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Cexkuis 1 Indopmaniiini cucTeMH ynpapJliHHA

VK 621.396.4 (045)

MATHEMATICAL MODELING OF MOTION OF IRON BIRD
TARGET NODE OF SECURITY DATA MANAGEMENT SYSTEM
SENSORS
Dr.Sci. Tachinina Q. [0000-0001-7081-0576 yp. Scj. Lysenko Q.210000-0002-7276-9279]
Ph.D. Alekseeva I, 310000-00022878-6514] ppy ) Novikov V., 410000-0003-4199-9968]

E-mail: 'tachinina5@gmail.com,’lysenko.a.i. 195 2@gmail.com,
3alexirl @ukr.net, “novikovl 967@ukr.net

Annotation. The article is devoted to presentation of the results of mathematical
modeling of motion of the target node, which imitates a mini-drone and is mounted on
the carriage of iron bird (test bench) for testing the sensors of security data
management system.

Keywords: mathematical modeling of motion, target node, iron bird, sensor
network, flying robots, drones.

The most topical task is protecting against unauthorized access into the
protected zone of individual mini-drones, its groups and a "mosquito" raid of
mini-drones [1]. One way to solve this problem is to use a security data
management system (SDMS) [2]. The test benches of modeling flat (two-
dimensional) or spatial (three-dimensional) target motion are used for testing.
To eliminate self-oscillations of the target node that arise when modeling the
protective maneuvers of mini-drones, the algorithmic adaptation of servo
drives operating along the axes of mobility of a hypothetical iron bird was
performed. The algorithmic adaptation consisted in application of the modal
control algorithm to correct dynamic properties of the servo drives. The modal
controller was synthesized according to the following procedure:

1. A continuous mathematical model of the target unit drive of a
hypothetical typical biaxial iron bird in the form of a MIMO LTI model was
identified. Based on the identification results, it was assumed that the MIMO
LTI (Multiple Input Multiple Output) drive models on the OX and OY
channels practically coincide and are described by equations in the two-
dimensional state space

dX/dt=A-X(1)+B-U(t): (1)

Y(6)=C-X{(t)+D-U(¥) 2)
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where X(t)=[xi(t);x2(t)], x1(t)=i(t) — current in the armature circuit of a DC
motor, X»(t)=w(t) — angular velocity of the armature rotation; U(t)=[ui(t);
ux(t)], ui(t) — control signal, which is fed to the independent excitation
winding, uy(t) — signal simulating the effect of cross-coupling between
OX and OY channels; A=[-25 -7.5;7.5 0], B=[5 0;0 -5], C=[1 0;0 1],
D=[0 0;0 0]. 2. Parameters of the drive’s discrete mathematical model are
analytically calculated. The functions MATLAB+Simulink «ss» and «c2d» of
a computer mathematics system were used for calculations. The simulation
results of functioning of the modernized hypothetical typical biaxial iron bird
are presented in Fig. 1, 2, 3 (a, b).
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Fig. 1 — Graphic image of the reference trajectory of the oval mini-drone (a)
and result of reproduction this motion by a hypothetical typical biaxial iron

bird (b)
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Fig. 2 — Graphic image of the reference trajectory of “Lissajous figure” mini-
drone (a) and result of reproduction of this motion by a hypothetical typical
biaxial iron bird (b)
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Fig. 3 — Graphic image of the reference trajectory of “random walk” mini-
drone (a) and result of reproduction this movement by a hypothetical typical
biaxial iron bird (b)

The iron birds, modernized by the algorithmic method described in the
article, can be used to test the tracking nodes for individual mini-drones or
clusters of mini-drones (distributed drones).

These tracking nodes can be used in data management systems with a
human operator or artificial intelligence in remote control loop of inspection
and destruction means of security data management systems.
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MECHANISM OF ENERGY COST IN BLOCKCHAIN
TECHNOLOGIES AS A POSSIBLE RESTRICTION FACTOR
Dr.Sci. Voloshin V. S., Dr.Ed. Fedosova I. V., Ph.D. Mironenko D. S.

Annomayusn. BUTKOWH 1aeT MHOOPMALUIO O COCTOSHUM CUCTEMbL. MaiHUHT B
CHUCTEME OCYUICCTBISICTCSI ¢ TIOMOIIIBIO UCTOYHUKOB AJICKTPUYECKOM SHEPTUH, IOITOMY
BOIIPOC 00 DJHEprozarparax IOKa SIBISICTCS MPEMATCTBUEM B PA3BUTHU OJIOKYCIHH
TexHonoruid. CyIecTBYIOT pa3HbIe CHOCOOBI COKpAICHUS IOTPEOJICHHUS SHEPTUU
MaifHUHTOBBIM 0OOpyaoBaHueM. Ho 0Ooiiee TOYHO Te€HEPHPOBAHHYIO >HEPrOEMKOCTH
OMTKOMHOB OTOOpa)KaeT MOKAa3aTelb €p, YYUTHIBAIOIINHA KaK CHIDKEHHE KOJINYECTBa
TeHEPUPYEeMbIX OMTKOMHOB BO BPEMEHH, TaK H POCT 00BEMOB TpeOyeMoro xempeira B
9TOM jke uHTepBajie. He cMOTpst Ha TO, 4TO 0OBEM XCIIMPOBAHHUA M YHEPTETHUECKOM
LICHHOCTH KaXJOTO CTCHEPUPOBAHHOIO OWUTKOWHA CHUCTEMATHYECKH PacTeT, B 3TOU
TEXHOJIOTHH OJIOKYEHHA 00IINe YHEPTETHYESCKUE 3aTPAThl YMEHBIIIAKOTCS.

Knruesvle cnosa: OuTkOWH, OJOKYCHH TEXHOJOTHS, MAWHUHT, TPaH3aKIWs,
3HEpro3H(HEKTUBHOCTH, XCHIPEHT.

Abstract. Bitcoin gives information about the state of the system. Mining in the
system is carried out using electric energy sources, so the issue of energy consumption
is still an obstacle to the development of blockchain technologies. There are different
ways to reduce energy consumption by mining equipment. But the more accurately
generated energy intensity of bitcoins is displayed by the ex indicator, which takes into
account both the decrease in the number of bitcoins generated over time and the growth
of the required hashrate in the same interval. Despite the fact that the volume of
hashing and energy value of each generated bitcoin is systematically growing, in this
blockchain technology the total energy costs are reduced.

Keywords: bitcoin, blockchain technology, mining, transaction, energy efficiency,
hashrate.

B nurepatype dacTo BCTpEHarOTCS MNPEXyNPEeKICHHUS OTHOCHUTEIHHO

3alpeaACIIbHBIX 00bEMOB HOTpe6J’IfI€MOﬁ QJICKTPOIHCPIMA B CHUCTECMaAX
HWHTCPHETA, HOpHU pa60Te B CONHMAJBbHBIX CETAX, B CHCTEMax 6I/ITKOI/IHa,
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OJIOKYEHH TexHoJoThsAX, HanpuMmep [1]. B camom ympomieHHOM BapwaHTe
SHEPTeTHYECKHE PACXOJBI, CBS3aHHBIE C TJOOAIBHBIM HH()OPMAIOHHBIM
MIPOCTPAHCTBOM, OTHOCSATCSI K KOMIIBIOTEPHOMY OOOPYIOBaHHIO, KOTOPOE
HCTIONB3YeTCsI sl paboThl B ATOM IpOCTpaHcTBE. J[JIsi OIIEHOYHOro pacueTa
MOTPeOHOCTEH KOMITBIOTCPHOW TEXHUKH B AJICKTPOIHEPTHU Mpu padoTe B
I'UATI, Bocnosb3yeMcs SMIUPUIECKOit GopMyIToi.

Es =A-[Nyz.+N,,, -(24—7.), MBm -,
rac TC — CpcaHssa MPOAOJLKUTCIBHOCTD paGOTLI B UHTCPHETC IJId OAHOI'O

MOJIb30BaTeNsl B CyTKH, 4; 'K — MOIIHOCTh OJHOTO MOJb30BATENBCKOTO
KOMIBIOTEPHOTO 000pynoBaHMs, KBT; — MOIIHOCTE OJHOrO KOMIIBIOTEpA B

pexnme oxumaHug, KBT; A= 1,2-10°_ pacueTHBI  KOA(PPHUITHEHT,
YUUTHIBAIOIINH TOJIOBYIO 3arpy’KEHHOCTh TEXHHKH U CyMMapHOE KOJIMYECTBO
MoJIb30BaTeNeil B CEeTSIX MHTEPHET. YUMTHIBAsI TEMITbI PA3BUTHS BCEro, 4TO
CBSI3aHO C TII00aNBbHBIM NH()OPMAMOHHBIM POCTPAHCTBOM, MOXKHO CYJIUTh O
TOM, 4YTO 3Ta COCTaBILAIOMIAsi OOLIEro KOJIMYECTBA JHEPIUH, HOTpedIsieMoil
YeloBeYeCKOM IMBHIM3AIMEeH, W janblie OyneT HMeTh TEeHJCHIHIO K
yBenuueHuIo [2].

Ha mpaktuke pexumbl paboThl MaHEpOB (HCKJIIOYas KOMITAHUH IS
podeCCHOHANBLHOTO MalHHHIa) JaJeKd OT PAaBHOMEPHOCTH, 4YTO JIeJIaeT
mo0ble  OalaHCOBBIE  pacyeThl MHTETPAJbHBIX  HJHEPro3aTpaT  TOJBKO
OLICHOYHBIMH. MOXXHO MOKa3aTh, YTO 3TH PACUEThl JAJICKH OT PEalbHBIX.
VIMeHHO mo3TOMY /M1 TEXHOJNOTMM OJIOKYeHHa TpyIHO 10x00paTh
JIOCTaTOYHO OOBEKTHBHYIO CHUCTEMy pacdera sHepros3arpar. boiee TouHO
TCHEPUPOBAHHYIO JHEPrOEMKOCTh OWTKOMHOB OTOOpa’kacT pa3MepHas
BEJIMYMHA SHEPTONOTPEOICHNUS, IPUBEICHHAS HE TOIBKO K OJHOMY OMTKOMHY,
HO U K OJIHOMY XEIIPEHTy B ero jorapupmudeckoM otoOpakeHun/ Y CloBHs

TEXHOJIOTUU OWUTKOWHA TaKOBBI, YTO JIYILUICKC N btc " Lg H IIOCTOSIHHO
pacter, CBOMM CYIIECTBOBAHHEM YMEHbINAs MHPUBEACHHYIO  LU(PY
SHEProeMKOCTH OUTKOUHA.
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THE PHASE RESPONSE ANALYSIS OF FREQUENCY-DEPENDENT
COMPONENTS IN ROBOTIC SYSTEMS
Ukhina H.V., Afanasyev L.A., Dr. Sci. Sytnikov V.S.,
Ph.D. Streltsov O.V., Ph.D. Stupen P.V.

Annomayua. B pabote paccMaTpuBaeTcs BIMSHHE 3HAUYCHHH (a309acTOTHOM
XapaKTePUCTHKH NpH pacdyere Kod(puImeHToB mepenaroyHol (HyHKIUH YacTOTHO-
3aBHCHMOT'0 KOMIOHEHTA B POOOTHU3MPOBAHHBIX CHCTEMaX.

Knrwouesvie cnoga: Nunycrpus 4.0, KOMIUIEKCHas NE€PECTPONKA XapaKTEPUCTHK,
K03 HUIMEHTHI TIepeaaTOIHON QYHKIHH.

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.

CoBpemMeHHOE pas3BuTHE MH()OpMaNOHHO-YIPaBIISIOIINX "
POOOTH3NPOBAHHBIX CHCTEM HMJET B COOTBETCTBUH C KOHUenuuer MumycTpus
4.0. B pamMkax O9TOro MarucTpajJbHOTO  HAIlPaBICHHS  BO3HUKACT
HEOOXOAMMOCTh YCOBEPUICHCTBOBATh CYIIECTBYIOIIME | pa3padaThiBaTh
HOBBIE TOAXOABI K pa3paboTKe KOMIIOHEHTOB MOJOOHBIX CHUCTEM C TOYKH
3peHus MOOMIBHOCTH, THOKOCTH, CIIOCOOHOCTH ONEPaTUBHOMN MEPECTPONKH U
a/IalITalliy CHCTEM K YCIIOBHSAM HKCIUTyaTaIlHH.

OnHO#t W3 3a7a4 B 3TOM HANpaBICHUH SIBISIETCSl pa3paboTKa HOBBIX
KOMITOHEHT, KOTOPBIE MOTJIH ObI OCYHIECTBISITh KOMIUIEKCHYIO IIEPECTPOHKY
CBOMX XapaKTEPUCTHK, CAMOHACTPOMKY U camooOyuerwue [1].

3agadya MOCTPOCHHUS KOMIIOHEHTOB KOMIBIOTEPHBIX POOOTOTEXHHUECKHX
CHCTEM, KOTOPbIE MOTYT KOMIUIEKCHO IEpPECTpanBaTh CBOW XapaKTEPHUCTHKH
MIPOTrpaMMHO-ANNapaTHBIMH  CPEICTBaMH B 3aBHCUMOCTH OT  yCJIOBHH
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(YHKIIMOHUPOBAHUS [UIA TOBBILCHUSA 3((GEKTUBHOCTH CHCTEMBI SBIISCTCS
akTyanbHOH. CiexyeT OTMETHTh, 9YTO B TpakTe OOpabOTKM CHTHAJIOB TaKUX
CHCTEM MCHOJIB3YIOTCSl 4acTOTHO-3aBUcHMBble KoMmoHeHThl (U3K), xortopbie
NIPE/CTABIIIOT CO00I COBOKYITHOCTB ammapaTHBIX W IPOrPaMMHBIX CPEJICTB
CO CJIOXHOW apXUTEKTypoil W MHOrooOpasumem cBszed [2-3]. OpmHako,
xapakrepuctukn  UY3K  ogHO3Ha4HO — 3aBUCAT  OT  KOI((HUIMEHTOB
nepenarouHoi ¢Qynkuuu. Torma mnpu pacuere KOIPPHUIUEHTOB MOXKHO
YUUTBIBaTh OCOOEHHOCTH XapaKTEPUCTHK - aMIUTUTYIHO-uyacToTHOH (AUX) u
¢azouactoTHOI (PUX) XapaKTEpHUCTHUK.

PaccmoTpuM mprMeHeHHWe 3HaUeHHMH (Hpa304acTOTHOM XapaKTEPHCTHUKU
nepectpauBaeMbix 1UQpoBeix Y3K BTOporo mopsika NpH BEYHCICHUH
ko3 dunreHToB nepenarouHor ¢ynkmuu. HccnemoBanms DUX mokasano,
YTO OJHOM M3 ee TIJIaBHbIX OCOOEHHOCTEH SBIISIETCS HE 3aBUCHMOCTH OT
YaCTOTHI CPe3a, B TO BPEMsI KaK UMEETCsl 3aBUCHMOCTD OT YPOBHSI ITyJIbCALIUH.
3OTO ABJIEHUE MPOSABISAECTCS TO-PA3HOMY Y Pa3HBIX (QIIBTPOB.

Iocne Bcex mpeoOpazoBaHuil HalaeHBl KOI()(GHUINEHTHI bl u b2 Ui

¢unbTpa YeOsiiena 1

b =— (1+b2)cos(wc)+%sin(wc) ’

[2 1+¢° +(1+cos(wc))]—¢sin(wc)
[2 1+ ¢ +(1+cos(wc))]+¢sin(w(,)

b, =

Kak BumHO, mims pacdera koddduimenton bl " b2 HEOOXOIUMO 3HATHh

3HaueHns PUX Ha gacToTe cpes3a MpH pa3HbIX 3HAUCHHAX YPOBHS ITyJIbCALIIH
B TI0JIOCE TIPOITYCKaHUS

x[(l +0.1666x ) +0.008x* (1+ 0.0241x2)]
(l+0.5x2)+0.0417x4(1+ 0.0335x)

@ =-rthx=-r

CrouT OTMETHTH, YTO 3TO BEIpakeHHWe padortaer mpu RP mo 40 ¢
cpeaHeKBapaTuIHOM norpemHocTso 0.06%.
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POST-QUANTUM DIGITAL SIGNATURE SCHEMES: SETTING A
HIDDEN GROUP WITH A TWO-DIMENSIONAL CYCLE
Ph.D. Guryanov D.Yu., Ph.D. Moldovyan D.N., Dr.Sci. Moldovyan A.A.
Annomayun. B pesynbraTe mNponenaHHOW pabOTHI OOOCHOBBIBAeTCS BBIOOD
HOBOW  YeTBIpeXMepHOH  anreOpel JUIi  peanu3aluu  crocoba  MOCTPOSHHMS
nocTkBaHTOBEIX cxeM OIIII, oTiMyaromuxcst TeM, 4TO B KaueCTBE CKPBITOHM IPYIIIBI
UCHOJIB3YETCS KOMMYTATHBHAsl TIpyINa C JBYXMEPHOHW IMKIMYHOCTBIO, M JaeTCs
(bopManbHOE JOKA3aTENbCTBO CYIIECCTBOBAHMS KOHEYHBIX KOMMYTATHBHBIX TPYIII C
JIBYXMEPHOH LIUKINYHOCTBIO, 4 TAK)KE BBIIIOIHEHO OCTPOCHHE HOBOW MOCTKBAHTOBOIT
cxembl DI
Knrouesvie cnosa: uerpipexmepHas anreOpa; KOMMYTAaTHBHas Trpymma c
JBYXMEPHOM IIUKINYHOCTBIO.

Annotation. As a result of the work done, the choice of a new four-dimensional
algebra for the implementation of the method for constructing post-quantum EDS
schemes is substantiated, differing in that a commutative group with two-dimensional
cyclicity is used as a hidden group, and a formal proof of the existence of finite
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commutative groups with two-dimensional cyclicity is given, and a new post-quantum
EDS schemes.

Keywords: four-dimensional algebra; commutative group with two-dimensional
cyclicity.

CoBpeMeHHBIC CTaHIApTHl Ha KPUNTOrpAQUUCCKUC alrOPUTMBI U
IIPOTOKOJIBI C OTKPBITHIM KIHOYOM OCHOBAHBI HAa BBIYUCIMTEIBHO CJIOKHBIX
3amagax  JgUCKpeTHoro  sorapudmupoBanus (3JI) wu  dakropuzanuu
(3®), xotopeile MOTryT OBITH pEMIEHB Ha KBAaHTOBOM KOMIIBIOTEpE 3a
MTOJTMTHOMHAIIFHOE BpEMsl IyTeM CBEICHUS KaKIOW M3 3THX IBYX 3a3/4ad K
3aade BRIYHMCICHUS IUTHHBI TIepHoJa Ieproandeckoil pyHkuun. B gactHOCTH,
npu pemennu 3/1J] Ha KBaHTOBOM BBIYHCIHTENE IO OTKPBITHIM MapamMeTpam
KPUIITOCXEMBI ~ CTPOWTCS  Tepuoandeckas (GyHKIHA CcO 3HAYCHUSIMH,
JISKAIIUMHU B IUKIMYECKON TPyIe, KOTopas COAEP)KUT NEPHOA C UIMHOH,
3aBHUCAIMIEd OT 3HaueHus. I pa3paboTKM ABYXKIIIOYEBBIX KPUITOCXEM
00BIYHO B KayecTBe 0a30BOr0 MPUMHTHBA HCIIOJIB3YIOTCS BBIYHUCIUTEIBHO
TPYyAHbIE 3a7aYdl APYTUX THUIIOB, B YACTHOCTH CKpPBITas 3ajada JUCKPETHOTO
norapupmupoBanus (C3/1J1). B xauectse anrebpanueckux Hocureneit C3J1
U KPHUITOCXEM Ha €€ OCHOBE CIy)XaT KOHECYHBIE HEKOMMYTATHBHEIC
accormatuBHbIe anreOpsl (KHAA). Ilpu pa3paboTke KpUNTOCXEM Ha OCHOBE
C3/1JI ucnonb3yeTcsa OUH U3 CAEAYIOUINX ABYX KPUTEPHEB NOCTPOECHUS:

Kpurtepnii 1 (oOecnieumBaeT CTOMKOCTP K HW3BECTHBIM aTakam).
BceBo3moxkHbIe Tepuomuueckue (GyHKIHHA, (QOpPMUPYEMBIE TIO OTKPBITHIM
rapamMeTpaM KpHUITOCXEMBI JI0JDKHBI OBITh paccesiHbl IOCTaATOYHO PaBHOMEPHO
10 MHOTOYHCJICHHBIM DPAa3HBIM NUKIMYECKUM TPYIIaM, COACPKAIIUMCS B
KHAA, ncnionp3yeMoii B Ka4ecTBe anreOpandecKoro HOCUTEIS KPUIITOCXEMBL.

Kpurepuii 2 (obecnieunBaeT CTOWKOCTh K TOTEHITHAILHO BO3MOXHBIM
OyAaymuM KBaHTOBBIM arakaMm). 3ajada IIOCTPOEHHS MEepHOTMYECKON
¢yHKUIAN, (GOPMHPYEMOH IO OTKPHITHIM TIapamMeTpaM KpPUOTOCXEMBI W
colepKalllell Mepuox C AJMHOW, 3aBUCALIEH OT 3HAYEHUS] AHUCKPETHOIO
norapu¢ma, JT0JDKHA OBITh BBIYHCIUTEIBHO HEBBITOJIHUMON.

B pesynbrate mpojenaHHOH paboThl OOOCHOBBIBAETCS BHIOOP HOBOU
YeTBIPEXMEPHOW anreOpel sl peanm3anuu  crnocoba [1] mocTtpoeHus
nocTkBaHToBBIX cxeM JUII, oTnuuaromuxcs TeM, 4TO B KA4€CTBE CKPBITOM
IpyNIel  HCHOJB3yeTcss  KOMMYyTaTHBHas  Ipynma ¢ JABYXMEPHOH
LUUKJIMYHOCTBIO, M Jaercsi (opMalbHOE JI0Ka3aTelIbCTBO CYIECTBOBAHHS
KOHCYHBIX KOMMYTATHBHBIX TPYII C JABYXMEPHOW HUKIMYHOCTBHIO, a TaKXKe
BBIIIOJIHEHO TOCTPOEHHE HOBOM mOCTKBaHTOBOM cxembl OUII. s
MMOCTPOCHHS ITOCTKBAHTOBBIX CXEM IH(POBOM IMOAIKCH, YAOBICTBOPSIOIINX
YCUJICHHOMY KPHUTEPHIO CTOHKOCTH K KBAaHTOBBEIM aTakaM, MpPEIIOKeH
anreOpandecKuii HOCUTEIb, TTO3BOJIIOIIN 3a1aTh CKPBITYI0 KOMMYTATHBHYIO

37



Marepianu IX MixkHapogHOi HayKOBO-TIPAKTHYHOT KOH(pepeHLil
«IHQDOPMALIPIHI VIPABJISIOUI CUCTEMMU I TEXHOJIOT Tin
24-26 Bepecus 2020 p., M. Ozeca

TPYIIIY ¢ IBYXMEPHON HUKJINYHOCTHIO. [Tomydens! GopMyIibl, onuckIBaromue
MHOXECTBO DJIEMEHTOB, SBIIIIONIMXCS IEPECTAHOBOYHBIMHM C  3aJaHHBIM
(DMKCHPOBaHHBIM dJIeMEHTOM. [1J1sl BBIYHCIICHHSI MHOXKECTB II€PECTaHOBOYHBIX
BEKTOPOB OIpeAEeCH U JloKa3aH psii yTBepxkAeHuil. OmucaHa MOCTKBAaHTOBAs
CcXeMa TIOANUCH, TIOCTPOGHHAas Ha OCHOBE MPEII0KEHHOW KOHEUHOIl
HEKOMMYTATHBHOH accolMaTHBHOW anreOpe. PaspabGorannas cxema OLIII
YIIOBJIETBOPSIET YCHJICHHOMY KPHUTEPHIO OOeCredeHHs IOCTKBAaHTOBOW
croiikoctn (kpurepuii 2). CpaBHeHue paspaborannHoir cxembl OLII ¢
KaHAHOATaM{ Ha TIOCTKBAHTOBBIX cTtaHmapt DOLII, a mMeHHO ¢ BepCHAMHU ITHX
KaHIUIATOB, COOTBETCTBYIOIMX 128-OMTHOH CTOMKOCTH, TOKAa3bIBaeT, UTO
mpemioxkeHHas cxema Ol  oOecrmeymBaeT CYMIECTBEHHO MEHBINUH
CyMMapHBIH pa3Mep OTKpPBITOTO KJIOYa M MOJNUCH W Oojee BBICOKYIO
MIPOM3BOIUTENBHOCTh. B oTimume ot cnocoba [1] peanmzamum ycuiIeHHOTO
KpUTEpHsI ITOCTKBAHTOBOH CTOWKOCTH, pa3paboTaHHas HoBas cxema OJLIIT
cBOOO/IHA OT MCIOJIb30BAaHUS YIIBOGHHOTO IPOBEPOYHOTO COOTHOIIEHHs. B
Ka4yecTBE aNre0pandyeckoro HOCUTENS MCIOob30BaHa ueTeipexmepHas KHAA.
Brnaromaps »TMM OTIMYUSAM [OCTUTHYTO CYIIECTBCHHOE IIOBBIIICHUE
MIPOU3BOIUTEIHLHOCTH M yMEHBIIEHHE pa3Mepa OTKpBITOro Kimroda. Jlims
HCTIONB30BaHHOTO  aNreOpanyeckoro HOCHUTENS CXEMbl IOANHCH JIaHO
(opManbHOe JI0Ka3aTeIbCTBO CYIIECTBOBAHHS JOCTATOYHO OOJBIIOrO 4HCIA
KOMMYTAaTHBHBIX TpYyNIl C JBYXMEPHOW LUKIMYHOCTHIO KaK IOJAMHOMKECTB
anredpanvyecKux 3JIEMEeHTOB.

IIpuBeneHHOEe MOKA3aTENLCTBO ABISETCS CYLIECTBEHHBIM MOMEHTOM ISt
npeanoxxeHHo cxembl DI

JIutepatypa
1. Moldovyan D.N., Moldovyan A.A., Moldovyan N.A. Digital signature scheme

with doubled verification equation // Computer Science Journal of Moldova. 2020. -
V.28, -No. 1(82).- P. 80-103
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INTELLECTUAL MODEL FOR CLASSIFICATION OF NETWORK
CYBERSECURITY EVENTS
Hubskyi O. [9000-0002-5785415X] - i, Babenko T. [0000-0002-5190-4742]
Dr.Sci. Oksiiuk Q. [0000-0001-9797-6015] pp Ty Vijalkova V. [0000-0001-9109-0280]
E-mail: 'a.gubskyy@devhub.solutions, ? babenkot@ua.fin
3 oksiuk@ukr.net, * veravialkova@gmail.com
Abstract. This paper, we present our research in the field of network attacks
identification, leveraging neural networks, in particular a multilayer perceptron, to
identify and predict future net-work security events based on previous observations.
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Each year, 111 trillion lines are added to the total number of software
code, with each line potentially likely to be a new vulnerability and, as a
consequence, a zero-day attack can be implemented. At the same time,
technologies used by attackers to attack computer systems and net-works
become more and more complex and advanced [1]. A number of ways for
solving this problem are being explored, including technol-ogies that allow the
creation of secure software [2]. The purpose of this research is to study
opportuni-ties for using arti-ficial neural networks, in particular the perceptron
of Rumelhart (a sep-arate case of the perceptron of Rosenblatt) for identi-
fication of network attacks and predicting events connected with net-work
security[3]. To ensure the quality of the training process and to obtain the
desired generalization of the model's properties, it is nec-essary to have a
signif-icant number of examples of implementation of the relevant attacks. For
experimental purposes, 4 million records were collected that were
accumulated within 7 days by the Canadian Institute of Cybersecurity.
Networking infrastructure of the attacker consisted of 50 machines. The victim
organization consisted of 5 departments, and each of them used 420 user
nodes and 30 servers. The dataset contains information about the intercepted
network traffic and system logs of each machine of the victim organization.
During the dataset mining, profile concepts were used: B-profile and M-
profile. B-profile (Benign) — encapsulation of user behavior using various
methods of machine learning and statistical analysis (such as K-Means,
Random Forest, SVM and J48). M-profile (Malignant) — an attempt to
describe the at-tack scenario unambiguously. In the simplest case, people can
interpret these profiles and then execute them. Six different scenarios of
attacks implementation were consid-ered: network infiltration, denial of
service HTTP, attack on Web Ap-plications, brute force attack, attacks on the
latest update. In this study, we have focused on an approach based on the
analysis of network activity. The analysis of network activity was performed
by means of specialized software CICFlowMeter. CICFlowMeter generates
bi-directional streams, where sending the first packet determines the path to
the destination source and back to the source system and allows you to get
over 80 statistical network traffic attributes. For modelling goals, 67
parameters of network traffic in each thread were identified.

During the preparation of the data, a new Label attribute was added that
identifies the thread as a particular attack or the normal operation of the
information services. Perceptron of Rumelhart is one of the most popular
models of feedforward neural networks and consists of an input layer of
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neurons, several hidden layers and one output layer. The structure of the
model, based on the Rumelhart perceptron for identifying network security
events, consisted of 3 layers (incoming, outgoing and one hidden layer). The
input layer contained 67 neurons, the hidden layer at different stages of the
study consisted of a different number, starting from 11 neurons. We split the
input data and used 70% for training, 15% for validation, and 15% for testing.
Our result suggests that neural network models based on multilayer perceptron
can be used, after refinement, to identify and predict network security events.

References

1. Ping Chen, Lieven Desmet, and Christophe Huygens, “A study on advanced
persistent threats”in IFIP International Conference on Communications and
Multimedia Security. Aveiro, Portugal, 2014.- P. 63-72.

2. Gianluca Stringhini and Olivier Thonnard. That ain’t you: Blocking
spearphishing through behavioural modelling. In International Conference on
Detection of Intrusions and Malware, and Vulnerability Assessment (DIMVA). 2015

3. Serhii Toliupa, Tetiana Babenko, Alexander Trush, “The building of a security
strategy based on the model of game management”, in 4th International Scientific-
Practical Conference Problems of Infocommunications. Science and Technology (PIC
S&T), Kharkov, Ukraine, 2017.- P. 103-108.

VIK: 656.6

INFORMATION CODING METHODS FOR CONFIDENTIAL
TRANSFER EQUIPMENT
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Annotation. The results of the development of new methods of encoding
information for confidential data transmission equipment using mechanical encryption
systems or their software analogues are presented.

