIBLIEHHAM M'S30BOI MacH
KOpHCTyBaua. A TakoXK BECTH HOro oOJIiK XapuyBaHHS (KUIBKICTH CIIOKUBaHUX
KaJopii B JieHp) 1 OajaHCy Boau B oprasi3mi. [IpoaHamizyBaBIIM TOTOYHI
CHCTEMH CIIOPTUBHOTO PO3BUTKY BHSBJICHO HACTYIHI HEJONIKH: CTaTHYHICTBH
IUIaHy (Qi3UYHUX HABaHTa)KEHb, KOJNW JIIOAWHA IPOIMYCTHJIA TPEHYBaHHS abo
MEpEeBUKOHANA UTaH (Yepe3 Iie MaHOyTHIN I1aH (i3MYHUX HABaHTAKCHb € HE
e(peKTHUBHUM), BiJICYTHIH OOJIiK OajJaHCy BOAW B OpraHi3Mi, HEMae MOXXJIHBO
pO3paxyBaTH HEOOXiJHY KUIBKICTh CIIOKHBAHOI BOIM 1 Kajopiit 3a 100y, Hemae
MOXIIUBOCTI BUOpATH Jie BUKOHYBaTH (i3uuHi BpasH (B 3aii abo Ha Byaumi). Y
3B"SI3KY 3 BIJICYTHICTIO OBHOIIIHHUX MPOrPaMHUX PillIeHb B BIAKPUTOMY AOCTYII
HeoOXifHa po3poOKa CBOEi MPUKIAIHOI NMPOrpaMHOl CHCTEMH, SKa BHKOHYE
o0yik (i3MYHMI HaBaHTaXe€Hb, NPOINOHYE BapiaHTH MicCls TPOBEACHHS
(GI3MYHUX HaBaHTaXEHb, CIPOTHO3YE 1 mepeOyaye IUIaH TpeHyBaHb. Jlns
BUpINIGHHS 3aBJIaHHS IIPOTHO3YBaHHA IUIaHy (i3UYHMX BIOpaB  Oyxe
BUKOPHCTAHHUI METO/I MPUHHATTS ONTHUMAIBHUX pitensb [1,2].

Jnst  NOCATHEHHS MOMKIJIMBOCTEW BHPIIIEHHS JaHOrO 3aBIaHHS Oyio
NPUHHATO PillIeHHS B PO3pOOLIi TPOrpaMHOro J0AaTKa sl 00Ky CIIOPTHBHOTO
pO3BUTKY Ha 0a3i BHKOPUCTaHHS MOBM TporpamyBaHHs Python 3.6 i
¢bppetimBopka Django 3 mns peasnizaiii JIOTiKM cepBEpHOI CTOPOHH CHUCTEMH,
cepenosuile po3podku mporpanmuoro koxy PyCharm, CYB]] Postgress s
30epekeHHs] JaHux KopuctyBauiB [3]. Y moOynosi iHTepdeiicy Oyayth
BUKOpHCTaHi 0a30Bi TexHoumorii crBoproBaunns caiiriB: HTML, CSS, JS. Jlns
30UIBLICHHS MIBUAKOCTI PO3POOKM Ta SIKOCTI IMPOTrpaMHOI CHCTEMH OYAyTh
BUKOpHCTaHi 6i6miorekn Bootstrap i Jquery [4].

BucnoBku. Y nmaniii poOoTi Oyna omucaHa aKTyalbHICTh PO3TIISIAIOTHCS
TEMH, TPOAHATI30BAHO HENONIKM TOTOYHHUX CHCTEM, METOAM BUPIIICHHS
MOCTABJICHOTO 3aBJIaHHA, a TAKOXK OINHCAHI 3aCO0U Ui PO3POOKH MPOrpaMHOTO
piuienHs, mo Oyae po3pobiieHo Y Moaabiiiii podoTi.
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Cexuus 3. MogeaupoBaHue H pa3padoTka mporpaMmm

YK 519.6

RESTORATION OF DISCONTINUOUS FUNCTION OF TWO
VARIABLES USING BDISCONTINUOUS INTERLINATION SPLINES
Dr.Sci. Pershyna .1 1 [0000-0002-4719- 8195]

Dr.Sci. Meshuyev V.1. 2 [0000-0002-9335- 6131]
'E-mail:yuliapershina78@gmail.com
2E-mail:vitaliy.mezhuyev@fh-joanneum.at

Abstract. The article develops a general method for constructing
discontinuous interlination splines for approximation of discontinuous functions
of two variables. It is considered that the domain of the definition of the
discontinuous two-dimensional function is divided into rectangular elements.

Keywords: discontinuous function, interlination, polynomial splines.

The problem of approximation of discontinuous functions is relevant,
because practice shows that among the multidimensional objects that need to be
studied, a much larger number of them are described by discontinuous functions.
This work is devoted to the development of a method for approximation the
discontinuous functions of two variables by discontinuous interlination splines,
when the discontinuities of the first kind of the desired function are located at
points of straight, parallel coordinate axes.

Let a discontinuous function of two variables f(X, y) is given in the
domain D . Suppose that the domain D is divided by straight lines
X,=0< X <X<.<X,=ly== O< V<Y, <.<y =1
into rectangular elements P= (X 1 I) (yJ 1,y)

A=1m, j=21,n. The function f(X, y) and its derivatives up to

£ —1 order have discontinuities of the first kind at the boundaries between
these rectangular elements (not necessarily between all elements). It is required
to construct a discontinuous spline such that the interlining and approximation

properties are fulfilled.
Let us introduce the notation:
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oL (y) = lim f(x,y), ¢l (y) = lim f(x,y) — function

traces on the straight X = X;, | =1m. if oL (y) = oL (), then the

function f (X, Y) is continuous on the line X = X; , otherwise it has a break

on the given line.
Consider the element

Pyi= (%) (Yiny)i=1m, j=1n.
Definition. We will call a discontinuous interlination polynomial spline in a
domain D, which corresponds to a given partition into subdomains P ij o the

following function
S(x,y)=S;(xy), (xy)ell;,
Si(%y)= SLj(x,y)+ S2;(x,y)- S12;(x,y). (X, yi Piji D,
o))
SL;(xy)= SLi(x il L 1 (M} L (V)}s=0,r- 1=

= é j 1: l,s(y) ><h:I‘i- 1,S(X)+ é j 1;s(y) ><i‘lli,s(x);

Szij(x’ y): Szij(X’ y;{j 2j- l,p(X)};{j 2j,p(x)}’ p=0,r- 1):
r-1 r-1
=4 J 20,0002, ,,(0N+ 4 J2],(x)*2; (y);
p=0 p=0

S12; (x,y)= S12; YL (VB0 L (V)Es=0r-1,
{2,000 2,0} p=0r- 1=

r-1r-1 r-1r-1

= é é CiTJlr,j-1,s,ph1i-1,s(x)h2j-1,p(y)+é é CiJ-r_l,j,s,phli-1,s(X)h2j,p(y)+
s=0 p=0 s=0 p=0
r—lpr—l r-1r-1

+a a Cii.p,hh(0h2, ,(y)+a a Cij. L ()h2; (y)
s=0 p=0 s=0 p=0
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h, (x),h2, ,(y) — basic Hermitian polynomials of degree 2r - 1 with
properties: hl(s@kys(xk¢)= d, (oo k,kel {i- 1,i},s,sé {O,r- 1},

h2®, ()= d,d, L1 {j- 1 j} p, pdl {O,r - T
Theorem 1. If

FLPY)=7 259 (6)= C7 .
L) =i250(%)=C "y,
JILP)=i2,9()=C .
JEP(y)=i2,9(x)=C"

then on the border of the rectangle P the function S (X y) satisfies
the following relations

155, (%, y) N
T 1L l.s¢(y)’
e Y. £ YE Y, s¢=0r-1
ﬂSSéSij(X’ y) =i 1. (y)
ﬂxs¢ _ i,s¢ '
175;(x, y) .
| TI 2™
Y= Vi1 —
X, £ X£x, pe=0r-1
175, (x,y) _
T 2; pe(X),

Y=Yj

The discontinuous function can be reconstructed from known traces along a
given system of lines by interlination operator (1). This operator can be used in
remote sensing methods.
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YIK 519.25

OBUYMCJIIOBAJBHU METO/I JIATHOCTUKH CEPILIEBO-
CYIUHHUX 3AXBOPIOBAHD 3 ITIONNEPEJHBOIO ®IVIbTPALIEIO
INOXUBOK BUMIPIOBAHHSA ITAPAMETPIB KAPAIOT'PAMU

JI.T.H. ATamaniok LIT,10000-00028127-6193] ' py o iy TITeGamin B.C,110000-0002-0391-396X]
a.1.H. Konparenio FO.IT,2[0000-0001-7736-883X]

N.¢-m.1. 3aBropoaniii A.B,30000-0002-2598-2106]
0000-0001-9471-8272]
, K.

k.T.H. Bostociok 10.B. -M.H. Biiaco Q.].1[0000-0002-5540-7030]

E-mail: 'atamanyuk@mnau.edu.ua, rector@mnau.edu.ua,
volosyuk@mnau.edu.ua, ark.oleg@gmail.com
2y _kondrat2002@yahoo.com,
3 andrew-mdu@ukr.net

COMPUTATIONAL METHOD FOR DIAGNOSING
CARDIOVASCULAR DISEASES WITH PRELIMINARY FILTERING
OF MEASUREMENT ERRORS OF CARDIOGRAM PARAMETERS
Dr.Sci. Atamanyuk 1., Dr.Sci. Shebanin V., Dr.Sci. Kondratenko Y.,
Dr.Sci. Zavhorodnii A., Ph.D. Volosyuk Y., Ph.D. Vlasov O.

Anomauin. B pobOTI OTpUMaHO OOYMCIIOBAJIBHUI METOJ JIarHOCTHUKU
CEepLEBO-CYANHHUX  3aXBOPIOBaHb HAa  OCHOBI  IpaBWIa  MaKCHMyMY
MPaBJONOAIOHOCTI. 3aCTOCYBaHHsI anapary HeNliHIHUX KaHOHIYHUX PO3KJIaJliB
JIO3BOJIMJIO TepeWTH Bix OararoBuMipHOi (yHKIIT mOpaBAonomiOHOCTI /10
JOOYTKY OJHOBHUMIPHHX ILIIJIFHOCTI PO3MOJIiTY, IO A€ MOXIIUBICTh BpaxyBaTH
JOBUIbHE 4YHCIO mapamerpiB  kapaiorpamMud. OCHOBHOIO — OCOOJHMBICTIO
3alpOIOHOBAHOTO METOAY € BHKOPUCTaHHS ormepalii ¢igprpamii moxubok
BUMIPIOBaHHS MapaMeTpPiB KapJiorpaMu.

Pe3ynbTaTi YMCENBHOTO €KCHePUMEHTY MiATBEPIMIN BUCOKY €()EeKTUBHICTD
METOAY JIarHOCTUKH CEPLEBO-CYAHHHUX 3aXBOPIOBAHb.

Kntouosi cnosa. niarHOCTHKA, CEpIICBO-CYANHHI 3aXBOPIOBAHHS, BUIAIKOBI
TIOCTITOBHOCTI, KAHOHIYHI PO3KIIAIH.

Abstract. A computational method for the diagnosis of cardiovascular
diseases based on the maximum likelihood method is obtained in the work. The
use of the apparatus of nonlinear canonical expansions allowed passing from the
multidimensional likelihood function to the product of one-dimensional
distribution densities, which allows taking into account an arbitrary number of
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cardiogram parameters. The main feature of the proposed method is the use of
the operation of filtering errors of measurement of the parameters of an
cardiogram. The method also makes it possible to fully take into account the
stochastic features of cardiograms

The results of the numerical experiment have confirmed the high efficiency
of the method for diagnosing cardiovascular diseases.

Keywords: diagnosis, cardiovascular diseases, random sequences, canonical
expansions

Jlocrimkentio miansrae Bumakosa nocrinosnicts {K 1 ={K .}, i=110,
Mo XapaKTepu3ye HAHGiTbI indopMaTHBHi MapameTpu Kapaiorpamu: K (1) -
Bucora 3yous P ; K (2) - mupmna 3y6us P: k (3) - inrepsan P —Q;

K (4) - sucora sy6us Q ; K (5) - intepsan QRS ; K (6) - sicora
nepmoro 3yomwt R; K (7) - BHcota apyroro 3y6us R ; K (8) BHCOTA
syous S ; K (9) -imreppan Q =T ; K (10) - BucoTa 3yous | .

B pobori [1] orpumaHO [QOCTATHRO BHUCPIHE BHPINICHHA 3amadi
JIIarHOCTHKH Ha OCHOBI KPHUTEPisl MAKCHMYMY TIPaBIONOi0HOCTI:

R 10 N) —
k" =argmax 1‘[fl(hi /I),I:1,L 1)
i=1
e hi(N) - 3HAUEHHS HE3AISKHHX BUIAIKOBUX KOE(]Ili€HTIB Hi(N)

HEJIEHHOr0 KaHOHIYHOTO PO3KIay [2] MoCiiIOBHOCTI { K } .

[TigBuIeHHST SKOCTI pO3MI3HABAHHS KapJiorpaMH, sKa BHMIPIOETbCS 3
MOXNOKaMH, MOXIIMBE 32 PaXyHOK MEPEeXOAy BiJ pe3yiabTaTiB BHUMIpPIOBaHHS

U(,u), /JZJI, K<l 1o ouinku IZ(,u), 0 Ma€ Kpaml TOYHOCTHI

XapaKTePUCTUKAMH
K()=M[K(1)]+(1-C») pe (L) +CPu(r), @
lg'u N (1, ,u) - MPOTHO3HE 3HAUYCHHS Mapamerpa eNeKTPOKapAiorpaMu

k ( y) 3 BUKOPHCTaHHAM L — 1 oninox; C (). KoK(inieHT QinpTparii.
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[IporHo3He 3Ha4YeHHS Mapamerpa eNeKTPOKapIiorpaMu Ta KOK(QIIi€HT
¢inbTpanii BU3HAYAETHCS 3 YMOBHM MiHIMyMa CEpEIHbOTO KBAJpaTy IMOXHOKH
HaOJIKEHHS 0 ICTHHHOTO 3HaYeHHS TapaMeTpa Kapaiorpamu.
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UDC 004.942

NONLINEAR DYNAMIC OBJECTS MODELLING USING TIME
DELAY NEURAL NETWORK
Dr.Sci. Verlan A. [0000-0002-8565-2037] 1’ DrSCI Fomin 0. [0000-0002-8816-0652] 2
Dr.SCi. Polozhaenko S. [0000-0002-4082-8270] 2
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Abstract. The work solves the problem of nonlinear dynamic objects
modelling. The purpose of the work is to improve the accuracy of nonlinear
dynamic objects identification under conditions of a priori uncertainty. The
purpose is achieved by developing a method for identifying models in the form
of Volterra series, which simultaneously describe the nonlinear and dynamic
properties of the object. The apparatus of neural networks with time delays is
considered as a method of identification, providing convenience in modeling
both in test and in functional mode. The most essential results: the method of
identification of nonlinear dynamic objects models with the use of information
relation of Volterra series and time delay neural networks has been further
developed.

Keywords: nonlinear dynamic objects, modeling, Volterra series, time-delay
neural networks.

The purpose of the work is to improve the accuracy of nonlinear dynamic
objects identification under conditions of a priori uncertainty. A priori
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uncertainty caused by the insufficient study of the processes occurring in the
objects of diagnosis due to the operation in a wide range of external conditions
and the lack of opportunities to use test signals of a special form (3-function,
step function, harmonic signal).

For a wide class of nonlinear dynamic objects the dependence between the
influence X(t) and reaction Y(t) in explicit form can be represented by the
functional degree-dependent Volterra series [1,2].

However, the use of Volterra models for the identification of nonlinear
dynamical systems of high order is at a loss by several restrictions: practical
inability to expand the evaluation of higher-order kernels (due to the increased
size of the kernel representation) and strict requirements to the amplitude and
shape of the input test signals [3]. As a new effective approach of dynamical
objects identification with nonlinearity of higher orders suggests time-delay
neural nets (TDNN). The above calls for looking for joint efforts for using
Volterra models and three-layer TDNN [4].

Analyzing the models based on the form of Volterra series and TDNN, we can
conclude that they has isomorphic expressions [4,5]. Thus, the Volterra kernels can be
express through the weight coefficients and shifts of the hidden neurons of the neural
net.

An informational relation between nonlinear dynamic models in the form of
Volterra series and TDNN has been established. On the base of this relation the
method for evaluating higher-order Volterra kernels developed.

It allows to increase the accuracy of nonlinear dynamic models
identification in the form of Volterra series by evaluating higher-order Volterra
kernels using TDNN.

The obtained results prove the possibility of building Volterra models of
nonlinear dynamic objects using TDNN and training samples on the base of the
input signals of the special form (3-functions, step functions, harmonic signals)
and output responses.

On the base of established relationship between TDNN and Volterra models
algorithm of nonlinear dynamical objects identification developed.

The efficiency of the suggested identification method investigates using as
an example a test nonlinear dynamical object. The test object used is the first
order object with quadratic nonlinearity in a feedback relation.

The application of the developed method for the identification of the test
nonlinear dynamic object allows to get the nonlinear dynamic model on the base
of Volterra kernels with error of 5-19% in comparison with analytic models in
the form of Volterra series.
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THE PROBLEM OF STABILIZING THE PRODUCTIVITY OF THE
TECHNOLOGICAL EQUIPMENT OF THE PRODUCTION LINE
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Abstract. The problem of designing a system for optimal operational
control of random deviations in the productivity of technological equipment is
considered. The synthesized control ensures the synchronization of the
productivity of the technological equipment of the production line and
asymptotic stability of the given planned state of the flow parameters of the
production line for the steady and transient mode of operation.

Keywords: production line, production control system, PDE-model, flow
production.

The parameters state of the production line will be described by the
equations system [1]
olxbs) , alxhs) _ Yo (t,S): @)
ot oS
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where [ 4],(t,S) and [y],(t,S) are the values of the inter-operational
backlogs and the processing tempo of the details at a time { g for a
technological position in a technological route with a coordinate S; f(t,S) is
the production function of the technological process [2].

The system of the two-moment balance equation for the model stabilization
of the productivity deviations of the technological equipment can be represented
in the form [3]:

[ b [y]l — Gogty @)

[y]1 a(gyL B+ [y} 2 = gy 4)

Qoy =CONst;, Oy :constz, ut0)=0 ,_ [xL|. ®)
[1]0 0

where [y]o, [y]1 are unknown random small perturbations of the production
line flow parameters D(]O[Z ]1 relative to the unperturbed state [l]o*’
[l

[vlo =[xk —Lxk [k =Lk —[e) (6)

The quality Criteria of the transient process let's choose from the condition,
that determines the minimum cost of the technological resources that require the
solution of the specified problem [4]

- S,
I :Ilj(aulz}det' )
Sq
t, 0

where the parameter & is the scale factor; Sd is the technological position of

the last technological operation in the technological route. The Lyapunov
function VO(yl.[vL) will be sought in the form of a quadratic form with

time-constant coefficients Cy, C; :
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The solution of the system of equations (3) - (5) taking into account expressions
(7), (8) makes it possible to determine the optimal control of the productivity of

technological equipment Uq

{ugko =

Yijo"

C111 88

which, along with the requirements for the asymptotic stability of a given
planned unperturbed state, ensures the best quality of the transient process.
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3ACTOCYBAHHSA CUCTEMHOI'O AHAJII3Y JIA MOHITOPUHI'Y
TOKCHYHUX PEYOBHUH B EKOCUCTEMI
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APPLICATION OF SYSTEMS ANALYSIS FOR MONITORING OF
TOXIC SUBSTANCES IN THE ECOSYSTEM
Lytvynenko V., Dr.Sci. Dychko A., Dr.Sci. Remez N., Boyko A.

Abstract. Each actual and virtual source of sewage discharges should be
controlled by establishing a measuring or biomonitoring network (permanent or
causal), and in the case of measuring monitoring, the types of detectors that
measure the actual values of the parameters of the state should correspond to the
nomenclature of the real possible contaminants and ranges, in which can be
observed these contaminants, as well as the dynamics of their changes. In the
case of biomonitoring, as indicators of pollution, it is necessary to use those
living organisms that are most sensitive to the sources of contamination inherent
to this source.

Keywords: biomonitoring, hexamethylenediamine, pollutant detectors,
control system, legislative-administrative subsystem, ecological information
system

In the automated monitoring systems an important role is played by the
choice of the number and location of pollution detectors. Increasing the accuracy
and reliability of monitoring results is due to the economic difficulties due to the
high cost of equipment [1]. In this regard, a number of methods have been
developed to optimize the number and location of pollutant detectors. alarm
system to exceed the maximum permissible value of pollution. Thus, there is
chemical pollution substances of ponds, lakes, rivers and wells that are close to
chemical industry enterprises. In rural areas where there is none centralized
water supply, this contaminated water daily used for household needs and for
eating. We will consider approaches to monitoring of harmful substances in the
environment.

An approach based on the analysis of the ratio of the probability of
registration of the discharges P (n) and the cost of the control system N (n) is
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possible in order to assess the amount of detectors required for reliable control
of the number of detectors [2]. This relation F (n) has a maximum corresponding
to the optimal number of detectors. Usually the cost of a data center Ny depends
little on the number of detectors and can be taken as a constant. Similarly, the
cost of one detector Nd does not depend on the number of detectors in the
system:

N(n)= Nuy + nNa

At the same time, and the use of only mathematical models of pollution
migration and situation assessment, that is, the use of so-called model
monitoring, cannot provide reliable information support for making responsible
decisions due to significant modeling errors and ambiguity of the results
obtained.

The system approach to the analysis of heavy technogenic accidents and
their ecological consequences is aimed at the coordination and integration of the
use of scientific research, the holistic coverage of the phenomena of interest, the
deepening of the study of the mechanism of accidents [3].

The purpose of this system of analysis is the formation of a set of
alternatives to the emergence and development of accidents, risk assessment
with the aid of a posterior distribution of accidents and the analysis of the
reliability of cases with a given number of their occurrence and comparison with
the a priori distribution.

The methodology allows to analyze the sources, conditions and
circumstances of accidents and their development processes, as well as to assess
their environmental impact for management decisions in order to minimize
environmental impacts.

The use of the method of obtaining temporary preparations for assessing the
toxicity of the environment, including the collection of reproductive material of
the bioindicator plant in environmentally friendly and technogenic zones. It is
possible to detect the percentage of sterile pollen grains and thus determine the
index of damage to the biosystem with the implementation of an integrated
assessment of the state of the environment and the level of environmental hazard
for humans and biota.
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THE PROBLEM OF CONTINUING ANALYTICAL FUNCTIONS IN
SYSTEM THEORY
Ph.D. Kosenko S.1.

Annomayusn. B pabote paccMOTpeHO 000OIICHHWE Ba)KHOH IJIsI TCOPHUH
cucreM 3anaun lllypa nmo ommcanuio Bcex roloMopHBIX B €JUHUYHOM Kpyre
MaTpul-QYHKLMH, NPUHAUISKAIX HEKOTOpOMY «apy» B, ompenensemomy
IIOCTOSIHHOM CaMOCOIPSKEHHOU HMHBOJIIOTUBHOU MaTpuLeH J.
CoopmynupoBaHsl HEOOXOOUMBIE M AOCTATOYHBIE YCIOBHUS, KOTOPBIM JODKHA
YIOBJIETBOPTh Marpuua J, 4ToObl MaTpUYHBIA «11ap» Bj cOCTOsLT TONBKO U3
roJIoMOpHBIX B enuHUYHOM Kpyre ¢yHkimid. [lomydena HoBast dopma s
MaTpHuIlbl JPOOHO-TMHEHHOro NpeoOpa3oBaHUs,  JAIOLIEr0 IpeICTaBlICHUE
obmrero peurenus 3agaun Tumna [llypa B matpuunom «imape» B; .

Knrouegvle cnoga: MaTpuuHblil 1map, 3agada [lypa, Teopust cucrem.

Abstract. In this paper, we consider a generalization of the Schur’s problem,
which is important for systems theory, about the description of all matrix
functions holomorphic in the unit disc that belong to a certain “ball” B;
determined by a constant self-adjoint involutive matrix J. Necessary and
sufficient conditions are formulated that must be satisfied by the matrix J under
which the matrix "ball" B; consists only of functions that are holomorphic in the
unit disc. A new form of the matrix of linear fractional transformation is
obtained, which gives a representation of the general solution of the Schur-type
problem in the matrix "ball" B;.

Keywords: matrix ball, Schur’s problem, system theory.
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B 1960-¢ rogsr B padorax P.3. Kanmana [1] u M.C. Jlupnmmna [2] Obutr
3aJI0)KEHBI OCHOBBI COBPEMEHHOH MaTeMaTHYECKOW TEOPHH CHUCTEM, B KOTOpPOH
HapsAy ¢ MPOCTPAHCTBAMH BXOAA W BBIXO/IA PAacCMaTPHBAETCS HPOCTPAHCTBO
BHYTPEHHUX COCTOSIHMH CHCTEMBI. B pamkax 3Toi Teopuu psij 3a1a4 IPHBOIUT
k npobieme Ilypa 00 onncaHuM MHOXECTBa BCEX CHKUMAIOUIUX TOJIOMOP(HBIX
B €IMHUYHOM Kpyre (QYHKIHH, IS KOTOPHIX 3a/aHbI MEepBble KOIPPHUINCHTHI
pasznoxenust B psg Maxnopena [3,4,5]. OrpoMHbIi BKJIaJ B pelIeHUE 3a]ad
9TOr0 THUNAa B MAaTPUYHOM U OINEPATOPHOM CIydasiX BHECIH OJIECCKHE
Matematuku M.I.Kpeitn, B.ILIloramos, [[.3.ApoB, A.A.HynmensmMan u wux
MHOTOYHCJICHHBIE KOJUIETH M YIEHUKH.