Keywords: Encryption, coding, base.

1. In order to adapt encryption technologies implemented in machines

such as Enigma and Fialka M-125 to implementation on modern computer
systems, it is necessary to develop code converters configured to process 26 -
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and 30-character alphabets, respectively, by analogy with the known Base64,
ASCII85 (Base85). The main task of known converters [1-3] is to convert the
source code of ASCII-8 to code that has a digital representation less than 8
bits. Let's call these converters by analogy with existing ones as Base 26 and
Base 30 (or ASCII 26 and ASCII 30, respectively).

Each newly generated alphabet is an integral part of the ASCII-8 code.
Therefore, when creating a Base26 conversion that has an alphabet of 26 latin
characters ABCDEFGHIJKLMNOPQRSTUVWXYZ you must convert a
binary sequence of characters to a 26-bit continuous sequence.

In the case of a 30-bit alphabet consists of discontinuous parts of ASCII-8
code ABBTIEXK3UKJIMHOITIPCTY ®XITUIIIIBIBIOSA. In first time needs
to convert the input stream for encryption to an intermediate alphabet of 30
cyrillic characters from the source alphabet [4]

ABBIIEEX3UMKJIMHOIIPCTY ®XIUIIIBbIL DO

2. Converting the intermediate alphabet to the final alphabet is performed
as follows: the characters seventh (E), eleventh (), twenty-eighth (b), and
thirty-first () are crossed out from the alphabet array); the eleventh (i1)
character is added as the last character of the alphabet.

The Base85 algorithm developed by Paul E. Rutter, which is used for
encoding binary data in text form, is highly efficient and increases the output
file size by no more than 25%, which is a record among all information
encoding algorithms. Thus, every 4 bytes of input text is converted to 5 bytes
after conversion. The main idea of such algorithms is that the number of
combinations of information presented on the basis of the number system is 85
for 5 characters (85”5 =4437053125) exceeded the number of
combinations of the source text in binary notation (232 =4 294 967 296).
The encoding efficiency is estimated at 0.97. The conversion algorithm
consists in calculating the decimal equivalent for every 4 bytes of text in a
loop, then converting the resulting number to the required number system (in
our case, 85) and getting 5 characters of encoded information. In the case of
the Base 26 and Base 30 algorithms, byte-bound conversion is not effective, so
we use bitwise splitting.

Let's consider all possible cases of implementation of the Base 26
algorithm and choose the most effective bitwise splitting from them:

a1) for convertion every 9 bits of the input file (2°9 = 512), we use two
26-bit characters (26”2 = 676); the efficiency is 0.76;
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bi) for convertion 14 bits of the input file (2°14 = 16384), we use three
26-bit characters (26”3 = 17567); the efficiency is 0.9328.

As obviously option "bi" is the best. Similarly consider the following
possible cases of implementing the Base30 encoding algorithm:

a) for convertion every 14 bits of the input file (2°14 = 16384), we use
three 30-bit characters (302 = 27000); the efficiency is 0.606;

by) for convertion 19 bits of the input file (219 = 524288), we use four
30-bit characters (3074 = 810000) and the efficiency is 0.647, i.e. this option
is more efficient.

In this case, option " b, " is the best.

3. Sample of coding in Base 30. Source text in English: «It was in July,
1805, and the speaker was the well-known Anna Pavlovna Scherer, maid of
honor and favorite of the Empress Marya Fedorovna. With these words she
greeted Prince Vasili Kuragin, a man of high rank and importance, who was
the first to arrive at her reception.» — 224 characters. Encoding result:

“AXBINAK3BAIOITAKXXTEBKYHAIIEMABIOAHCCAITTIAAAOLIMA
HCCAIOITHAATIHBI TJIASYABBBIBASBII ACOBBObLBI ALIEBUHBI TJI
AH‘IHBF}IBIAI)DKAHIOTBEHMBFVI]IAKEBEEHHAIOYHIAIH)HOBFXCB
BLIBBMIOAKEBIA SUHA SIbIXA SbIX AHCCEBI MAMMJTAKKIIIAMBIT
AVILEBBHMBBObBAIOLIHA IITHAUT ®BI' X®BBCKBIT3AKXKIIAWBITBT
TTIASYSIAPYOBBUCASBILIBBUHAUAKEBCHIAIOYIAXAIIASITEEBC
PEI'XYAIO®UABSI3ANNBANY CBITJIASIBILA STUSIBT TEGBC/IBBUYHEB
A SYSIANHYASIBI3BIT3ASTTHAUBITANNX A SUEAKESIAIOLITATI
YANIOBALIOIOBBCEAMTHOBBJIIAKIKKAKKIAIOLIHAKKITATBITA
XUANHHAKXbAIOLIHATIJTAIOITHA STTHA MM ®BBMOBBCXAIOLIHA S
UEAHCCBI SISBBYUBI ALBBUHBI TJIASUSANTFOBBCOBIASIBI TTAK
KKBBCYANMSIASIUSIAIOLY AKXKCASBIXAKKbASBIEAIBIYBEITMBB
XBbAOB” — 440 characters.
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EVALUATION OF THE PROBABILITY OF REAL HACKING OF
COMBINED INFORMATION PROTECTION
Ph.D. Zhurylenko B., Nikolaev K.

Annomayua. B naHHON paboTe HpeayioKeH CHOco0 OmpeAeneHus peaabHOI
3aMIMIIEHHOCTH HMH(OpMalyK 10 HaIpaBICHUIO Ipolecca M PaCHpPeAeICHUIO
BEPOSITHOCTH B3JIOMa KOMOWHHPOBAHHOW TeXHHYECKOH 3ammTol uapopmarwu (T3N).
B oTOM cilyyae N0 TOCTPOEHHBIM IIOBEPXHOCTSIM BEPOSTHOCTEH B3JIOMa MOXKHO
OIIpeAeNsITh pealbHyIo HanexxHoCTh T3V uist mro0bIX HaNpaBIeHHUH B3JIOMa.

Kniouesvie cnoea: TexHWUeckas 3ammra WHGOpPMAIUHM, KOMOMHHPOBaHHAs
MHOTOYpPOBHEBasl 3amuTa uH(DOpManuu, pacnpeaereHre BEepOSTHOCTH B3JIOMA,
peasbHBIN mpoLEece B3JIoMa.

Annotation. In this paper, we propose a method for determining the real security
of information in the direction of the process and the probability distribution of
cracking by combined technical information protection (TIP). In this case, from the
constructed surfaces of the probabilities of breaking, it is possible to determine the real
reliability of the TIP for any breaking directions.

Keywords: technical information protection combined multi-level information
protection, probability distribution of hacking, real process of hacking.

Texumueckas 3amurta wuHbpopMammm (T3UM) B pasnuyHBIX CcTpaHax
OCYIIECTBIISIETCS 10 CBOUM HOPMATHUBHBIM JOKYMEHTaM M METOJaM 3alllUTHI.
Opnako paspabarsiBacMasi T3M He y4MTHIBAET BO3MOXHBIM pealibHbIN
mpouecc B3goma. B gaHHON paboTe paccMOTpUM —Hpolecc  B3lIoMa
KOMOWHHPOBAHHOW MHOTOYPOBHEBOW 3alIUTHl MHPOPMALUH, COCTOAIICH M3
JIBYX TapajuIeIbHBIX M MOCTIEI0BATEIbHOM 3aUT. BeposSTHOCTH B3JIOMa TaKkoit
3aIIUTHI OYIET ONPENEeNATHCS BRIPAKCHIEM

'PMH.KII.U = ('P]'MH.KC + 'PZMH.KE. - 'P]'MEKE. ' PZMEKE) ' PZMEKC' (1)

Cumtaem, 4TO NapaUleJbHBIC 3aIIUTHl MMEIOT pPAa3HbIE BEPOSTHOCTH
B3JIOMa, a TIIOCIe/IOBaTeNIbHAs paBHA BEPOSTHOCTH B3JIOMAa OJHOW W3
mapaiebHBIX.  BeposTHOCTh  B3MOoMa  mepBoil  3amutel  PI Oynmer
orpenernsThesl napaMerpamu: X/=0,5 — NpUBEACHHOE BJIOKCHHOE B IIEPBYIO
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3amuty puaancupoBanue, yI=0,333 — koappurmeHT 3P PEKTUBHOCTH MTEPBOMA
3amuter;, P1(X1)=0,385 — MakcUMyM BEpOSITHOCTH B3JIOMa OT MPHBEICHHOTO
BJIOKEHHOTO (MHAHCHPOBaHUSI B 3aumry; wl= (m21-mI11)/(t21-t11)=1 -
HampaBjIeHUEe WM HMHTEHCUBHOCTh B31oMa, mll=I, t/]=0 — HavalbHBIE
YCJIOBHSI IIpoOLiecca B3JIOMa JUIs IEPBO 3alKTHI (1IepBast MOIBITKA B3JIOMa U €€
Bpemsl); ml2=3, tI2=2 — mocnexyromas MOMbITKa B3JIOMa U €€ BpeMs IO
HaMpaBJICHUIO B3JI0Ma Ui IMEpBOH OJHOYPOBHEBOW 3aIUThI. AHATOTMYHBIM
00pa3oM ompesensieM mapaMeTpsl i BTOpod P2 mapajulebHOW U TpeTheit
P3  mocnemoBarenbHOM — 3ammT  mHbopMmarmmu:  X2=0,4;,  y2=0,280;
P2(X2)=0,433; 02=0,429;, m21=1, t21=0; m22=7, t22=14.

Urobb1 ompenenuts T3U peanpHOTO Ipoliecca B3joMa, HEOOXOIUMO
HCTIONTB30BaTh BRIPAKCHUE JIUIS pACTIPEICIICHIS BEPOSTHOCTH B3ltoMa [ 1]

) flmete) ¥

Lt t t
Pl.,(mt) =P(X)- f—] T [m] . @

(m.tl+t

JUIsL KaXKIOro W3 BBHIOPAaHHBIX HANpaBICHUH B3JIOMa C MaKCUMyMaMH IS
muaAn 1 - m1=3 n t1.~2, a g Bropoit muuNK 2 — m2.=2 u 12.=2 (puc.l).
Oyuxmmo | [mc, tc], OIPE/ICIIAIONIYI0  HAlpaBlieHWEe B3JioMa, B
3aBHCHUMOCTH OT U3MEHEHUS OTHON N3 KOOPIMHAT MOYKHO IPEJICTAaBUTh B BHIEC
MaKCUMAJIbHOTO 3HaYCHHMS IIOIIBITKH B3JIOMA C KOOPJMHATAMH 7 H 1,

Flmet) = f(me) = [ty + 225 (m, = my)] - (m,— 1. ©

Mg — Ty

FPpean
Plesniftm,f)

Puc.1 — Ilogepxnocmu pacnpedenerull peaibHOl 6epOSMHOCIU 6310MA U
8EPOAMHOCIU B310MA KOMOUHUPOBAHHOU MHO2O0YPOBHEBOU MEXHUECKOUL
s3awumel ungopmayuu
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PaccunteiBasi MOBEPXHOCTh PACIPEAEICHHUsI BEPOATHOCTEH B3IOMa
OJTHOYPOBHEBBIX 3aIIUT B COOTBETCTBHE ¢ hopmynamu (1), (2) u (3), momryanm
peasibHOE pacrpezienieHie  BEpOSTHOCTH  B3JIOMa KOMOWHHMPOBaHHOW
MHOTOypoBHEBOIl 3amutel. Ha puc.l mpencraBieHs! pacueTsl MOBEpXHOCTEH
pacripeziesieHus peajJbHOW BEpOSITHOCTH B3JioMa (CBETJIasi IOBEPXHOCTh) |
pacrpezienieHiss BEpPOsITHOCTH B3JIOMa KOMOMHHPOBAHHOM MHOTOYpPOBHEBOM
TEXHUYECKOM 3amuTel HHpOpManuu (TeMHas IOBEPXHOCTH), KOTOpHIC
ompenensitorcst popmynamu (2) u P(m)=I/m coorserctBenHo. U3 puc.l
BHIHO, YTO pealbHbIH B3oM T3U Hambosee BepOSATEH LISl HANIPABICHUS IO
suHuM 1 B Touke m1=4 u ¢1=3 u 14 HanpaBJIeHUs 110 JIMHUU 2 B TOUKe m2=4
u 12=6.

B pabore mpemioxken crnoco® ompenesieHnsl pealbHON 3allUIIeHHOCTH
nH(pOpMaINKU IO HANpPABICHUIO IPOIECCA U PACIPEAEICHHIO BEPOSITHOCTH
B3moma koMOwHHpoBaHHOW T3M. B »3ToM ciiydae 1O OCTPOCHHBIM
MTOBEPXHOCTSAM  BEPOSATHOCTEH B3JOMa MOMKHO OMNPEACNATh pPEaTbHYIO
HagekHOCTh T3U st Mo0bIX HATpaBIEeHUH B3JI0OMa.
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CRYPTOGRAPHIC COOPERATIVE PROTOCOL FOR
HARMONIZATION AN ISOMORPHICALLY PRESENTED JOINT
SECRET MATRIX-PERMUTATION KEY OF LARGE DIMENSION

Ph.D. Krasilenko V.G., Nikitovich D.V.

Anomauin. Po3risfactbCs KOOIEPATUBHUII IPOTOKON Y3TOPKEHHS 130MOP(HO
MPEJCTABICHOTO CIIIBHOIO CEKPETHOTO MAaTPUYHOTO KJII0Ya-MEePEeCTAHOBKH BEIHKOL
PO3MIPHOCTI, HaBE/ICHI PE3yJIbTAaTH MOJICTIOBAHHS.

Kntouosi cnosa: npoTOKOI Y3roHKEHHS KIIFOYa-TIEPECTAHOBKHU, 3aXHCT.
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Abstract. The cooperative negotiation protocol of large dimension secret key-
permutation is considered. The simulation results are given.
Keywords: key negotiation protocol, cryptography, permutations, defense.

Beryn. 3axuct indopmamiitaux o6’ekTiB (IO) 3a06e3nedyroTh METOAH

Ta 3acobm kpunrorpadii. OZHAM 3 KIIOYOBHX NHTAHb iX 3aCTOCYBaHHS €
MIPOLIECH y3TOKEHHS €JIEKTPOHHUM IIUIIXOM CIIUIBHUX CEKPETHUX KIFOUiB UM
HU3KU TIOXIIHUX BiJ HHUX Tia-kmodiB. [Ipore, OIMBIICTE MPOTOKOIIIB,
Hanpukian, Hdipdi-Xemmana, MTIL, STS, Tomo, sk i OiTBIIICTF METOIIB
kpunrorpadivanx nepersopens (KII) 10, 3opieHTOBaHI Ha CyTO CKaIspHI
KJIFO4l Ta mocnijoBHy o0poOKy OsokiB. HaBite mist crangaptie AES, IDEA,
JIOBXXHMHU OJIOKIB 1 KIIIOUiB HE MEPEeBHILYIOTh 512 OITiB, 32 BUHATKOM Xi0a-110
FEAL, RC6 ta neskux HOBHUX, ISl SIKAX I[i JJOBXXKHHHU MOXKYTh OOMEKYBaTHUCh
1K-2K 6itamu. Temnu po3BUTKY METOAIB KPHUIITO-aHAII3Y, 00UHCIIOBAILHUX
3ac00iB CHIOHYKAIOTh J0 30UIbLICHHs JOBXUH KitouiB ([IK), ToMy akTyanbHUM
€ TOIIYK HOBHX KOHIENINA, IO 30pi€HTOBaHI Ha MapaieibHi MaTPHUIHI
mporiecopu Ta Momemi MartpuuHoro tumy (MT) [1-3]. HeoOximHicTh
BukoHanHs KII  wag  Benmukoposmipummu — OGaratoBuMipaumu 1O,
300paxeHHsMu (3) Takok mnorpedye He JHMIIe MaTpUYHO-ainreOpaidHux
moneneit (MAM) KITI, ane i cekpernux Matpuaaux kimouis (MK) [4, 5].

AHaJi3 ocTaHHIX HocaimkeHb i myouaikamiii. Y poborax [1-3] Oymu
moka3ani nepesarn MAM MT KII 3 ta y3aranpHeHHX MaTpUYHUX a(iHHHX i
adinHo-iepectanoBouHmX mudpis (MAIIIL), MAM RSA, monudikarii skux
JIO3BOJIMIT CTBOPHUTH TOKpaIeHi enekTponHi mudposi mignucu (ELIT), cmimi
ELII [1], 6okoBi mapaMeTpudHi 6araToyHKIIIOHATBHI Ta 6araToCTOPiHKOBI
moxeni KIT 3 mepeBipkoro miticHocTi kpuntorpam [2-5]. TlosiBa Takux MAM
CHpUYMHMIA HeoOXinHicTh cTBopeHHs i BignoBinHmx MK. CrocoBrno MK 1-
Or0 THITy Y BUIJISAZI BHIIAJIKOBOTO (LIyMOBOTO) 3, AKuii OyB IMO3Ha4EeHUI HAMU
sk MK 3 (Bin «300pakeHHs»), To HaMu e B 2008p. OyJio 3ampornoHoBaHO
y3aranbHeHHs1 npotokony Jiddi-Xenmana Ha MaTpUYHUN BHIAIOK 1 METOA
¢dopmyBanus MK 3. VYIOCKOHAJICHHIO TaKMX MATPHUYHUX MPOTOKONIB 32
pPaxyHOK 3aCTOCYBaHHS MOKpAIlEHMX METOJIB OpraHi3aiii MPUCKOPCHHUX
00YHCIICHb Ha OCHOBI TapalieIbHOI MaTPUYHOI JIOTiKK TIPHCBSIYeH] podoTH [3,
4], B sKkux OyJaM TIOTBEp/UKEHI HHU3KOI EKCICPUMEHTIB IepeBaru
0araToOKpoKOBHX, 0araToCTyNEHEBHUX MPOTOKOJIB Y3TODKEHHS CEKPETHOTO
MK 3. Jns MAIII neoOximno matm MK i 2-ro Tumy, a came, Habip
OlHapHHUX MaTPHI IepecTaHOBOK [ 1-4], mo3Haummo Tyt ix sk MK II.

[Muranas monxo ix gopMyBaHb i 3aCTOCYBaHb YaCTKOBO PO3TIISIAINCh B
[1-3], i mume B [5] 3ampornoHOBaHO NpoToKoa y3romkeHHs MK tumy MK _I1.
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IIpote B Hilf HE PO3IIAAANUCH MPOTOKOIH JUIA BUIAIKIB Y3TOJDKECHHS
MK Il cmimpHOTO Ui YYacHHKIB TpynH, Mo Oaxae CTBOPUTH CBiil
kooneparuBHui rpynosuit MK. Ha Binminy Bix nporokouis 3 [3, 4], y [6] OyB
PO3MIISTHYTHH, Tak 3BaHUM aBTOpaMH, KOOIIEPATHMBHUI IPOTOKOJ, aje
ctocoBHo MK 3. Tomy Mero10 po0doTH € po3po0Ka, MOJEIIOBaHHS Ta
JOCIIDKEHHSI KPUNTOrpagiuHOro KOOMEPAaTHBHOI'O MPOTOKOJY Y3TrOJKEHHS
i30MOp(QHO mpencTaBIeHOro critbHOro cekpernoro MK _IT mis MAM KII.
Buxyian ocHOBHMX pe3yJabTaTiB. MOJEIIOBaHHS IMPOTOKOIY IS
Bumnaaky migHecenHs MK I1 y BumankoBi, Bimomi JHIe cTOpoHaM OOMiHY,
cTereHi, moka3aHo Ha puc.l. Hamite 3mamEss MK II — ocHOBH mpu
3HAYHIH TOTYXHOCTI MHOXHHHU TepectaHoBok (N!, ne N - po3mipHiCTh
MK II) He mae MOXIHBOCTI 0€3 MepexXOoIUIeHHsT 000X CTBOPEHHUX CTOPOHAMH
MK IT B3Hatu kirou. Pesynpraté MozpenoBaHHS KOOIIEPATHBHOTO POTOKOITY
JUISL BUTIAJIKY TPHOX CTODIH IOKa3aHi Ha puc. 2-4. [IpoTOK01I BUKOHYETHCS Tak.

255(KLAB - KLBA) 155KLAB 255KIBA

Puc. 1 - @paemenm sikna Mathcad 3 sepugpixayicio mooughikayii npomoxony
Jipi-Xeamana ons sunaoky nionecenns y cmeneni (537 ma 523) MK _I1, ax
ocHosu. Buenao ocnoeu (mampuyss PSAB 256*256), npomiorcnux MK _I1 (ABK,
BAK), wo numu obmintoomucs cmopoHu, ma ymeopenux kniovie (KLAB,
KLBA), sixi oonaxosi
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KeyA =

248 | 249 | 250 | 251 | 252 | 253 | 254 | 256 |
70| 39| 160 14| 163| 15| 131] 210
240 221| 95| 79| 173] 231| 21| 73|
53| 102] 61| 32| 60| 254| 226 83
89 27| 183 58| 28| 100]| 103 13
91 27| 104 11 60| 91] 177] 213
253’2—52 103| 66| 114] 252| 110 15
72| 35| 184 238| 107| 23] 114| 13
87| 162| 182| 2| 221 50| 237 207|
171 225| 46| 236] 174| 7] o8| 237
171] 137| 219] 238] 00| 93| 92| 203
8] 233| 30| 156| 188] 109| 192| 2
239| 233| 181 245| 70| 249] 120| 40
183| 200 194 150| 03| 128] 226| 230
129| 219| 142| 108] 163| 204| 214] 120
01| 15| 211] 180] 08| 45| 239] 164
130| 75| 151] 184| 113| 51| 239] a7
248 | 249 [ 250 | 251 | 262 | 263 | 254 | 256 |
14| o8| 85| 91| 120| 68| 199] 2
89| 69| 17| 42| 18| 58] 76| 104
| 20| 54| 203 7| 95| 260| 128 242 261
96| 123] 213| 18| 25| 48| 72| 184
72 70| 24| 236| 133| 228 7| 144
193] 44| 228| 216] 124 137| 164 216
212| 82| 150| 241| 146 62| 133| 165
18] 107| 235| 121 180 79| 17 101
228| 189| 68| 147] 199| 93| 85[ 245
236| 262| 225| 4| 202| 119 181] 166
250 3| 163| 106] 238| 176] 66| 218
141 181[ 179 37| 233| 227 177 196
24| 7| 61| 52| 1e8| 10| ar] 12
170] 110| 136]| 84| 247| 223] 130] 220
140| 237| 108] 228 262| 183 72| 233
11| 32| 1] 196] 183| e8] 227| 143
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Puc. 2 — Bixno Mathcad 3 eubparnoro MK _I1 3naunoi posmiprocmi,
i3omopgno npedcmasnenoio it cknadosumu (KeyA, KeyB) y yugpposomy ma
8I3YANILHOMY 6U2NA0L, (MiBOPYY) MA NPOSPAMHUM MOOYIeM 05t OA2amopaso6ux

nepecmanosox (npagopyy)

Ram AN -

s

Axey_PiAlizs_sep)

B Pl = [pe®

W et | xe,

Bury P Alizs_sep’

TP, e

s Faes) =

B R BT = [r e

w
pepet

s

Avss_FBob_yep)

B, | xem, |

ey F Dwvis) =

[P D) = [

Arys P David_scp)

Puc. 3 — Buo inmepeeiicy Mathcad 3 npoyedypamu ymeopenHs ceKpemHozo
MK _II mpvoma cmoponamu ( Alisa, Bob, David): modyni 0nst nepecmanosok,

8U2JIA0 KIOYi8
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Axzy Pldlisa x) = oA Pt ) = [ [z | | e
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Buzy Plalisa xep) = Bruz PlBob yopl = 1a| Beve PDarid 20p) =7 |22 ] 28] 2] 0| w0

®

B3| 176] 248) 107{ 100) 187

Puc. 4 — Buo inmepeeiicy Mathcad 3 ymeopenumu mpovoma cmoponamu
pisnumu cexpemuumu knouamu MK _I1y euensoi ix izomoppnux 06ox
CKa008UX

KoxHa 3 cTopiH X, y, z (Alisa, Bob, David) BubupawoTh 3a OCHOBY
cnimbry MK T1, i3omopdHO npexacrasneny ii cknagosumu (KeyA, KeyB) Ta
IIUIIX TOCIIIOBHUX TIEpeaady MK cOO0I0 YTBOPEHHX Ha KOKHOMY KPOILll HUMH
npomikanx MK TI, mo yTBOPIOIOTBCS SIK CTEIICHI OCHOBH B 3aJICKHOCTI Bif
BUOpaHUX TaeMHHUX ineHTH(dikaTopiB-uncen: Alisa x, Bob y, David z3a
JIOTIOMOTOI0 MOJTyJIs IEPECTaHOBOK, 10 Ha pHUC.2.

YrBopeni MK _IT (aBi matpurii o 256*256 6aiTiB CTOPOHU HEepeNalOTh
cyciaM To IUIAXy, a MOTiM migHocsATh oTpuMani MK 3HOBY y cBoi cremneHi,
TTUBUCH puc.3-4.

Pesymbratom € ToTtokHi Kmoui, TaemHmH MK II, piBHiICTE sKOTO
oueBupHa (puc.4), 3abesrmedeHa g BCiX n  CcTopiH 0Oe3 3HaHHA iX
imeHTudikaTopiB.
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ALGORITHM FOR AUTOMATIC RECOGNITION OF OBJECTS ON
THE SEA OR RIVER SURFACE
Shipunov LS., Ilina A.A.

Annomayus. PaccMaTpuBaeTCs alrOpUTM aBTOMATHYECKOTO PACIIO3HABAHUS
00BEKTOB HAa MOPCKOH WM PEYHOW IJIaJ M, KOTOPBI BO3MOXXHO IPHUMEHHTh Ha
0E39KUMAKHBIX CyJIax.

Kniouesvie cnosa: mexnuueckoe 3penue, 0e3dKUNANCHOE  CYOOXOOCMEBO,
demexmop Kannu.
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Abstract. The algorithm of automatic recognition of objects on sea or river
surface, which can be applied to crewless ships, is studied.
Keywords: technical vision, crew-free shipping, Kanny detector.

be3skunakHoe cy10BOXKICHIE — OJHO U3 MIEPCHEKTHBHBIX HANIPABICHUH
MIPUMEHEHNST MH(POPMAIIMOHHBIX TEXHOJIOTHH B chepe MOPCKOro M PEYHOTO
TpaHcriopTa.  be3skmmaxHoe  CyAHO —  TPaHCHOPTHOE  CPEACTBO,
000pyZOBaHHOE CHUCTEMOH aBTOMATHYECKOT'O YIPABJICHHS, KOTOPOE MOKET
nepeBUraThesl 0e3 ydacTHs dYeJoBeKa. | JaBHBIM IIIIOC TaKOro cyaHa —
0e30MacHOCTb, KOTOpas JOCTUraeTcsi 3a CYET OTCYTCTBHS — BIIUSIHUS
4eJoBeUecKoro  ¢akropa M HAJESKHBIX,  MaKCHUMaJbHO  TOYHBIX
HaBUT'allTUOHHBIX, I/IH(i)OpMaIII/IOHHI:IX CHUCTEM.

Llens nmanHOM paboThl — wuccinegoBanue 3(G(EeKTHBHOrO anropuT™a
pacmo3HaBaHHsA 00OBEKTOB HA MOPCKOW WJIM PEYHOI IIajau.

AJNTOPUTM aBTOMATHYECKOTO pAcIO3HaBaHMUA OOBEKTOB HA MOPCKOI Min
PeUHOI! IJ1a/ 11 BKIIOYAET B ce0s CIIeIyIOINe [IarH:

1) Onpenesnenue rpaHui.

Jnist onpeniesieHyst TpaHuIl ObUIO PEIICHO MCIIOIb30BaTh AETEKTOP IPAHHIL
KoHHM, KOTOpBI  WCMOJB3YeT  MHOTOCTYIEHYATHIA — alrOpuT™M UL
OoOHapyXeHHs IIUPOKOTO CHEKTpa TpaHWl B u300pakeHMsX. Konum
paccMarpuBall MaTeMaTHYECKyIO MpoOJIeMy MOJy4eHHs! (WIbTpa, KOTOPBIH
Obl1 OBl ONTHMAJBHBIA 110 KPpUTCPUAM  BBIACJICHUA, JIOKAJIU3allMUu U
MHHAMH3ALUH HECKOJIBKUX OTKIMUKOB OJHOTO Kpasi.

Anroput™ K3HHHU cOCTONT U3 CIEIYIOMMNX ITANOB!

1. [IpeoOpazoBanme N300pakeHHsI B 4epHO-0eIbIid (hopmar.

Ha nmanHOM miare HeoOX0aUMO TpeoOpa3oBaTh W300paKEHHE B OTTEHKU
ceporo, 4roObl YMEHBUINTh BBIYMCIUTEIbHBIC 3aTparbl. Kaxplii mukcenb
n3o0paxxkeHus: (GOPMHUPYETCs TIPH MOMOIIM codYeTaHusi Tpex KaHaioB: RGB —
Red, Green, Blue. s Toro, 4to0bI mpeodpa3oBaTh HBETHOE N300paKCHUE B
4yepHo-0esoe, HeoOX0IMMO HalTH cperHee apudmeTnyeckoe 3Hauenue R, G,
B xananoB mnmkcens, a 3areM npucBouth ero RGB kanamam sToro ke
nKcens. JlaHHyio onepanuio Hy>KHO TPOJEIaTh ¢ KaKAbIM MHKCEIEM.

2.Pa3mMbITre m3o00paxkenus mo [ayccy.

Ha nanHOM sTame HEoOXOIMMO Pa3MBITh M300payKeHWE JUIA yIAJICHHS
myma. JTO MOKHO cjenaTh npu momoinu ¢mibtpa [aycca. PasmbiTne mo
I'ayccy — 910 XapakTepHbId GUIBTP pa3MBITHS H300paXKCHHS, HCIOIb3YIOIINH
I'ayccoBo pacnpeneneHne Ui BBIYACICHHS PEOOpa3oBaHusl, NIPUMEHSIEMOTO
K KaXIOMY MHKCEI0 H300pakeHHs. Mackoil ¢uibTpa sBIseTCS MaTpuia

pasMepomM [3 + 0 ], 3allOJIHCHHAs 10 HOPMAJIbHOMY 3aKOHY PACIIPCACITICHUA:
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1 xts }FI
f.y)= ——e 2z0°
21o® (1)

Macka HOIMKCEIBFHO MPOXOAUT 10 M300PaKCHMIO, YMHOKasi 3HAUCHHS
SIPKOCTH ITUKCEJIsI Ha 3HAUCHHE STYeHKN MaTPUIbl GUIbTPA, B PE3YJITATE YEro
MTOTyYaeTcs CriakeHHOe H300paKeHne, B KOTOPOM CYIIECTBEHHO YMEHBIIICHO
KOJIMYECTBO ITyMa, a TPAHUIIB IPUOIIKEHBI K H/I€aTbHO CTYTIEHYATHIM.

3. Ilouck rpagveHTOB.

Ha crmemyromem stame — MOWCKE TPAJAWEHTOB — TPAHUIBI OTMEUYAIOTCS
TaMm, Te TPaIieHT H300pakeHus IpHoOpeTaeT MakCUMallbHOe 3HaueHne. OHI
MOTYT WMETh pa3JIMYHBIC HAMpPAaBICHHSA, I[OOTOMY airoputM KoHHU
WCTIONB3YeT ueThipe (uiabTpa s OOHAPYXEHHS TOPHU3OHTAIbHBIX,
BEPTUKAJBHBIX M JAMATOHAIBHBIX pedep B Pa3MBITOM H300pakeHHH. TakuMu
¢uwistpamu B omeparope Kouuu sisisercss uiaptp ColOenst — TUCKPETHBIN
i depeHnnanbHbIi  oneparop, BBIYUCISIONMN MPUOIIMIKEHHOE 3HAYCHHE
rpagueHTa SpKOCTH U300pakeHus. SAapo ropusonTaibHoro pumbtpa Cobdens:

0 -1
2 0 -2
1 0 -1/,
SIPO BEPTHKAIBHOTO (GUILTPA —
1 2 1
0o 0 0
-1 -2 -1

>
SIAPO AMArOHANBHBIX (DUIBTPOB, MCIIOJIB3YEMBIX JUISI OOHAPYIKEHUS Pa3phIBOB
B IMarOHaJIbHBIX HAIIPABJICHUAX —

0 1 2 1 0
-1 0 1 1 0 -1
-2 -1 -0/, -1 -2

PaCCMOTpeHHBIe BBIIIC MacCKH TIPUMCHSAOTCA JUIA MOJy4ucHUs
COCTABJIIOINUX I'PAITUCHTA Gx, Gy. Koneuynoe 3HaueHme TpalCHTa HAXOAUTCA

o hopmyie:
G=Gi+ G

4. IlonaBneHne He-MaKCHMYMOB.
TonbKO JIOKaJbHBIE MAKCHMYMbI OTMEYAIOTCS KaK IpaHubl. [IukcensMu
IpaHuLl OOBSBISIOTCS IHMKCEIHM, B KOTOPBIX JIOCTUTACTCS JIOKAJIbHBIH

2
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MakCUMyM TpaJHMeHTa B HAIpPABIEHUM BEKTOpa TpaJueHTA. 3HadCHHUE
HaIpaBJICHUH BEKTOPA IPaTUeHTa OKPYIIIACTCS 0 3HAYSCHUH KPaTHBIX 45°.

5. JIBoiiHast moporoBasi GUIBTPAITHS.

Ha nanHOM »Tame 3HaueHWE TPAJAMCHTOB BEKTOPOB IHMKCENEH OyneT
(UIBTPOBATHCS € TIOMOILBIO IBYX [TOPOTOB.

[Mukcenu, 3Ha4EeHUsI SPKOCTH KOTOPBHIX OOJBIIE WM PAaBHO BEPXHEMY
MOPOTY, CUUTAIOTCSA AOCTOBEPHBIMHM T'PAaHUYHBIMH THKCEISIMH, MHUKCEIH CO
3HAQUEHMSMH SIPKOCTH MEHBIIMMHU WM PaBHBIMH HW)KHEMY HOpOry OYyAyT
10/IaBJICHBI.

IMukcenn, 3HaueHWs SPKOCTEH KOTOPBIX IIONMAIM B OOJACTH MEXIY
BEPXHUM W HIKHHM IIOpPOTOM, NPUHUMAIOT (DUKCHPOBAHHOE CpenHee
3HAUEHME M UX OTHOLIECHUE K T'paHuIle Oy/eT yTOYHEHO Ha CIIelyIOIIeM JTare.

6. TpaccupoBka 0071aCTH HEOTHO3HAYHOCTH.

Ha pmanHOM 1mare 3ajava CBOJWTCS K BBIJCICHUIO TPYII THKCEINEH,
TIOJTYYMBIIUX Ha MPEIBIIYIIEM dTale MPOMEXyTo4HOe (CpeliHee) 3HaueHue, 1
OTHECCHMIO UX K T'PaHMIIE MU IT0IaBICHHUIO.

[Tukcens noGaBiseTcss K TPyMIE, €CIHM OH COMPHKAcaeTcss ¢ Hel 1o
OIHOMY M3 BOCbMH HaHpaBJ’IeHHﬁ.

2) Onpenesienne NPSIMbIX JTUHUM

ITocne Toro xax ObUTH OIpEeNIeHBI TPAHUIBI H300paKeHHS, HEOOX0IUMO
MPUMEHUTH AJTOPUTM BBIACICHUA TPAMBIX nmuHuN. B kadecTBe ajropurMa
65110 BEIOpaHO npeoOpazoBanue Xada.

3) BoruuciieHue U MOCTPOECHNE NPSAMOYI0JIbHMKA, B KOTOPbIil BIUCAH
00beKT.

3akmrouenue. [Iponssenen ananu3 MeTofa BblAeaeHUs rpaHul Kauuu, a
TaKKe ONHUCAaH ajrOPUTM, KOTOPBIH MOXET OBITh HCIOJIB30BaH Ha
0€39KHUIaXHOM CyJHE Ul ONpEIeICHUs] OOBEKTOB Ha MOPCKON WIIM PEYHON
MECTHOCTH.

OTH pe3ynbTaThl B JalbHEHIIEM OyIyT HCIIOJIB30BAHBI TPH CO3AAHUH
MIPWJIOKEHNUS JUIsl PAacTIO3HABAHUS OOBEKTOB.

Jlutepatypa
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VJIK: 621.396.674.35

ELECTROPHYSICAL PROPERTIES COMPUTER RESEARCH IN
THE ANSYS HFSS SOFTWARE PACKAGE FOR CARBON
COMPOSITE TELECOMMUNICATION SYSTEM DIPOLE

ANTENNA
1Belyaev G.R. [0000-0003-2995-3887 2 iy S Fedosenko Yu.S. [1000-0002-9434-4386]
E-mail: 'welles16@yandex.ru, *fds1707@mail.ru

Abstract. This paper presents the numerical simulation results of the dipole
antenna devices electromagnetic characteristics made of carbon composite and metal
material, performed using the software package. The dipole antenna devices made of
carbon composite material and metal standing wave ratio and the radiation pattern
investigation were made.

Keywords: dipole antenna, computer simulation, carbon composite material,
metal, radiation pattern, standing wave ratio.

Carbon composite materials are becoming more popular in the unique
and serial samples of new equipment creation.

These materials have high temperature stability, high strength, relatively
low specific gravity, a wide range of conductivity values and they are very
promising for creating elements, devices and systems for mobile robotics,
telecommunications, automatic vehicles operating under harsh operating
conditions.

Among others, the investigation of electromagnetic characteristics
antenna devices made of these materials has become important.

The PX 35 material was selected for numerical research [1], and the 3D
model of the dipole antenna was constructed in the ANSYS HFSS software
package. Its visual image is shown in Fig. 1.

For comparison, an aluminum antenna with identical design parameters
was modeled.

For the fully aluminum antenna and the antenna with metal dipoles and the
carbon-composite reflector, the values of the SWR coefficients are almost the
same, as shown in Fig. 2 as a solid line and differ only slightly from the SWR
coefficient of an antenna made entirely of carbon composite (dashpoint line).

Fig. 2 and 3 show, respectively, the numerical characteristics of the
standing wave ratio coefficient (SWR) and the directional diagram of both
antennas in the microwave range at the frequency = 1040 MHz. The value of
the standing wave ratio coefficient in the operating range for all configurations
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of the investigated antennas reaches the 1.2 value, and within the working
frequency range does not exceed the 1.4 value.

¥

Bati F_\\\

Fig. 1 — Visual image of the simulated dipole antenna

SR

0,95 1 1,05 1,1 1,15 F, GH=
Fig. 2 — Characteristic of the standing wave ratio coefficient
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Fig. 3 — The radiation pattern characteristics

In this case, the radiation pattern for all three antennas shows a
directional character with the maximum radiation energy at the azimuth value

O =900

These values correlate with experimental data [2]. Thus, the antenna
devices made of carbon-composite materials performance has been revealed
by this numerical simulation.

Their electromagnetic characteristics proved to be competitive with those
of their metal counterparts.
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IHOOPMAIIMHA MIATPUMKA B YIIPABJIHHI SIKICTIO
OCBITH
K.T.n. Komaesa H. Q. [0000-0001-9627-8530]
A.T.H. JIlo6uenko B. B, [0000-0002-4611-7832]
K.T.H. 3inoBaTHa C. JI. [0000-0002-9190-6486]
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INFORMATIONAL SUPPORT IN EDUCATION QUALITY
MANAGEMENT
Ph.D. Komleva N., Dr.Sci. Liubchenko V., Ph.D. Zinovatna S.

Anomauia. B pob6oti chopMynboBaHI BUMOTM Ta BHKOHAHE NPOCKTYBAaHHSI
apXIiTeKTypH CHUCTEMH MiATPUMKH NPUHHATTS pIlIeHb. 3 METOI MPUCKOPEHHS
BUKOHAHHS aHAITHYHOI OOpOOKM JaHHWX pO3pOOJICHO JCHOPMANi30BaHy MOJIEIb
narux. OTpUMaHUH IPOEKT MOXKe OYTH aJalTOBaHHUMU JI0 Pi3HMX YMOB 3aCTOCYBAaHHS.

Kniouogi cnosa: cucrema MiATPUMKH NPUHHATTS pillleHb, NpeJMETHa 00JIacTb,
aHai3 BUMOT, apXiTeKTypHE NMPOEKTYyBaHHS, CTPYKTYpa JIaHUX.

Abstract. The authors formulated the requirements and developed the architecture
design for decision support system. A denormalized data structure, which accelerates
the acquisition of aggregated data in different dimensions, is developed. The system
design can be adapted to various conditions of realization.

Keywords: decision support system, domain, requirement analysis, architectural
design, data structure.

SIKICTh ynpaBIiHCHKHX PIllIEHb 3aBXK/IH 3aJI€KHUTh BiJl KIIBKOCTI Ta SIKOCTI
JOCTYNHOI iH(popMarlii. YTpaBmiHHSA SKICTEO OCBITH HE € BHUHITKOM.
IndopmariitHi TexHONOTii HaTarOTh MOXJIMBICTH 30HMpaTH Ta 0OpOOIATH
BEJIMKI MAaCHBH JIAaHUX Pi3HOI NPUPOJM B paMKax HaBYANbHOT aHAMITUKHU. J[J1st
KOPEKTHOTO Ta MOBHOTO X BPaXyBaHHs B MPOLECI IPUAHATTS YIPABIIHCHKUX
pillieHb JIOPEYHHM € 3aCTOCYBAHHS CHCTEMH MiJATPUMKH MPUHHSATTS DillleHb
(CIIIIP), sxa 6 HaKONWYyBaJla MaHi, BHKOHYBaJa iX aHAJITHYHY OOpOOKYy Ta
HaJlaBajla KOPHCHY JUIL 0co0HM, 1o mpuiiMae pimeHHs, iHGopmanito Mertoro
pobotu € cpomenHs npornecy peanizamii CIITIP mns aBTomaruzanii po6oTH 3
BumoOyBaHHs iHoOpMarii 3 pe3y’abTaTiB aHKETyBaHHSA 3a pPaxyHOK
BHKOPHUCTAHHS 0a30BUX MPOCKTHHUX PIllICHb.

ITepuaaumu gaammu 111 podotu CIIIIP € pe3ynbTaTh aHKETYBaHHS.
KoskHe MUTaHHs aHKETH J03BOJISIE OTPUMATH 3HAYCHHS JUUIS OJIHIET YM KUTbKOX
XapaKTEepUCTUK SIKOCTi. [IpoBeleHHST aHKETYBaHHS Ta 3aBaHTaKCHHs
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pesynbratiB 10 CIIITP mpoBomuThCS 3 BUKOPHUCTAHHSIM 30BHINTHBOI CHCTEMHU
aHKeTyBaHHA. TOMy TIpH 3aBaHTa)XCHHI PE3yNbTaTiB BiACTEXYETbCSA, UM yCi
NOTpiOHI XapakTepucTHKH HaB4aibHoro mporuecy (HIT) moxpuri nuraHHsIMH
aHKeTH. SKIIO Tak, TO aHKeTa BBAXKAETHCS IOBHOIO Ta BH3HAYAIOTHCS
BaIIZHICTh 1 JOCTOBIPHICTH pe3yJbTaTiB aHKeTyBaHHA. [licis 1poro 3a
pe3ysbTaTaMH aHKETYBaHHS INPOBOJMTHCS CTATHCTHYHAa OOpoOKa JaHHX 3
OTPUMaHHAM IHTerpajdbHUX xapakrepuctuk HII, mOpiBHAHHA SKUX 3
PEKOMEHIIOBaHUMH 3HA4YeHHSAMHU J03BoJisie JniarHoctyBatu craH HIL. 3a
JaHUMHU ~ giarHocTyBaHHS cTaHiB  HII  QopmyloThes pimmeHHS mIOmO
3aCTOCYBaHHS TPAKTHK BUKIAJAHHA, SKi OOHMPArOThCA 3 BIANOBITHOI 0a3m
npaBwil. Buxomstuu 31 copMyIbOBaHMX BUMOTI, MOXKEMO CTBEpXKYBaTH, IO
CIIIIP mae OyTH CerMEeHTOBaHa TAaKUM YHHOM, INOO MOXIYINi MOTJH
PO3pOOIATHCS Ta MIJKITIOYATHCS OKPEMO 3 HEBEJIMKMMHU B3a€MOIISIMH MIX
YacTHHAMH, IO 3a0e3MeYnTh Hamali MOAU(DIKOBAHICTH 1 MOMIUBICTH
IIOBTOPHOTO BUKOpHUCTaHHS. s po3poOku apxitekTypHoro mpoekrty CIIITP
JIOPEYHHM € 3aCTOCYBaHHA 4-TaHKOBOI apXiTEKTYpH.

Jlanka mxepen mgaHux 3abe3meuye TOCTA4aHHS JaHUMU: PO3IMi3HAHHS
ManepoBUX aHKET abo peamizaiiito iHTepQeicy M0 30BHINIHBOI CHCTEMH, 3a
JIOLIOMOT0I0 SIKOi BHKOHYBajocs aHKeTyBaHHs. JlaHka 30epiraHHs IaHHX
BIINIOBi/Ia€ 3a IONEpeaHI0 0OpoOKy paHMX, 3abe3medye poOOTY CXOBHIIA
naaux CIIIIP ta 6a3u 3HaHB PO BIACTHUBOCTI MPAKTHK BUKIaNaHH:. JlaHka
aHamizy 3a0e3nedye BUKOHAHHS BCIX NPOLEAYp 3 MiJrOTOBKH MOTPIOHMX
AQHAJITUYHHUX PE3YNbTAaTiB Ta 3 MOIIYKY BIANOBIIHMX pekoMmeHpamid. Jlanka
CHOXKMBaHHS 3a0e3medye Bi3yallizallilo pe3yJIbTaTiB aHalizy Iyl O0COOH, IO
npuiimMae pimenns. 3ayBaxumo, mo CIITIP mae OyTtu cymicHa 3 OTOUyHOUUM
cepenoBumieM, mo Oyxe BH3HAYATH KOHKPETHY peaiizalio iHTepdeiicis
JAHOK JDKEpeJl JaHUX Ta CIOXKWBaHHA. [y 3a0e3medeHHs Pi3HOMaHITHUMH
pe3yipTaTaMi aHATITHYHOT 00pOoOKK Oa’kaHO MIATPHMATH Ii MOKIMBOCTI Ha
piBHI cTpykTyp maHux Ta Bukopuctath OLAP-texHomorii. [Jms toro, mo6
CIIITP HamaBana TPYHTOBHI pIMIeHHS, MOTPiOHa 0OpoOKa BEIMKOTO 00CATY
JaHuX. JIs TPUCKOPEHHS aHalizy BHKOPHCTAETHCA JICHOPMalli30BaHa
CTPYKTypa, IO TpeICTaBisie OaraToOMipHUE KyO «3ipka» Ta J0O3BOJISIE
BHKOHATH aHAJIi3 HaJlaHUX BiAMOBIJEH y Pi3HUX po3pi3ax, 3 HepeMillleHHIM 110
piBHAM iepapxii y KOXXHOMY BHMIipi. 3Ha4eHHA MIpH y KOXXHOMY pPO3pi3i €
BXITHUMH JaHUMH JIJIsl IOJAJIbIIOro JiarHocTyBaHHs crany HIL.

3anpornoHOBaHUI TMPOEKT MOXKE CIYKHTH OCHOBOIO [UIsi PO3pPOOKH
CIIIIP, 0Ga3oBaHMX Ha ONHMTYBAaHHAX CTEHKIonjepis B mpouecax
yHpaBiiHHA AKIiCTIO OcBiTH. CHopMynboBaHa MHOKHHA BUMOT € JIOCTaTHHOIO,
npotre MoXe OiTH po3IIMpeHa 3 ypaxyBaHHSIM OCOOJIHMBOCTEH KOHKPETHOTO

58



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«HOOPMAILIMHI YITPABJISAIOUI CUCTEMU I TEXHOJIOT Iix»
24-26 Bepecus 2020 p., m. Ozeca

3aKJIaly BUIIOT OCBITH Ta MOTO IiJEH 1 MOXKIHBOCTEH. APXITEKTypHHUH MTPOEKT
Ma€ YTOYHIOBATHCA 3 YPaxyBaHHSIM OCOOJMBOCTEH CEpENOBHINA, B SIKOMY
npamroBatume CIITIP. Mopens maHuX ciayryBaTHME sIIpOM, Ha SIKOMY Mae
OyyBaTHCS CTPYKTypa CXOBHIA JaHUX.

VIK: 519.854.2

ABOUT SCALING OF A CLUSTER IMPLEMENTATION
OF A DYNAMIC PROGRAMMING ALGORITHM
FOR CANONICAL PROBLEM OF DISPATCHING

'Reznikov M.B. [0000-0002-3115-4606]
2 Dr.Sci. Fedosenko Yu.S, [0000-0002-9434-4386]
E-mail: 'mirekez@gmail.com, *fds1707@mail.ru

Abstract. In the course of canonical dispatching problem possible approaches
to implementation of network calculation clusters for NP-hard problem of
transportation is being analyzed. It is found that optimal solution synthesis duration
depends not only on number of cluster nodes and network throughput but also on
ability of non-blocking full duplex data exchange between the nodes, and with high
enough number of nodes the duration can be reduced to a value close to zero.

Keywords: cluster calculations, NP-hardness, canonical dispatching problem,
dynamic programming.

1. A dynamic programming algorithm (DP) studying for optimal object
flow zi, z, ..., z, servicing strategy according to the dispatching problem [1]
allows to estimate algorithm working time for different architectures: local
network of 16 PC, supercomputers like «Lobachevski» and «Lomonosovy, in
cloud environment of Amazon with using of 128 virtual PC [2, 3]. With this
there was found that optimal solution synthesis duration 7" depends not only on
cluster nodes number m and medium throughput but also on ability of non-
blocking full duplex data exchange between nodes.

2. An applied implementation of the considered solution in the systems of
control support of water transport logistics has strict restrictions for maximum
duration T, of servicing strategy synthesis.

For example, for 24 hour plan preparation for empty vessels feeding
process for loading on mining sites of sand-gravel aggregates on zones of
rivers Kama and Belaya the regulation gives up to 30 minutes [4]. With this,
the considered problem is NP-hard and with additional dimension n of an
objects flow increase the multiplicative increase of cluster system performance
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in required. So, for optimal strategy synthesis in a time, not exceeding 7}, for
objects flows of relatively small » =30 and 40 cluster environments are
required containing 256 and 262144 nodes respectively. In a case of a need for
precise solution for higher »n dimensions the problem of scalability is
appearing for solving DP algorithm for supercomputer cluster environments of
107 and more nodes [4].

According to experiments, starting from some size M of the cluster, the
duration 7 of strategy synthesis starts to decrease according to 7'=C (1/2)"
law, where C — some constant (Fig. 1).
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Fig. 1 - Optimal solution synthesis duration T dependance
on m forn =30

As size m limit for solving DP algorithm scalability it is logical to use a
number of servicing system states on the step k =[n/2], when from n
available for servicing objects there will be [n / 2] of serviced ones, i.e. overall

]

. 2] . 1.,
system states will be equal to C ,[1’1/ . Since for any values £, k= l,l’l

C ’[1n/2] >C }I; then, according to uniform balancing principle, any node will

be assigned one state or, otherwise, this node will not be used. As long as there
will not blocking happen in network as limit of DP algorithm scalability each
node have to send and receive not more than n system states results to other
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nodes. From this, we conclude that synthesis duration 7 in a case, when
enough nodes number was provided and no blocking happen can be reduced to
a value close to zero.
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AJITOPUTM VJIYUYIHEHUSA KOHTPOJISA PABOTBI TAHYIHEI'O
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ALGORITHM FOR IMPROVING THE OPERATION OF THE
PULLING DEVICE IN THE PRODUCTION OF POLYETHYLENE
PIPES BY EXTRUSION LINES
Dr.Sci. Mamedov R.K., Novruzova R.Z.

Annomayusa. IlnactTukoBele TpyObl HAlUIM LIMPOKOE NPUMEHEHHE B MUPOBOM
skoHOMHKe. OJHAaKO, COOTBETCTBHE HX pa3MEpPOB CTaHIApTy Bce elie He
COOTBETCTBYET JKENAeMOH TOYHOCTH. [ MOBBILICHUS TOYHOCTH (HOPMHUPOBAHUS
pa3MepoB IUIACTUKOBBIX TPyO B JaHHOH paboTe MpeiyiaraeTcst alrOpUTM YIyYIICHUS
KOHTpOJIsI paboThl  TSHYIIETO MEXaHHW3Ma, KOTOPHIi BHOCHT  HauOOJNBLIYIO
MOTPENIHOCTh B ()OPMHUPOBaHUE HEOOXOAUMBI pa3MepoB. [IpemoskeHHBIH alIropuT™M
pCajin30BaH MPOrpaMMHBIM ITYTEM U I1OJYUYCHBI ITOJIOXUTEIbHBIC PE3YJIbTAThI.
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Kniouesnie cnoga: mnacTUKoBbIe TPYOBbI, SKCTPYIEP, TAHYIIUI MEXaHU3M, IaTIHK
TOKa, JATYUK CKOPOCTH.

Abstract. Plastic pipes are widely used in the global economy. However,
compliance of their sizes with the standard still does not correspond to the desired
accuracy. In order to increase the accuracy of forming the dimensions of plastic pipes,
this paper proposes an algorithm for improving the control of the pulling mechanism,
which introduces the greatest error in the formation of the required sizes. The proposed
algorithm is implemented programmatically and positive results are obtained.

Keywords: plastic pipes, extruder, pulling mechanism, current sensor, speed
sensor.

[TnacTukoBble TPYOBI OKO HCIOJIB3YIOTCSA Kak B HANOPHBIX TpyOax ais
MIUTBEBOM M TEXHUYECKOW BOJIBI, KaK M B KaHAIW3AlMOHHOM XO3SICTBE
3aHSJIM OTPOMHYIO JOJIIO MIPOU3BOJCTBA B MHUpE. Onn OGonee
JKOHOMHMYHBI, = MEHee TPYIOEMKH B MPOU3BOACTBE M MOHTaxe. Hapsmy c
JOCTOMHCTBaMH, IIACTUKOBBIE TPYOBI HCIIBITBIBAIOT HEKOTOPHIE TPYJHOCTH B
NPOM3BOJICTBE. YMEHBUICHUE HECTAaHJAPTHBIX IUIACTHKOBBIX TpPyO mpH
npou3BojACTBE (Opak, HECOOTBETCTBUE CTaHAapTaM, OTKIOHEHHS OT
SKOHOMHYECKHX IIOKa3aTelei) sBJseTcsS TIJIaBHOW 3amadeil B BBIpaOOTKe
MEXaHM3MOB JUIi YCTPaHEHHS HX HEAOCTaTkoB. OIHHUM U3 TaKHUX
HEJOCTaTKOB, KOTOpbIE MPOSBIAIOT ce0s BO BpeMsl IPOU3BOJCTBA
IUTACTHUKOBBIX TPYO SBIsIETCS HECTAOMIBHOCTh PAa0OTHI TSAHYIIETO MEXaHU3Ma
(TM). Yerkast u npeumsnoHHas padota TM 3aBUCHT OT MHOTHX (DAaKTOPOB
(ckoybXeHHME, JaBlIeHHE BaKyyMmMa, JUIMHA JIMHAM, O0BeM BBIpAOOTKH
9KCTPYAEPOM CBIpbS W T. A.). IlosTomMy paspaboTka anropurmMa KOHTPOJIS
pabotsl TM mipu poOM3BOACTBE INIACTUKOBBIX TPYO SBISETCS aKTyaJIbHOM.

ABTOMaTMuecKas CHCTEMa KOHTPOJI TIOJdy4aeT WH(OpMauuio OT
AKCTpYJEpa O MPOU3BOAUTEIHHOCTH Kr/9ac M Ha ocHoBe naHHbIX ['OCT-a s
MOAJIEPKaHUS TOYHOH TOJNIIMHBI TPYOBl KOPPEKTHUPYSI CKOPOCTh TM,
MOJICP’)KUBAET TIONHBIM KOHTPOJIb MPOU3BOACTBA. Ho, mpockaib3bIBaHUE,
Ype3MEepHOE JaBJICHUE BAaKyyMa, IJIMHA JIMHHH BHOCAT CBOM KOPPEKTHBEI,
KOTOPBIE B CO3/1AI0T HEMTPEACKa3yeMbIe TOMEXH IIPU IIPOU3BOJICTBE.

ITo npemnoxennomy anropurmy I1JIK onpammBaeT npon3BoAUTEILHOCTh
9KCTpyAepa B (KI/4), IOCJE Yero BhICTaBIsET TpeOyeMylo ckopocTh it TM.
Onpoc NpoU3BOAUTCS B TEUEHHE KaXIbIX 2 ceK.. Ecnu, B TedueHue 3TOro
BPEMEHHU IAaTYHK TOKAa WM CKOpocTH TM MEHSIOT CBOM 3HAu€HUsS B Ty HIU
HHYIO CTOPOHY, TO CUCTEMa KOHTPOJISI BOCIIPHHHUMAET 3TO KaK OTKIOHEHHE OT
3alaHHOr0 MM JaHHbIX Aiu1 TM. B cBsA3M ¢ 3TUM cHCTeMa KOHTpOJIL B
3aBUCHMOCTH OT M3MEHEHHOI'0 OOBbEKTa (AaTYMK TOKa WIIM CKOPOCTH) Oyner
pearupoBaTh Ha JaHHYIO TIOMEXY.
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PCaKI_[I/II/I Ha IMOMEXHU U OIITHOKHU MOTyT OBITh pa3InYHbIMU B 3aBUCUMOCTH
OT XapakTepa OTKJIOHCHHUH (OCTaHOB JIMHNH, 3BYKOBBIE WM CBETOBBIC
OIIOBCIICHUA 0e3 OCTAaHOBOK JIMHUHM H T. Z[.). Tak kak JaTdUuKKU TOKa H
CKOPOCTH YCTAHOBJICHbI Ha JIMHUU ™ u BEAYyT MMaCCHUBHBII KOHTpPOJIb, TO HE
MpEeACTaBIIACT TPYAHOCTH AaKTUBUPOBATL OTU AATYUKU IJISA MMOJHOTO KOHTPOJIA
mpoueccoM. N3menenuem IporpaMMbl B CUCTEME KOHTPOJIA MOXKHO I[OGI/ITBCSI
KCJIAaC€MbIX PE3YJILTATOB.

Jlutepatypa

1. Mammadov R.G., Noxruzova R.Z. Increasing the accuracy of the formation of
a given thickness of polyethylene pipes for the production in extrusion lines.- 18t
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PRINCIPLES OF GAMIFICATION FOR VIRTUAL LABORATORY
WORKS AND EDUCATIONAL COURSES
Ph.D. Sus B. [0000-0002-2566-5530] ph ). Tmienova N.! [0000-0003-1088-9547]
Ph.D. Revenchuk 1. [0000—0002-5188-9538]’
Ph.D. Bauzha Q. [0000-0002-4920-0631] ph ). Stirenko S. [0000-0001-5478-0450]
E-mail: bnsuse@gmail.com, tmyenovox@gmail.com, ilona.revenchuk@nure.ua,
asb@mail.univ.kiev.ua, sergii.stirenko@gmail.com

Abstract. Despite the problems of obtaining educational information in e-learning
have been principally resolved, the problem of the development of laboratory work
remains relevant. Preparing high-quality virtual laboratory work is a time-consuming
task, especially for the natural sciences. E-learning laboratory work types are mainly
remote and virtual, namely: adaptive interaction with virtual devices and gamification
with simulation.

Keywords: Gamification, Virtual laboratory activity, Remote Labs, Computer-
Based Support, Cognitive Activity, Virtual device, Adaptive model.

The definition of “gamification” is using for the application of game
mechanisms in non-gaming environments. The main goal of this approach is
to strengthen the processes and experiences of those involved through
motivation and engagement [1]. Therefore, teachers use the application of
game elements in the learning process.
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The gamification approach and principles are also important for
interactive lecture-demonstrations and Virtual laboratory works development.

Virtual laboratory works and simulators are the important initial step in
the STEM training, recognizing that students will still need practical
experience with real equipment [2]. Virtual laboratory work is a computer
program for performing experiments and getting results without using real
laboratory installations and instruments. The designer has to identify resources
for gamification one or more of the previously identified stages. It includes
finding tracking mechanisms, setting up the units of measurement, such as
points, determination of levels and ways to achieve them, setting clear rules
for the learners in the learning environment, and establishing feedback that
shows learner progress. The interactive model of the laboratory setup,
including virtual instruments and tools, was described in virtual laboratory
work, with the mathematical modeling, can be considered a virtual simulator.
Computer support of the educational process provides opportunities for
independent activities of students and their work in classrooms and
laboratories. By using cloud technologies and electronic educational tutorials
with interactive demonstrations, a student can learn the subject, perform tests,
prepare for the actual research and perform remote laboratory works and
virtual laboratory works independently. Therefore, it allows stating that further
improvement of the programs of virtual laboratory work by adding the
elements of a real experiment with gamification approach and instrumental
errors, diversifying model of investigation and taking into account the
principles of didactics enable the creation of virtual laboratory works that are
very similar to real ones [3,4].