B mHacrosiieit paGore paccmarpuBaercsi HEKOTOpoe 0000lieHHe —3Tol
3a/aud. AHAJIUTUYECKHH KIIACcC KBaJPaTHBIX MaTpHI-(YHKIWI TMOpsiaka n, B
KOTOPOM  HILETCSl  pelIeHHe 3aJaudl TPOJAODKEHMs YKa3aHHOTO THIIA,
npencTaBisier coOol MaTpHuHbIA «map» Bj, onpenensemblil MOCTOSHHOM
CaMOCONPSKEHHOW  MHBOJIIOTUBHOU matpuueit J mopsaka 2n. Ilpu
COOTBETCTBYIOIIEM BBhIOOpE MaTpHibl J B CKaIsIpHOM Cllydae OTOT IIap
COBMAaJaeT CO CTaHIAPTHHIMU KiaccaMd  (YHKIMH, paccMaTpuBaeMbIMHU B
CBSI3M C 3aj1a4aMH IPOJIODKEHMST (MHOXXECTBOM TOJOMOP(HBIX CKUMAIONIMX B
€IMUHUYHOM Kpyre (yHKIHHA, MHOYKECTBOM TOJIOMOP(HBIX (PYHKLIUHA, HMEIOIIIX
B CIUHUYHOM Kpyre HEOTPHLATEIbHYIO BELICCTBEHHYIO 4YacTb, MHOXECTBOM
rooMOpGHBIX (QYHKIMH, UMEIONMX B E€IMHUYHOM KpPYre HEOTPHLATEIBHYIO
MHHUMYIO 4acTb). B pabore cdopmynnpoBaHsl HEOOXOIUMBIE M JOCTATOYHbIE
YCIIOBUSI, KOTOPBIM JOJDKHA YHOBIETBOPATH MaTpuua J IJIsl TOro, 4YTOOBI
MaTpPUYHBIA «mmap» Bj cocTosu1 TOMBKO M3 rOJOMOP(HEIX B €IUHUYHOM Kpyre
GyHKIMA.

OmvH ©3 METONOB peIIeHHs IONOOHBIX 3aJad B TaK Ha3bIBAEMOM
HEBBIPOXKJIEHHOM ciydae Obin1 mpemioker B.I1. IMoramoBeiM [6]. B pamxax
3TOrO IOAX0Ja ¢ HCIIOJIb30BAHIEM HCCIECIOBAHUN 10 TEOMETPHHU IIPOCTPAHCTB €
uHneunutHori Merpukoir lO.I1. T'mn3Oypra [7] B paboTe monyueHa HOBas
dbopmMa  musd MaTpumbl JIpOOHO-THHEHHOrO mpeoOpa3oBaHWsS,  JAIOMIETO
npencraBlieHde oduiero pemenus 3agaun tana Llypa B MmatpuyaoMm «mrape» Bj.
[Nomy4yeHHbIe pe3ynbTaThl MOTYT OBITH IOJIE3HBI UIS PACLIMPEHHs 00JacTH
NpUMEHEHHS 3aa4 NPOAODKSHUS aHAINTUYECKUX (YHKIMI B TEOPHU CHCTEM.
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THE FEATURES OF HUMAN BODY 3D MODELING IN INTERNET
COMMERCE

Litvinov B, [0000-0001-5280-3938] pp D). Bilgva M, [0000-0001-7002-4698]
E-mail: beatsbydoctordrel@gmail.com, missalchem@gmail.com

Abstract. The article is dealing with problems of human body modeling in
internet commerce. The process of creating a 3d model of the human body is
analyzed. The software to provide the ability to create and edit 3d models to
improve the efficiency of online trading was developed.

Keywords: 3d model, 3d graphics, anatomical model, ReactJS, ThreelS

The part of online commerce in the sales market is growing every year,
which makes the problem of isolating competitors by introducing the latest
technologies into the work of online stores urgent. It becomes necessary to
develop and implement software that would attract more and more new
customers, and as a consequence, increase sales and profits. For this purpose
modern approaches to 3D modeling [1], programs for creating three-dimensional
computer graphics, as well as various methods of reproduction and management
of 3D model in web-application can be used [2]. Using a 3D model will allow
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the user to "try on" the product before buying, which will greatly simplify the

selection process and increase sales.

In accordance with this, the aim of the work is to investigate the process of
creating a 3D model of the human body and developing the necessary tool to

provide the ability to edit it and use it in online commerce.
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Fig. 1. The process of building a 3d model

The peculiarity of creating a three-dimensional model is that such model
contains polygons, which are a set of vertices, faces and edges that define the
shape of a polyhedral object in three-dimensional computer graphics[4].

It is necessary to create an optimized three-dimensional model for further
work with the model through a web application, which will act as a renderer of

this model (Fig. 1) [5].
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In accordance with this, this work identified the need to develop a system
that allows to create and manage 3d models, namely:

- creation of the frame of the model;

- choice of individual settings for the model;

- choice of clothing for the model;

- addition of the selected garments to the shopping cart;

- fixing the number of visitors in the system from each store;

saving all user models (Fig. 2).

Developed software on the base of WebGL and THREE.JS will allow the
user to create a human model. Before starting, the user will see the main window
of interaction with the model. The software has two windows: the customization
window on the left and the model window on the right. To begin, the user must
select a gender.

174



Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

Get anote

Customize persandl
information

Custornize Profile -~ Editing the shopping cort

nilock

G
i
.

/
Enteringpersonal ™ /" Cholceof clothing
Creating aframe 34 _ncude body parameterse "\ forthe model \
model of aperson g

Selecting onimations
0 — for the model
€ Viewing
doc.
— the 2dhuman )

i

Authorized Client P

Editinghuman '\

3d mode!
kil Editing products

Adding items !
to cart

s
0 ¢

Fig. 2. The variants of use of the developed system by the user

Thus, software was developed to improve the efficiency of online trading by
developing algorithmic and software to build a 3D model of a person based on
the parameters of the body using three-dimensional computer graphics
reproduction technologies.
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CATTLE IDENTIFICATION SYSTEM BASED ON DERMATOGLYPHS
Ph.D. Borodkina I., Borodkin H., Dzhordzhevich O.

Anomauin. Po3risHyTO Npoliec cTBOpEeHHs! iHOPMAIIfHOT CHCTEMH O0JIKY
Ta igeHTudikaumii Benukoi poraToi XyqoOM Ha OCHOBI jaepMaTormidis.
OOrpyHTOBaHO  aKTyaJlbHICTh ~ CTBOPEHHS ~Ta  BHUKOPHCTaHHS  TaKuX
iHpOpMaIIHHUX cHCTeEM y (epMepChKUX rocroaapcTBax. BuzHaueHo 3aBIaHHs,
sKi BHUpilmyBatuMe iHQopmaiiiiHa cucrtemMa oOmiky Ta imeHTH(IKaIil BeNIUKoi
poratoi XymoOu Ha OCHOBI JaepmaroriiiB. Po3risHyTO 3araibHy KOHIEIIIIO
noOynoBu Takoi iH(poOpMaIiiHOI cucTeMH Ta 1i OCHOBHI CKJIaJIoBi. Bu3HaueHO
BUMOTd 10 (YHKIIOHAJBHUX MOXIIUBOCTEH CHUCTEMH, sKi 3a0e3nedyroTh
eekTUBHE BUKOPHUCTAaHHsS BCIX JOCTYNHUX Jpkepen iHpopmaiii. HaeexeHo
UML-MmonentoBaHHs CHCTEMH Ta PE3yJIbTaTH il TECTYBaHHS.

Knrwwuosi cnoea: inenrtudikaiisi, posmizHaBaHHS 00pa3iB, OOMNIK BEIHUKOI
poratoi Xya00u, HocoryOoHe J13epKaJio, JepMartoriig

Abstract. The article considers the process of designing an information
system for accounting and identification of cattle based on dermatoglyphs.
Current issues of creation and use of such information systems in farms are
identified. The tasks to be solved by the information system of accounting and
identification of cattle based on dermatoglyphs are defined. The general concept
of building such an information system is considered and its main components
are separated. Requirements for the functionality of the system have been
defined. They ensure the effective use of all available sources of information.
The results of system modeling by the means of UML and the several results of
system testing are given.

Keywords: Accounting, identification, pattern recognition, cattle accounting,
nasolabial mirror, dermatoglyph.

Mertoro ITOCTiKEHHSI € CTBOPEHHS CHCTEMH YIPABIIHHS iHPOPMAII€0 s
00Ky Ta igeHTHU(]IKaii BETMKOI poraToi XymoOHM 3a  JOIMOMOTOO
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JepMaToriiQis, M0 MPUCKOPUTH Ta CIIPOCTUTH Hpolec OOIIKy, Meperisiay Ta
penaryBanHs nanux npo BPX.

e 103BOMUTH SIK 3HAYHO MOKPALIUTH POOOTY TOCIIONApCTB, TaK i CTBOPUTH
€IMHY perioHabHy 6a3y maHux rnpo BPX.

Tabauusa 1. Pe3ynpTati TECTyBaHHS CHCTEMU

3pa3ku
nepmaroriigiB

Kpox 1.
3He0apBICHHS

Hepmarormig 1

Hepmarornig 2 Hepmarormnid 3
‘ 3 R -

Kpok 2.
Bupanenns

mymy

Kpoxk 3. Bubip
cremiajgbHuX
TOYOK
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Ha ocHoBi anamizy icHylOUHX MeTOAIB OONIKYy Ta igeHTH]iKamii BEIUKOl
poraroi xymobu [1] mms imentudikanii BPX y pospobneniit indopmariinii
cucteMi Oyno obpaHo METOJ Ha301abialbHOrO A3ePKAIBHOTO 300pakeHHs [2].
et MeTo mpoCTHil, T'yMaHHHH, 6E3KPOBHUIA Ta HETpyHOMicTKuiA [3].

Bin Takox Moxxe OyTH BHKOPHCTaHHMH JIsi BCTAHOBJIEHHS BHUy TBApUHH Ta
BU3HAYCHHS JIEAKUX 1X aHATOMIYHMX Ta (izionoriuaux ocobiuBocteii [4].

PoGora cucremu 0a3yeTbcsi Ha BHKOPHCTaHHI TEXHOJIOTiH BCTAHOBIIGHHS
IICHTUYHOCTI JI3ePKAJILHOIO BiOMTKAa HOCOTYOHOI'O J3epKajia TBapWHH i3
300pakeHHsIM AepMmarornmidy, Imo 30epiraeTbcs B 0a3i JaHUX CHUCTEMHU.
[Ipouenypy NOpIBHSHHS MOXXKHa BHKOHYBAaTH JUIS BCIX JepMaToriiQis, Mo
30epiratoTbcss B 0asi JaHWX, sIK IOCIIZOBHO, TaK 1 MapajeilbHO-TOCHTIJOBHO.
Skmo imeHTMYHa mapa 300pakeHb 3HaljieHa 3 BH3HAUCHOK JOCTOBIPHICTIO,
Hpoleypa 3aBepIlyeThCs.

Jns  mOpiBHAHHA ~ 300paXKeHb y  CHUCTeMi  BHKOPHCTOBYIOTHCS
3araJbHOIPUIHATI METOAN Teopil po3ITliZHABaHHS 300paXKEHb.

st TecTyBaHHst OyJ1M BUKOPHUCTaHI TPU Pi3HUX 300pakeHHs epMaToriQis,
SKi JIO3BOJMJIM TEPEBIPUTH 3/aTHICTh MpOrpaMH ieHTU(IKYyBaTH 00’ €KTH
PI3HMX THIIIB Bi3epYHKIB HOCOI'YOHOr'0 A3epKaa TBapHH.

[pouec imeHTndikamii CKIAZAETBCS 3 TPbOX OCHOBHHMX e€TamiB -
3HeOAPBIICHHSI, BUJIAJICHHS IIyMY Ta BUOIP CHellalbHUX TOYOK.

PesysnbraTu ineHTUdIKALIT KOXKHOrO AepMaToriidy HaBeneHi y Taou. 1.
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METO/J JIOKAJIBHUX HOCJIII[OBHOCTEfl PO3B’S13AHHS
3AJIAUYI KOMIBOSKEPA
I[ T.H. FpI/IIlIOK I B [0000-0001-7065- 6820]
K.T.H. Hneqncnm I[ I[ [OOOO -0002-0219- 2603]
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LOCAL SEQUENCE METHOD OF FINDING SOLUTION TO
TRAVELING SALESMAN PROBLEM
Dr.Sci. Gritsuk 1., Ph.D. Plechystyy D., Ph.D. Morozov A., Loktikova T.,
Valentyna S.