Virtualization of learning experiments can also be done in laboratory
work on computer graphics using STEM technologies to improve the visibility
and systematic complex processes and phenomena and to involve the author's
computer models in the educational process.
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DIGITAL CERTIFICATE OPPORTUNITIES FOR
AUTHENTICATION
Erisova A., Dr.Sci. Nyrkov A.

Annomayus. PaccMOTpeH MeTOJ AayTEHTH(HKALMM C  HCIOJIB30BaHHEM
IU(PPOBBIX  CEPTU(PHKATOB, €ro  MPEMMYLIECTBA, HEIOCTaTKH, BO3MOXHOCTH
[PUMEHEHHUSI.

Kntroueswvie cnoea: ayrentudukanys, udpoBbie cepTUPHUKATHL.

Abstract. An authentication method using digital certificates is considered, its
advantages, disadvantages, and possible applications.
Keywords: authentication, digital certificates.

Pa3nuunble acnekTsl 0€30MaCHOT0 M MPABOMEPHOrO TOJIyYSHUs JOCTYIa
paccmarpuBauch aBTopamu B pabortax [1,2]. CerogHs CylecTBYIOT |
Pa3BHBAIOTCS METOJIbI, KOTOPBIE CUUTAIOTCS HanboJiee aKTyallbHBIMU B cdepe
MPOBEPKH TMPaB IMOJb30BATENEl, W TIOCTENEHHO BBOJASITCSI B paboTy B
OONBPIIMHCTBE KOMMaHWWA. B  maHHOH craThe paccMOTPHUM  METOX
ayTeHTH(UKAIIUN TIPH TIOMOIIM LU(PPOBBIX CEepTHOHUKATOB, KOTOPHIH Ha
JTAHHBI MOMEHT CYHTACTCS OJTHUM U3 CAaMBIX OC30MACHBIX ¥ YHHBEPCAIbHBIX.

O mudpoBEIX cepTrdUKaTaX CTaIO U3BECTHO B 1976 roay, HO aKTUBHOE
UCIIONIB30BAaHME HAyaloch TOJIBKO B mocienuue roxapl. Jlaxe ceifuac
OpTraHU3allUy HCIOJB3YIOT ayTCHTU(UKAIIUIO NP MMOMOINU BBOJA JIOTHHA U
mapoyii. XOTS 1O aKTUBHOMY BHeApeHHIo SSL-poTokona B HHTEpPHETE
CTAHOBHUTCS TIOHATHO, 4YTO IHUGPOBBIE cepTU(HKATH SBIAIOTCS Hauboee
Pa3BUTHIM METOJIOM MOATBEP)KICHHS IpaB. [IpenMyIiecTBaMu HCTIOIB30BaHMUS
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IU(POBBIX CEPTUDUKATOB SIBIIETCS HE TOIBKO 0€30TacCHOCTH (TapOJIb MOYKHO
YKpacTh, 3a0BITh, OCTABUTh OYMaXXKy C HalOMHHAHWEM Ha pabodeM CToe),
HO ¥ (IpM  HCHONB30BAHUM  CEPTU(PHUKATOB OT  AKKPEIUTOBAHHBIX
yJIOCTOBEPSIOIIMX  IIEHTPOB)  BO3MOXHOCTb  BMEHEHUS  IOPHIMYECKOH
OTBETCTBEHHOCTH (TaK KakK IpPU HUCMOJb30BaHMU IudpoBoro ceprudukara
NPOBEPSIETCST W JINYHOCTH MOJIB30BAaTeNsl CHCTEMBI, U CEpBEp, Ha KOTOPOM
OyZleT TpOW3BOIWTHCS AajibHeimas pabdora). [IpoGmemsbl HcmoIB30BaHMS
IU(POBBIX CEPTUPHUKATOB B OCHOBHOM COBIAJAOT C HpoOJeMamH,
onmcaHHbIME B [2]. Lludpossie cepTuduKaTsl MOTYT XPAaHUTHCS B peecTpe Ha
KECTKOM JIUCKE KOMIIBIOTEpa WIIM CepBepa, a COOTBETCTBEHHO HX OTTy.Ia
MOXHO yKpacTb. [loiy4yuB nocTym Kk pabodeMy MeCTy, MOXKHO MCIIONB30BaTh
MOJIHOMOYHS MMOJb30BaTeNs. I penreHus 3Tod NpoOJeMbl HCIIONB3YHTCS
anmnapaTtHble HOCHTENM, Ha KOTOpbIE, B CBOIO O4Yepelb, CTABUTCS HaJeKHbIH
PIN-kom, TakuMm  oOpa3om, oOpasyercs cucTeMa JABYX(aKTOpHOI
ayrentudukanuu. Lludposoii ceprudukar (cepTuGUKaT OTKPHITOro Kiroya) -
3TO JIEKTPOHHBIM JTOKYMEHT, KOTOPBIH MCHOIB3yeT MU(PPOBYIO MOIMUCH I
CBA3BIBAHUA OTKPBITOI'O KIIFOYa C YIAOCTOBEPECHUEM JIMYHOCTH. OcHoBHOM
3amadeil 1UPOBBIX CcepTU(HUKATOB sBIsieTcss obecreueHne Oe30MacHOCTH
I/IH(I)OpMaL[I/IOHHBIX IIOTOKOB, MPOXOJANINX KAaK BHYTPU OpTraHMU3alld, TaK U
n3BHe. Tak Kak cepTUUKAT TapaHTHPYET IOUIMHHOCTh M IEJIOCTHOCTB
nHpopManuy, mosyvaress OyAeT TOYHO 3HATh, YTO HH(POPMAIHS TOCTOBEpHA
W TpHIUIa OT JIOBEPEHHOTO HCTOYHHUKA. JlocToBepHOCTE HH(OpManuH
MOATBEPKIACTCS.  CEPTU(PUKAIMOHHBIM  IIEHTPOM,  KOTOpPBIH  BBLAAET
ceptupukar. Ha pasnuuHbIX ypOBHSAX NPHUMEHEHHS CEPTU(PHKATOB,
HaJIe)KHOCTh OyJer pasHas. Takyro cHCTEMy MOXKHO OPraHH30BaTh BHYTPH
OpraHU3alLlH, TOTJa HAaJeKHOCTh OyIeT XapaKTepU30BaThCS 3aIMUTON caMoii
OpraHM3allid M €€ CEepBepOB, M OTBETCTBEHHOCTh BCE paBHO Oyner
OIIpeNeNSATECS BHYTPH OpraHM3alUH. A MOXET ObITh OpraHW30BaHa BblIaya
CepTU(UKATOB OT aKKPEIUTOBAHHBIX LEHTPOB, TOrZAa KaXKABIH cepTUdUKAT
Oyner MMeTh IOpUIUYECKylo cuily. B moOoMm ciydae, OCHOBHBIM (DaKTOPOM
SBIISCTCSl  ONPENENICHUE IIONIb30BATENsl WM CHCTEMBI, HCIIOJIB3YIOIIHX
cepTu(UKaT, KaK Ha YPOBHE BHYTPEHHHUX PACHOPSIKOB OpPraHU3alliy, TaK U Ha
topuauueckoM. CepTudukar MoXkeT 0aTh BbIIAH Kak II0JIb30BATEIIO, TaK U
nmoboMy 00bekTy (paboueii ctanimu, cepBepy U T.1.). CTanaapTHbIi Gopmar
cepTu(PHUKATOB, UCTIONB3YIONIMICS B OONBITMHCTBE cucTeM 3TO - X.509. On
OITMCHIBACT CBCCHMUA, KOTOPBIC JOJIKCH COICPIKATH CepTI/I(pI/IKaT
(vapopMamms o ceprudukare, O IEHTPE CEPTUPHKALMH, O CYOBEKTe
BlazeroneM ceptudpukatom). B ceprudukar. Brmodaercs HHbOpMAnus,
CBSI3BIBAIONIAsl €r0 OTKPBITHIN KIIOY C IOJIb30BaTesIeM, paboueil cTaHIueH,
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CEepPBEPOM HJIM CIIYKOOH, y KOTOPBIX HAXOIUTCS TAPHBINH 3aKPBITHINA KIIOY.
CepTuduKaT MOAMUCHIBACTCS IICHTPOM CEpTUPUKAIMKA W TaKUM 00pazom
MIOJTBEPIKIAETCS €ro MOUIMHHOCTh. Bee BhIIaHHbBIE cepTU(UKATHI XPaHITCS B
0aze IeHTpa, B KOTOPOH YYHUTHIBAIOTCSA JEWCTBYIOIIME W oTo3BaHHbIE. [Ipm
MIPOBEPKE CHCTEeMa IOATBEPKIAET JeiicTBUE cepTH(HUKaTa WM OTKa3bIBaeT B
JOCTYIIe, TaK KaK CepTH(UKAT SBISETCS HEICHCTBUTEIbHBIM.

AYTEHTU(QHKALMIO C HCIOJB30BAHUEM CEPTU(PHKATOB MOJIEP)KUBAIOT
HECKOJIbKO TPOTOKOJIOB, Haubojee paclpocTpaHeHHBIH mpoTtokon SSL
(ucmonp3yercst B BeO-Opay3epax), TakKe IPUMEHSIOTCS MPOTOKONBI Transport
Layer Security (TLS), Internet Key Exchange (IKE), S'MIME, PGP u Open
PGP. PaccmoTpuM  mpemMyIiecTBa  HCIOJB30BAaHHUS — IH(PPOBBIX
cepru¢ukaro. Ecnu B kommanuu HeT HeoOxomumoctH mpumensaTs O, To
UCTIONb30BaHUE IMPPOBBIX  CepTH(HUKATOB  00ECIIEUNT  ABTOPU3ALMIO
MIOJTb30BaTeNICil B CHUCTEME, aBTOPW3ALMIO CepBepa WM IPUIOKCHHUS, ITPH
9TOM TaKyl CHUCTEMY MOXHO Pa3BEPHYTb, HEC ImOJy4dasd IOIOJHHUTCIIbHBIX
3aTpar, CyIIeCTBYIOT OECIIaTHbIE aHAJOTH MOJAOOHBIX CHCTEM. Takike MOXKHO
pa3BepHYTh COOCTBCHHBIM LEHTP CepTH(HKAIMK Ha cepBepe. A HOCHUTEIIEM
cepTuduKaTa MOXKET ABIATHCSA 0OBIYHAS (hIIemI-KapTa.

- Hanexxnocts nepenayu nHpOpPMALTIT (TemocTHOCTB,
KOH(MICHIINAIBHOCTB ).

- AyrteHtuduramus (ZOCTYIl K CepBepy, NPHIOKCHHUSIM, WHTEPHET-
pecypcam, moute, (PUHAHCAM).

- Ynanennas pabora yepe3 VPN.

- Bo3MOXHOCTB I0pUANYECKON OTBETCTBEHHOCTH.

K Henmocratkam ucnosip30BaHus HUMPOBBIX CEPTHPUKATOB MOXKHO
OTHECTH:

- CnoxHocTs HAcTpOWKM (TP HENPaBWIBHON HAcTpoiike Oymer
OpPTaHNU30BaHO OOBIYHOE HE3AIMUIIEHHOE COSANHEHIE).

- CoBMeCTHMOCTS (HE BCe CYOBEKTHI KOPPEKTHO pabOTAIOT C MIUPPOBHIMHU
cepTudIKaTaMm).

- Ilpn ytpate ceprudukaTa BO3MOXKHA MOJMEHa CepTU(HUKATOB UYepe3
cepBep-3JI0yMbIIUICHHUKA.

- OcHOBOM KOPpPEKTHOH pabOTHI SBIIAETCS 3alluTa CEKPETHOTO KIII0Ua,
KOTOpBIN B OOJBIIMHCTBE CIy4aeB XPaHHUTCS B peecTpe Ha KECTKOM JHCKe
KOMITBIOTEPA, YTO HE 00ECIIEYNBAET €ro MOJHYIO 3allUTY.

CpaBHUBass TapOJBHYIO 3allUTy ¥ 3alUTy TPH HCIOJIb30BaHUU
(pPOBBIX CEePTU(HHKATOB, CTAHOBHTCS MOHATHO, YTO IOCIEIHHH METOA
HaJIe)KHEE, OH YBEJIIMUMBAET CIIOKHOCTH TOJyYeHHUS T0CTyIa K HHYOPMAINH B
cucreMe, TakuM 0O0pa3oM YKperunis 3amuTy. JlaHHBIH METOA IOMHMO
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YBEJIWYCHUS CIIOKHOCTH IIO3BOJIIET OIPENCIHUTh II0Jb30BATels, CHCTEMY,
00BEKT, KOTOPBIA uMeeT mu(pPOBOH cepTHHUKAT, YTO TMO3BOJIAET HYETKO
pasrpaHUYMTh JOCTYIl M ONPEACNUTh KeM | Kakue JeicTBUs Oblin
npousBesieHsl. HecMOTpst Ha TO, YTO M3-3a CIIO)KHOCTH HACTPOMKH IIM(POBBIX
cepTU(UKATOB, TAKOW METOJ ayTeHTH(UKAIIMN HE SBJISETCS MOIYJSIPHBIM, OH
NPOJIODKAET Pa3BUBATHCS, HAXOMIATCS HOBBIE HANpaBJICHUsI MPUMEHEHHS
JTAaHHOTO METOJla, B YacTHOCTH, Ha MOpCKoM TpaHcmopte [3]. B Oynymiem,
KOTa MpUJIoKeHHs: OyayT OoJiee DOCTYITHBI 11l padoTHI ¢ cepTH(dUKaTamMHu, a
HACTpOiiKa yNPOCTHTBbCSA, O3TOT METOX HabepeT MOMyIIPHOCTh Cpenu
CIIELMAIIICTOB I10 3alIUTe HHPOPMALUH.
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QOS OF MULTISERVICE NETWORKS: EVALUATION METHOD
AND METHODS OF IMPROVEMENT
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Annomayusa. Bee Gonbliee pacipocTpaHEHUE B HAIIA JTHU MTOJYYaeT KOHIETILIUS
nocTpoeHust MyJibTucepBUCHBIX ceteir (MCC), mpencTaBisonux co60ii 0CHOBAHHYIO
Ha [P-ceTH MHTErpajbHyIO TEIEKOMMYHHKALMOHHYIO HH(PACTPYKTYpY, CO3JAHHYIO C
LIeJIbI0 peaau3aluy NPUHILUIA KOHBEPTEHIUU YCIYT 3JIEKTPOCBA3U. M3-3a Hanuuus y
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MCC psga ocobeHHOCTEH, OpraHu3alMsM, [pPU OCYLIECTBICHUH Iepexona K
HCIIOJIB30BAHUIO UX BO3MOXKHOCTEH, HE00X0AUMO OYyAET PEeLINTh BONIPOC 00eCIeUeHUs
Oe3omacHocTH TepepaBaeMoro Tpaduka. OmHMM K3 (QAaKTOPOB, BIHUAIOMIMX Ha
Oe3omacHOCTh Tpaduka, sBiseTcss kadecTBo obOcmyxkuBanus (QoS). Llens mannoit
paboTHI — NOBBIMIEHUE 3AIIUIIEHHOCTH JaHHBIX MPHU UX IIepeiade B MyJIbTHCEPBICHBIX
TIOCPEICTBOM  YJIydIIeHUs] IOKa3aTesliell kadecTBa oOciyxwuBaHus. B paborte
paccMmaTpuBaioTCsi  (aKTOPHI, BIUSIONIME Ha  KauecTBO  OOCITY)XKHBAaHHS B
MYJIBTUCEPBHUCHBIX CETSX, M NPEJIararoTcs CHOCOObI YIy4IIeHHs IOKa3aTenei
apaMeTpoB, OTBEYAIOIHX 38 Ka4eCTBO OOCITYKMBaHHS B MyJIbTHCEPBUCHOI CETH.

Knroueevie cnosa: MynbTHCEPBUCHAs CeTh, OE30MACHOCTh CETH, KayeCTBO
00CITy)KUBaHUs, YIIY4YIICHHE Ka4ecTBa.

Abstract. The concept of building multi-service networks (MSS), which is an IP-
based integrated telecommunication infrastructure created to implement the principle
of convergence of telecommunication services, is gaining ground today. Due to the
presence of a number of features in the MSS, organizations, in making the transition to
using their capabilities, will need to resolve the issue of ensuring the security of the
transmitted traffic. One of the factors affecting traffic safety is Quality of Servic e
(QoS). The goal of this work is to increase data security during transmission in
multiservice by improving the quality of service. The paper considers factors affecting
the quality of service in multiservice networks, and suggests ways to improve the
parameters that are responsible for the quality of service in a multiservice network.

Keywords: multiservice network, network security, quality of service, assessment
methods, improvement methods.

Beenenne. B psAny MHOTMOKOMIIOHEHTHBIX pacIpeAelieHHBIX CHCTEM
MCC BblmensilOTCS HaJdu4dMeM psiia ocoOeHHocTeil [1], hBe M3 KOTOpBIX
BIIMSTFOT Ha Kau€CTBO MPEAOCTABIISIEMbIX YCIIyT.

1. CeteBble yCIIyTH HYXKIAIOTCA B MPOIOPIIMOHAIBEHOM paclpeAeIeHnn
MIPOITYCKHOM CITOCOOHOCTH KaHaia MEX Iy HUMHU.

2. TlpomyckHas crnocoOHOCTh KaHaia TpeOyeT yuera KOHKPETHBIX
TpeboBanuii peanu3yeMbix B MCC mpuiioxeHuH.

B cpaBHennu ¢ cetsimu u cucteMamu apyrux taunos [2], MCC saBnsercs
CHCTEMOH, (QYHKIMOHUpYIOUIEH B pEXHME pEaTbHOTO BpPEMEHH, Ui Heé
KPUTHYHO BpeMs peakun ¥ He BCeraa BO3MOXKHA —Iiepe3arpyska
obopynoBanus. BrlimenazBaHHble 0COOCHHOCTH 3aTParuBaroT JOCTYITHOCTb U
LEJIOCTHOCTh MH(popMalmu, a 35a9uT, oT QoS B MCC 3aBucUT 0€30MaCHOCTb
Mepe1aBaeMbIX JaHHBIX.

HDyrn yayymenuss QoS. Ha 8 MCC Bnmsier psii B3aMMOCBSI3aHHBIX
nmapaMeTpoB. Bo-mepBEIX, HyXHO €O BHHMAaHHEM OTHECTHCh K TOI0OpY
muiro3a IP-ATC. OT ero XapakTepUCTHK 3aBHCHT CKOPOCTh 00pabOTKH
JIaHHBIX 000pyJnOBaHMWEM. Bo-BTOpBIX, YTOOBI ONTUMH3HUPOBATH 3aIEPIKKH,
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HY)XHO HCTIOJBh30BaTh KOJACKH [3], momoOpaHHBIE C y4eTOM TpeOOBaHUH K
MIPOIYCKHOM CIIOCOOHOCTH CETH M KOJHMYECTBa TepenaBacMoro Tpaduka. Jlims
KOJIeKa Ba)KHO COYETaHHWE CKOPOCTH KOJMPOBAaHHMS M CKOPOCTH PabOTHI
1 (pOBOro CUrHAIBHOTO Npolieccopa. B-TpeTbux, i obecrieueHns BHICOKOM
nporyckHol criocoOHocth MCC  HyXAaloTcsi B HOBOM JIMHAMHYECKOM
poTokose MapmpyTuzaui. OH MOXeT ObITh noiydeH Ha ocHoBe OSPF mpu
MO/JICpHH3AIINH, 38 CUET BHEIPEHMS] YUUTBHIBAIOIICH M ONTHMHU3UPYIOLIEH BCe
XapaKTepUCTUKU  KaHala  KOMOMHHUPOBAHHON  METPUKH,  alIlrOpPHUTMa
BEIUMCIICHUSI €T0 METPHK. B-UeTBepTHIX, pacueT IIHPHUHBI IIOJIOCHI
MIPOMYCKAaHUs CETH HEOOXOIMMO IPOU3BOIUTH C YUYETOM XapaKTEPUCTHK
komeka. KommgectBo copepkammxcs B [P-makeTte TONOCOBBIX JTaHHBIX
onpeaesaercs pasMepoM comiuia [4].
Pacuer pasmepa camimia mpousBonutcs o ¢popmyme (1):

SexC
Bps = =52 (1)

rae BP5 — pa3Mep caMInIa B OaifTax; Ss — pasMep CcoMIUIa B CEKyH/IaX; Cb -
OUTPEUT BEIOPAHHOTO KOJICKA.

B-1msITBIX, UI1 ONTUMM3ALMK TapaMETPOB KIMEHTCKOTO 000py/10BaHMS
MIPOM3BOJIUTCS PaccyeT pasMepa JUKUTTepa. PasMep mKUTTEpa MOXKET ObITh
paccuuTaH [5] aBTOMaTH4eCKA HA OCHOBAHUU JIAHHBIX O 3arPY’KEHHOCTHU CETH,
WIN 3a/1aH BpY4HYyI0. BbIBoabI. M3 BCex paccMOTpEHHBIX BbIIIE (HaKTOPOB
TOJIBKO IPOIYCKHasl CIIOCOOHOCTH MOKAa HE MOYKET OBITh ONTHMH3UPOBAHA B
1oJIHOM Mepe. IIpuunHOM sIBIIsI€TCS OTCYTCTBHE NMPOTOKOJIA MApIIPYTU3ALMH,
CHenuaibHO pazpaboTaHHOrO i ucronb3oBaHus B MCC U yYHTBHIBAIONIETO
Bce e€ morpebHocTH. [l OCTanbHBIX ke (DAaKTOPOB SIBISETCS BO3MOKHBIM
HO)IO6paTI) ONTUMAJIBHBIC PCIICHUA U o0ecrneyuTh BRICOKUM YPOBEHb Ka4€CTBA
00CITy)KUBaHUSI.
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DIVERSITY AS THE BASIS FOR EFFECTIVE CLUSTERING-BASED
CLASSIFICATION
Dr.Sci. Olexander Barmak, Dr.Sci. Iurii Krak, Eduard Manziuk

Annomayusn. PaznooOpas3ue sBISIETCS OCHOBOM MOAXOJOB C HCIOJIB30BAaHHEM
MHOTOYHCIICHHBIX CHUCTEM KiaccuuKaimid. Arperaius TPy OPOU3BOJUTCS B
MPSIMOiA 3aBUCUMOCTHU OT KOPpEJSIUK perieHuid. [Ipu 3Tom arperaiys rpyrnn MoJiesnei
MIPOU3BOUTCS o HepapxXuIecKoit CTPYKType aHcaMOJIs. Pernrenust
CHJIBHOKOPPEITUPOBAHBIX TPYIIIT MOJIENICH 3aMEHSIETCS OHIM PELICHHEM KiacTtepa. JTo
pellieHre Ha CIEAYIOUIEM YPOBHE MOXKET TPYIIHPOBATHCS C APYTHMMH Hamboiee
OIM3KMME TPYIIIAMH MOJIeNieid. brarogapsi Takol apXUTEKType MOBBIIIACTCS YPOBEHb
BJIMSIHASL PEUICHHs] OTACIbHONW MoJenu. [ JaBHBIM MPEHMYIIECTBOM MPEIIaraeMoro
MOJXO/a SIBISIETCS ONpPEACNICHNE CTPYKTYPhI aHCaMOJIsl 3aBHCSIIErO OT KOPPENSIHN
pelieHui Mojienen.

Kniouesvie  cnosa:  pazHoOOpasue,  KOppENSIIMOHHAs  KiIacCH(UKAIWS,
uepapxudecKast KIacTepH3aiis.

Abstract. Diversity is the basis of approaches using multiple classification
systems. Solution sets are formed in ensembles of models. Aggregation of groups is
made in direct proportion to the correlation of decisions. Moreover, the aggregation of
groups of models is performed according to the hierarchical structure of the ensemble.
The solutions of strongly correlated groups of models are replaced by a single cluster
solution. This solution at the next level can be grouped with other closest groups of
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models. Advantage of the proposed approach is the pos-sibility of building an
ensemble based on the properties of the correlation pa-rameters of the models.
Keywords: diversity, correlation classification, hierarchical clustering.

OCHOBOI1 HCIOJIB30BaHUS TaKMX TPYNIIOBBIX METOAOB KiacCH(UKaLMN
Kak aHcaMOuu siBisieTcs pa3HooOpasue pemeHuit mopened. st ycnemHoro
UCTIONB30BAaHMA MOJIENN JOJDKHBI /aBaTh Pa3sHOOOpasHbIE M B TOXKE BpPEMs
TouHble pemeHud. Kaxknas MoJenb [IOMOJNHSAET CBOMM pPELIEHHEM [pyTHE
MoJenH. DTO JISKUT B OCHOBE IPUMEHEHH aHcaMOuis. B3anMHoe nonoHeHue
PELICHUsS C LENBI0 TOTyYeHNST OObEKTHBHON OLICHKH B BUAE OOIIETO PEIICHUS
SIBIISIETCSI OCHOBOTIOJIATAIOIINM TIPHHIIUIIOM, Ha KOTOPOM 0a3UpPyIOTCSI METOMBI
TPYIIIOBOTO OTPENEIICHNUs pEIIeHIs], KaK NpuMep ancambmm moxenedd [1].
Hau6onee HWHTEPECHBIMU 110 HAIIEMY MHCHUIO, SABJIAIOTCA METOAbI OCHOBAaHBIC
Ha kiactepusanuu [2,3]. OOOCHOBaHHEM 3TOTO SBISETCS TOT (DAaKT, YTO
KOppeJsLUs PEeUIeHH CIIOCOOCTBYET TPYHIMPOBAHUIO OOBEKTOB Ha HEKHE
armoMepanuu. Bapuwanus TpenckasaHuii Mojeneld aHcaMmOns TO3BOJISET
YMEHBIIIUTh BJMSHUE CIyYalHOW OIIMOKW TMpejacKa3zaHuss Ha pe3ysbTar
aHcamOisa. Oto moaTBepxkaacT 3((PEKTHBHOCTh HCIOIB30BAHHSA METOIOB
IpynnoBoro npuHsTus pemenuil. Ilpu 3Tom paspensercs NpOrHO3UPOBaHUE
Ha YPOBHHU JIOKAIU3alMd B 3aBUCUMOCTH OT apXUTEKTYypbl MOCTPOCHHS
aHcamOIs1. DTO TOKa3bIBaeT Ha TOT (PaKT, YTO JOKAJIBHBIE OIIMOKH MOJeNeH
NPAaKTHYECKH HE OKa3bIBAIOT BIMSHHUS HA TJI00albHBbIE XapaKTEPHUCTHKH
ancamOus1. Mepapxudeckasi CTpyKTypa IMO3BOJISIET YCUINBATh BINSTHUE MOJIEIN
C OTHOCHTENBHBIMH OTKJIOHEHUSIMU OT TPYHI aryioMepanuid. Takum oOpazom,
HUBEIHMPYETCS  HM30BITOYHOCTH ~ MOJENeH  MyTéM  yMEHBLIGHHS  HX
BIMATENBHOCTH. B o00memM ciydae ncross30BaHHE aHCAMONS 3HAYUTEIBHO
YMEHBIIAeT BIMSHUE CIyd9alHOH OmMOKM Ha mpenckasanus. [Ipm 3Tom
HCTIONB30BAaHNE MOJEIH B aHCAMOJIe 3aBHCUT OT KOPpEIsIInH €€ pelIeHud ¢
peleHusAMH  Opyrux Mogzened. B ciywyae kiacTepHOM HMepapXudecKoi
CTPYKTYpBI aHCaMOJIsI OT KOPPEJSIIUM C MOJENSIMU Tpymil. Takum oOpaszom,
OCHOBHOE BIIMSIHHE Ha 3(QQEKTUBHOCTh aHCAMOJIsi OKa3bIBaeT paclpeseieHue
KOppEeNUN pelleHni Moaeneil. OTo TOBOPUT O TOM, YTO CaMO KOJIUYECTBO
Mojenell He BiIMAEeT Ha pe3ydpTar mpeackazaHus. HeoOGxoaumocTb
HCTIONB30BAaHUSI MOJENM B aHcaMOyie 3aBUCUT OT TOTO HACKOJBKO
KOPPEIUPOBAHbI €€ PELICHUs C PEIIECHUSIMU IPUHATBIMU IPYTUMHU MOZEIISIMHU.

Jlutepatypa
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Abstract. The article presents the main results of introduction the digital
technologies into the educational process of Sumy State University. The proposed
unified complex model combines the use of active learning methods, interactive
technologies, group-based problem-solving methods and an adapted model of flipped
classroom. The tested model is aimed to involve students into active independent work.

Keywords: Blended Learning, Complex Model, Active Learning Methods, Project
Approach, Flipped Classroom, Digital Education.

Mastering the digital technologies competencies becomes an essential
factor in the success of social, economic, business and educational activities.
Particular attention should be paid to the digital transformation of education as
a powerful factor in the development of human personality [1]. Due to this, the
different digital educational resources and services are being actively used.
Summing up the results of testing the blended learning models in the
educational process of Sumy State University, the authors have proposed a
unified complex learning model. Digital educational technologies are defined
as being developed or used for educational and teaching activities in formal
and informal educational contexts [2]. This idea combines the concepts of
technologies, digital technologies and educational technologies. And the most
balanced combination of these concepts is the essence of blended learning
technologies [3]. The main goal of the research is an application of the
blended learning principles in pedagogical practice is to provide enhanced
educational opportunities by increasing the accessibility of training materials
and flexibility of the educational process, taking into account the individual
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needs and physical abilities of the educational recipients. Taking into account
features of all blended learning model, the proposed unified blended learning
model is presented in Fig. 1. As a result of the analysis the existing
methods of active learning and imitative learning methods, a generalized
algorithm for implementation of the active method into academic disciplines
has been proposed using the project approach.

Independent Work Activities - 60% Classroom Work Activities - 40%

[ Learning the MOOC | Mind Mapping I I Lectures/Seminars

| 1 Discussions I I
I Work in Project Group I
| Collaborative Work | | Classroom Discussion

|
Practices/Labs I
|
|

[ Module/Final Testing I Project Presentation

Fig. 1. Schematic representation of the tested blended learning model

Figure 2 schematically shows the recommended distribution of points in
relative values (based on 100 percent of the points for the full scope of the
tasks in the course) between different learning objects. Exactly this
distribution model was tested during the pedagogical experiment and showed a
satisfactory result. However, such ratio of points is just recommended.

Lectures/Se
minars

Mind
Mapping

Learning the
5%

MOOC 25% Project
| Presentation

5%

Fig. 2. Chart of percentage distribution between learning objects of the tested
model

The recommended model is characterized by a combination of the
classical classroom approach and digital educational approaches in order to
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achieve the most effective independent work with the material. The complex
structure of the unified learning model and of the distribution of educational
load makes it easy to adapt the model to the specifics of teaching different
disciplines of general and professional direction.
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BUILDING A PUBLIC KEY INFRASTRUCTURE WITH THE USE OF
HASH-BASED DIGITAL SIGNATURES
Marukhnenko, Dr.Sci. Halimov G., Dr.Sci. Gorbenko I.

Anomayia. B poOOTi pO3rIsHYTO NpOOJIEeMYy CTaHAAPTH3AIl MOCTKBAHTHUX
KpUnTorpadidHuX aarOpUTMiB. 3alpONOHOBAHO 11€I0 BUKOPHCTAHHS KPUITOCHCTEMH,
nmonionoi 1o SPHINCS, B ykpaiHCBKil iHPPacTPYKTypi BIIKPUTHX KIIFOUiB.

Kniouogi cnoea: rem dyskuis, nudposuil niamic, iHGpacTpyKTypa Bi-AKPUTHX
KIIIO4iB, MOCTKBaHTOBa kpunrorpadis, SPHINCS.

Abstract. The problem of standardization of postquantum cryptographic
algorithms is considered. The idea of usage SPHINCS-like cryptosystem in the
Ukrainian public key infrastructure is proposed.

Keywords: hash function, digital signature, public key infrastructure,
postquantum cryptography, SPHINCS.
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CepTudikat BiIKpUTHX KIIOUIB € HEBiJ' €EMHOIO CKJIAOBOIO OE3MEUHO1
B3a€MOJIii B KOMIT IOTEpHUX MepekaX, X BHKOPHUCTaHHS BKIIIOYAE TOOYIOBY
iHppacTpykTypu Binkputux kmouis (IBK). BnpoBamkenns noaioHoi cucremu
noTpedye BUPIIICHHS BEJIMKOrO KOJa NHTaHb Ha PI3HUX PIBHAX pPOOOTH
CHUCTEMH: BiJI O0COOJIMBOCTEH 0ONagHAHHS Ta KPUNTOAITOPUTMIB JIO
HOPMaTHBHO-IIpaBOBOi 0a3u aepxau [1]. YkpaiHa akTHBHO pO3BHBA€E BIJIACHY
IBK, 6a3yrounch sik Ha MI>KHAPOJHUX, TaK 1 Ha HAI[IOHAJIBHUX CTAHJApPTAaX.

Anroputmu EIIT Ha ocHOBI remi-QyHKIIH € NepcleKTHBHIM HaNpsIMKOM
MMOCTKBaHTOBOI Kpumrorpagii. Meroro maHoi poOOTH € TpoaHami3yBaTH
ctpykTypy amropurmy  SPHINCS+[2], OIHHTH MOXIHUBICTH HOTO
BUKOPHCTAaHHS B SIKOCTI yKpaiHChKOTO cTaHaapTy Ta nmoOynosu IBK Ha ioro
OCHOBI.

Ta6muus 1 — OpienroBHi po3mipu migmucie SPHINCS+ mist pizanx
KOMOHaIIii mapaMeTpiB

h|d|nd :
128 192 256 384 512
2|10 3700 7900 14100 30500 53900
20 415 4900 10400 18400 40000 70700
514 5400 11600 20500 44700 79000
10 2 8200 17700 31300 68500 121000
2] 8 3700 7800 14000 30300 53600
16| 4| 4 4800 10300 18300 39800 70400
812 7000 15200 26800 58800 103900
216 3600 7800 13900 30100 53400
0 314 4200 9000 16000 34800 61800
413 4700 10200 18100 39600 70100
6 ]2 5900 12600 22400 49100 86900
FORS 2300 5100 9100 20200 36000

Criiikicts ycix ELII Ha 6a3i rem-¢yHkuiii 6a3yetbcs B mepuly 4epry Ha
onHOOIUHINA mpupoAl rem-(QyHKIiA Ta CTIMKOCTI Ao Komi3id. Kpumrocucremun
cimeiictBa SPHINCS € 6araTokoMInoHEHTHHMH Ta BKIIIOYAIOTh A MapaMeTpiB,
10 J03BOJIAIOTH AOCATHYTH IIPOCTOPOBO-4aCOBOTO KOMIIpoMicCy. JlociiKeHHs
mokaszanu, mo reHepamis miamucy SPHINCS+ g rinmepaepeBa BeTHMKHX
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pO3MipiB 3aiiMae OAWMHHWINI CEKYHI; TepeBipka BUKOHYETHCA 3a JECATKH
mimicexkyaa. ITignucu SPHINCS+ MaroTh BemuKHl pO3Mip — JAECATKH KiJIOOAMT
(tabm. 1), mo oOMexye IX BUKOPUCTAaHHS Yy JIETKOBICHIH KpunTorpadii, 30kpema,
cmapt-kaprax. IloOymosa IBK € koMIulekCHMM mpoiiecoM, LIO BHUMarae
BUpIIIEHHS HU3KW 3a1ad. IcHytoua B VYkpaini cucrema EILIl moxe Oytn
ajanToBaHa MiJi BHKOPUCTaHHSA Oynb-sIKOi MaTeMaTHyHOI 0a3u, 30KpemMa
kpunrorpadii Ha 6a3i renr-¢yHkuiil. BnpoBapkeHHsI CHCTEMH 3 BUKOPUCTAaHHSIM
ELIT noxi6uoro mo SPHINCS+ Bkirouae Ba rOJOBHUX €TaIlM: CTaHAAPTH3ALlIS
KpHUIITOTIEpeTBOpeHs Ta Moamdikamis icHyrodoi IBK. OOmaBa eramm
moTpeOyIoTh 3HAYHUX MaTepiabHUX BUTpAT Ta 4dacy. OmHaK, BIPOBAKCHHS
noctkBaHTOBOTrO anropurmy EIIT Ha nepxaBHO-My piBHI € BaXKIIMBUM KPOKOM
IUTA HaIllOHANBHOI KibepOesmeku. [Tomanpmn mochimkeHHS OyIyTh CIPSIMOBaHI
Ha TporpaMHe MOJIETIOBAaHHS ONHMCAaHMX aJTOPUTMIB Ta OCHOBHUX KOMIIOHEHTIB
IBK 3 Bukopucranusam anroputmy SPHINCS+.
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SEPARATION OF A CLONE FROM A PROTOTYPE IN A DIGITAL
IMAGE IN THE CONDITIONS OF NO ADDITIONAL PROCESSING
Dr.Sci. Kobozeva A., Ph.D. Bobok 1.

Anomauia. 3ampoNOHOBaHMHA METOJ BINOKpEMIICHHS KJIOHY Big IpooOpasy B
mudpoBoMy 300paXkeHHi, sKe 3a3HAIO KIOHYBaHHsS, 0€3 BHKOPHCTAaHHS TEXHOJIOTIl
(POBUX BOJSHUX 3HAKIB, €EKTHBHOTO B YMOBAX BiJICYTHOCTI OCTOOPOOKH KIIOHY i
mpoobpasy.

Knrouogi cnosa: nudppose 300paXkeHHs, KIOHYBaHHS, KJIOH, NPooOpas, BiIMiTHUIT
OKIJIL
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Annotation. A method is proposed for separating a clone from a prototype in a
digital image that has been cloned. The method does not use digital watermarking
technology, it is effective in the absence of post-processing of the clone and prototype.

Keywords: digital image, cloning, clone, prototype, distinctive neighborhood.

[opymenns  uimicHocri  mmdposoro  3o00pakenHs  (L[3)  MoxyTh
BiZOyBaTHCS JIOKAIBHO: y MeXaxX SKoich (HeBenmkoi) ob6macti. Haitbimbmr
IIUPOKO BHKOPHCTOBYBAHMM IIPOTPAMHHMM IHCTPYMEHTOM IIpH JIOKAJIbHHX
3MiHaxX 300pakKeHHS, pealli3oBaHUM y BCIX Cy4acHHX TrpadidHHX pemaKTopax,
3aJIUIIAETHCS KIOHYBaHHS.

Ha crorommimHii AeHP HE Mae€ 3aJOBUIFHOTO pO3B'SA3KY 3amada
BiJOKpeMIIeHHs KIIOHY Bim mpooOpasy (KII) — Bu3HaueHHs, sSka came 3
MoTIepeIHbO  BHSIBIICHMX 00JacTedl € KIIOHOM, a sika NpooOpa3oM, B yMOBax
BIJICYTHOCTI TOCTOOpPOOKH, 1[0 HA MPAKTHIIl YacTO Ma€ MICIe, HANPUKIAI, Y
BHIIAJIKY MaJUX PO3MIpiB IIPooOpasy.

MeTo10 € po3poOKka METOAY BiJOKpEMIICHHs KJIOHY Bia mpoobpasy B 113,
e()eKTUBHOT'O B YMOBaX BiJICYyTHOCTI TOCTOOPOOKH KIIOHY i Tpoobpasy.

Y xomi po3poOKH TEOPETHYHOTO 0a3Wcy BUKOPUCTOBYBABCS OJIOKOBO-
OpI€HTOBAHHN MiAXIiJI.

3HaliieHnii KUTbKICHMH mapaMeTp - HopMma BiaMmiTHoro oxomy (BO)
KJIOHy/TIpooOpasy [1], sikuii 103BoIsg€e ehEeKTHBHO BiIOKPEMITIOBATH IIi 00JIACTi.
BO JIOBIJIBHOTO [ x [ - 6oxy B I3 paniyca k €
(Zk + 1)>< (2k + 1)-ManI/Iu;{, €IEMEHTH SKOi BiZOOpa)karoTh BiIMIHHICTE B

Bix OxokiB 113, mo 3HaX0AThCA Bif B Ha BifCTaHI, [0 HE MIEPEBHUIIYE k.

Ha ocHOBI OoTprMaHHUX TEOPETHYHHUX MOJOXKEHb PO3POOIICHIH METOJ s
BimokpemiieHHst oomacti KI1, monepentro BusiBienux y 113.

3anpornoHoBaHa aJrOpUTMIYHA peaiizalisi METOAY IEPEBHUILYE €IUHUIM
Bizomuii aHajor [2] no epeKTUBHOCTI, 3a0e3neuyoun He OUTbil 7% MOMHIIOK
[IPH PO3B'SA3KY PO3IIITHYTOT 3a1aui.

Jlitepatypa

1. Bo6Gok, I.I. TeopeTwyHi OCHOBH METOMY BiIOKPEMIICHHS KIIOHY BiJ IpooOpa3y B
uudposomy 300paxkenHi / L.I. bobok, A.A. KobozeBa // besneka inpopmanii, 2018. —
T.24. — Nel. - C. 197-203.

2. Bbobok, L.I. Meron BimokpemieHHs KIOHY BiJ mpooOpa3y B IudpoBOMY
300pakeHHI B YMOBax BIiJICYyTHOCTI BigMiHHOCTEH mpu iX moctobpodit / 1.I.bob6ok //
IndopmaTrka Ta MaTemMaTH4HI MeTOIU B MojentoBaHHi, 2017. — T.7. — Ned. — C. 298-307.
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VIIK: 004.056

OBb OPTAHU3AIINU 3AHIUTHI YIAJTEHHBIX PABOUUX MECT
OT HECAHKIHUOHUPOBAHHOI'O JOCTVYIIA
K.1.H. 3ypos E.B.

E-mail: ev.zurov@mail.ru

ABOUT ORGANIZATION OF PROTECTION OF REMOTE
WORKSTATIONS AGAINST UNAUTHORIZED ACCESS
Ph.D. Zurov E.V.

Annomayua. B craThe  paccMaTpHBAIOTCS  BONPOCHI  3alIUTHI  OT
HECAaHKIMOHMPOBAHHOTO  JOCTyIla K  YHICHHBIM  paboYMM  CTAHIUSIM.
CchopMyHpoBaHBl MEPONPHATHS 10 3aIIUTe MH(POPMAIUH, KOTOPHIE JOJDKHBI OBITH
TIOJIO’KEHBI B OCHOBY TIOJINTUKH MH(MOPMAMOHHON 0€301MacHOCTH KOMIaHHH.

Kniouesvie cnoga: xpunrorpadudeckas 3amura MHOOPMAIMH; OIeEpaljoHHas
CHCTeMa; HECAaHKIHOHNPOBAHHBIN JOCTYTI; YAAICHHBIH JOCTYII; ySI3BUMOCTb.

Abstract. Protection issues against unauthorized access to remote workstations is
considered. Measures to protect information that should be the basis of information
security policies of companies is proposed.

Keywords: cryptography, operating system, unauthorized access; remote access;
vulnerability.

B cBere Bo3HUMKHOBEHUS naxaeMun kopoHaBupyca COVID-19 nossuncs
TEPMUH «ynaneHka». Ho ganexko He Bce MOHMMAIOT 00 yrpo3aX, KOTOpBIE
MOTYT BO3HUKHYTh Yy KOMIIaHU, OPraHM30BaBIIUX YAAICHHYIO paObOTy CBOMX
CcOTpyIOHHKOB. PaccMoTpum 3Ty mpobiemy Oonee moapo6Ho. [To cBoeit cytu
paboTa cCOTpymHWKA B pPEKHUME YIOAJICHHOTO JOCTyHa IOApa3yMeBaeT
BO3MOXKHOCTh pPa0OTHl B KOPIOPATHUBHBIX HH(MOPMAIIMOHHBIX CHCTEMaX C
JOMAITHETO  KOMITBIOTEpAa WM KOMITBIOTEpa, MIPEOCTABICHHOTO
pabotomarenem. C menpl0 3alIUTHl OT HECAHKIIMOHHPOBAHHOTO JOCTyHa K
HHPOpPMALIUU, TepeaaBacMOi MEXAYy KOMIBIOTEPOM © HH(POPMAIMOHHOMN
CI/ICTCMOI\/’I, CO CTOPOHBI BHCIITHUX HapyHIHTeHeﬁ, KaK MpaBuUJIO, UCTIOJIB3YIOTCA
cpencTBa KpunTorpaduaeckoi 3ammThl HHGOpMAaIH.

Crnemyer 3aMeTHTh, YTO caMO€ IPHCTAIBHOE BHUMAaHHE JOJDKHO OBITh
YAEICHO BOIPOCY IOBEPHS K cpene yaaleHHOi paboueii craHIny.

PaccmoTprM Hamxyammii CIeHApUid pa3BUTHS COOBITHH, Koraa s
YAAJCHHOTO AOCTyHa paboTomaTeNh pa3pelraeT COTPYIHHUKY HCIIOJIH30BAHNE
JIMYHOTO KoMmImbloTepa. llpudem, Ha 53TOM KOMIBIOTEpPE YCTAHOBIIECHBI
ycTapeBias onepanuonHas cuctema (Hanpumep, Windows XP), aHTHBHpYC,
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KOTOPBIM He OOHOBISUICA OoJiee 1 Mecsna, a TaHHBIA KOMITBIOTEpP COTPYIHUK
UCTIONB3YeT B JIMUHBIX HEsIX il pabotel B cetn «MHTepHEeT». OnucanHas
nporpaMMHasi KOH(Urypauusi yAaJeHHOro pabouero MecTa C BBICOKOM
CTENEHBI0 PUCKA MOXET IPUBECTU K TOMY, UYTO 3JIOYMBIIUICHHUK, HUCIIONb3YS
U3BECTHBIC YS3BUMOCTH OIEPAllMOHHOM CHCTEMBI, CMOXXET BHEAPUTH
COOTBETCTBYIOIUI SKCIUIOMT C MOMOIIBIO KOTOPOTO MOJYYUT BO3MOXHOCTB
Joctyna K ¢ainaM, XpaHsSIUMCs Ha JIOKQIBHOM JKECTKOM JIUCKE, a Takxke
npocMoTpa (KOMUpOBaHMs) HHPOpPMANMU OTOOpaXKaeMyl0 Ha DKpaHe
MoHuTOpa. C mEenpl0 HENOMyIIEHHWS PAacCMOTPEHHOTO CICHApHUs aTaKH
KOMIIaHMSIM TIPH OPTaHHM3alMM yJAJCHHOTO JAOCTyNla K KOPIOPATUBHBIM
nH(GOpPMANMOHHBIM CHCTEMaM CJEIyeT BblaBaTh COTPYJHHKAM CIyXeOHbIe
KOMITBIOTEPBl C TaK HA3bIBAEMOM «JIOBEPEHHOI» MporpaMMHON cpenoi. To
€CTh TpPOrpaMMHasl cpela TaKuX KOMITBIOTEPOB JIOJDKHA YJIOBJIETBOPSTH
YCTAHOBJICHHBIM TPEOOBAHMSAM ITOJIUTHKH OE30MIaCHOCTH.

Croma ciegyeT OTHECTH MPHUHATHE CIEAYIOIUX Mep: peryJspHoe
OOHOBIICHHE OMNEpAIOHHBIX CHCTEM W aHTHBHPYCHBIX 0a3, IpUMEHEHHE
peXnMa «U30JMPOBAHHOM MPOTPaMMHOM CpesD», KOHTPOJIb IETOCTHOCTH
3arpy34rKa OMNEPAlMOHHON CHCTEMBI M KPUTHYECKHX CHCTEMHBIX (hailiios,
NIPUMEHEHWE MEXCETEBOT0 JKpaHa YPOBHSI XOCTa, OJIOKHPYIOLIETo
BO3MOKHOCTb HEIIOCPEACTBEHHOTO JOCTyIA B CeTh «HTEepHET».

VK 004.056.53

BLOCKCHAIN-BASED PROTOCOL FOR ENSURING
AUTHENTICITY OF DATA ORIGIN IN CLOUD ENVIRONMENTS
Stetsenko P, 110000-0002-7384-7013] K palimoy G, 210000-0002-2054-9186],
E-mail: 'steps.ps93@gmail.com, ‘gennadykhalimov@gmail.com

Abstract. This work is devoted to the problem of ensuring authenticity of data
origin in cloud environments. The proposed protocol for providing Blockchain
authenticity provides real-time auditing for access to all data in a cloud storage
application. The protocol architecture allows achieving real-time authenticity of cloud
data origin, protection against unauthorized access, increased confidentiality and
confirmation of data authenticity. Implementation of the cloud-based Blockchain
service proposed in the work is carried out using a three-tier architecture, consisting of
a data storage level, a Blockchain network level, and a database level for storing data
origin history. It includes three phases: collecting information about the data origin
history, checking and adding it to the Blockchain ledger and updating the database with
new historical records. Proposed protocol makes possible to use logging data as
evidence in cyber-criminal cases and mitigate possibility to modify logs by attackers.
Scope of usage of proposed protocol is mainly internal audits in cloud environments.

80



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«HOOPMAILIMHI YITPABJISAIOUI CUCTEMU I TEXHOJIOT Iix»
24-26 Bepecus 2020 p., m. Ozeca

Keywords. Blockchain, cloud environment, data origin, internal audit, cloud
service provider

This paper presents a Blockchain-based protocol for ensuring authenticity
of data origin in cloud environments, which provides the reliability of data
operations in cloud storage, while increasing privacy and accessibility. The
architecture proposed in this work records all operations for each data object
and stores them as a history of data origin, which is hashed then in the
Merkle tree [1]. The proposed architecture allows achieving the following
goals: 1. Reliability of the history of data origin in the cloud in real time — user
operations are captured in real time to collect information about the history of
origin, which will further support the application of access control policies and
intrusion detection systems. However, a delay occurs when placing records in
blocks and processing them by the Blockchain network but capturing data
events is real time process. 2. Protection against unauthorized access — a
reliable history of the data origin is collected and then published to the
Blockchain ledger to achieve data integrity. Then all data are distributed
between nodes. The architecture provides creation of a public log with all user
operations on cloud data with time stamps and without a trusted third party. A
special construction called “Blockchain receipt” is assigned to each record for
further verification. Moreover, according to the principle of least privilege an
access to proposed mechanism can be configured more granularly with cloud
Identity and Access Management. 3. Increased confidentiality. Each entry in
the data origin history is associated with a hashed user identifier in order to
maintain its confidentiality, so that no Blockchain network node can match
data records associated with a specific user. The data origin auditor can access
information related to the user, but can never determine his identity. Only a
service provider (cloud provider) can associate identifiers with the actual
owners of each record in the data origin history. As for regulation compliance
— the proposed mechanism is focused mainly on internal audit and operates
with data generated by employees of the organization with cloud access, and
GDPR or CCPA are focused on the privacy of customer's data i.e. consumers
not employees. 4. Confirmation of the reliability of the data origin history in
the cloud — a record of the history of the origin of data is published globally in
the Blockchain network, where several nodes provide confirmation for each
block. To check each record of the history of data origin, a Blockchain receipt
is used.

Thus possibility of changing data unit and scalability of system
components are important benefits of proposed mechanism comparing to
previous researches in this field [2, 3].
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AMERICAN BUREAU OF SHIPPING INTERNATIONAL RULES FOR
MARINE AUTOMATED SYSTEMS
Dr.Sci., Mikhailov S.A., Ph.D. Shevtsov Y.S., Ph.D. Kharchenko R.Yu.

AHoTamisi. Y MOpCBKOMY CBIiTi Oe3leka 1 3axucT TicHO moB's3ani. [lpu
BUKOPUCTAHHI KOMITIOTEPHHUX CHCTEM, BHXiA 3 Jaxy abo MOMWIKHA B POOOTI SKUX
MOJKYTh HPHU3BECTH 0 TSOHKKHX HACHIIKIB, MUTaHHS KOMITTOTEPHOI OE3MEKH CTaroTh
nepuroyeproBuMu. Ha chOroAHiImHIA J€HP Y BCHOMY CYTHOIUIAaBHOMY CEKTOPi
iH(hOpMAaLiHHUI 3aXHCT MEPEXi CTae MaibKe TaKUM Ke BaKIUBUM, SK 3a0e3MEeUEeHHS
Oe3MeKH Ha CyTHaX.

Knruosi cnosa: xibepOesneka, kibeparaka, iHpopmalliitna mepexa.

Abstract. In the maritime world, security and protection are closely linked. When
using computer systems, the failure or error of which can lead to serious consequences,
computer security issues become paramount. Today, in the entire shipping sector,
information security of the network is becoming almost as important as ensuring safety
on ships.

Keywords: cybersecurity, cyber attack, information network.
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KibepbOe3neka BHOCUTH JOJATKOBUH €JIEMEHT B PiBEHb OC3IMEKH: 3aXHCT
Bil HaBMHCHUX [ii, CHpSIMOBAaHWX Ha 3amofisHHsA Imkoau [1]. Mopchke
CHIBTOBAPHUCTBO MPHHIILIO A0 PO3YMIHHS TOTO, IO KOPabii 1 MOPCHKI aKTUBH
MOBUHHI OyTH MEHII Ypas3iuBi I 3arpo3 Oe3leKHu sk B MOpi, Tak i B MOPTy
[2]. Ockinbku Li CUCTEMHU YIPABISIOTH NEKITBKOMa acleKTaMH omepariil 3
aKTHBaMH, cyaHamu abo ruiatgopmMaMu, BOHM CTalOTh HEBIJI'€MHUMHU
YaCTUHAMHM CHCTEMH i EKCIUTyaTaIiiinoi oOesmeku [3].

WINDOWS & 55
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“MILLIGH LINES OF GODE

SPACEGHUTILE I

Puc.1 — Esontoyis npoepamnozco 3abesneuenns ABS

Cucrema kibepOe3neku MOBHHHA OyTH 3a/isiHa Ha BCIX PIBHSAX KOMMaHii
BiJI KEpIBHHUIITBA Ha Oepe3i 1 o WieHIB eKinaxy, 1 IHTerpoBaHa 3 CHCTEeMaMH
Oe3nekr Ta OXOPOHM 3 METOK 3a0e3neueHHs e(EeKTHBHOCTI CyIHOBUX
onepamniidi. KoMmaHii MOBHHHI BCTaHOBUTH BiIIOBIZaBHICTE HMEPCOHANY 3a
30epiraHHs 1 OTPUMaHHS JaHUX, SIKI MOXKYTh CTaTH OCHOBOIO JUIS HPUHHATTS
YIPaBIIHCBKUX a00 eKCIUTyaTallifiHuX pimenb. JlocsArHeHHs omepariiHoi
e(eKTUBHOCTI NP MIATPUMII BiAMOBITHOCTI Ma€ BUpIIIAIbHE 3HAYECHHS JUIS
yemixy [5]. ABS miarpumye Mopcbki Ta O(IIOpHI CIIUIBHOTH, PO3pOOISIOUH
CTaHJapTH MOPCHKOi 1 odmopHoi KiGepOe3rnmeku, HOBI METOAW 1 TMPOBiIHI
rary3i 3 KpaluMH MPaKTHKaMU B IPUXMIIBHOCTI O€3MeKH 1 30epeKeHHS KUTTS
i MaiiHa, i 30epekeHHIO HaBKOJUIIHHOTO cepenoBuma [4]. CkiamHicTh
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porpaMHoTo 3abe3nedyeHHs ABS 3MmiHIOBaach MpOTATOM 0araThbOX POKIB i
Mae Takux BUTIIA (puc.1).
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ANALYSIS AND ASSESSMENT OF RISKS IN THE USE OF
INFORMATION AND TELECOMMUNICATION TECHNOLOGIES
Dr.Sci. Goloskokov K., Korotkov V.

Annomayun. TlokazaHa HEOOXOAUMOCTb HPOBEICHHUS MEPOIPHATUHH UL
TIOBBIIICHUS] HAJIGKHOCTH TEJICKOMMYHHUKALMOHHBIX CUCTEM Ha TPAHCIOPTE C LIEJIBIO
MOBBIIICHUSI TOYHOCTH M JIOCTOBEPHOCTH CHCTEM CIIyTHHKOBOH HaBHIaIUU.
IlpuBeneHHass MeToAMKa MOXXET OBITh PEKOMEHJOBaHA JUIl HPUMEHEHHs IpU
HPOEKTHPOBAHUU TPAHCHOPTHBIX CITyTHUKOBBIX CUCTEM CBSI3U.

Kntouesvie cnosa: TeneKOMMyHUKAllMOHHAs CHCTEMa, TPAHCIOPT, PHCKH,
I'NIOHACC, ¢yHKOMOHMpOBaHWE, CIyTHUKOBBIE CHCTEMBI, HH(OPMAIUOHHBIE

pecypchL
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Abstract. 1t is shown that a number of measures should be taken to improve the
reliability of telecommunications systems in transport in order to improve the accuracy
and reliability of satellite navigation systems. This methodi can be recommended for
use in the design of transport satellite communication systems.

Keywords: Telecommunications system, transport, risks, GLONASS, operation,
satellite systems, information resources.

Buenpenne Ha  OpeANpUATHHM  CHCTEMBl  JUCHETYEpU3aAUUU U
MOHHTOPHHTA TPAHCIOPTA IMO3BOJSET KOMMEPUYECKHM KOMITAaHUSAM YCKOPSTH
OM3HecC-TIpoIecChl, OOPOTHCS C XaIaTHOCTHIO M BOPOBCTBOM COTPYIHHKOB,
IpecekaTh CIyd4ad HELEeNEeBOTO HCIOIBb30BAaHHUS CIY)KEOHBIX TPaHCIIOPTHBIX
cpencTB. B pesynbraTe sKCIUTyaTallid CHCTEMBI CITyTHUKOBOTO MOHHUTOPHHTA
TpaHCIOpTa TI'JIOHACC/GPS MIPOUCXOJUT SKOHOMHUS CPEICTB.
MaxkcumanpHass ~ dKOHOMHYEeCcKas  d()(EeKTHBHOCTh  JOCTHUTACTCS NP
WCTIONb30BAHUM B CHCTEME KOHTPOJII TPAHCIOpPTa CepTUHUIMPOBAHHBIX
JATYUKOB pacxoxa TtoruiuBa. Mounuropunr tpancmopta (I'JIOHACC/GPS
CIeXKEHUE) SBISETCS  JIEWCTBEHHBIM HMHCTPYMEHTOM  JJIsi  TPHUHATHUA
OTIEPaTUBHBIX YIpaBIeHYECKUX pereHnid. OTMEeTHM, YTO CYIIECTBYIOT H
HETaTHUBHbBIE MOCJIEICTBUS BHEJPEHUS “HOPMAITMOHHBIX u
TETIEKOMMYHHUKAIIMOHHBIX TeXHOJOTUNA. CHEepKUBAIOT POCT UYPE3BBIYANHO
3alyTaHHas HOpMaTHBHas 0a3a IO T'eoAe3WH, KapTorpaduu, CEKPEeTHOCTH
MpOYUM KJIIOYEBBIM BompocaM i HaBuraumd [1]. JKéctkocts u
3aIyTaHHOCTh 3aKOHOB, KaK OOBIYHO, KOMIICHCHUPYETCS HEOOs3aTeIbHOCTHIO
WX UCTIOJHEHUS, U Poccust Ha ceroHst — pail uis MUpaToB OT KapTorpaduu.

3aKOHOIOCTYIIHBIM KOMIIAHHWSIM B TaKOW CUTyaluu paboTaTh KpaiHe
cnoxHo. [Tob30BaTeny MpeANOYNTAIOT MPUOOPETATh KIMEHHO T€ MPUOOPHI U
MporpaMMHOe o0OecrieueHrne, KOTOPOoe MO3BOJISIET UM HUCIIOJIb30BaTh MTUPATCKOE
obecnieuerne. I[loTpeOHOCTP B HOBOBBEOCHHAX CeHYac OIIyIIalOT BCE
YYaCTHHKH IpoIiecca IPy30IePeBO3KH, HE TOIHKO TPAHCTIOPTHBIC KOMITAHUH.