Anomauyia.y  CcTaTTi  BHUKIAJEHO  MeTOJ  NOOYIOBH  JIOKaJbHUX
HOCITIZIOBHOCTEH, ajpecoBannii 3amadi koMiBosbkepa (3K) ta ii oOMmexeHuM
BEpCIsIM Y BHIJISZII MONIHOMI&JIBHUX alTOPUTMIB 3HAXOKEHHs 3a/I0BIJIbHUX 32
TOYHICTIO PO3B’SI3KIB. Y 3alpOIOHOBAHOMY METO/Ii BPaXOBYIOTHCS OCOOJIMBOCTI
eQexTHBHO  pO3B'A3yBaHMX  y3arajbHeHb  3a7ad4i  NpO  IPH3HAUCHHSL.
Buknanaiorbcss MIpKyBaHHs, SIKi € OCHOBOIO [UIi DPO3POOKH aJTrOpUTMIB
po3B’sizanns 3K MeTo10M 1100y JOBH JIOKAJIBHUX ONTUMAIILHHUX TOCHIJOBHOCTEH.

0 N
IIpesicTaBiIeHo aNropuT™ MoOYIoBH 00X0My L . 3ampoNOHOBAHHil anropuT™
XapaKTepPU3yEThCs MAJIOI0 TPYAOMICTKICTIO MOOYAIOBH JIOMYCTHMOTO PO3B’SI3KY

a . . .
T" . Ouineno wac ioro poboru. YacoBa CKIAIHICT 3alPONOHOBAHOTO

QJICOPUTMY OLHIOETHCSI BETMYHHOO O(TL‘]_ Ha mpakTumi anroputM Oparoe
LIBHJIIIE, HI’K €BPUCTHKA 1] B HAHOIKIMIA».

Knwwuosi cnosa: 3aada KoMiBoshKepa, MaTpHIS NepecTaHoBKH, 00xi, NP-
TpyAHa.

Abstract. The article describes the method of local sequencing, addressed to
traveling salesman problem (TSP) and its restricted versions in the form of
polynomial algorithms of finding satisfactory exact  solutions. The
proposed method takes into account the features of efficiently solvable
generalizations of assignment problem. The considerations that are the basis for
the development of algorithms for solving TSP by local optimal sequence

building are presented. The algorithm for building the bypass 7% s presented.
The proposed algorithm is characterized by low complexity of building a
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acceptable solution to T2 The time of its operation is estimated. The time

complexity of the proposed algorithm is estimated with value U(?‘l‘]_ In
practice, the algorithm works faster than the "go to the nearest™ heuristics.

Keywords: traveling salesman problem, permutation matrix, bypass, NP-
hard.

3anpornoHoBaHO MeTo MOOYIOBM JIOK&JIBHUX  IIOCHIJIOBHOCTEH  JUIs
po3B’si3aHHs 3a1aui koMiBosbkepa (3K) Ta i oOMexeHnx Bepciid.

3dopmynsoBano 3K.

Buknanalorbcss MipKyBaHHS, SIKI € OCHOBOIO JUIsSi PO3POOKH aITOPUTMIB
po3B’sizanHs 3K MeTooM MoOYI0BH JIOKaJIbHUX ONTHMAJIbHHUX ITOCITiIOBHOCTEH .

OTpuMaHO MPOCTHHA  CHOCI0O  MOOYJOBM — MiAMHOXHHH  ITUKTIYHHX

NIEPECTAaHOBOK JIOBXKUHU n JUISl KBQJIPATHOT MATPUIII TOPSIIKY n [dU]n, B

K1

d.. = IdU-,HI{u.m L ;Ej,
iy — -
] = 1HaKIlle,

dij eZg VA

— MHOXHMHA LUIMX HEBLI €MHHUX YHCEJ, IO TMOJsrae y

BUKOHAHHI TakuX Ai. I3 [ tj ]TL (dhopmyroThCs n-2 iIMaTPHILb [ 1 ]T" Ha

TOJIOBHIN JiaroHaii MaTpHI [ Lj ]n VY KOXHIN miaMaTpuIl [ 1] ]T HOMEpHU

(1,2,..,7)

PANKIB Ta CTOBMIIB 33Jal0ThCs OJHIEID TOCIIJIOBHICTIO

r=2.n- T

1 Hami s KOKHOI IMKJIIYHOI IePEeCTaHOBKU JIOBXKHHHU ,

OTPHMAHOI 3 MAaTpPHII [ 1 ]'r, YTBOPIOIOTHCS ¥ uxoriaenx MIEPECTaHOBOK

JIOB)KUHU r+1 5 JIOIIOMOI'OI0 JIIM IO BHAAJIEHHIO Ta JOJAHHIO €JIEMEHTIB

ManI/ILli[ Lj ]T'+1.
Takmit cmoci6 QopMyBaHHS MHOXHHH JIOMYCTUMHUX pPO3B’S3KiB B

T IMATPHIIIX 1] by 3a/1aHOl MaTpHIll BapTOCTEH [du ]n, r= 2*“ - 1,
nobpe BOYIOBYETHCS B CXEMy YTBOPEHHS JIOKANBHHUX IIOCIIIOBHOCTEH, 3a
JIOTIOMOTOF0  SIKOi BUSIBUJIOCH MOJKJIMBHM €(DEKTHBHO pO3B’s3aTH JEKiTbKa
y3araibHeHb 3aJadi Mpo npusHadeHHs. [loka3aHo, SIK 3aCTOCYBATH CXEMY IS
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. . . o . .
HO6y,I[OBI/I 3a IMOJITHOMI1aJIbBHHUHM YacC 06XOI[y T , 11O € IPUHUHATHUM 3a TOYHICTIO,
JUTA pe€ajiIbHUX BXiI[HI/IX JaHUX.

0
IIpeacTaBieHo aaropuT™ obyI0BH 00x01y L .
3anporoHOBaHU aJNTOPUTM XapPaKTEPU3YETHCSI MAJIOK TPYAOMICTKICTIO

> T a : o
HO6yZ[OBI/I JOIIYCTUMOTI'O PO3B S3KY . OHlHeHO qac uoro pO6OTI/I.

o . .
[Mo6ymoBa 00x0my T 3aKiHUYETBCSA TICISA BUKOHAHHS EICMEHTapHHUX
orepariii THITy BCTaBKH, TOJABaHHS, BiJHIMAHHS Ta MOPIBHIHHS.
BimnoBimHO, yacoBa CKIAIHICTh 3alPONOHOBAHOTO AJTOPUTMY OIIHIOETHCS

2
BEITUYUHOIO O ].Ha MPAKTHUI[ AJITOPUTM TPAIFOE IBUJIIE, HiXK CBPUCTHKA
«iI1 B HAUOIMOKYUII».

VYJIK 004.9

3ACTOCYBAHHS 'HYYKUX METOAIB TECTYBAHHS WEB-
PECYPCIB 13 3AIIPOBAI’KEHHSIM ®YHKIIIOHAJIbHOI MOBH
C++

K.1.1. [lIu6aesa H.O. [OO(.)O-O0.02-7869-9953], mﬂﬁaCB ILC° [0000-0002-3260-5843]
nati.shibaeva@gmail.com

APPLICATION OF FLEXIBLE METHODS FOR TESTING WEB
RESOURCES WITH THE INTRODUCTION OF THE FUNCTIONAL
C++LANGUAGE
Ph.D. Shybaieva N., Shybaiev D.

Anomauin. CydacHi 3aco0M TUHAMIYHOTO T4 aBTOMAaTH30BAaHOI'O TECTYBaHHS
Opi€HTOBaHI Ha BM3HAYCHHS MMOMIJIOK Ta KPHTHYHHX ciieHapiiB Ha front-end Tta
back-end w9actmHax 3a paxyHOK BHKOPHCTaHHS CydYacHOi IuiaTGopMu
tecryBanHs Selenium. OgHak BHKOPHCTAHHS aBTOMATH30BAaHHX CIICHAPIiB IS
000X "acTHH BeO-pecypciB HEMOXKIIMBE, 3aBISKA CKIATHIA CTPYKTYpHIN crcTeMi
Ta HE MIATPUMIII aBTOMATH30BaHUX CIeHapiiB HammcaHmx Ha C++. Po3poOka
GYHKIIOHATBHOTO JpaiiBepy st cepBicy Selenium Bupimye Bu3HadYeHY
pobJIeMy Ta aBTOMATH3Y€E MPOIEC TECTYBaHHS BeO-PECypCiB.

Knrouogi cnosa: tectyBanns, Selenium, aBromaTn3aris.

Abstract. Modern dynamic and automated testing tools focus on identifying
errors and critical scenarios in the front-end and back-end parts by using the
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state-of-the-art Selenium testing platform. However, the use of automated scripts
for both parts of web resources is not possible due to the complex structural
system and the lack of support for automated scripts written in C++.

Keywords: testing, Selenium, automation.

[HdopmaniiiHi cHCTEMH 3 TOYKM 30py CHUCTEMHOrO aHaji3y € CKIaIHUMH
CHCTEMaMH, OCKIJIbKHM CKIIQJAIOThesl 3 0e3iiui pi3HMX YacTHH: (YHKIIOHAJIBHI
MOJIyJli, cepBepa pi3HOro Hamps MKy, 0a3u JaHWX, METOIB Iepeiadi JaHux i
iHmoro [1]. OxHUM 3 HampsIMKIB CY4acHOTO TECTyBaHHSI € BeO-pecypcH Ta
CHCTEMH, SIKi aKTHBHO PO3BHUBAIOTHCS Ta IHTETPYIOTHCSA B Cy4acHE OTOYEHHS Ta
MOTPeOYIOTh BENUKOI SKOCTI KiHIEBoro exseMmmisipy [2]. Ommak po3poOka
CY4acHHX, TMOTY)KHHX Ta e(EKTHBHHX TECTOBHX CICHAapiiB MOTPEOYIOTh
BHUKOPHCTaHHS MOBH mporpamyBanHs C++, Tak K BOHA JO3BOJISE TECTYBATH
CEpPBEPHY YaCTHHY PO3pOOJIEHOrO pecypcy Ta BH3HA4YaTH HAaWOIIbII KPUTHYHI
HOMHUITKH B po0Ooti cepgicy [3]. Take pileHHS] € HOBUM Ta MOTpeOye PO3pOOKH
CIIELIAJII30BAHOI0 OTOYEHHS SIKE€ 3MOXKeE B3aeMomiaTu Ak 3 front-end wactuHOO
pecypcy Tak i 3 back-end. Jlns 1pOro BHKOHAHO TMPOEKTYBAHHSI
CrIeIianizoBaHoro  JpaiiBepy st cuctemu  Selenium, sikmit  mo3Bossie
00p0o0IIIOBaTH TECTOBI ClieHapii, HarucaHi Ha MoBi C++.

Ha puc. 1 300paxkeH0 (yHKIIOHANBHY JAiarpamy BapiaHTIB BHKOPHCTAHHS
PO3pO0IICHOrO pillIeHHSI.

CnpoekToBaHa cucTeMa Mae CIeLiali3oBaHe MPU3HAYEHHS, SKE HO3BOJIIE
B3aEMOJIIATH 3 Web-CTOpIHKaMHM, Ta MPOBOIUTH aBTOMATH30BAHE TECTYBaHHS
(GYHKIIOHAJIBHUX MOXIMBOCTEH. Take pILlICHHS € aKTyalbHOK 3a/1a4el0 JUIs
TECTyBaJIbHUKIB-aBTOMATH3aTOPIB, Ta notpedye BUKOPHUCTAHHS
CHeLiai30BaHOT0 [IPOrPaMHOr0 OTOYEHHs. J[0 Takoro OTOYEHHs CIiJ| BiIHECTH
¢dyHKIOHaTBHUE cepBep Selenium, sKuil 103BOIISIE MPOBOAUTH TECTYBAHHS HA
XOCTI caifTa 4u JofaTKa.

Onnak, Selenium He € JOCHUTh THYYKMM DIIICHHSIM JJIsl TPOBEICHHS
TEeCTyBaHHA. BiH oOpi€eHTOBaHWI AN BHKOPHUCTAHHS BHKIIOYHO Wweb-MOB
NpOrpaMyBaHHs, IO CYTTEBUM UYHHOM 3MEHIIye e(eKTHBHICTh TECTYBaHHS.
ABTOMAaTH30BaHI Ta (YHKIIOHAIBHI TECTOBI CIeHapii HOEOXiTHO PO3pOOIATH
BUKIIIOYHO BHKOPHCTOBYIOUH MOBY mporpamyBaHHs C-++, OCKUIBKH BOHa Mae
OlmpmMii BIUIMB HA B3AEMOMII0 31 CTPYKTYPHHMH Ta (YHKIIIOHAIBHIMHA
kommnoHeHTaMu. OTKe, A B3aeMoIii MoBH mporpamyBaHHs C++ Ta cepBepy
TecTyBaHHA Selenium, HEOOXigHO pPO3POOWTH CHeEIialli3oBaHWNA JpaiBep
OTOYCHHSI, SIKHHA JO3BOJIUTH TOETHATH (DYHKITIOHATBEHI MOMXIIMBOCTI Ta 3pOOUTH 3
[BOTO €IWHE PIIIICHHS.
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Puc. 1. Jliazpama sapianmis euxopucmarisi 00 po3podieno2o piiens

CTpyKTypHa B3a€MOJIisl [PYHTYETBCSI Ha TOEAHAHHI TECTOBUX CIEHApIiB, sKi
HamucaHi MoOBOW mnporpamyBanHs C++ Ta X B3aemomii 3 crerianizoBaHUM
HaOOpoM cKpumTiB. Jlani TECTOBUIA ClieHApil IHTEPIPETYEThCS JUI BUKOHAHHS
Ha cepBepi Selenium, skuii mig’€AHYETHCS A0 XOCTY caifty 4y monatky. lle
JI03BOJISIE TIPOBECTH MPOLEC TECTYBAHHS, Ta OTPUMAaHI pe3ylbTaTH 30epertd B
oroueHHi Selenium. HacTymHuM eTamoM € TpaHCHAMIS Pe3yIbTaTiB TECTYBAaHHA
B OLIbII e()eKTUBHY CUCTEMY BUBEJICHHS 1HPOpMAIIT I TECTYBAIbHUKA Ta JUIs
iHmUX pOOITHUKIB 3 Tpymu po3poOku. J[Ims IOro BHUKOPHUCTOBYETHCS
XKypHaIizoBane (popMyBaHHS 3BITY.