B MoHHMTOpHMHre CBOMX MAIlMH HY)KTAIOTCS 3aBOJBI, C/X MPEIIPUATHS,
CTPOWTENbHBIE KOMIIAHUM ¥ B OpTaHU3aIlMH OOIIECTBEHHOTO TPAHCIIOPTA.
Taxke omrymaercs NOTPEOHOCTh B MOHUTOPUHTE PEYHBIX U MOPCKHX CYIIOB,
napoMoB W sxT. Ho, HecMoTpss Ha MpeuMylIecTBa JIaHHOW CHCTEMBI,
cymecTByeT psa mpobiem. OjHOW W3 Takux mpoOjeM MOXKHO Ha3BaTh
HEJIONTOBEYHOCTh PabOTHl OCHOBHI 3TOH CHCTeMbl, a UMeHHO, 3To GPS-
HaBuratopa. [lo mnpuyMHE TOrO, YTO TPOM3BOAMUTENM HABHUTAIIMOHHBIX
npuOOpOB CTapalOTCs CHHU3UTH IIEHy Ha CBOKO TPOAYKIHIO 3a CUEeT
HCTIONB30BaHUS MaTEepPHalioB HHU3KOTO KadyecTBa M MPOMCXOIUT OBICTPHIi
BBIXOJl TaKUX MPUOOpOB u3 crpos. Taxke omHod m3 coctapistommx GPS-
HaBUTAIlMM  SBJISIETCS ~ MporpamMMHOe — obOecmedueHwe.  [Iporpammuoe
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obecrieueHure ISl HaBUTATOpa SBISETCS, MO CYTH, WHTepdeicoM cucrem
CIIyTHHUKOBOH HaBuranuu. M 31ech BO3HUKAIOT CBOM MpoOieMbl. B wacTHOCTH,
JIElIeBbIEe IK3EMIUISIPbl JIaHHBIX YCTPOMCTB HE MO3BOJIAIOT B IOJHON Mepe
HCIOJIb30BaTh BCE MPEUMYIIECTBA, IPEOCTaBIsIEMble JaHHOU TEXHOJIOTHEH.

JIutepartypa

1. TackapoB JI.B., TomockoxoB K.II., IIxabapmus A.B. Ilpumenenne
MaTeMaTHYeCKOro NpOrpaMMHUPOBaHUS B JAUCKPUMUHAHTOM aHAIM3€ IS pEIIeHUs
3aJa4¥ IPOTHO3HPOBAHMs. ABTOMAaTHKa U TelaeMexaHika, 1988. —Ne 7. — C. 174-181.
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HCIOJIb30BAHUE OCOBEHHOCTEN T'PA®UYECKHUX
D®OPMATOB XPAHEHMUSI JTAHHBIX JIVISI OBHAPY/XKEHUS
PAJINBCUPUKALINI
Eopncemco numu. [0000—0002—4732—4681]’ BypﬂK ALA. [0000—0001—70222—0883],
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USING OF FEATURES OF GRAPHIC FORMATS DATA FOR
DETECTION OF FALSIFICATIONS
Borisenko LI., Buriak O.0., Smirnova Y.I.

Annomayusn. Tlpennmaraercsi MOIX0J, KOTOPBIH MOXKET OBITh HCIOJIB30BAH IS
BBIABNICHUS (padbCUHUKANNU W JIOKATH3aUuH (arbCHQUIMPOBAHHON YacTH MyTeM
aHanmm3a kod(duuuentoB ['abopa, Koraa opurHHaIbHOE M300paKeHHWE W BHEApsAeMast
001aCTh UMETH PAa3NHYHbIi hopMaT XpaHEeHHS.

Knrouesvie cnosa: @anvcudpuxanus, koddduments: ['abopa, popmar xpaHeHUS
JTaHHBIX.

Abstract. An approach is proposed that can be used to identify falsification and
localization of the falsified part by analyzing the Gabor coefficients, when the original
image and the embedded area had a different storage format.

Keywords: Falsification, Gabor coefficients, storage format data.

B mocnennne roapl npeobpasoBanne ['abopa mMpoKo HCTONB3yeTcs B
TEXHHKE OOpa0OTKM W300paXCHWH © 3aJadax paclo3HaBaHHsA O0pa3oB
Omaromapss CBOCH CIIOCOOHOCTH U3BICKaTh HHMOPMAIIMIO O TEKCTYpe
n300pakeHHs B 3aJaHHOM HalpaBJICHUU U TIPH ONPEJICTICHHOM MacIuTaoe.

Ananutnuecku GuiabTpel (siApa, BeiiBieTsl) labopa Moryt OBITH

86



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
<<IH(DOPMAIII7IHI VIIPABJISIOUI CUCTEMU I TEXHOJIOI II»
24-26 Bepecus 2020 p., m. Ozeca

npeacTaBieHs! [1]:
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N300paKeHMs, kv n (@ ompenensiorT Macmtad M OpHEHTALMIO (QHUIBTpa

Ia6opa, Y max 1 Uax ONpPEnensioT KoMM4ecTBO MAacIITab0B ¥ OPUEHTAIUIH

COOTBECTCTBCHHO. Kam,uoe AApO ABJIACTCA HNPOU3BCACHHUCM FayccnaHa n

IUTOCKOM CHHYCOWAAIBbHON BOJIHBI, f max - 9a4CTOTa BOJHBI, O - OTHOIICHHE

mmpuHbEl OokHa [ayccmana k JumHe BOJNHEBL. IlpeoOpazoBanme ["abGopa
BBIMOJIHSAETCS CBEPTKOW (DUIIbTpa OIpPEACICHHON 4YacTOThl M OPUCHTALUH C
n3obpaxenneM. OmHuM H3 Haubojee YacTO BCTPEYAIOIIMXCS CIIOCOOOB
danbcupuKaMu SIBJISCTCS HAJOXKEHHE, WM BKICHKA, YacTH OJHOrO
n300pakeHus Ha JPyroe, Mpu 3ToM (GOpMaThl XpPaHEHHUs] COCTABHBIX YacTei
MOJYYCHHOTO (POTOMOHTa)ka B OOIIEM Ciyde pa3iuuHbl. [[envbio pabOTHI
SIBJISIETCSI OTIPEICIICHNE XapaKTEPHBIX OCOOCHHOCTEH M aHAN3 STUX Pa3INYIHIA.
OCHOBHBIM HHCTPYMEHTOM, HUCIOJB3YEMBIM JId JOCTUXKCHUA MOCTaBJICHHON
LIeJTH, BBICTYMaeT npeobpa3oBanue ['abopa.

a ‘ . §)

Puc. 1. IIlpeocmasnenue xosppuyuenmos I abopa no memody Hayemana: a -
usobpasicenue 8 *.bmp gpopmame; 6 — uzobpasicenue 8 *.jpg hopmame.
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B xonme mcciemoBaHHMsA K OZHOMY M TOMY K€ H300pa)XCHHIO, KOTOpOE
ObUTO cOXpaHeHo B ABYX (opmatax *.bmp u *.jpg , (wmm *.tif u *.jpg), 6su10
NpUMeHeHo npeoOpasoBanue [‘abopa — BoceMb (GUIBTPOB pPAa3IMYHOM
OpHEHTALMH ISl Kaxaoro wuzoopaxenus. IlomydeHHble koadduimeHTs!
KoxupoBauch 1o meroay Jlayrmana [2]. Takoe koaupoBaHHE MO3BOJISIET
Ka)XJOMY ITHUKCEII0 H300paXCHUsI IIOCTaBUTh B COOTBETCTBHE OMHApPHYIO
TIOCJIEI0BATENILHOCTD JUIMHBI 8, KOTOPYIO JIETKO IIEPEBECTH B JIECATHYHOE
npeactaBiueHue. TakuM  00pa3oM, TOJNY4YSHHBIH  pe3yibTaT  MOXKHO
NPENCTaBHTh B BHIE MOHOXPOMHOTO H300paXKeHHsI.

B oKkcnepuMeHTe CpaBHHBAINCh JBAa MOHOXPOMHBIX H300pa)keHHs,
NOJNyYeHHbIe TIocie CBepTkM ¢ ¢uiubtpamu [abopa omHOH u TOil Ke
OpHEHTALMK U MacIuTada U C MOCISAYIOIUM aHaIu30M o Metoay Jlayrmana
OITHOTO W TOTO XK€ M300pakeHMsI COXpaHEHHBIX B opMmare *.bmp u popmare
* jpg. Pe3ynmbpTaThl mOKa3anu, 4TO 3TH M300pAKCHUsSI UMEIOT CYLICCTBECHHBIC
OTJIMYMSI BO BCeX opueHTauusx. [Ipumep Takux nM300pakeHWH MpUBEIEH Ha
puc.1.
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BOIIPOCHI THOOPMALIMOHHOM BE3OITACHOCTH B HOBOM
MNOKOJIEHUU KOMMYHUKAIIMOHHBIX CETEU 5G
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ISSUES OF INFORMATION SECURITY IN NEW GENERATION 5G
COMMUNICATION NETWORKS.
Dr.Sci. Goloskokov K., Korotkov V.

Annomayusn. B craTtbe MOAHATHI BONPOCH! CHEHU(DUIECKUX BO3MOXKHOCTEH B
C(bepe CUCTEM CBA3M, KOHTPOJIA U YIPaBJICHUA TCICKOMMYHUKAIIMOHHBIX CHCTEM
HOBOTrO TOKojieHus1 5SG, a Takke, BONPOCHI, XapaKTePHU3YIOIIUE 0COOEHHOCTH
nH(pOpMaIMOHHOI 6E30IMaCHOCTH CUCTEM CBSI3H 5 TIOKOJICHUSL.
Kntouesvie cnosa: GesomacHOCTh, MHPPACTPYKTYpPa, CUCTEMBI CBSI3H, CHCTEMbI
YIpPaBICHHS, YI3BUMOCTH.
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Abstract. The article raises issues of specific capabilities in the field of
communication systems, control and management of telecommunications systems of
the new generation 5G, as well as issues that characterize the features of information
security of communication systems of the 5th generation.

Keywords: security, infrastructure, communication systems, control and
management systems, vulnerabilities.

Jdns  pa3paboTku W BHenpeHHs Oojiee KaueCTBEHHOW CHCTEMBI
Oe3omacHocTd MH(OpManMK HEOOXOAMMO IO3TAITHO pEelIaTh CIEAYyoLIHe
Bornpocel [1-5]. Tlepmoe. IIpuBecT B COOTBETCTBHE, KaK TOBOPUTCS K
€IMHOMY 3HaMEHATeN0 MEXJIYHapOAHYKd HOPMAaTHUBHYIO, IIPaBOBYIO,
3aKOHOJaTebHYI0 0a3y. OHa BakHA U HEOOXOMMAa JJIsl TOrO YTOOBI TOBOPHUTH
Ha OJHOM s3bIKe. JlaTh dETKHEe OmpeneNeHHs IpenMeTaM, IpomeccaM |
SBICHUSIM B 3ToH obOmactu. OmnpenenuTsCss ¢ TEPMHHAMH W TIOHATHAMHU.
Beectn ocHoBHBEIE TpeOoBaHMs. Bropoe. CeromHs s 3amuTel HHGOPMaLUH
1 00BbEeKTOB MH(OPMATH3ALNH CYIIECTBYET MHOTOUNCIICHHAs KIacCcH(uKaIms
aBTOMAaTHU3UPOBAHHBIX  CHCTEM, HH()OPMAIMOHHBIX CHCTEM, CpEJICTB
BBIYHMCIINTENILHOM TEXHHWKH, MEXKCETEBBIX SKpPaHOB W Jpyras. B koHeuHoM
HUTOIrc OHa HeO6XOI[I/IMa JUTA TIpaBUJIBHOTO BI)I60pa CHUCTEM U CPEACTB 3alllUThI
nHpopMaLMK U UX MOCIEAyIOlIei KaueCTBEeHHOI U NPaBHJIBHON YCTaHOBKE U
HacTpoiike. OYeBHIHO HEOOXOIMMO IIOCTaBUTH BONPOC O JOMOTHEHUH
CyIIECTBYIOIIEH KIacCH(UKAIMH WM pa3paboTKe NPHHIUIHAIGHO HOBOIL.
Tperbe. C yueroM TpeOOBaHMH K CETSM HOBOTO IOKOJIEHHS C KOTOPBIMH
HEOOXOANMO ONPENENUTHCS B CAMOM Hadale He0OXOJUMO MOCTaBUTH BOMPOC
0 BBEACHMM TIIOKaszaTeseil Ui OIEHKHM HH(POPMAIMOHHOW Oe301acHOCTH
3asBJICHHBIM TpeOoBaHusAM. [IpuyeM B COBOKYITHOCTH 3THU JETaTU3MPOBAHHBIC
MOKa3aTeJIu JOJDKHBI OBITh KaK KadeCTBEHHBIMH TaK M KOJIMYECTBEHHBIMH.
Yereproe. /Iy pacueTa BBOJUMBIX TT0Ka3aTeseil HE0OOX0MMO 3a/lyMaThCsl O
HOBOM HHCTPYMEHTAapHu oOecreueHHss WH(OpMalMOHHON O0e30MacHOCTH |
OLIEHKH e¢ TeKymero cocrosHus. Ilog mHCTpymMeHTapueMm OyneM HOHHMAaTh
cnenyromee. PazpaboTka HOBBIX METOAMK OIIGHKH 3aIIMINEHHOCTH HOBBIX
«YMHBIX» 00BekToB. Pa3zpaboTka 00OpymOBaHWS W CIEIHATH3HPOBAHHOTO
MIPOTPaMMHOTO OOECIICUCHNST A OIECHKM 3aIUIICHHOCTH HOBBIX «yMHBIX)»
o0bekToB. [IpakThueckas peannsanys Mep, METONIOB, CIIOCOOOB, CpEICTB
3amuThel TpeOyeT MHOTO BpeMEHM M OOoJbIIMX (MHAHCOBBIX 3aTpaT, HO
BHEPEHHUE CeTeil CBA3M MATOTO MOKOJICHHSI HAUMHAETCS IOBCEMECTHO.
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METHODICAL FEATURES OF TRAINING SHIP CREW
MEMBERS IN VIRTUAL REALITY
Borovilov A.Q. [0000-0002-8802-970X]
E-mail: borovilov@vsuwt.ru
Abstract. The article describes the functionality created on the basis of the
VSUWT University virtual simulator complex for training crew members of ships.
Keywords: virtual reality, augmented reality, computer systems, simulator
training.

Recently, one can note an increasingly active interest of representatives
of various industries in virtual reality technology (VR). As part of the work on
the state assignment for the creation of a modular training simulator center, a
team of developers of VSUWT University developed a set of simulators for
fighting for the survivability of the vessel, for training the crew members. This
development is currently a series of separate VR applications, which include:
« simulator for sealing holes in the hull; « fire fighting simulator; * a simulator
for checking the theoretical knowledge of the main provisions of the STCW
Convention [1] among members of the crew. In addition, the augmented
reality application currently being developed and currently in beta testing,
which is intended to be a significant extension of the classical teaching aids
used in teaching, can also be regarded as a software product included in this
training complex. At the moment, the training of crew members is taking place
at training centers and ships specially created throughout the country. There,
as a preparation, students read a certain number of hours of lectures, on which,
among other things, educational films are shown. Then they begin practical
exercises, during which cadets, under the guidance of the curator, are trained
to perform basic tasks in the fight for the survivability of the vessel. In the
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process of developing the simulator, we were faced with different views of
industry representatives on the appropriateness of using VR technology in
training naval personnel. Someone was enthusiastic about this, noting the
prospects of this area of technology, while someone, on the contrary, was
skeptical about it, insisting on the impossibility of such technologies to
completely replace the real practice, which is being conducted at the training
centers. Among the arguments of the latter, it was mainly cited that no virtual
reality could convey the sensations of the pressure of water going through a
hole or heat rising from a fire in the compartment of the vessel, as well as the
physical efforts necessary to use the tools. We agree with this, but note that,
although this is really impossible at the moment of the development of VR
technology, it is possible to obtain algorithmic skills of crew members during
closing holes using virtual simulators, and their quality depends only on the
degree of elaboration of the virtual space and at its core algorithms. After
attending several classes at the training centers, we noticed that after listening
to lectures and watching training videos, students, finding themselves in real
conditions, were not always able to easily answer which equipment, how and
in what sequence to use to perform the task of saving the ship. As a result, the
curator needs to conduct several additional classes in order to demonstrate the
principles of equipment operation, to show typical situations of its use. As a
result, the time and economic costs of the learning process follow. The use of
a virtual training complex at the first stages of practical training should
help to reduce these costs, as well as introduce the effect of the game into the
learning process, which, according to the results of some studies [2, 3], leads
to an increase in the effectiveness of the learning process. The various stages
of the prototype simulator complex were shown on the forums Transport
Week 2018, 2019 in Moscow, where they received mostly positive
reviews.Among the advantages, a high degree of visual component was noted,
as well as high realism of actions performed in the virtual space. At the
moment, the training complex is undergoing certification for compliance with
the declared characteristics in the Russian River Register and is preparing to
be included in the educational process at the VSUWT University.

References
1. DNV M. K. 78 (International stcw convention, 1978). SPb.: ZAO CNIIMF,
2010. - T. 552.2.

2. Varenina L.P. Gejmifikaciya v obrazovanii // Istoricheskaya i socialno-
obrazovatelnaya mysl, 2014. — Ne 6-2.

91



Marepianu IX MixkHapogHOi HayKOBO-TIPAKTHYHOT KOH(pepeHLil
«IHQDOPMALIPIHI VIPABJISIOUI CUCTEMMU I TEXHOJIOT Tin
24-26 Bepecus 2020 p., M. Ozeca

3. Kondrashova E.V. Gejmifikaciya v obrazovanii: matematicheskie discipliny //
Obrazovatel'nye tekhnologii i obshchestvo, 2017. — T. 20. — Ne 1.

VIIK 621.397

5G APXUTEKTYPA J1J151 HAYUHBIX 1 AKéI[EMI/IIIECKI/IX
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THE 5G ARCHITECTURE FOR SCIENTIFIC AND ACADEMIC
COMPUTER NETWORK
Ph.D. Andrzej Rychlik

Abstract. The European Digital Innovation Hubs network is being created as
part of the Digital Europe Program by the European Commission. Telecommunications
infrastructure in 5G technology for the campus of the Lodz University of Technology
was built for the funds from this program. Users of this network are students,
academics, teaching staff and university administration. Designing architecture for this
network consists in proposing a Software Defined Network that will adapt the needs of
users to the possibilities of telecommunications infrastructure. Designing is done using
an agile method because services from classic networks up to 5G are transferred
gradually. Transferring each subsequent service requires SDN modification.

Keywords:  Enhanced Mobile Broadband, Massive Machine Type
Communication, Ultra Reliable, Low Latency, 5G Network

European Digital Innovation Hubs (EDIH) play a central role in the
Digital Europe Program to stimulate the broad uptake of Artificial
Intelligence, High Performance Computing (HPC) and Cybersecurity as well
as other digital technologies by industry (in particular SMEs and midcaps) and
public sector organizations in Europe. They are one-stop-shops that help
companies become more competitive with regard to their business/production
processes, products or services using digital technologies, by providing access
to technical expertise and experimentation, so that companies can “test before
invest”. They also provide innovation services, such as financing advice,
training and skills development that are needed for a successful digital
transformation [1]. As part of the Digital Europe Program, the European
Digital Innovation Hub was built on the campus of the Lodz University of
Technology. It is a 5G telecommunications infrastructure and a 5G
competence center portal. The campus of the Lodz University of Technology
is a town with buildings of different ages, numerous parks and 20,000
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inhabitants (students and staff). Active and passive components for the
infrastructure have been supplied by Ericsson. The physical layer operates in a
non-standalone (NSA) standard, which is dependent on 4G. Negotiation
between them performed by the 4G network carrier frequency of 700 MHz
with the bandwidth of 5 MHz. Digital data transmission in the 5G standard
takes place in the 50 MHz bandwidth located in the C block, i.e. 3.5 GHz.
Lodz University of Technology has become a telecommunications operator
and as of the day of preparing this work, it issued about 1000 SIM cards,
which are used by users of the 5G pilot network. DIH provides four elements
necessary to work with the 5G network: training, business consulting,
technological support, and access to the pilot infrastructure of the 5G network,
where solutions and devices can be tested. The problem is the modification of
the network software layer (SDN) architecture. We do not have a CAD tool
for designing Software Defined Network architecture. This architecture is
designed by hand. The author used the agile method for this design and built a
base for collecting knowledge to prepare CAD tools. Agile design becomes a
bridge between manual and automatic design. Of course, both ways of design
are computer-aided. Students, academics, didactics and administration are
increasingly interested in new technology [2]. Transferring digital data
transmission from a classic network to a 5G network is reporting further needs
to accelerate the process of redesigning architecture for new users and new
services. Designing SDN architecture is separate from designing
telecommunications infrastructure for 5G technology. This is the basic
paradigm of this technology, based on the fact that on one common physical
layer a software layer is being built that implements all services and satisfies
all the needs of all users. The most-known are the Internet of Things,
broadband Internet access and mobile high definition television on the service
side. On the hardware side, 5G technology is implemented on a network of
three cell sizes. The smallest cell uses the highest carrier frequency and the
widest channel bandwidth. In the highest opposite, the lowest carrier
frequency and the smallest data channel bandwidth [3]. Broad cooperation
with other universities, research centers and design offices is proposed in order
to exchange knowledge on the rapid building of CAD tools for designing 5G
network architecture [4]. In summary, such a CAD tool will give us the
opportunity to design the optimal architecture and reduce the workload of this
process.
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ELECTRONIC DOCUMENT MANAGEMENT AS AN ELEMENT OF
NETWORK INFORMATION TECHNOLOGIES IN UKRAINIAN
JUDICIAL SYSTEM

Ph.D. Oksiiuk O, [0000-0001-977-6015] palageychenko D, [1000-0002-9045-6102]
.D. . , .
E-mail: oksiuk@ukr.net, danilpalageychenko@gmail.com

Abstract. In centure of repid introduction development of the latest technologies
in all public spheres, the evaluation of its effectiveness is relevant. Accordingly, it
becomes necessary to carry out research on im-plementation issues, which can only be
carried out taking into account the practical achievements of Ukraine and other leading
countries in this field. Electronic document has the right to exist, taking into account
the implementation of the advances in technologies, and having in mind the need for a
thorough assessment of its impact on the judicial system.

Keywords:  Electronic document, management, network, information
technologies, Ukrainian judicial system.

Ukraine on its way of becoming a strong European judicial state, has
faced with a number of integration processes. In this regard, one of the leading
priorities is the establishment of an electronic document circulation system in
all spheres of public life. The rapid development of the volume of information,
its updating and the structural complexity are the factors that reveal the need
for the use of integrated electronic document management systems (in 2014
the number of Internet users in Ukraine was 280 thousand, and today it is
about 22 million [1]). Electronic document is the creation of an appropriate
information base on the media for the purpose of realization of conditions for
using this system of the appropriate management in the process of performing
its functions [2]. Thus, it is possible to distinguish its basic principles of
functioning: one time registration of the document; when working with the
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document is guaranteed its continuity of movement; the document base should
be the only one - it makes duplication of documents impossible; search engine
is well organized. Every year, the realization of services that can be done
through the Internet or using certain online resources is gaining in popularity.
Often, youneed to create your own electronic signature in order to identify a
user or enter personal information. However, the speed of development of the
information society is so rapid that preparation for the implementation of the
project took a long time, which caused the existing inconsistency of legal law
regarding the development of the information space. When working with
electronic signatures, it is necessary to represent the essence of the concept,
because it is not identical to the usual manual signature. It should be
understood that it is a specific list of numbers and characters encrypted in the
special code [3]. An electronic signature has two elements in its content
component: 1) the identifying party (mechanisms that put into operation a
document created through software); 2) the secret part is the password itself
and the signature that is used when implementing the electronic document.

Keeping a wealth of information, including the power of personal data,
does not exclude the possibility of cyberattacks for the purpose of
unauthorized access to it. To prevent this, proper development of the
necessary protection of the automated system, as well as of all registers and
databases that will be widely used, should be carried out by qualified
personnel. Following the experience of Estonia in the wave of cyberattacks in
the spring of 2007, blockchain technology was developed to ensure the
integrity of data stored in state archives and to protect them from internal
threats. Estonia has become a kind of "NATO Cyber Defense Center of
Excellence" and the European Information Technology Agency, as important
information systems such as the website of the Estonian Parliament, portals of
ministries, banking institutions and the media have been affected by cyber
attacks [4].

It is appropriate to note the factors that have contributed to the
introduction of electronic record keeping in advanced information and
technology countries, as this is now extremely relevant in Ukraine (in terms of
reviewing foreign experience). Therefore, the world leaders in the efficiency
of using electronic document in its implementation pursued the following
goals: 1) the need to consolidate electronic databases of criminal police,
prosecutors, penitentiary institutions (Germany, Finland); 2) increasing access
to justice documents (Germany, France); 3) need to exchange documents
between courts and institutes of the judiciary (Belgium) [5].
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Problems with the transition of introduction of electronic document can
arise from various reasons: financial, inadequate preparation to work with the
system of electronic document flow of staff, lack of experience, etc. We need
to acquire our own experience in this field and also borrow it from other
countries.
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POSTULATES OF THE SPECIAL THEORY OF RELATIVITY AND
PHYSICS BASED ON FIVE PARAMETERS
Ph.D. Bogdanov A.V

Annomayun. Ilpu nobGaBleHHMHM BpeMEHHM — IISITOTO TapaMeTpa B MOJETb
MaTeMaTHK{ Ha OCHOBE YETHIPEX IMapaMeTpoB, MolydaeM  (DHU3UKYy Ha OCHOBE IISTH
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apameTpoB, npeoOpaszoBanus JIOpeHIa U Kak CIEACTBHE — MOCTYJIAThI CIELUaIbHOM
TEOPHU OTHOCUTEIBHOCTH.
Knroueswie cnosa: nocrynarsl GU3MKH, MATh TAPAMETPOB.

Annotation. When adding time - the fifth parameter to the model of mathematics
based on four parameters, we get physics based on five parameters, Lorentz
transformations and, as a consequence - the postulates of the special theory of
relativity.

Keywords: postulates of physics, five parameters.

Benenmne. Crenuanshast teopus otHocutensHoctH (CTO) - Teopus
MIPOCTPaHCTBa U BPEMEHH, B HanOosee 00IeM BH/IE YCTaHABIIMBAIOLIAs CBS3b
MEXAy COOBITHSIMH B IPOCTPAHCTBE-BPEMEHH W oOmpexestomas (Gopmy
3anmucu (U3MYECKUX 3aKOHOB, HE MEHSIOUIYIOCS MpPU IIepeXoie OT OJHOW
HHEepIUaIbHONH CHCTEMBI OTcueTa K Ipyroi. PaccMoTpum mnpeobpa3oBaHus
Jlopernna u moctynatel CTO Ha ocHOBEe Mozenu reomerpun JIo6aueBCKOTO ¢
YeTBIpbMS mapamerpami [1] ¢ rodaBIeHHEM IATOTO TapaMeTpa — BPEMEHH.

[Tapamerpamu (HE3aBUCHMBIMH TIEPEMEHHBIMH) B MOJIEIH MaTEMaTHKH
Ha OCHOBE YETHIPEX MapaMeTpPOB SIBISIOTCS HAOJIOAATENb U TPU KOOPAWHATHI

x,y,z Ilpnuém HaOmomarens MOXET YBHACTh (TPEICTABUTH) TOJBKO
CHCTEMY, COCTOSIIYIO C MaHHBIX TpEX mapameTrpoB. Moxens ¢GHU3MKH Ha
OCHOBE TIATH TMapamMeTpoB oOpasyeTcs A00aBICHHEM HOBOIO Mapamerpa —
BpemeHH. Ha30BéM cucTeMy, COCTOSMIYIO C ISTH MapaMeTpoB €cy0bLeKTOM, a
YeThIpe MapameTpa, KOTOPhIe OIMH HaOJ0AAaTeNb MOXET IepelaTh APYroMy
HaOmonareno 00bekToM. [Iporecc mepenaun o6bpexTa B CTO mpoucxoaur co
CKOPOCTBIO CBETa M Ha3blBaeTcs coObITHeM. IIpon3BoibHBEIA HaOMIONATEIDH
3pUTENIFHO MJIM C UCIIOJIb30BAaHHEM WHCTPYMEHTa 00pa3yeT CyOBEKT C IATH
napamerpamu. Habop mapamMeTpoB BO BceX CyOBEKTaX OAMHAKOB U IO3TOMY
HEeT NPUYWH, 4YTOOBI 3aKOHBI NPUPOJBI BO BCEX HHEPLUHANBHBIX CHCTEMax
pasnmuanuch. Kaxaplii Takod CyOBeKT UMeeT CBOE BpeMsi U KOOPJIUHATHI.
[TosTOMY OIHOBPEMEHHOCTH pa300MIEHHBIX B IPOCTPAHCTBE COOBITHH
SIBIISIETCSI OTHOCUTEIbHOW. B 3TOM (M3MuYeckuit CMBICI NEPBOrO IMOCTYyJaTa
CTO. B cy0Obekrax oOummM sBISIETCS TOJILKO HaOIloaTeNb, HO HE CHCTeMa
KOOpJMHAT, C IOMOIIbI0O KOTOPOW MOXKHO CpaBHHMBaThb HX CKOPOCTH H
HaXxOJWUTh WX pa3HOCTb. [103TOMy CKOpOCTh CBETa B IyCTOTE OJMHAKOBA BO
BCEX MHEPUUAIBHBIX CHCTEMaX OTCUETa M HE 3aBHCHUT OT CKOPOCTH JIBIDKCHHS
WCTOYHMKA U TIPUEMHHKA CBeTa. B 3TOM (pm3mueckuii cMbIca peoOpa3oBaHuii
Jlopenua u Broporo nocrynara CTO. [IpuniunuansaeiM oTiinuueM CTO ot
KJIACCHYECKOH (DM3HMKU SBISIETCSI BBEJICHUE NapaMeTpa — HaOsrojaTes,
BMecTo mapamerpa — 3¢up [2]. Takas 3amena mapamerpoB B ¢uinocopckom
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CMBICJIE HAIpsSIMYI0 KOCHYJIACh IPOTHUBOPEUYMM MEXIY MAaTepUaiu3MOM H
naeamm3MoM. @opMansHO B GU3MKE Ha OCHOBE IATH IMapaMeTpOB 00€ MOJETH
paBHOmpaBHbl. Kunematuueckumu (opMyJaMH C TOMOINBIO KOTOPBIX
MIPOUCXOIUT TpeoOpa3oBanust KoopauHat U BpemeHn B CTO sBustoTcst
peoOpa3oBaHus Jlopenna. Onu JIOKa3bIBAIOT HEU3MEHHOCTh
MIPOCTPAHCTBEHHO-BPEMCHHOTO ~ MHTEpBAJla MEXKIY COOBITHUSAMH, TaKKe
COCTOSIIIMMH C MSTH apaMeTPOB MPU CMEHE UHEPLUAIIbHON CUCTEMBI.
Wutepran mexay coobitusasmMu B CTO BKITFOYACT MATH TApaMETPOB.

st =c*t* +x* +y* +2* o

Ipu S=0 momywaem mpeobpasoBanus JlopeHIa M UYETHIpEXMEpPHOE
MIPOCTPAHCTBO, KOTOPOTO JO0 HACTOAIICTO BPEMEHH HU OJWH HAOI0IaTelh
MPEICTaBUTh HE MOKeT. [IpumumMHa — OTCYTCTBHE HAONIOHATeNs B JaHHOM
o0wekTe. Vckmovas HaOmoqaTens BeIMIMHA HHTEPBaia MEXKIY COOBITHIMHU
CTQHOBHUTCS HE 3aBUCUMOW OT HEro, OOBEKTUBHOW W «MaTepuajbHOW», a
HWHTEpBAJl — UHBAPUAHTHBIM.