BucnoBku. PesynbraroM po0OTH € CHPOSKTOBaHE CIIelliaji30BaHEe
MIpOrpaMHe OTOYEHHS, SIKe BKIIOYA€ B ceOe OKpeMy (hYHKIiOHAIBHY 0i0IioTeKy
Ta Habip Creiami30BaHMX AaBTOMATH30BAaHMX TECTOBHX CIIEHApIiB, sKi
BHUKOHYIOThCSI y B3aemomii 3 Selenium Server. BcraHoBineHo MiHIMambHUIMA
JOCTaTHI piBeHb €(QEKTHBHOCTI TECTYBaHHS IPH BUKOPWUCTAHHI 3a3HaueHOI
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Meromuku. Hanmami eQeKTUBHHM pPO3BHUTKOM CHCTEMH € BIIPOBADKEHHS
caMoCTifHOr0 TIaT(GOPMHOTO pillIeHHs 3 TOAAaHHS HOBUX TECTOBUX CIIEHApiiB Ta
X BUKOpPHCTaHHI P 0araTopa3oBUX MepeBipKax pecypcis.
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CALCULATION OF INVARIANT MEASURES ON POLYHEDRON
MODELS
Ph.D. Gerasin A.l., Tyapchenko O.M.

Anomauin. Y Ui JIONOBiAI aBTOPH PO3IJBIIAIOTH  OaraTorpaHHi
y3arajibHEHO OIMYKJIi MHOXHHH. 3alpOMIOHOBAHUI METOJI 1 OTpUMaHi pe3yJIbTaTh
PO3paxyHKIB JO3BOJISIOTh 3HAXOAUTH 1HBApIaHTHI MIpH MPY BUPILICHHI MPSIMOT i
obepHeHoi 3amadi Tomorpadii. [1oBiTOMIISETECS PO aNTOPUTM peaTi3OBaHUNA Ha
MOBIi nporpamyBanHs Python, mo no3Bossie BupinryBaT IpakTHYHI 3a71adi.

Kntrouosi cnosa: inBapianTHa Mipa, y3araJbHeHE OIyKJIIE TiJIo, OaraTorpaHHi
MHOXUHH, Teopema KpodToHna, Mipa rinepruiockoctei, 3amaua Tomorpadii,
MoBa nporpamyBaHas Python.

Abstract. In this report the authors article the author consider the
polyhedral generalize convex sets. Offered method and got results of
calculations, enable to find invariant measures at the decision of direct and
reverse task of tomography. It is reported about an algorithm implemented in the
Python language that allows solving practical problems.
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Keywords: Invariant measure, generalize convex body, polyhedral sets,
Crofton theorem, measure of hyperplanes, task of tomography.

Binpmricte MiHepadiB Mae KpUCTaiuHy OyJOBY Yy BHUIVISIAI PI3HHX
OaraTorpaHHUKiB. [CHYIOTh MaTeMaTHYHi METOIM 1 aJTOPUTMH BiJHOBJICHHS
BHYTPIIIHBOI CTPYKTYPHU 00'€KTY 3a MPOEKIIHHIMHU JaHUMH.

B mporeci gociimkeHb, MOB'S3aHUX 3 JAHOIO POOOTOI0 BHUSBHJIOCH, IO
MIPUPOJHAM amapaTtoM JUisl pIlleHHs 3ajad II0B sS3aHUX 3 I1HBapiaHTHUMH
Mipamu, € (n— 1]-ony1<ni muo)uHd. Bractusocri (t — 1) -OITYKJINX MHOXXHH
nociimkeni B [1],[2].

SIkmo p? G-cKiHYeHHa Mipa y HpOCTOpi IUIONIMH, iHBApiaHTHA BiJHOCHO
IPYNHM BCiX TpaHcnsLii i mosopotis y R, To:
T
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yZ(K)=iIJ‘I(p9¢K)Sin Jdpd 9 @
00

ne K © R® - xommaktHa omykna mHoxuHa, u?(K ) - mipa miomuH, ski
NEepeTUHAIOTh MHOXUHY K, |(p9¢ K) - nosxuna oproronansHoi mpoekiii K
Ha mpsAMY, 110 npoxoauts yepes (0,0,0) y Hanpsmky (sinfcose, sinfsing, coso).

Jlns Garatorpanauka M cR® € gopMyna Mipy MHOMKHHM BCiX ILIOLIMH, LIO
nepeTuHaTs M:

1 n

2

2 (M): Z(”_ai)i 2
A=

ne li moBxwuHa i-ro pebpa, oi — IBOTPAHHU KyT MiX TPaHsIMH, SKi YTBOPIOIOT i-

€ pebpo.
JocnikeHo METOOMKY OOYHMCIeHb 2-Mip 3a JOIMOMOrOK y3arajbHEeHHs
teopemu KpodToHa Ha cucremi JBOX OaraTOrpaHHHKIB, BHKOPHUCTOBYHOUH

BJIACTHBOCTI 2-OMYKJIMX 0AaraTOrpaHHUKIB 1 CHeIiaIbHAX F _vuoxun 2).
OtpumaHi  pe3ylbTaTH  y3araJbHIOIOTBCS HAa  MHOXHHY  JOBUTBHO
po3ramioBaHHX OaraTorpaHHukiB. B [3] HaBeoeHO MpHUKIAL aITOPUTMY
HaXO/PKCHHS  ONYyKJIOi OOOJOHI, KOOpAMHAT HAWMEHIIOrO0  OIYKJIOTO
0araTOKyTHHUKA, SIKUH IMMOBHICTIO BKIIIOYAE B cebe HaOip N JBOBUMIpPHHUX TOUOK P
(ctop. 290). Lle mae MOXJIHMBICTE CTBOPUTH Ha MOBi mporpamyBanHs Python
HOBY IpOrpamy, IO PO3B’s3y€ 3a/jady y TPUBHUMIPHOMY BUOAIKy. 3HAWTH 2-
OMyKIy OOOJOHKY, KOOPAMHATA HAWMEHIIMKA  2-OMyKJIOW MHOXHHH, IO
CKJIAJIA€THCA 3 JIBOX OaraTOrpaHHHKIB, sIKa MOBHICTIO BKJIIOYae B cebe Habip N
TPHOXBUMIpHUX TO4OK P¥* I[IpomoHOBaHWIA METOA Ta ONCpPKAHWUN pPe3yabTaT
0o0YMCIeHb, [HAlOTh 3MOTY 3HAXONUTH IHBapiaHTHI MipH  CyKYITHOCTI
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0araTorpaHHUKiB, IO MOXX€ OYTM BHKOPHCTaHO IIPH pIlIEHHI NpsAMOI 1
3BOPOTHOI 3a7a4i ToMorpadii.
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MODEL OF CALCULATING AERODYNAMIC FLOW DATA
Dr.Sci. Malakhov O.V., Malakhova D.O.

Anomauin. TloHaTTs MacuBy IaHUX i 4ac iH(popMaliitHOi 00poOKu
pe3yNbTaTiB pillleHHs Au(epeHIliaIbHUX PIBHIHb PyXY € BapiaTUBHHUM.
Knrwouosi crosa: Monenb, 00YUCICHHS aePOIMHAMIYHIX MOTOKOBHX JJAHUX

Abstract. The concept of a data array during information processing of the
results of solving differential equations of motion is variable.

Keywords: model, calculation of aerodynamic flow data

e oOymoBiI€HO THM, IO MPU MOIEIIOBAHHI TE€UiI0 MOXKHA BiATBOPHUTH 3
pi3HEM piBHEM sKOCTi. Tak 3TigHO 3 pe3yibTaTaMH JOCHimKeHb podotu [1]:
«OOJIK MOJATKOBMX HECTAaliOHAPHUX 30ypeHb 3a3BWYall BHKIUKAE TUTBKA
301IBIIEHAS TUMYACOBOTO 1HTEPBAIY IHTETPYBaHHS PiBHSAHB PYXY i HE BHMAarae
3MEHIIEHHSI KPOKY CITKH, TOOTO 30imbIIeHHS 0OCsTY 3aiiMaHoi omepaTHBHOL
mam'sti EOM». i BupimeHHS piBHIHP MaTeMaTH4HOI Mopeni Oyna
3alpOIIOHOBAaHAa MOJENL OOYMCICHHA aepOIMHAMIYHMX IIOTOKOBHX JIaHUX
(AI1). Bona e wormpmBuMipHOIO Mozemmo oOuucneHHs AII (puc. 1) 3
3aralbHOI0 CTPYKTYPOIO MacHBiB BHIY:
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Vijk~ V[i=0..N, j=0..M, k=0..F, t=1..3],
ne N, M, F — po3MipHicTh TIPOCTOPOBOI CITKH, SKa BU3HAYAETHCS KiTBKICTIO
PO3paxyHKOBHX BY3JiB B HampsaMKy X (HOMep OCTaHHBOro By3ia jaopiBHIOE N),
Y (HoMep ocTaHHBOrO By3na nopiBHie M), Z (HOMep OCTaHHBOrO BY3Ja
nopiBHioe F); t — THMYacoBoi piBeHb (MakcHMasbHE 3Ha4YeHHs = 3).

-
%)

it
=

“ e
NN
NN

L

T _t=2 /
y 7
DI
; " " " " ” "
S ——— L Li-Lk
a )

Puc.1l . Yomupvoxeumiprna mooens oduucnenns A npu inepmuszayii
mpiomie (a — npedcmasnenns A 6 vomupboxsumipnomy npocmopi;
6 — mpaexmopisi 0OYUCIeHsT OOHOBUMIPHUX MACUBIE).

Mopuenb nependadae TpPbOXBHUMIpPHE BiATBOpeHHs po3paxyHkoBux AIlJ] B
yaci (4eTBEPTOMY BUMIPIOBAHHIO) 3 MOAAJBIIMM IPEACTABICHHIM Yy BHIIISI
OMHOBHMIPHUX MacuBiB. Monenp TakoX mependadae  3amnporoHOBaHY
TPAEKTOPII0 OOYKCIEHh OJHOBUMIPHHX MACHBIB 3 TIOJAJIBIION Tepeapecallio,
110 3HWXKYE Yac OOYMCIICHD NP1 HE3HAYHOMY 30UIBIICHHI PECYpCiB ONEpaTUBHOT
nam’siTi komm’rorepa. [lpu mporpamHiil peanizaiii 3amporoOHOBaHOI MOJeENi
AT mepeBipka SKOCTI  ONCPKYBAaHMX PE3YIbTATIB BHKOHYETHCS 3
JO/IepXKaHHSIM JBOX yMOB. Ilepima yMmoBa Tonsirac B yYMOBI  CTIMKOCTI
obunciroBanbpHOrO Tporecy. Kputepiem takoi cTifkocTi € HepiBHICTB (1), sxuit
iHomi Ha3mBaioTh umcinoMm Kypanra abo citkoBuM guciom PeiiHonbaca [2].
Jpyroro yMOBOIO € TiepeBipKa HEBIATOBIAHOCTI 3HAKy PIBHOCTI B OCHOBHHX
piBHAHHSIX pyxy. Taka mepeBipka IMOBHHHA 3IiMCHIOBATHCA B KOKHOMY
PO3paxyHKOBOMY BY3Ji i Ha KOXXHOMY 4YacOBOMY piBHI. SIKIIo0 MakcuMaibHA
BEJMYMHA PO3PAXYHKOBOTO JUCOANTaHCy 3HAXOOWUTHCS HA piBHI MEHIIE

1-10* TO MOXKHA BBa)KATH, IO MOJENHOBAHUI MOTIK BiITBOPIOETBCS 3
MaKCHMaJbHUM HaONMKEHHSAM [0 peanpHoi Tewii. PeampHmit po3mominm 000X
KpHUTEpiiB B TONepeyHiil miommHi Tewii Oyo OTpUMAaHO i dYac peaisarii
iH(pOpMAIiifHOI TEXHOJOTIi Ha MPUKJIaAl BUPIIIEHAS KOHKPETHOT'O 3aBIaHHA. Y
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IbOMY 3aBJaHHI Oyia BHKOHAHa Bi3yallizamisl i30JIiHIH CTpyMy 1 3aBUXpEHOCTI
JUTA T1IPOAMHAMIYHOTO TIOTOKY BCEPEANHI MITIHIAPHIHOTO TPYOOIPOBOTY.
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ONITUMM3BALUA TEXHOJJOI'NMYECKUX TAPAMETPOB
TEPMHUHAUJIA ITPU OBCJIY KUBAHUU I'PY30OIIOTOKA B
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OPTIMIZATION OF TECHNOLOGICAL PARAMETERS OF THE
TERMINAL COMPLEX OPERATION FOR HANDLING CARGO
UNDER UNCERTAINTY AND RISK
Dr.Sci. Shramenko N., Shramenko V.

Annomayun. PazpaboraHa MMHTaUMOHHAs MOAENb (DYHKIMOHHPOBAHHS
Ipy30BOro TepMuHaiIa. Mozenpb MO3BOMSET YUECTh PA3IMUYHBIE BEPOSATHOCTHBIC
(akToOphl, YCTAHOBHTH 3aKOHOMEPHOCTH H3MEHEHHMS TEXHOJIOTMYECKUX
MapaMeTpOB ¥ ONMPENETUTh MX ONTHMAJIbHBIE 3HAUCHUS, a TAKXKE HCCIEOBaTh
KOJIMYECTBO 3aJCHCTBOBAHHBIX PECYPCOB M BPEMEHHBIC XapaKTEPUCTHUKU
TEepMHUHAIA.

Knrouegvle cnoea: nMHATAIMOHHAS MOJIETb, TEXHOJIOTMIECKHUE MAapaMETPBI,
TPy30BOIl TEpMHHAII, PECYPCHI, 3aTPaThI.

Abstract. The simulation model of the cargo terminal operation has been
developed. The model makes it possible to take into account various
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probabilistic factors, to establish the patterns of change of technological
parameters and determine their optimal values, as well as to study the number of
resources involved and the time characteristics of the terminal.

Keywords: Simulation model, Technological Parameters, Cargo terminal,
Resources, Costs.

PazBuTHE TepMHHAIIOB SIBIISETCS HEOOXOAUMBIM YCIOBHEM (OPMHPOBAHMS
B CTpaHe COBpPEMEHHOMI TPaHCHIOPTHOM nH(pacTpyKTyphl [1].
MHoropyHKIIMOHATIbHASL  AESTENBHOCTh HEBO3MOXKHAa 0€3  HCIOJb30BaHUS
COBPEMEHHBIX HMH(OPMALMOHHBIX TEXHOJOTHH [2] W aBTOMAaTH3MPOBaHHBIX
cucreM [3]. Mcnonp3oBaHHe TaKMX CHUCTEM IIO3BOJII€T YMEHBIIUTH CPOKU U
YBEIUYUTh KauecTBO 0OpabOTKH Tpy30B [4]. VuuThBas TEXHOIOTHYCCKUE
nokaszateau  (YHKIIMOHMPOBAHUSI TPy30BOr0 TepMHMHaia  (opmannzoBaH
kputepuii 3¢ddexTrBHOCTH [5], KOTOPBI OPHEHTHPOBaH Ha JIOTMCTHYECKHE
NOTPeOHOCTH CUCTEMBI W TMPEJACTaBIsIeT COOOH 3aBUCHMOCTh CyMMapHBIX
CYTOYHBIX 3aTpaT Ha d)yHKLII/IOHI/IpOBaHI/Ie TEpMHUHATIA OT TCXHOJIOIMYECCKUX
napameTpoB. OrmnpenenaeHo, 4TOo TPy30BOM TEpPMHUHAN TPENCTaBiseT coOoi
CHCTEMY MacCOBOI'0 OOCIY)KHBAaHHUS Pa30OMKHYTYIO C OXKHAAaHHEM (ouepenpio),
(YHKIIMOHUPOBAHHUE KOTOPOH SBISAETCS CIIy4alfHBIM IPOLIECCOM C TUCKPETHBIMU
COCTOSIHMSIMH M HENPEphIBHBIM BpeMeHeM. DyHKIMOHMpOBaHUE TEpMHUHANIA
NPEICTaBICHO KaK deThlpex¢a3Has cUcTeMa MacCcOBOIO OOCTY)XKHBaHHA, TAE
BXOJ/IHBIM IIapaMETPOM SIBJISICTCSI MHTEHCUBHOCTD IOCTYIUIEHHs aBTOMOOWIIEH Ha
Ipy30BOM TEpMHHAJI, @ ONTHMU3UPYEMBIMH MapaMeTpaMH - HHTEHCHUBHOCTH
obcmyxuBaHus (epepabdoTKK) rPy30M0TOKa B Kax10M (pa3e COOTBETCTBEHHO.

Pa3zpaboTana uMHUTanMOHHAas MoAeNb (YHKIMOHUPOBAHHS TIPY30BOTO
TepMHHANa B YCIOBHSX HEOIPENENCHHOCTH U pPHUCKa, KOTopas JaeT
BO3MOXKHOCTB Y4YECTh pa3UYHbIe BEPOATHOCTHBIE (DaKTOPBI M YCTaHOBUTH
3aKOHOMEPHOCTH H3MEHEHMs TEXHOJIOTMYECKUX MapaMeTpoB, OMNPENEIUTh HX
onTHUMasbHble 3HaueHUs. C IOMOIIBI0 HMMHUTALMOHHOTO MOJETHPOBaHUA
MPOBENEHBI JKCIIEPUMEHTHl C TIOCTEIyIomell CcTaTucTudeckoit 00paboTkoit
MONYYEHHBIX IAaHHBIX C LEIbI0 OMNpENENICHUS YHCIOBBIX XapaKTEPHCTHUK
HCCIIEIYyeMOro TIpollecca M HCCIENOBAHUS CTATHCTHUECKHX OIEHOK €ro
IIapamMeTpoB.
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ABTOMATHUYHA IOBYJIOBA PEIHIITYACTUX CXEM
PO3KPOIO JJIS1 ABOX IIVMIOCKUX TEOMETPUYHUX OB’€EKTIB

PI3HOI KOH®ITI'YPAIIIi 30BHIIIHbOI'O KOHTYPY
I[.T.H. ‘Iynpmnca B.L [0000-0001-6869-3091]

K.T.H. Yynpunka H.B.

E-mail: Chuprinka_V_l@ukr.net, Natasha-chup@ukr.net

[0000-0003-1507-489X]

AUTOMATIC CONSTRUCTION OF LATTICE SCHEMES OF
CUTTING FOR TWO FLAT GEOMETRICAL OBJECT OF
DIFFERENT CONFIGURATION EXTERNAL CONTOURS

Dr.Sci. Chuprynka V., Ph.D. Chuprynka N.

Anomayia. Y cTaTTi pO3MNIAAAIOTBCI MaTeMaTUYHE Ta IMPOrpaMHe
3a0e3MeueHHs] Ui aBTOMATHU30BAHOTO MPOCKTYBAHHS PAIliOHAIBHUX CXEM
PO3KpOI0 TIPSIMOKYTHHUX MarepialiB Ha KOMOIHAIiF0 JBOX pI3HUX 3a
KOH(DIrypali€r MMIOCKUX FCOMETPHYHHUX O00'€KTIB 31 CKIIAJHOK KOH(ITYpaLicro
30BHIIIHIX KOHTYpIiB. 3alpoNOHOBAaHE MaTeMaTHYHE 3a0e3IMeUCHHS Oyio
peairizoBaHe B MPOrPaMHOMY MIPOAYKTI JUIST  aBTOMATHIHOTO
MPOCKTYBAaHHS PAIliOHAIEHUX CXEM PO3KPOI0 TPSAMOKYTHHX MaTepiaiiB IS
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KOMOIHAIIT IBOX Pi3HUX 32 KOH(ITypaIier IIOCKHNX TeOMETPHIHHUX 00'€KTIiB 3i
CKJIQJHOIO KOH(bITypaIli€l0 30BHIITHIX KOHTYPIB.

Knwwuosi cnosa: panioHaJbHUA  PO3KpiH, NPSIMOKYTHHH  Marepiai,
30BHIIIHINA KOHTYp, CUCTEMa PO3MIILIEHHS

Abstract. The article considers mathematical and software for automated
design of rational schemes for cutting rectangular materials on a combination of
two different configurations of flat geometric objects with a complex
configuration of external contours. The proposed mathematical software was
implemented in a software product for automatic design of rational schemes of
cutting rectangular materials for a combination of two different in configuration
flat geometric objects with a complex configuration of external contours.

Keywords: rational cutting, rectangular material, external contour,
placement system

barato poOIiT NPUCBAYEHO pPO3POOI[ paIlioOHATBHHX CXEM PO3KPOIO
MaTepialiB Ha IUIOCKI TeOMETpHYHI 00’ekTH. MaremaThuHi  Mopeni
KOMITAKTHOI'O PO3TAIYBaHHS ONYKIHUX IUIOCKUX TEOMETPUYHUX 00'€KTIB
npexacrasieHi B [1-2]. Aje B GiIbIIOCTI BUMIAAKIB JA€TaNl B3yTTSA HE € OIMYKIUMU
IJIOCKMMM T€OMETPUYHMMH 00’€KTaMH. | €HETHYHI alrOpUTMH BHKOPHCTaHI B
[3]. Ane 1i anrOpUTMH HE 3aB3KIH JAfOTh 3a0BIIBHUI PE3YIbTAT 38 OOMEKEHUI
gac. Tomy 3aBHaHHAM [TaHOI POOOTH € PO3POOKAa METOMy aBTOMATHIHOTO
MIPOEKTYBaHHS PAIiOHAIBHUX CXEM PO3KPOI0 MPSAMOKYTHHX MaTepiamiB s
IJIOCKMX TEOMETPUYHHMX OO0’ €KTIB 31 CKIAZHOK KOH(IrypaIi€ro 30BHIIIHIX
KoHTYypiB. IIpobieMa aBTOMATH30BAHOIO MPOEKTYBAHHS PAIliOHATBHUX CXEM
PO3KPOIO MPSIMOKYTHUX MatepialliB Ha IUIOCKI T€OMETPUYHI 00'€KTH B Takiil
MOCTaHOBI He po3msiganacs. g 3amaua  Moxke Oyru chopMynboBaHa
HACTYITHUM YHHOM: CEpeJl MHOXHHHU JIOMYCTHMHUX MOABIMHUX PEIIiTOK

Wi :Wi (aii’aZi’ g,) st ABOX ferameit S; ta S, 3 muomamu |Sl|

Ta|82| 6e3 oOMe)XeHb Ha Opi€HTAMIIO JeTaneill 3HAHTU TaKy MOABIMHY PEmIiTKy
* Lk, x % . . .

W =W(&; ,8, ,§ ), uus saKoi BiICOTOK BUKOPHCTaHHS MaTepiaty OyB Ou

MaKCHMaJIbHUM, TOOTO

o -« LIS o ISl
=121 i=.2.r DI, -Sh DI *Sh

e k1i - KUTBKICTB JleTasieii IepInoro THITY B i-iif po3kpiiiHii cxemi,

-100%,
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k2i - KUTBKICTB JIeTaJiell IPYroro TUITY B i-iid pO3KpilHiN cxeMmi.

3anpornoHoBaHi MaTeMaTH4YHI MOJIEN Ta aJrOPUTMH JIO3BOJIMIIN PO3POOUTH
IporpamMHe 3a0e3neYeHHs sl aBTOMaTH30BaHOTO MTPOSKTYBAaHHS PalliOHATBHUX
CXEeM PO3KpOI0 MaTepiasiiB IPsSMOKYTHOI (hOpMHU Ha KOMOIHAIIiIO IBOX PI3HHUX 3a
(OpMOI0 IUIOCKHX T'€OMETPUYHUX O0'€KTIB 31 CKIAJHOI0 KOH(QIryparieto
30BHIIIHBOIO KOHTYpY. Lle mporpaMHue 3a0e3reueHHs] MO)KHa BUKOPHCTOBYBATH
B DpI3HMX Taly3sX, J€ HEOOXIJHO paIlioHaJbHO pO3KPOITH MaTepiaiu
NpsSAMOKYTHOI  (opMH  Ha IUIOCKI TEOMETpUYHI O0’€KTH 31  CKJIQJHOIO
KOH(QITrypalli€l0o  30BHIIIHBOrO  KOHTYpPY 1  MIIBUIIMTH  e(eKTHBHICTBH
BHUKOPHUCTAHHS MaTepialliB IPU PO3KPOIO.
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NONLINEAR DYNAMIC OBJECTS MODELLING USING TIME
DELAY NEURAL NETWORK
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Abstract. The work solves the problem of nonlinear dynamic objects
modelling. The purpose of the work is to improve the accuracy of nonlinear
dynamic objects identification under conditions of a priori uncertainty. The
purpose is achieved by developing a method for identifying models in the form
of Volterra series, which simultaneously describe the nonlinear and dynamic
properties of the object. The apparatus of neural networks with time delays is
considered as a method of identification, providing convenience in modeling
both in test and in functional mode. The most essential results: the method of
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identification of nonlinear dynamic objects models with the use of information
relation of Volterra series and time delay neural networks has been further
developed.