BeiBoabl. Eciiu 10 npu3HaHus TEOPUU OTHOCUTEIBHOCTH €€ MOJIOXKEHUS
IPOTHUBOPECUUIINY YCTOSIBIIUMCS TOJIOKCHHUSIM KJIACCUYCCKON (PH3UKH U HX
MPUIIJIOCh HA3BaTh MOCTyJaTamMH (YTBEPKACHHUSIMH, HE TpeOyIOIINMHU
JIOKA3aTeNbCTBA), TO B MaTeMaTUKE C TATHIO MapaMeTpamH dTH TOJIOKEHUS
CTaHOBATCS €CTECTBEHHBIMH, HE OTHOCAIIMMMUCS K ITOCTYJIATaM.
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THE USE OF LMS MOODLE AS AN ADMINISTRATION
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Abstract. The article examines the role of Learning Management Systems during
distance learning. The demands to distance learning of future maritime professionals
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are described [1]. The importance of personalized users’ access to learning
management system of higher educational institution is highlightened. The article also
shows the ways of solving the problem of single source to all educational materials.
LMS MOODLE is described astool which provides

different educational instruments (gradebook, testing, assignments, calendar etc.)
[2]. The importance to have different random questions on e-courses while credits and
exams is also shown. LMS MOODLE of Kherson State Maritime Academy [3] is
shown as an administrative tool which can meet the requirement to LMS mentioned
above. Different methods were used while research — theoretical, empirical and
statistical one. The research confirms positive impact of LMS as distance learning
technology on future maritime professionals’ training [4]. The perspectives of future
research are in the study of virtual and augmented realities as additional tools of LMS
in training of future maritime professionals [5].

Keywords: Learning Management System, Distance Learning, Digital
Competency, Higher Educational Establishments, MOODLE.

VY crarti po3risSAaEThCsl POJIb CHCTEM YIIPABJIiHHS HaBYAHHSAM IIiJ| 4ac
JMCTaHIIHOro HaB4yaHHs. ONMCaHO BMMOTIHM JI0 JIMCTAHIIIHHOTO HaBYaHHS
MaiOyTHIX Mopchkux (axiBiiB. [linkpeciaroeTbcss Ba)IIMBICTH JIOCTYITY
NEepCOHAJI30BaHUX KOPUCTYBayiB JI0 CHUCTEMM YIPABJIiHHS HaBYaHHIM
3aKJia/ly BHIIOi OCBITH.

VY craTrTi TakoX TOKa3aHI [UIAXM BHUPIMICHHS MPOOJIEMH €IWHOTO
JoKepena 10 BCiX HaBdanpHUX MaTepianiB. LMS MOODLE omucyetbes sk
IHCTpyMeHT, sKHW  3a0e3medye pi3HI HaBYaNbHI IHCTPYMEHTH (30LIHT,
TECTYBaHHsI, 3aBJIaHHS, KaJICHIAp TOIIO).

[lokazaHo TakoX HEOOXiTHICTH BHHHUKHECHHS pI3HUX BHIAJKOBHX
3alUTaHb Ha EJEeKTPOHHUX Kypcax, a TaKoX KPEeIuTH Ta pi3HOMaHITHI
mocayru. LMS MOODLE XepcoHChKoi aep’kaBHOI MOPCBKOI akajgemii
MOKa3aHa SK aJAMIHICTPATMBHHN I1HCTPYMEHT, SKHA MOKE 3a/I0BOJBHUTH
BUMOTH, sIKi Oyim omwmcani Bumie. I1ig 9ac qocmikeHb BUKOPHCTOBYBAIINCH
pi3HI METOIM - TCOPETHUYHHUI, eMIIpHYHUN Ta cTaTHCTHIHUH. JlocmimkeHHs
MIATBEP/KYE TO3UTHBHMMA BIIIMB LMS SK TEXHOJOTi] JUCTAHIIIIHOTO
HaBYaHHS HA IITOTOBKY MaiiOyTHIX MOPCHKHX (haxiBIIiB.

[lepcnektuBr  MaMOyTHIX  JOCTIPKEHb  MOJSTalOTh Yy  BHUBYCHHI
BIpTyaJIbHOI Ta JIOIIOBHEHOI peaJibHOCTEH SIK J0JATKOBUX 1HCTpYMeHTIiB LMS
y HiITOTOBI MaiiOyTHIX MOPCHKUX (haxiBIIiB.
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METHOD FOR AUTOMATED TEST TASKS CREATION FOR
EDUCATIONAL MATERIALS
Dr.Sci. Barmak O., Mazurets O., Dr.Sci. Krak Yu., Ph.D. Kulias A.

Anomauia. 3anponOHOBAaHMI METOJ HE BHMAarae JOJaTKOBOi Qopmamizarii
HaBYAJIbHUX MaTepiaiiB Ta BUKOPUCTOBYE MPOAYKIIHHY MOJEINb NPEICTABICHHS 3HaHb
JUIsL TIOJaHHS MpaBmil GOPMYBaHHS TECTOBUX 3aBJlaHb. Ba)XXJIMBOIO PHCOI0 METOLY €
MpUB’sI3Ka CTBOPEHHX TECTOBHX 3aBAaHb /0 BCiX PIBHIB CEMAaHTHYHOI CTPYKTYPH
iH(pOpPMAaLIfHOTO HABUAIFHOTO MaTepialy, 1o 3abe3nedye HOro MmoBHE MOKPUTTS Ta
HaJla€ MOJKJIMBICTH IIPOBEJICHHS JalITUBHOIO KOHTPOJIIO PiBHS OJIep)KaHNX 3HAHb.

Knrouoei cnosa: TecToBi 3aBIaHHS, KITIOYOBI CIIOBa, KITFOUOBI TEPMiHH

Abstract.Considered method does not require additional formalization of
educational materials and uses the production model of knowledge representation for
presentation of rules for creation of test tasks. An important feature of the developed
method is the binding of the created test tasks to all levels of the semantic structure of
the informational education material, which ensures its complete coverage and enables
adaptive control of the level of acquired knowledge.

Keywords: test tasks, keywords, key terms
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Jlo HaB4ampHOTO KypCcy 3a3BHYail BKIIOYAEThCS iH(DOpMariiHmii
HaByabHuNA Matepian (IHM) # TecroBuii HaB4danpHuii matepian (THM). B
nornepeiHiX MyOJKamisax po3risHyTo iH(OpMaliiiHy MOJENb CeMaHTHYHOI
CTPYKTYpH HaBUaJbHOrO Kypcy [1], sika € nogannsam IHM ta THM.

Bxioni dani:
— Enementu Mmoneni IEM: IEM = Mygeading U Meeran \J Mream U Mperpr!

— MHoxHHA IPaBHII IPOAYKLIT TECTOBHX 3aBIaHb My, ..

Baok 1 — BusnaueHHA MHOKHHH pedeHb JEM: Mpahme = Ms.
Baok 2 — 3acTocyBaHHA NPaBHT MPOIYKILL 10 TSPMIHIB ¥ PedeHHAX
1A VM Heading € MHeading 1 CTBOPEHHA MHOXKHHH TECTOBHX 3aBTatb G

3(¥ms; N W Tarm N gy = B = Mg — g G=GU g,
= |Msl. 7 = [{mzom | M7am € Mrerm Mram N Mpazr# 0}, k= [Mpuel-

v

Buior 3 — CriBeTaBIeHHA TECTOBHX 3aBaanb G 3 JEM:
G =TEM = Mresze U Mperg7e U Mpa-.1e

) 4

Buxioni dani:

— Tecropi 3aBaaHEA 10 HaBYaIbHOTO Kypey: TEM = My pe U Meo e U Mea 115

Puc. 1 — 3azanvra cxema memooy agmomamu3z08ano20 hopmyeanHs
mecmosux 3a80aHb

Bxiganmu nmanmmu meroay (puc. 1) € konrenr IHM MHeading Tta
iamoBigHa MHOXWHA KiroyoBux TepMiHiB MTerm U MRel:H-T; BuximHumun
JIAHIMH € MHOKHMHA TeCTOBUX 3aBnaHb MTestEX, a Takok MHOXKHHU 3B’SI3KiB
— MIDXK 3aroJIoBKaMd Ta T€CTOBHMHM 3aBIAHHSAMHM MpgelH.TE 1 MK KIIOUOBUMHM
TepMiHAMH Ta TECTOBUMHU 3aBHaHHAMH Mgert-te. g pobotm metomy
HEeoOXiTHa MHOXKMHA TIPaBHJI ITPOAYKIii TECTOBHUX 3aBJaHb MRule.

Crneputy (brox I) mIsIXoM MapcUHTY KOHTEHTY oOpaHoro enemeHty THM
(arpubyr HContent KOpPTeXiB MHOXHUHH Mpeading) (POPMY€ETbCS MHOXHHA
¢dparmentiB Ms. JIns cTBOpeHHS MHOXWHM TecTOBHX 3aBaaHb G (biok 2)
KOXXEH EJIEMEHT Mg 3 KOXKHOI PyOPHUKU NOKYMEHTY Mipeading IEPEBIPAETHCS HA
HAsBHICTh KOXKHOTO KJIFOUOBOTO TEPMIHY Mi7erm, 3ICTABICHOTO AaHIA pyOpHIIi.
SIKIIO TepMiH Mirerm MPHUCYTHIA B (parMeHTi ms, TO TPOBOAUTHCS Hepedip
TpaBuUi NPOXyKIii Mg, Ha TIPEeIMET BINMOBIMHOCTI YMOBH  (aHTCICICHTA)
mpaBmia [2]. KokeH BHUIAagOK BiOIOBITHOCTI Ma€ HACTIIKOM aBTOMATHYHE
CTBOPCHHS HOBOT'O TECTOBOTO 3aBIIaHHS Zy.
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TakuM 4MHOM, 32 PEUYCHHSAM-IA0JOHOM (aHTEIEJICHTOM) Ji€Ba YacTHHA
(KOHCEKBEHT) TpaBWJIA TPOIYKIi 7gue. BU3HAYAE aJITOPUTM IEPETBOPEHHS
KOHTEHTY ()parMeHTy /s y TSCTOBE 3aBIaHHS g.
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CUCTEMBI ABTOMATHYECKOI'O YITPABJEHUS U ®PU3UKA HA
OCHOBE IIAATU TAPAMETPOB
K. ¢. — M. . Borganos A.B, [0000-0002-3526-5936]
E-mail: bogdanov50@gmail.com
AUTOMATIC CONTROL SYSTEMS AND PHYSICS BASED ON FIVE
PARAMETERS
Ph.D. Bogdanov A.V.

Annomayus. B Monenn HUHTEIPUPOBAHHBIX  CHCTEM  aBTOMATHYECKOTO
YIpPaBICHHUS TPEATOKEH HOBBIH AITOPUTM BBIACICHUS CTPYKTYPHBIX CIMHHMIL IIPH
UCIOJIB30BAHUH IISITH [ApaMETPOB, BKIIIOYAIOIIMX LEJEBYI0 (YHKIHMIO B Ka4yeCcTBE
obOpaTtHOH cBs3u. [lokazaHa CBsI3b JTAJIOHOB M3MEpPEHUs] (PU3UUECKUX BEIMYHH CO
CBOMCTBaMH UPPALMOHAIBHBIX YHCEIL.

Kniouesvie cnosa: Gpusvka Ha OCHOBE IIATH I1aPAMETPOB.

Annotation. In the model of integrated automatic control systems, a new
algorithm for identifying structural units is proposed using five parameters, including
the objective function as feedback. The connection of measurement standards of
physical quantities with the properties of irrational numbers is shown.

Keywords: physics based on five parameters.

Bgenenue. IlocTpoeHa Mo/ieslb CHCTEMBI ABTOMATHYECKOTO YIIPABICHUS
(CAY) nmytém nobasieHust K pa3BuTod Hamu [1,2] Momenn MaTeMaTHKH Ha
OCHOBE YeTHIPEX MapaMeTpoB HOBOTO MapaMeTpa — BPEMEHU U HCIIOJNIB3YS
LeNeBYI0 (QYHKINIO B KAYeCTBE 0OPATHON CBSI3H.
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OcHoBHas1 yacThb. [lenbio paboThl sBiIsIeTCsT TpakToBKa padoTel CAY B
MOHATHAX (PU3MKM HA OCHOBE ISTH MapaMETPOB. 3ajadya MaTeMaTHYECKOTO
MIPOrPaMMHPOBAHUS COCTOUT C YETHIPEX MapaMeTpoB: LeNeBOi (QYHKIUH, U
TPOMX IApaMEeTPOB, ONPEJEISIONUX CUCTEMY OrpaHMYeHHI Kak (akrop
BO3/IeiicTBHE BHEITHNX (DAaKTOPOB Ha OOBEKT YIPaBIICHHUSI.

Hcnonb3oBanue 0OpaTHOM CBSA3U B BHJE IISTOTO IapaMeTpa BbIAEISIET
pOJIb YeNloBeKa U TMEPCHEKTUBY CO3/aHMsA HE3aBHCHMBIX OT HEro poOOTOB.
Ecnu neneBast (pyHKIMs TOJIBKO uenoBek, To 910 He CAY. Ecnu uenosek u
co3manHas uM mporpamma, To CAY oTHOcHTCS K pPa3oMKHYTHIM. Ecmm ¢
Y9acTHEM TOJBHKO MPOTPaMMBI, CO3IaHHOH denoBekoM, To CAY oTHOCHTCS K
3aMKHYTBIM. CHCTEMBI, cojieprkalie Oojee IMSATH MapaMeTpoB, pa3/eisioTCs
Ha HECKOJIBKO CTPYKTYPHBIX €JHHHUII

VY4éT ymcna e Kak OTHOIICHHE ATAJOHOB M3MEPEHHS! PallMOHAIBHBIX H
OECKOHEYHO MaJbIX YMCE] MO3BOJISIET BBLACHHUTH ero ¢yHknuio B CAY kak
O6'I)€I[I/IH${IOH_IQFO BBIPAXCHUSA IJIA TUCKPETHOTO NIPUPAIICHUA KOOPAUHATHI X U
0OECKOHEYHO Mayoil BENMYMHBI PEryIUpyeMoro mapamerpa y. B cuctemax
ABTOMATHUYCCKOTO peryanpoBaHus YPOBHA KUIKOCTH CBs3b MCXKIY

NpUpPAIIEHUAMH PETYJIMpYeMOro mapamerpa o  (YPOBHSL SKHIKOCTH) M

KOOPJIMHATHI PETYJIUPYIOLIET0 OpraHa X IIPU TIOCTOSIHHOM BpeMeHHU 00BEeKTa -

TI] u KOB(l)(bI/I].[I/IeHTe YCUICHUA kl' ONPEACIISIETCA BRIPAXKCHUEM
dy
Tu d + y — klx.
&)
Ero PEUICHUC MEPEXOaHAA (byHKHI/IH C yqacmelr qucia e.

y(t) =kyx.(1—e To|.
(2)
OmnepanrioHHOE UCYUCIICHIE OCHOBAaHO Ha mpeobpa3oannu Jlammaca [3].
Ilepexon ot wmHTErpo-gud(hepeHnnanbHbIX YpPaBHEHHH K anreOpandyecKuM
YpaBHEHHSIM nponcxomn COTJIACHO BBIPAXKECHHSIM:!

ff::r)dt T L0 [ Fesyas

s 3)
B npeo6pasoBaH1/m Jlamaca CBsI3b MEKIY ACUCTBUTEIBHON (DyHKIMEH
opurnHasioM f{f) m ero uzoOpakeHHeM - QyHKIUH F(S) KOMILICKCHOM

TIepeMEHHOM §=0+1w TIOKa3aTeIbHON (YHKIIMU YHCTIA e.
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L=s]

F(s) = LIf(O] = | e~ f()dt

0 4)
TTosBnenne B mpeoOpaszoBaHusx Jlarurtaca  MHHUMBIX — BEJTUYHH
00yCIIOBIICHO, COTJIACHO MaTeMaTHKe Ha OCHOBE 4YETBHIPEX IMapaMeTpos,
HaJIMYMEM JOTOJHUTEIHLHON HE3aBUCUMOM MEPEMEHHON Ha MIIOCKOCTH.
BbiBoa. MartemaTHyecKuii CMBICI HPPAMOHAIBHOTO YHCIA e, Kak
OTHOILICHUE JTAJOHOB H3MEPCHHUS PAIMOHAIBHBIX U OECKOHEYHO MalIbIX
yucell, NoATBepkaaeTcss B MoaenupoBanun ACY. MaTemMaTHUECKUl CMBICI
MHHMOTO YHCIa, KaKk 4eTBEPTOTO MapameTpa B IJIOCKOW CHCTEME KOOpMHAT
MOXET OBITh WCIOJIb30BAaH JUISi MHTEPHPETALUH BBIICICHHUS CTPYKTYPHBIX
eaunuil B reopuu ACY.
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IMPACT OF SCALABILITY AND DENSITY ON LIFESPAN OF
ENERGY-EFFICIENT WIRELESS SENSOR NETWORKS

Zhengmao Ye[0000-0001-8897-574){]*, Hang Yin[0000-0002-4600-5881]*,

Yongmao Ye[0000-0002-0925-4678]

E-mail: zhengmao_ye@subr.edu™, hang yin@subr.edu*,
yeyongmao@hotmail.com

Abstract. Sparse and dense wireless sensor networks (WSNs) are both broadly
implemented due to the rapid advancement of control and communication
technologies. Impact of both scalability and density on the lifespan of WSNs has
however seldom been examined which depends on the sensor node deployment.

Key words: wireless sensor networks, control and communication technologies.

Scalability takes a critical role in both the connectivity and coverage range of
WSNs, which in turn is also relevant to the lifespan defined in terms of either the first
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node or last node. Without loss of generality, to minimize the power consumption and
optimize the WSN lifespan, energy-efficient WSNs are selected to analyze the impact
of scalability and density on the WSNs lifespan in this research. When path
transmission energy and transceiver circuit energy are both taken into account, it is not
guaranteed that either single-hop routing or multi-hop routing is always optimal. In
general, single-hop routing is more efficient for WSNs in small diameter coverage
range at high radio transceiver power, while multi-hop routing is more efficient for
WSNSs in large transmission distance at low radio transceiver power. As a matter of
fact, the single-hop routing is chosen for WSNs analysis with respect to density and
scalability in this preliminary study, which can also be easily expanded to multi-hop
routing cases. Characteristics of both sparse sensor node deployment and dense sensor
node deployment are analyzed in detail, where reasonable degree of scalability via
numerical simulations has been located for two cases. It is also observed that sensor
nodes near the central base station last the longest for sparse sensor node deployment,
while those sensor nodes near boundary edges last the longest for dense sensor node
deployment.

VIK 004.588

HCIIOJIb30BAHUE NHTEPAKTUBHBIX TEXHOJIOT' U1 B
MPOLHECCE OBYUEHUS CTYAEHTOB 11O HAITPABJIEHUIO
HHO®OPMAIMOHHAS BE3OITACHOCTbD
Kapaakosa M.B.! [0000-0003-2061-0909] Nyrpodpanosa A. B, 2 [0000-0003-1786-4422]
E-mail: 'm.v.kardakova@ya.ru, > mitrofanovaav@gumrf.ru

USE OF INTERACTIVE TECHNOLOGIES IN THE PROCESS OF
TRAINING STUDENTS IN THE DIRECTION OF INFORMATION
SECURITY
Kardakova M., Mitrofanova A.

Annomayun. PacCMOTPEHBI IIOHSTHS HWHTEPAKTUBHBIX HMH(OPMALMOHHBIX
TEXHOJIOTH. BO3MOKHOCTh MPUMEHEHHS TEXHOJIOTHH KOMIBIOTEPHONH CUMYJIALIMH [IPH
MOJATOTOBKE KaapoB B oOjacTH oOecreueHus HWHOOPMANUOHHONH OE30MacHOCTH.
[lpuMeHeHNe TEXHOJIOTWMIl  KOMIIBIOTEPHOM CHMYJDILMH  II03BOJISIET  IOJydaTh
CTy/ICHTaM 3HaHHs, YMEHHs], HABBIKU B IIOHATHOM U yJI0OHOM BHJIE.

Kniouesvle  cnosa:  vHTEpakTHBHbIE  WH(OPMAILMOHHBIE  TEXHOJIOTUH,
KOMIBIOTEpPHAs] CHUMYJIALMs, oOyueHue, nHdopmanronHas OGe30IacHOCTb, MOXKapHast
0e301acHOCTD

Abstract. The concepts of interactive information technologies are considered.
The possibility of using computer simulation technology in training personnel in the
field of information security. The use of computer simulation technologies allows
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students to obtain knowledge, abilities, and skills in an understandable and convenient
way.

Keywords: interactive information technology, computer simulation, training,
information security, fire safety

WutepakTuBHble WH(OPMALMOHHBIE TEXHOJIOTHH OPHEHTHPOBAHBI Ha
B3aMMOJIEIICTBHE CTYyJEHTOB C MpenojaBaTelIeM U APYyT ¢ APyroM B IpoLecce
npuodpereHus NpodheccHoHaNbHBIX 3HAHUH, YMEHUH U HAaBBIKOB.

PasHOBHIIHOCTEH MHTEPAKTUBHBIX 00pa30BaTENbHBIX TEXHOJIOTHH MHOTO
U KaxJas W3 HHUX 3aCIyXXHBaeT OTAENBHOTO paccMorpenus [1]. B pamkax
JAHHOH CTaThy OyAET pacCMOTPEHA TEXHOJIOTHS KOMIIBIOTEPHOH CUMYIISIHN.

KommeioTepable  cUMysinny  (KOMIIBIOTEPHOE  MOJAEIHPOBAHHE B
IIAPOKOM  CMBICTIE) — 3TO MOJEIMPOBaHNE (CO3MaHHE, TPOEKTHPOBAHNUE)
y4eOHBIX 3aJ1ad, CUTYAIllid U UX pelIeHUe MIPHU MOMOIIU KOMIbIoTepa [2].

IIpuMeHeHrE TEXHOJIOTHH KOMIBIOTEPHON CHMYJLIIIMM B 00pa3oBaHUU
MO3BOJISIET CTYJIEHTY O3HAKOMHTBCSI C IPO(ECCHOHAIBHBIM 000PY/I0BaHHEM B
0e30MacHbIX  YCIOBMSIX, MHHHMHM3MPOBAaTh 3aTpaThl OpraHU3alldd  Ha
obopyznoBaHue Iuis 1ab0paTopuid, MPOpadoTaTh PACCMATPUBAEMYIO CHTYAIHIO
HECKOJIbKO pa3, MMHUTHPOBATh peaJbHBIE IPOU3BOJCTBEHHBIC YCIOBUS H
CUTYyAIlNH, 337aBaTh Pa3INYHbIC YPOBHHU CIOKHOCTH U YCIOBHA JIEATEIHHOCTH
B 3aBUCHMOCTH OT aKTHBHOCTH CTyJeHTa. B 00pa3oBaTebHBIX TEXHOJIOTHAX C
NIPUMECHEHHEM KOMMBIOTEPHBIX CHMYJISALIMH HCHOJNB3YIOTCS — CIEAYIOIIHe
CpeAcTBa: BUPTYyaJbHbIC J1a00PAaTOPUU M TPEHaKEPhI, KOMITBIOTEPHBIE MOJICIIH
nzyyaemoro  obwvekra.  [IpoBoguTh  3aHATHSA € HMCHOJIB30BaHUEM
KOMIBIOTEPHBIX CHUMYIALUNA MOXHO KaK B CIEHUAIBHO HOJATOTOBJIEHHBIX
mabopaTopusiX, TaKk U C HCHOJIb30BAHMEM AWMCTAHIMOHHBIX TexHOmormi. K
COXAJICHUIO, KOMITBIOTEPHBIX CUMYJISIINI 1o HAaIPaBICHHUIO
«nHpOpMannoHHas OE30MIaCHOCTH» HE MHOTO. B OCHOBHOM 3TO WIpBl HMIH
TECTOBBIC 3aJaHUs, JJIs1 3HAKOMCTBA C HAYaJIbHBIMH HaBBIKAMU M YMEHUSIMU, a
TaKk’k€  OCHOBHBIMH TEPMHHAMH U  ONpPEACICHUSIMH B  00JacTH
HHPOPMALMOHHON OE30MTaCHOCTH.

ABTopamu BezeTcs pa3paboTKa KOMIBIOTEPHOM CHUMYJIALUU CHCTEMBI
MOXapHOH 0Ee30MacHOCTH Ha BOAHOM TpaHcropte. [Ipu 3amycke mporpamMel
CTYIEHTy 3aJaloTcs MapaMeTpsl M BHJ CyAHAa, a TaK € CII0COOBI
JKCIUTyaTarui. PyKOBOACTBYSICH MCXOJHBIMH JIaHHBIMH, CTYJICHT JOJDKHEH
paccuuTaTh PUCKH U BEPOSATHOCTH BO3HHMKHOBEHHUS INOXKapa. B 3aBHcHMocTH
OT MOJYYCHHBIX JAaHHBIX BBIOMPAIOTCS METOIBI U CIIOCOOBI OpraHMU3aLUN
noxapHoi GesomacHocTH. Jlamee 3amyckaeTcss peXHM — TECTHPOBAaHHE
CHCTEMBI, B 3TOM pPEXKHME BOCHPOU3BOJSTCS CIIEHAapHUHM BEPOSITHBIX YIPO3
0€301acHOCTH, HMCXOMAsS W3 O3TAJIOHHOH MOJIENM pPHCKOB. Takum oOpasom
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CTYIIEHT MOXKET BU3YaJIbHO O3HAKOMHUTHCS C MOAEISAMH M XapaKTePUCTHKAMH
0o0OpyIOBaHUA, HAy4YHTHCS  PACUMTHIBATH  PHUCKH  HMH(OPMAIMOHHOM
0e301acHOCTH ¥ TI03HAKOMHTCS C HaBbIKaMH BbIOOpa 00Opy/OBaHMS
MOXapHOH 0E30MacCHOCTH.
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OPERATING SYSTEM CYBERSECURITY: KEY THREATS AND
SECURITY PRACTICES
Demakov Y., Dr.Sci. Sokolov S.

AnHoTanus: B cTathe paccMaTpuBaroTCs KHOEPYrpo3bl, HX Pa3HOBHUIHOCTH U
crocoObl  ocymiectBiaeHus. OcoOeHHOE  BHHMaHHE  YACICHO  KHOEpyrposam
OTEePALMOHHBIX CHCTEM.

KarwueBbie cinoBa: kubeparaka, BUpYyC, TposiH, BpempoHocHoe [10, ys3BuMocTH
[10, xakep, IKCIUIONT, PHUIIHHT.

Abstract: The article discusses cyber threats, their varieties and ways of
implementation. Particular attention is paid to the cyber threats of operating systems.

Keywords: cyber attack, virus, trojan, malware, software vulnerabilities, hacker,
exploit, phishing.

Beenenue. Criercimyk0bl pa3iMuHBIX TOCYAAPCTB OCYIIECTBISIOT aTaku
Ha WH(DOPMAIMOHHBIC CHCTEMBI MPOTHBHMKA W CyTh [JaHHBIX aTak
3aKJIIOYAIOIIMECs] BO B3JIOME KOMIIBIOTEPHBIX CHCTEM, a TakXe Kpake,
M3MCHCHHH WM YHUUYTOXKCHUH HH(POPMAITMOHHBIX PECYPCOB MIPOTHBHHKA.

EcTb HECKOJBKO THIIOB, KOTOpPBIC MO3BOJIAIOT KIACCH(UIMPOBATH 3TH
ataku/DDoS-ataku (THma - oTka3 B 0OCITy’)KHBaHHH) — CO3AAIOIINE YCIOBUS
IIPH KOTOPBIX CUCTEMA HE CMOKET a/IEKBATHO pearupoBaTh Ha 3aMpOCHL.
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ArTaka THIIa «OTKa3 B 0OCITy>)KHBAaHUM» AMEET BO3MOYKHOCTH BEIBOIWTH U3
CTpOs JOOBIE PeCypCchl HHTEPHETA, IIPH 3TOM JIMOO COBCEM, JHOO YaCTUIHO.
Iox pecypcamu 371eCh TOHUMAFOTCSL CAWTHI, CEpBEPa U T.11.

VY 3TOro THIIA aTak MPUCYTCTBYIOT HEKOTOPHIC OTPAHUICHUS MPOITYCKHON
CIOCOOHOCTH, KOTOPBIC XapaKTEPHBI ISl JIIOOBIX CETEBBIX pecypcoB. DDoS-
aTaka OTIPABIICT HA aTaAKyeMBIH BeO-pecypc OrPOMHOE KOJMYECTBO 3alIPOCOB
C LENBI0 MPEBBICUTH CIIOCOOHOCTH caiiTa 00pabaThIBaTh BCE MOCTYIAIOIIUC
3arpockl ¥ BEI3BaTh OTKa3 B 00CHy)uBaHuu [1].