Keywords: nonlinear dynamic objects, modeling, Volterra series, time-delay
neural networks.

The purpose of the work is to improve the accuracy of nonlinear dynamic
objects identification under conditions of a priori uncertainty. A priori
uncertainty caused by the insufficient study of the processes occurring in the
objects of diagnosis due to the operation in a wide range of external conditions
and the lack of opportunities to use test signals of a special form (3-function,
step function, harmonic signal).

For a wide class of nonlinear dynamic objects the dependence between the
influence X(t) and reaction Y(t) in explicit form can be represented by the
functional degree-dependent Volterra series [1, 2]. However, the use of Volterra
models for the identification of nonlinear dynamical systems of high order is at a
loss by several restrictions: practical inability to expand the evaluation of higher-
order kernels (due to the increased size of the kernel representation) and strict
requirements to the amplitude and shape of the input test signals [3]. As a new
effective approach of dynamical objects identification with nonlinearity of
higher orders suggests time-delay neural nets (TDNN). The above calls for
looking for joint efforts for using Volterra models and three-layer TDNN [4].

Analyzing the models based on the form of Volterra series and TDNN, we can
conclude that they has isomorphic expressions [4, 5]. Thus, the Volterra kernels can be
express through the weight coefficients and shifts of the hidden neurons of the neural
net. An informational relation between nonlinear dynamic models in the form of
Volterra series and TDNN has been established. On the base of this relation the
method for evaluating higher-order Volterra kernels developed. It allows to
increase the accuracy of nonlinear dynamic models identification in the form of
Volterra series by evaluating higher-order Volterra kernels using TDNN.

The obtained results prove the possibility of building Volterra models of
nonlinear dynamic objects using TDNN and training samples on the base of the
input signals of the special form (8-functions, step functions, harmonic signals)
and output responses. On the base of established relationship between TDNN
and Volterra models algorithm of nonlinear dynamical objects identification
developed. The efficiency of the suggested identification method investigates
using as an example a test nonlinear dynamical object. The test object used is the
first order object with quadratic nonlinearity in a feedback relation. The
application of the developed method for the identification of the test nonlinear
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dynamic object allows to get the nonlinear dynamic model on the base of
Volterra kernels with error of 5-19% in comparison with analytic models in the
form of Volterra series.
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CARBON COMPOSITE MATERIAL MARITIME ANTENNAS FOR
RADIO COMMUNICATION SYSTEMS
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Abstract. This paper considers the possibility of using materials based on
carbon in antenna technology. Technical solutions for the creation of antennas
for communication systems and data transmission of sea and river transport have
been proposed and tested. Computer simulation and experimental investigation
of the obtained samples electromagnetic characteristics have been carried out,
and the proposed technical solutions application effectiveness has been shown.

Keywords: dipole antenna, horn antenna, carbon composite, graphene

Tntennas are the important component of modern communication and data

transmission devices on water transport. The most commonly used materials for
their manufacture are metals, which do not always provide sufficient corrosion
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resistance and temperature stability. The main requirement in the antenna device
development is the stability of its electromagnetic parameters, so the alternative
materials research and application for the construction of such systems becomes
necessary.

To improve the performance characteristics of modern antennas, it is
proposed to use carbon-based materials - carbon composites (CCM). In terms of
specific gravity, strength and rigidity, CCM surpasses metals used in antenna
technology. In this case, the materials available on the market based on carbon
were considered, and Zoltek PX35 was selected as having the highest
conductive properties. To fix the carbon composite filament, it was proposed to
modify the epoxy binder by graphene-like structures to impart conductive
properties and reduce contact resistances in the joints.

Due to the differences in the resistivity of metals and PX35 CCM, the
antenna gain computer simulation was carried out depending on the material
from which they are made. The simulation results confirmed the fundamental
possibility of using the selected carbon composite to create antenna devices and
did not show a significant deterioration in the characteristics of CCM antennas
in comparison with metal analogs: the difference was a few percent.

Reflex dipole antennas for 200, 530, 600 and 1040 MHz operation
frequencies with various CCM structure forming technologies were made, as
well as horn antennas of the L- and C-bands with 1.6 and 5 GHz central
operating frequencies [1]. Experimentally and in an anechoic chamber, the main
electromagnetic characteristics of the created model samples and their metal
analogs were measured. The comparing results of the obtained data showed the
fundamental possibility of using approved technical solutions, and minor
differences in characteristics within a few percent are caused by inaccuracies in
laboratory measurements.

Based on this experimental studies and computer modeling of the
electromagnetic characteristics of reflex dipole and horn antennas results, it is
shown that the carbon composite materials with graphene-containing epoxy
binder application is effective for the maritime radio communication antenna
systems creation. The application of these materials will improve the reliability
of data transmission in difficult water-air ambience of water transport.
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Abstract. The approach to dynamic modeling of the forecast trajectory of
the ship and its continuous visualization on the electronic panel is considered,
with the overlay on the current digital double of the real scene of the
environment on the course of the ship. The software and hardware
implementation of the developing approach provides an opportunity to
objectively assess the safe distance to potential navigational obstacles and
interference within the ship's course and adopted pre-emptive management
decisions both directly by the ship and operator at the remote automated control
of the ship's movement on the course.

Keywords: modeling, visualization, motion forecasting, ship, decision
support system, ship trajectory.

The main task of the skipper's decision support system (DSS) when
operating (maneuvering) a river vessel is to increase the safety of navigation,
taking into account the current features of the waterway, navigation and
hydrometeorological conditions, as well as the technical equipment of the vessel
and the competence of the watch chief.

Modern technical means allow us to determine and provide the skipper with
the actual values of the characteristics of the position and speed of the vessel, the
parameters of the equipment and the environment according to the course of the
vessel's movement [1-3].

In order to exclude subjective foresight and imaginary representation of the
ship's trajectory when performing a maneuver in the conditions of the current
navigable and interference situation, the task of providing the skipper with the
capabilities of high-precision forecasting of the ship's trajectory within the
inertial distance, its realistic digital visualization, adequate to the current values
of the dynamic parameters of the ship, is very significant.

This approach allows you to determine and display the "end point™ on the
current visual scene in real time as a result of the performed maneuver.

196


mailto:1iapp@vgavt-nn.ru
mailto:2asheyanov@ya.ru
mailto:3fds1707@mail.ru

Marepianu X MibKHapOAHOT HAYKOBO-IIPAKTUYHOT KOH(epeHil
KIHOOPMALIMHI YITPABJISIIOUI CUCTEMU I TEXHOJIOTTi»
23 - 25 Bepecus 2021 p., Oneca

In the software implementation of ship dynamics models, the calculation
and construction of the forecast trajectory of a particular vessel (FTV) as an
element of the DSS, it is carried out on the basis of data on its maneuverable and
inertial characteristics established during mooring and sea trials, as well as
information received from sensors of the position of the control bodies of the
propulsion and steering complex, readings of linear and angular velocity
devices.

By entering into the program or receiving from the onboard sensors the
initial numerical values of the linear and angular velocities, as well as the angle
of the rudder pen shift, we obtain the trajectory of its forward movement.

When the speed of the vessel or the position of the rudder pen changes, the
trajectory of the wvessel is automatically recalculated; changes in external
influences on the vessel are taken into account in the corresponding changes in
the indicators of the linear and angular velocity sensors.

The software and hardware implementation of the considered approach to
dynamic modeling of the predictive trajectory of the ship's movement and its
continuous visualization on the monitor with an overlay on the actual digital
double of the real scene of the environment along the course of the ship's
movement makes it possible to estimate the safe distance to potential navigation
obstacles and interference within the ship's course.

The proposed innovative approach to the continuous joint visualization of
the digital double of the current scene of the surrounding shipping situation and
the forecast trajectory of the vessel's movement becomes essential in the
operation of automatic vessels as an option for the supervisor's intervention in
the operation of an integrated automatic control system in difficult navigation
conditions.

In the future, digitalization of the process of constructing the coastline and
lines for preventing the vessel from entering the dangerous zone of approach to
the area of shallow depths or other navigational hazards of the water area, as
well as determining objects of floating danger, is a priority direction for the
further development of the proposed system.

It seems promising to develop the proposed approach in a more general
direction — a visual representation of the current scene of the shipping situation
together with the FTV and individual forecast trajectories of oncoming traffic
vessels within the framework of a unified system of services for managing the
safety of navigation in the river basin, built on the basis of appropriate cloud and
satellite digital technologies.
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Abstract. This article provides a result of the concept creation and
development procedure of a natural language processing service for an
intelligent digital assistant system. As a result, the NLP service with data
processing algorithms, an extended neural network training method aimed at
productivity optimization, and original deep learning models based on
Transformer architecture, was developed.

Keywords: natural language processing, machine learning, deep learning,
data mining, text processing, virtual assistant system.

Introduction. Nowadays, a lot of modern services and applications burst
into our lives and brand-new formats of interaction are becoming a reality. At
the same time, outdated channels of interaction with users remain and it is
almost impossible for a significant percentage of small and medium-sized
businesses to fully automate their wide range of services, resulting in an
excessive waste of time for people and an increase in operating expense for
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companies. One of the possible solutions lies in the integration of one or more
natural language interfaces (NLI) [1], often the implementation is carried out in
the form of a smart assistant or an intelligent helper.

Objectives. Most of the existing solutions with support for CIS languages
are either low quality or extremely expensive. Therefore the work aims to
develop the natural language processing service for a virtual assistant using
recent machine learning methods with special attention paid to the efficiency of
models for Russian, Ukrainian, and English.

Service functionality. Proposed natural language processing service
functionality includes intent detection, entity recognition, text normalization,
question answering, ranking, and multi-label topic classification. Generally,
intent detection is the task of retrieving user intention from the input request.
The Named-entity recognition (NER) task aims at extracting named entities
from the text. Text normalization is a required stage since in natural languages
there may be various declensions of words, plurality, etc. In the context question
answering the task is to return the most relevant segment of the paragraph.
Ranking, accelerated by multi-label topic classification, is used for the open-
domain question.

Model’s architectures. To develop the service functionality, the fine-tuned
deep learning models based on the BERT architecture [2] would be used. For the
question answering procedure the BERT sequence output flows to the dropout
and linear layer, which returns argmaxed logits for start and end positions for
each input token. In the intent detection and classification models, the pooler
output is used as the input for dropout regularization and a linear layer with a
softmax. Fine-tuning for the ranking task is carried out using the pooler output
of the BERT model, dropout, and linear layer with sigmoid to transform the
output into the confidence of similarity. The NER model outputs predictions in
the format of BIO-markup, for this purpose the sequence output is fed into the
CRF layer.

Transformer-based architectures, including BERT, demonstrate state-of-the-
art language understanding, however, the inference speed of the obtained models
is unaccepted for our situation. To solve this problem the extended method of
knowledge distillation [3] would be used. In our case, as a student model, the
BERT with the reduced number of layers (4 vs 12) and specific weight
initialization was selected. For the fast answer functionality, we implemented the
extended method of multilingual open-domain question answering [4]. Here
synthesis of sequence embeddings and gradient boosting combines with models
for ranking, classification, and question answering to return the most relevant
fragment of stored passages.
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Evaluation. To assess and compare the developed models with existing
ones (Table 1), the F1 measure is used along with the exact match for QA.

Table 1. The results of the models' evaluation

Models F1 EM | Flru | Fluk | Flen
Ranking: Laser-XGBoost 0.809 - 0.82 | 0.812 | 0.796
Ranking: BertForRanking 0.875 - 0.93 | 0.917 | 0.784
Ranking: DistilBertForRanking 0.865 - 0.928 | 0.944 | 0.732
QA: BertForQA 0.891]| 0.813 | 0.905 | 0.921 | 0.875
QA: DistilBertForQA 0.824| 0.68 | 0.83 | 0.815 | 0.817
QA: deeppavlov-squad-bert 0.885| 0.809 | 0.89 | 0.885 | 0.88
Intent detection: BertForID 0.996| - 0.997 | 0.995 | 0.996
Intent detection: DistilBertForID 0.993] - 0.995 | 0.993 | 0.991
NER: BertForNER 0.875 - 0.892 | 0.862 | 0.869
NER: deeppavlov-ner-mult 0.886 - 0.89 | 0.858 | 0.909

Conclusions. This material provides a development procedure of a natural
language processing service for a digital assistant system. The proposed
extended knowledge distillation method demonstrates a 2-3 times increase in
inference performance and the method of open-domain question answering
solves the problem of paraphrasing and multilingualism.
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ABOUT THE ALGORITHM FOR DETERMINING THE THRESHOLD
VALUES OF THE CHARACTERISTICS OF STABILITY QUALITIES
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Abstract. An algorithm for determining threshold values of changes in
stability characteristics is considered. The algorithm was developed for use in
the software implementation of an information digital system for supporting
decision-making on the use of standard rescue equipment by the captain in the
event of a threat of flooding and overturning of a river displacement vessel.

Keywords: Decision support system, an overturning of the vessel, curves of
the intensity of changes in the threshold values of the stability characteristics of
the vessel.

To assess the danger of the vessel capsizing, it is proposed to analyze the
curves of the intensity of changes in stability characteristics over time [1]. The
curves are constructed according to the results of determining the threshold
values of the stability characteristics, calculated with a certain time step during
the operation of the vessel.

The points on the static stability diagrams (hereinafter DSO), which
determine the end of the straight section of the ascending branch (point "A") and
the maximum (point "B"), are taken as threshold values.

Theoretically, point "A" defines the end of the straight-line section of the
ascending branch of the DSO and can be determined from the graph of the first
derivative of the DSO, as the end of the first horizontal section of the graph of
the first derivative. However, as studies of the dynamics and analysis of the
buoyancy and stability of a vessel in service show, the ascending branch of river
displacement vessels is not always mathematically linear [2]. In this regard, it is
proposed to determine the point "A" by examining the first derivative of the
DSO as follows: differentiate the diagram by the roll angle, find the relative
changes in subsequent values to the previous ones at each step, check the
condition that the values of relative values deviate by more than 5% as evidence
of passing point "A" in the previous step.

This condition is written in the algorithm as follows:
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E
if |-+ —1|>0,05:hy_, — A4, )
'91
rae hy — metacentric height, meters.

Point "B", as the largest ordinate of the DSO, corresponds to the limiting
heeling moment, the static application of which does not yet cause the vessel to
overturn. After passing this point, the descending branch of the DSO begins,
corresponding to the zone of unstable equilibrium of the vessel, i.e. the actual
loss of stability due to the static application of the healing moment. "B" is the
critical point of the DSO, where the first-order derivatives vanish.
Geometrically, this means that the tangent to the graph of the function is
horizontal. This condition is written as follows:

lf Ii = Emax: Ii - B 2
| — shoulder of static stability, meters, or

if hg.,, <0:hg — B.

The described operation is performed discretely with a certain time step. For
each step, DSO is adjusted, threshold values are determined (points "A" and
"B"). Thus, an ensemble of DSOs with certain threshold values is obtained. By
tracking the change in threshold values for each subsequent DSO, graphical
curves of the change in threshold values can be obtained. And by rearranging
these curves as a function of time (for which each DSO is built), to obtain the
curves of the intensity of changes in the threshold values of the stability
characteristics of the vessel. By comparing the data from the study of the
dynamics of ship wreckage with the results of plotting the curves of threshold
values of changes in stability characteristics, the following was established: the
achievement of the stability characteristics of the value corresponding to point
"A" is a prerequisite for approaching the onset of a transient accident or the end
stage of a prolonged accident. The moment of reaching the actual heel angle of
the value of point "B" is the moment of death of the vessel. This confirms the
consistency with the theoretical substantiation [2] of using the characteristic
points of the static stability diagrams as a tool for determining the change in the
character of the ship's stability in dynamics. The results obtained are also
consistent with the conclusions about the qualitative determination of the stages
of loss of stability by the ship, depending on the numerical values of the roll
angles [3], based on the physical meaning of the DSO.The work is carried out
with the financial support of the Foundation for Assistance to Small Innovative
Enterprises.
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TYPES AND METHODS OF RESEARCH EFFICIENCY ADVERTISING
Ph.D. Otradska T.V., Otradsky B.O.

Anomauin. HaBeneHuit onuc TEHIGHLINH Cyd4acHOI peKlIaMH  Ta
3aIporoHOBaHa po3podka iHdopmaliiHOT cHCTEeMHU NOCTIKEHHS e()eKTUBHOCTI
PI3HUX BHIIB PEKJIaMHU.

Kntouosi cnoea: nociimxeHHs pekinamu, €(peKTUBHICTD peKIaMH, BUAU
pexiamu

Abstract. The description of tendencies of modern advertising is resulted
and development of the information system of research of efficiency of various
kinds of advertising is offered.

Keywords: advertising research, advertising efficiency, types of advertising

Pexmama cporomHi € HaWBaXIMBIMIOK JIAHKOKO  IIiANPHEMHHUIIBKOI
nistbHOCTI. Bin edeKTHBHOCTI pekiiaMu 3alie)kaTh HE TUIBKH Oe3rmocepeHbo
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IIpoJaski TOBapiB abo IOCTYT, CTBOPEHHSI CIIPUATIMBOrO IMI/PKY Cepe MOKYIILIB
Ta POOITHUKIB, aJie i MOMJIMBOCTI TIOAAJIBIIIOTO PO3BHUTKY.

CporoziHi BUAM pEKJIaMH HOCTYIIOBO 3MIHIOIOTBCS BiJl YCHOTO CHUTKYBaHHS
Ta marepoBoi iH(opMamii B ramy3b HU(PPOBUX TEXHOJOTIH, a caMe PO3CHIKH
CJICKTPOHHOI TIOIITH, COIiaTbHI MEpexi, OaHepu Ha calTax, SMS, METOIU
MIOIIYKOBUX CUCTEM Ta iHON. TakoXk 3aHIIAETHCS €EKTHBHOIO 1 TeneBi3iliHa
pekitama [1]. OcobiHMBO Il 3aCTOCOBYETHCS CYYACHOK MOIOMAMI0, SIKA €
OCHOBHMM TMOKYNIIEM TOBapiB Ta mOcAyr. | came BOHM € OCHOBHUMH
CIIOXKUBAYaMH, HAIIPUKJIA]I, OCBITHIX ITOCIYT.

3 yciei Oe3mivi BUAIB pekjiaMi HEOOX1THO BUAUTUTH CaMe Ti, SKi HAHOUIBII
e(pEeKTHBHI ISl JAHOTO BUAY MisUTBHOCTI. J[isl 11bOro HEOOXiMHO  MOCTIHHO
MIPOBOUTH iTbOBI JTOCITi JKCHHSL. MeTtoaun JTOCTIJIPKCHHS, SIK1
BUKOPHCTOBYBAJINCSI B MHHYJIOMY, TakKi SK IIOMITOBI PO3CHIIKH, JIUCTIBKH,
nanepoBi aHKETH 1 TelleOHHI ONMUTYBAHHS € 3aCTApUIMMU Ta He e()eKTHBHUMHU
Ul CbOrOIEHHA. Tak sK pekgaMHi 3aco0i  ChOrOAHI BCEe  OLIbIIe
BUKOPUCTOBYIOTh IIM(POBI TEXHOJOTI] Ta KOMIT'IOTEPHI MEpexXi, TO HEoOXiTHO
pO3po0IATH  Ta BHKOPHUCTOBYBAaTH HOBI IM(POBI 3aco0M AOCITIIKEHH:
edexTuBHOCTI pexnamu.Jleski KomMnaHii B)K€ BUKOPHUCTOBYIOTh CBOi IHTEpHET
pecypcu s gochmimkeHHs. Hanpukman, kommawiss Google mposoauTh
JOCTIDKeHHST e(eKTHBHOCTI pI3HMX BHIIB pekiamu Ha YouTube u B
KOHTEKCTHO-MeiiHii Mepexi Google (KMC) [2], B IKMX BU3HAYAETHCS 3HIKKA
BUTpAT Ha pexnamy Big 20 1o 39%, a nons KoHBepcid Bix Takoi pexknamu 18%.

Ane JUis JIOCHIJDKEHHS peKIaMH MOXHA PO3pOOJISITH  Clieliani3oBaHi
iHpopMalliliHI cUCTEeMH, sIKI HO03BOJIATH 3 BUKOPUCTAHHSAM CyYacCHUX IU(PPOBUX
TEXHOJOTIl  BUKOHYBaTH JOCHI/KEHHs Oe3 BENMKHX 3aTpaT, PeryisipHo i
mBuAKo. Taka iHpopMaliiiiHa cucreMa MOBHHHA MATH HACTYIHI MOXITUBOCTI:
3pYYHHI Ta HIBUAKUHA TOCTYI PECIOHJICHTIB A0 ONUTYBAaHHS, THYYKa CHCTEMa
CTBOPEHHS, pEJaryBaHHS, 30epeKeHHS Ta OIIAAy ONUTYBaHb, HAOYHA
iH(OpMallis pe3yIbTaTiB ONUTYBaHHS.

JlOCTOBIpHICTE  pE3YyNbTaTIiB ONUTYBAaHHA € Ba)JIMBOIO  YaCTHHOIO
JOCTIDKEHHS pekiaMu. ToMy 3a pe3ylnbTaTaMH OIUTYBAaHHSI HEOOXiTHO
BUKOHYBaTH OOpOOKY pe3yibTaTiB 3 BHKOPHUCTAHHSAM METOAIB 0OOpOOKH
ekcrieptHuX oriHok [3]. Takux meromiB e Garato, ajge HEOOXIAHO BHILIATH
YacTHHY 3 HUX, SKi MO)KHA BHKOPHCTOBYBATH [UII aBTOMAaTH30BaHOiI OOpOOKH
BEJIMKOI KUTBKOCTI Pe3y/IbTATiB OMIHKH PEKIaMH HEBIIOMHMH PECIIOHICHTAMU.
Takok MOXXHa BIAMITHTH, IO Taka 0OpoOKa Oyme BHKOHYBATHCSA Y JEKiJTbKa
eTamiB:

1. BuzHaueHHS KOMIETEHTHOCTI PECIIOH/ICHTIB (PaHTiB).

2. Po3paxyHOK Ta 00paHHS JOCTATHBOI KiJIbKOCTI PECTIOH/ICHTIB.
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3. Po3paxyHOK cepeHbO-BaroBol OI[iIHKA METO/IB PEKIIaMHU.

4. AHani3 y3roJUKEHOCTI OLIHOK PECIIOHCHTIB.

5. Po3paxyHOK 3HaUyIIOCTI OIIHOK PECIOH/ICHTIB.

CTBOpeHa TaKMM YMHOM CHCTEMa aBTOMATH3Y€E HE TUIBKU 30ip iH(popMarlii,
ane 1 oOpoOKy U (pOpMYBaHHS aHATITHYHUX 3BITiB, IO 3a0€3MCUUTH IIBUIKHA
Ta epeKTHBHUIA 3aCi0 JOCHTIKEHHS PEKIaMHHX ITPOEKTIB.
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Abstract. The problem of considering the inverse effect of process
characteristics (liquid concentration and sediment contamination) on the
environment characteristics (porosity, filtration, diffusion, mass transfer, etc.) on
the example of liquid purification in magnetic and sorption filters has been
solved. An algorithm for numerical-asymptotic approximation of the
corresponding model problem which is described by a system of non-linear
singularly perturbed differential equations of the type "convection-diffusion-
mass transfer" has been obtained. On this basis, a corresponding computer
experiment was conducted, the results of which show the proposed model
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advantages in comparison with classical.
Keywords: filtering, reverse effect, multicomponent concentration,
asymptotic solutions

An actual problem in the realm of water supply and drainage is the
development of water treatment systems, namely the modeling of these systems.
The analysis of research results conducted in [1-4] indicates the presence of
complex structure interdependencies of different factors, which determine the
filtration processes and filtration through porous media, which were not taken
into account in the "traditional” (classical, phenomenological) models of such
systems. The filtration process on sorption filters does not require a closed
system, so the filtration rate is not a constant value and, as a rule, the rate
changes along the filter over time. To simplify the calculations, we will assume
that the concentration of pollution is one-component. It is also necessary to take
into account the inverse effect on the porosity and coefficients that characterize
the deposition of dirt particles and detachment of sediment particles [4] and
longitudinal diffusion. The pollution concentration is multicomponent.
Appropriate filtering process taking into account the process characteristics
feedback (liquid and sludge contamination concentrations) on environmental
characteristics (porosity coefficients, filtration, diffusion, mass transfer, etc.) is
described by the following system of interconnected differential equations:

o(o(x.t)c(x.t)) +ap(x’t)+ o(v(x.t)e(xt)) b o%c

ot ot OX ox*’
2
%:ﬂ(p)c(x,t)—ga(p)p(x,t)+D*aaT/ZO,
@
_ B B L ocl - opl
o, ,=c@), ¢_, =0, o|,_, =0, pL_O—O,&X=L—O, .. =°

The solutions of system (1) under conditions (2) are sought similarly to the
general problem in the form of asymptotic series (see [3]).

We give the calculation results for C.(t)=170mg/1, L=0.8m,
B, =03st, «,=0.0056s!, 0,=05, a=1 pA=1 o.=1,
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b=h =1 &=0.001.

c

—-—= c(xt) /
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Fig.re 1. Impurity concentration distribution at the filter output during the
protective action time: 1 - according to the Mintz model; 2 - according to

obtained formulas when d = 0.78 mm, v = 10 m/h, Texp =26.1h, Tp =32h,

Ty =38h
C
—-——— c 1)
170 - — c(x1)
100
0 0.2 0.4 0.6 0.8 1X

Fig.re 2. Impurity concentration distribution along the filter at time t =26 h: 1
— according to the Mintz model; 2 — according to obtained formulas, when

d =0.78 mm, v=10 m/h
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Fig. 3. Sludge concentration distribution along the filter at time t =26 h: 1 —
according to the Mintz model; 2 — according to obtained formulas
whend =0.78 mm, v=10 m/h

The received calculation formulas give the ability to calculate dynamics of
the concentration advance of pollution and a deposit along the filter.
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