IKCMJyaTHpPOBaHUE BeO-yA3BUMOCTell — HapymieHHe paboThl caliTOB
WIM WX TOJHBI BBIBOA M3 CTPOs Oiaromaps HaJWMYUIO B KOJE OIIMOOK, a
TaKkKe TPU HENPaBIIBHBIX HAaCTpoiikax cucTeMbl. [lomoOHBIE YS3BUMOCTH
TakKe IENATCS Ha HECKOJBKO MOATHIOB. Hampmmep, cymiecTByeT araka, BO
BpeMsi KOTOpPOHW  3JIOYMBIIIICHHWK  MOIUUIUpyeT  ¢aiubl  cookies,
HCTIONIb3yeMbIe Opay3epoM Iuisi 00pabOTKH IMOJTh30BATEILCKONH HH(OPMAIIHH.
Otu daiiel comepxkar HHGOPMAIIHIO O MOKYNKAX MOJIb30BATENS B HHTEPHETE,
0 HACTpOHKax CaiTOB M O TOM, KOT/Ia MOJIb30BaTENb TOCICIHUN pa3 moceral
Opay3ep. OHHM HCHOJNB3YIOTCS Ul YIy4IleHHs paboThl IOJB30BATENsI C
Opay3epoM U eClid 3JIOYMBIIUICHHUK CMOXET MOJYYUTh 3TH (ailisl, To 0e3
0COOBIX YCHJIMH CMOXXET 3aperMCTpPHUpOBATBCS Ha pecypce MOi YYETHOH
3aIHMChI0 YeJIOBEKa, Y KOTOporo (aiisl cookies ObUTH YKpaJaeHBI, TEM CaMbIM
CKOMIIPOMETHPOBAB €T0 JINYHBIC JaHHBIC, HHOTAA IakKe NaHHBIC TUIATeKHBIX
cucreM. KomnpomeTranusi y4eTHbIX JaHHBIX — JTOCTYII TIOCTOPOHHHX JIUI K
KOH(pUICHIIATPHON HH(MOPMALIUHY HITH ITOI03PEHIE Ha TOCTYTI [2].

B mepByro odepens KuOepHETHUECKHE aTaKW HaleIeHB Ha MeEHee
3alUIICHABIE U CaMbIe JOCTYIHBIC CHUCTEMBL. DTO MOXET OBITH OOBIYHBIH
0JIb30BaTelNb, Y KOTOPOT'O HE TaK MHOTO BO3MOYKHOCTEH B CUCTEME, HO 3aTeM
3JIOYMBINUICHHHUK MOXKET pPa3JIMiYHbIMHU METOJaMU [[O6I/ITI)CH IIOBBIIIICHUA
CHUCTEMHBIX IIpaB, IOKa HE MOJYYUT JOCTYH K 0oJjiee IEHHBIM pecypcam, Kak
NPaBWJIO 3TO YYETHbIC 3alKCH, OOJajgarollue IMpaBaMH aJIMHHUCTPATOPA
JOMEHa, WIM KOH(UIeHUUalbHOW wHHpopMarmedl. B kpuntorpadhum mnox
KOMHpOMeTaL{HCﬁ JaHHBIX NOAPA3yMCEBAIOT AOCTYII MNOCTOPOHHUX JIUI[ K
3aKpBITO HHPOPMALINH WM KE €CTh MOJ03PEHIE Ha HATMYNE TAKUX JIHII.

MeTtoasl  CONMAJIBbHOI  MHMKEHEPUH —  IICUXOJIOTHYCCKUE H
MOIIICHHAYECKHE  TPHEMBI  IIEThI0  KOTOPBIX  SIBIICTCS  IOJyYCHUC
KOH(UICHIINATPHON HHPOPMALINU O YeTOBEKE OOMAHHBIM ITyTEM.

Hanpumep, oavH W3 METOIOB COUMANFHOW WHXCHEPHH HAa3bIBACTCS
q)I/IH_II/IHF — €I0 CYTBIO ABJIACTCA 3aBJIaJICHUC JIOTMHAMHU W TapoJiAMU OT
HEOOXOAMMBIX 3JI0YMBIIIJICHHUKY CaWTOB, aKKayHTOB, CYETOB B OaHKE M T.IL
IIyTEM PACCBUIKH ITUCEM C BPEAOHOCHBIM BIIOKEHUEM HA DJIEKTPOHHYIO MOYTY,
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m00 IepeHampaBJeHHEe Ha MOIICHHHUYECKHe calTel. llenblo sBiseTcs
3aCTaBUTh KEPTBY IMEPEHTH MO CCBUIKE HAa PECYpC, B KOTOPYIO YK€ MOMKET
ObITh BIIMT BPEAOHOCHBIH KO WJIM KOTOpas OydeT BeCTH Ha pecypec ¢
BpenoHocHbIM [10. ITo cyTu MeToAbl coLManbHON HMHXXEHEPUU HCIOJB3YHOT
«YSI3BUMOCTH» 4YE€JOBEKa, IUII TOrO 4YTOOBI MOJYyYHUTh JOCTYH K €ro
nHdopmanmoHHpM cuctemMaMm. HMcmoas3oBanue BpemoHocHoro IO —
UCTIONHEHUE Ha aTaKyeMOW MallMHE BPENOHOCHOTO KOAA, KOTOPBIA MOMKET
Hanectn ymep0O cucreme [3-5]. Ilpumepamm Takmx artak MOTYT OBITH
MHOTOYHCIICHHBIE BHUPYCHI, TPOSIHBI, JKCIUIONTBI M APYTHE BPEIOHOCHBIC
00BEKTBI, KOJA KOTOPBIX MOJKET OBITh WCIIONIHEH Ha IEJIEBOM CHCTEME H
HAHECTH MM HenompaBUMBIH ymmep6. IlogoOHBIE MpOrpaMMbl HCTIONB3YIOTCS
IUTsL BBIMOTAHHSI JICHET 3a IOJy4eHHE aHTHBUpYyca K 3apaKeHHOI cucreme,
KpPaXH YYETHBIX M TEPCOHAIBHBIX JAHHBIX IOJH30BATENECH M MOTYT Haxe
Mapaan30BaTh pabOTy HEKOTOPBIX TOCYIaPCTBEHHBIX CTPYKTYP, KaK HalIPUMEp
Bupyc 2017 roma, KOTOPBI OCTAaHOBMJII W HApyIIWI pPabOTy a3poropra
Bopucnons [6], MOUTOBBIX OTHAECNEHUM M psAAa APYTHX TOCYIAApCTBEHHBIX U
KOMMEpYECKUX NPEANPHUITHH, HO B TO e BpPeMs KOCHYJICS MHOTHX JIPYTHX
ctpan. Kaxzplii JeHb WHQOPMAIMOHHBIE CHCTEMBI OOHOBIAIOTCS H
CTaHOBSITCSI BCE CJIOKHEE M OMAacHee U COOTBETCTBEHHO HX CTaHOBUTCS
CJIOJKHEE B3JIaMbIBATh, HO TAKXKE U 3AIIHUINATH.
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Annomayun. B pabore paccMmaTpuBaroTcsi Hamboiee aKTyalbHBIE METOMBI
COL[PIaJII)Hoﬁ WHXXCHECPUU I 06T;eKTOB BOJAHOI'O TpaHCHOpPTa, MOPCKHUX IIOPTOB, a
TaKX€ MMPOrpaMMHBIC CPEJICTBA 3alIUTHI OT HUX.
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Abstract. The work considers the most relevant methods of social engineering for
water transport facilities, seaports, as well as software tools for protection against
them..

Keywords: social engineering, counteraction to attacks.

ComuanbHas wumxeHepuss (CH) — MeToq HECaHKIIMOHMPOBAHHOTO
J0CTyna K HMH-(QOPMAaIlMOHHBIM pecypcaM, OCHOBAaHHBI Ha OCOOEHHOCTSIX
ncuxosioruu noaeil [1]. Ha ceromHsmHWii J1IeHb CyHIECTBYET OIPOMHOE
konmmdecTBo MeTonoB CH, ¢ MOMOIIBIO KOTOPBIX 37M0YMBIIUICHHUKH MOTYT
MOJTYyYUTh HEOOXOOMMYIO JUId HUX HH(pOpMamuio, HO HE BCE M3 HHX
MIPUMEHUMBI A1 OOBEKTOB BOJHOTO TPAHCIIOPTA, & TaKKe ST MOPCKHX
MIOPTOB, MO3TOMY MpeZJIaral0 CyObEKTUBHBIN CIIMCOK HambOoJee aKTyalbHBIX
MeTo710B CH 1711 TaHHBIX 0OBEKTOB:

@UUIMHT — METOJ HHTEePHET-MOLICHHHYECTBA, HCHOJIb3YIOUMMCA i
MOJy4eHHs] CBEJCHUI KOH(MICHIMAJIBHOTO Xapakrepa moib3oBatened. [lo
cocrostHuIo Ha 2019 rog @uIuHr U Bce €ro pa3HOBUIHOCTH, TaKue, Kak Spear
Phishing, Whaling, Vishing, B COBOKymHOCTH C HCIOJb30BaHUEM
ANEKTPOHHBIX THCEM WM CCBHUIOK, SBISETCS Hanbosee pacnpocTpaHEHHBIM
BEKTOpPOM KuOep-aTak, a Cpeau caMbIX paclpocTpaHEHHBIX MeronoB CU
GUIMHT 3aHMMaeT IIepBOe MeCTO ¢ TMokaszareneMm Oosiee, dem 80%l[2].
PaccMoTpuM mporpamMMHBIE CpEICTBa 3allUThl OT JAHHOTO HaumOolee
akTyanpbHOoro Meroma CU. Haumbomee ys3BUMBIM 3BEHOM, K COXKaJICHHIO,
SIBISIETCSL caM YEJIOBEK, MO3TOMY sl ero 3amuThl oT duimmHra co BceMH
Pa3sHOBHIHOCTSIMH, pa3paboTUMKH Opay3epoB M aHTHBHPYCHBIX MPOTPaMM
MPUAYMAIX CIEHHAIBHBIE aJlTOPUTMBI, KOTOpBIe OyIyT NpemaynpexIaTh
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MOJB30BATEII O TOM, YTO TOT COOMpAeTcss MepelTH MO MOIO3PHTEIBHOH
ccputke. ‘“3ammra or PumUHTA W BpemoHOCHBIX TporpamMM paboTaer,
MIPOBEPSIs MOCEIACMBIC BAMH CAiThl Ha TMPUCYTCTBHE B CITUCKAX HM3BECTHBIX
(UIIUHTOBBIX, COACPIKAIINX HEKEIATSNBHBIC MPOrPAaMMBI U BPEIOHOCHBIX
CaliToB. DTU CIHCKH aBTOMATUYCCKH 3arpyKarOTCA U OOHOBIIIOTCS KaXIbIC
30 MUHYT HJIM OKOJIO TOTO, €CJIM BKIFOUYCHBI (DYHKIIUH 3aIIUTH 0T DUIITMHTa 1
Bpenonocueix mporpamm. [lpm 3arpys3ke ¢aiima mnpumoxxeHus, Opaysep
MPOBEPSIET €ro CallT Ha MPHHAICIKHOCTh K CIHCKY CalTOB M3BECTHBIX, KaK
CalThbI, CoJepXkallie «BPEIOHOCHBIE MporpamMmbl». Ecnu caliT Haxomutcs B
9TOM CHHCKe, Opay3ep cpady Ojokumpyer ¢aii, B NMPOTUBHOM ciydae OH
3ampammBaeT CchoykO0y Oe3zomacHoro mpocMmoTpa Google, sBiseTcs
IIporpaMMHOE OOecTiedeHne Oe30MacHbIM, OTIPAaBHUB HEKOTOPHIE W3 €ro
MerafganabiX.”[3]. TIperekcTuHr — metonm CU, KOTOpBIi MoapazyMmMeBaeT B
cebe COBOKYIMHOCTh JIEHCTBUH, KOTOpPBhIE OyIyT OTpabaThIBATHCSA IO 3apaHee
MOJITOTOBJICHHOMY IUIAHY, B PE3yJbTaTe KOTOPBIX JKEPTBA BBIIACT HYKHYIO
JUTSL 3JI0yMBINUICHHUKOB HHpopManuio. s 60ps0sl ¢ qanHbM MeTogoM CU
Pa3paboTYHKK IPUAYMAIH CIICIIUATBHBIC CUCTEMBI, TAKUE KaK:

- CHCTeMa KOHTPOJIS JCHCTBUI MOB30BATENS — MPOTPAMMHBINA KOMIUICKC,
MO3BOJISIOIINN OTCJIC)KMBATH JCUCTBHUS TOJIb30BATENIS BHYTPU CHCTEMBI Ha
MIPEIMET COOTBETCTBHUS OPTaHU3AIMOHHBIM TONUTHKaM. OCHOBHBIE (DYyHKITHH
NAHHOW CHCTeMBl: MOHHTOPHHT pPabO4Yero CTola CTaHIHWH, MOHHTOPHHT
IIPOIIECCOB, 3AIMyIMIEHHBIX C pabodeil CTaHINH, MOHUTOPHHT noctyma K USB-
MOpTaM, MOHHTOPWHI aKTHBHOCTA B HHTEPHETE, MOHHTOPHHT JIOKAJBHBIX
JICHCTBUM B CUCTEME;

- cHcTeMa OOHapYXXCHHsS BTOPKEHHH —  IPOTPaMMHBIH KOMILICKC,
MO3BOJISIIOINMI  BBISIBUTH  (AaKT ~ HEAaBTOPU3MPOBAHHOTO  JIOCTyIa B
KOMIIBIOTEPHYIO CETh, JIMOO K€ HEaBTOPU3MPOBAHHOTO YIPABIEHUS HMHU.
JlanHasi cucTeMa MCIOJIB3yeTCsl JUisl OOHApYKEHUsI BPEIOHOCHOH aKTHBHOCTH
Ha paboyel CTaHIMM, LIEJIbI0 KOTOPOH SIBISIETCS HapylleHue Oe30MacHOCTH
pabortsl crannuu. Cama cucteMa 0OHapyKEHUsI BTOPKEHUS] 0OBIYHO BKITIOYAET
B CBOI0 apXUTEKTYpy TaKHe IIOJCHCTEMBbI, Kak: IOoJCcHCTeMa sl cOopa
cOOBITHH, TOACHCTEMa aHANHM3a, XPAHWIWIIE IUIS HAKOIUICHUS PE3yJIhTaTOB
aHanmu3a, KOHPUTypaTop CUCTEMBI 0OHAPYKEHHS BTOPKCHUSI.

Tposunckuii koub — Metoq CU, KOTOpBI OCHOBaH Ha IIOOOMIBITCTBE,
JKCNIAaHWH BBIUTPATh “NETKMX” JEHETr, WM Ha KaKUX-TO APYTHUX SMOIHIX
KEPTBBL. 3JIOYMBINUICHHUK OTIPABISAET JJICKTPOHHOE IHUCHMO JKEPTBE, B
KOTOPOM HAIMCaHO, YTO KEPTBa cTajia obJyiazareieM OONbIION CyMMBI JICHET,
HO JUIS TOTO, YTOOBI 3a0paTh 3Ty CyMMY, )K€PTBE BCETO JIMIIb HY)KHO OTKPHITH
WK CKaydyaThb BJIOXKCHUC, HpI/IerHHéHHOG K JaHHOMY IIHMCbMY, HO MOCJIC
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OTKPBITUSI TAKOTO BJIOKEHHS, CTAHIIUSA JKEPTBBI 3apa)kaeTcs KaKUM-JIHOO
BpenoHocHeiM I1O. bBopotecss ¢ atum  metomom CH  pazpaboTunku
anTuBUpycHoro [1O Havanu y>ke oYeHb 1aBHO, KaK TOJIbKO MOSBUINCH TIEPBHIE
anTtuBupychl. [IpoBepky (aiina Ha BUPYC, B OCHOBHOM, Pa3lEIISIOT HA YCThIPE
METOJ]a: METOJ CKAHUPOBAHHS CUTHATYp — IMOUCK B (aiax yHHKaIbHOMN
MOCTICIOBATEIBEHOCTH OAalTOB, KOTOPBIEC XapaKTEPHBI ISl ONPEICIEHHOTO BU
pyca; METOJ KOHTpOJIS ILEIOCTHOCTH — Jt00oe OSCIpUUYMHHOE W3MCHECHHUE
JAHHBIX B CHUCTEME SIBIISIETCS MOJO3PHUTENILHON aKTUBHOCTBIO [4]; MeTon
CKaHMPOBAHWSI TIOJO3PUTENBHBIX KOMaH]l — BBISABIICHHE B CKAHUPYEMOM (haiiie
HaJIM4Wsl TOMO3PUTENBHBIX KOMaHA ((hopMaTHpoBaHHE KECTKOTO IIHCKA);
METOJ  OTCIIC)KMBAHUS TOBENCHHUS MPOTPAaMM — AHAIW3 TOBENCHHUS
3aMyIIeHHBIX mporpamMm [5, 6]. IIporpaMMHBIX CPEICTB 3allUTHl OT METOIOB
CH mocTtaTo9HO MHOTO, YTOOBI 3alTUTUTH MOJIb3oBatelieil. Mx 3¢ ¢hekTHBHOCTH
TOpPOM 3acTaBisieT 3aIyMaTbCs O TOM, YTO TMOJB30BATeJIM HHU 3a 4YTO HE
MONanyT B CUTYyaIUio, B KOTOPOH OHU MOTYT NOTEPATh OUEHb MHOTO BPEMEHHU,
JICHET M3-32 HEBHUMATEJIbHOCTH, HO HET, IO pPE3yJbTaTaM HCCIEAOBaHUMN C
2013 mo 2018 rom KOJHUYECTBO KHUOEP-TIPECTYIUICHUA C TPUBJICYCHUEM
meronoB CHU Beipocno Ha 18% [2,3]. Tlonmp3oBaTenb 0 CHX MOp SIBISETCA
cnabeHIIM 3BEHOM.
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Abstract. This article reveals the various methods and tools that are used today to
protect state computer systems during information operations from the invasion of
other countries.

Keywords: hybrid warfare, information operations, computer security,
unauthorized access, CASE, network monitoring, network protocol analyzers,
antivirus, cryptography, backup, authentication.

Beeaenue. B Hale BpeMs BOMHBI pEaIU3yIOTCA HE TOJBKO IPU IIOMOILU
BOCHHOTO KOH()JIMKTA, HO M HMCIOJb3YKT MHOTO JPYTHX CPEACTB, TAKHX KaK
TUTUIOMATHYeCKOe BO3JCUCTBUE, UTO JIECTAOMIU3UPYET  MOJUTHUYECKYIO
00CTaHOBKY MPOTUBHHKA, BIUSIHHE HA 3KOHOMHUKY ¥ KOHCUHO Ha MOJyYaeMyro
rocymapcteoM uH(popMmarmoo. JlaHHBIE BOWHBI TPUHATO 0003HAYATH
«'ubpugHpIME  BoiHaMmW». B 3THX BOHHAX OCHOBOIOJArAMOIICH YacThIO
SIBJISTFOTCS. KHPOPMAITHOHHBIC OTNIEPAINH, KOTOPBIC UAYT Ha IPOTSHKCHUH BCETO
KOH(MIUKTA U IPHIUHSAIOT HAUOOIBIINK Bpea IIOOOMY TOCYIapCTBY, Tak Kak B
pe3yipTaTe UX MPOBEACHUS HAHOCHUTCS YPOH BceM cepaM KU3HHU 00IIecTBa.
Kpome Toro ¢ ux moMoOIbpI0 MOXKHO YKpacTb HH(POPMALHUIO, KOTOPAs PEIIUT
ucxona KoHpmukra. TepmuH « THPOPMAIMOHHBIX OMEpAIIHii» TTOJHO PACKPBLIH
amepuKkaHckre BoeHHbIe B moktpure JP 3-13 [1]. Hanbonee BakHBIM IS Hac
SIBIISICTCS. TAKOM KOMITOHEHT MH(DOPMAIMOHHBIX OMEpaIiii, Kak 00ecreueHne
KOMITBIOTEPHOM 0€30MacHOCTH, UMEHHO C €ro MOMOIIbI0 oOecrednBaeTcs
3alUTa BCEH KOMIBIOTEPHON CHCTEMBl TOCyJapcTBa OT  BHEIIHUX

113



Marepianu IX MixkHapogHOi HayKOBO-TIPAKTHYHOT KOH(pepeHLil
«IHQDOPMALIPIHI VIPABJISIOUI CUCTEMMU I TEXHOJIOT Tin
24-26 Bepecus 2020 p., M. Ozeca

KnOepHeTHYeCKnX arak. s 3TOro HMCHONB3YIOTCSl Pa3iIH4YHBIE CPENCTBA H
METOJBI, MO3BOJSIIOIINE OOECIEYNTh IIEIOCTHOCTh, JOCTYIHOCTh H
KoH(uaeHIHaNIbHOCTG ~ MHQopMmammu. 1. CpeacTBa  3alMTBI  OT

HCCAHKIMOHHUPOBAHHOIO0 JAO0CTynma — 104 HHMH [TOHHMMAKOTCA Kak
nNporpaMMHbIC, TaK W TEXHUYCCKUC CPEACTBA, IPpU TOMOIIN KOTOPBIX
MpoOUCXoauT YaCTUYHOC nim IIOJTHOC MpeaOTBpaIcHue

HECaHKIIMOHNPOBAHHOTO J0CTyIa K nH(popmanuu. Bo MHOrHe coBpeMeHHbIE
CUCTEMBI 3apaHee BCTPaUBAIOT TaKUe CPEJCTBA, TaK KaK 3TO OJHA U3 INIaBHBIX
npoOeM 3amuTel nHPopManuu. Ho Takke MCIOMB3YIOT U JONOIHUTEIBHBIE
CpeACTBa, KOTOPBIE MOTYT OBITh KaK (PM3NYECKUMH, TaK U JUIA 3aIIUTHI B CETH.
2. Computer Aided Software Engineering (CASE) — 5310 memas
COBOKYITHOCTh CPEACTB M METOIOB HMPOTPaMMHON WHXKEHEPUH, NPU ITOMOIIH
KOTOPOH TPOHMCXOANT MPOEKTHPOBAHWE M Pa3pabOoTKa MPOrPaMMHBIX HIIH
OPTraHU3aOHHO-YNIPABIAIOMMX CcHUcTeM. JlaHHBIM BUA 3aIIUTHl HaOMpaeT
MONYJIAPHOCTH B Hallle BpeMsl, TaK Kak OH 00ecIieuuBaeT BEICOKOE KaueCTBO H
JOCTaTOYHO TIPOCT B YIIPaBJIEHHH 0OCITy>KUBaHUEM mporpamm. 3. CHcTeMBbI
MOHHUTOPHHIA CeTH — 3TO CHCTEMBI, C IIOMOIIBI0 KOTOPBIX OCYILECTBIACTCA
HaOJII0JICHUE 38 COCTOSIHUEM CETH C OOHapy)KCHHEM BO3HHMKAIOIINX OIIMOOK M
AaBTOMAaTHYECKUM  YCTpaHEHHEM  OJTHUX  OWIMOOK  ycTpaHeHHeM. 4.
AHAJIM3aTOPBI CeTeBbIX MPOTOKOJIOB - HCHONB3YIOTCS AJSI TOCTOSHHOTO
KOHTPOJISI HaJ 3arPyKEHHOCTBIO CETH M KAKUX-TO OTAEIBHBIX NPUIOKECHHUH. 5.
AntuBupycHoe IIO — 5T0 cmenumanu3npoBaHHas IPOrpamMMa, CIOCOOHas
00HapYXUTHh BUPYCH U APYTHE BPEAOHOCHBIE MPOTPaMMbl B KOMIIBIOTCPHOH
cucreme. Tarxke OHa HWMeeT W JApPYrod (QyHKIHWOHAJI, HamlpHMep
BOCCTaHOBJICHHE 3apakeHHBIX (ailmoB ¢ momompio BpermoHocHoro 110 wm
MIPEJOTBPALICHHE 3arpsA3HEHHs OTACIbHBIX MPOTpaMM WIM  CHUCTEMBI
BPEIOHOCHBIM KoxoM. 6. Kpunrorpaduyeckme cpeacrBa — I0J HUMH
MIOHUMAIOTCS almapaTHble W (WIM) NPOrpaMMHbBIE KOMIUIEKCBHI, CHCTEMBI U
cpeacTBa, paboTarolue Ha AIropuTMax KpUOTorpauueckoro H3MEeHEHHS
ndopmanmy, Hanpumep e€ wmmdpoBaHui. 7. CHUcTeMbl pe3epBHOIO
KONUPOBAHMUSI M BOCCTAHOBJEHHS] JAHHBIX — 1TO TaKXKE allapaTHBIA U
(WM) TpPOrpaMMHBI KOMIUIEKC, CO3JAOIIMI KONMHM MMEIOIIUXCS Yy Bac
JaHHBIX C YCTAQHOBJICHHBIM MEPHOJOM BPEMEHM JUIl UX BOCCTAaHOBIICHHUS B
cinydae HeoOxomumocTH [2, 3]. 8. AyTeHTH(UKANHUA - MPOIECC MPOBEPKHU
cyOBeKTa Ha TMpaBO [ocTyma K uWH(popManmuoHHOW cucteme [4, 5]. B
COBPEMEHHOM MHpE BCE 3TH CPEJCTBA HEOOXOIMMBI KaXXIOMY T'OCYAApCTBY,
IIOTOMY 4YTO ceifuac BCe CTpaHBl MBITAIOTCS YKpPacTb HHGOPMAIMIO UL
YIIy4IIeHUs] COOCTBEHHOTO BOOPY KEHUs, HHPPACTPYKTYyphl 1 MHOTO JPYTOro,
HCTIONB3ys s O3TOr0 XaKepoB M  OpPraHM3ys KpyNHOMAacHITaOHbIE
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kuOepHeTHYECKHE aTakh. [6] A TaHHBIE CPEJCTBA CMOTYT MPEIOTBPATUTH HIIH
YMEHBIIUTh BEPOSTHOCTh HAHECEHHS yIiepoa.
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Cekuig 2. IHTeIeKTYAJLHI CHCTEMH i aHAJI3 JTAHHUX

YJIK 004.85 .
UHAYKTUBHBIU AJITOPUTM CUHTE3A
MYJbTUININKATUBHOU MOJIEJN
JI.T.1. TIoBopo3HIOK A.J.110000-0003-2499-2350]
k.T.H. [ToBoposaiok O.A, 2(0000-0001-7524-5641]
E-mail: 'ai.povoroznjuk@gmail.com, *povoks@i.ua,

INDUCTIVE SYNTHESIS ALGORITHM OF MULTIPLICATIVE
MODEL
Dr. Sci. Povoroznyuk A., Ph.D. Povoroznyuk O.

Annomayus. TIpoaHaan3upoBaHbl JOCTOMHCTBA W HEJOCTATKH H3BECTHBIX
METO/IOB CaMOOpraHu3aluHu. Pa3paboTaH MeTOA CaMOOpraHW3alMM AJIs CHHTE3a
MYJIBTUIUIUKATHBHOW MOJENIH C JIMHCHHBIMH YacTHBIMM ONHUCaHMSAMH. IIpoBepeHa
3¢ heKTHBHOCTh METO/Ia Ha TECTOBBIX IPUMEpaXx.

Knwuegvie  cnosa:  Merogpl  caMOOpraHH3allM,  4YacTHOE  OIMCAHUE,
MYJIBTHUIUTUKATHBHAS] MOJIEIb, TECTUPOBAHHE.

Abstract. The advantages and disadvantages of the known methods of self-
organization are analyzed. A self-organization method for the synthesis of a
multiplicative model with linear private descriptions has been developed. The
effectiveness of the method has been tested on test cases.

Keywords: methods of self-organization, private description, multiplicative model,
testing.

Jlis  cuHTe3a PErpecCHOHHOW MOJCTH IO  HEOOJBIIOMY  YHCITY
OKCIIEPUMEHTAIBHBIX JaHHBIX 3()(EKTUBHO HCIONB3YIOTCS WHIYKTUBHBIC
MeToasl camoopranm3anun (MI'YA), KOTopble OJHOBPEMEHHO ONPEHCISIOT
CTPYKTYpPY HOJMHOMA U €r0 K09 (HUIIHESHTHI.

IIpu sTOM MONTHOE OmMHCcaHME 00BEKTa 3aMEHSICTCS MHOYKECTBOM YaCTHBIX
onmcaHuii (IByX(aKTOpHBIE TIOJIMHOMBI CTEIICHH HE BBIIIE BTOPOM).
YcnoxxHeHHe MoJIeN (YBEIIMYCHUE YUCIIA TIEPEMEHHBIX M CTCIICHU ITOJIMHOMA)
BBIMIOJIHSIETCSL MpH MEepexojie K CleNymolleMy IIary WTepalud, OpHYeM
OTKJIMKH JIy4YIINX MOJENEH Npenplaymiero mara (OTHOCHTENBHO BHEIIHETO
KPHUTEPHSI) SBISIOTCS UCXOTHBIMHU (DaKTOpaMH CIEIYIONIETO IIara UTEepanuH,
T.C. BBIOJHACTCS PEKypPCHBHAS MIOJICTAHOBKA pe3yIbTaToOB i-1-ro
mara B i-i.
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IIpu >TOM yBeEnHUYCHHE Pa3MEPHOCTH MOJEIH aBTOMATHYECKH MPHUBOAUT
K COOTBETCTBYIOIIEMY YBEIHMUCHHIO CTETICHH PE3YIBTHPYIONIETO MOIIMHOMA.

B pabGotre mnpemmaraeTcs MOIXOJA, OCHOBAaHHBIAH Ha W3MCHCHUU
UTEPALIMOHHONW TNPOLEAYpPhl YCIOXKHEHHs MOJETH, B KOTOPOW CTeleHb
PEe3YABTUPYIOIIETO YpaBHEHUs] PETPECCUU YBEIMUMUBAETCS MHHUMAaJIbHBIM
00pa3oM (Ha eMHUILY) TPHU TIEPEXO0/IC HA CICAYIOMIUN IIar UTSPAIUH, & YHUCIIO0
(haKTOPOB MOXKET OBITh MAKCUMAIILHBIM YK€ Ha TIEPBOM IIIare.

B kauecTBe UACTHBIX ONWCAaHWWA Ha JIOOOM IIare UTEpaluu

UCTIONB3YIOTCS JINHSHHBIE MOJUHOMBI OT i MEpPeMEHHbIX I = 1, n,roe n—

pa3sMEpHOCTh O0BEKTa, C pPA3IMYHBIM COUYETAHHEM HETIOBTOPSIOIIUXCS
apryMEHTOB.

n
Yucno BO3MOXKHBIX TTOJIMHOMOB PaBHO — J —nn_1q.
pasio =3 CJ =21
J=1
BMmecTto pekypcHBHOI TMOACTaHOBKM, pe3yJIbTHUPYIONICE YypaBHEHHE
perpeccuu CTpOUTCs B BUIE MYJIbTUIUIMKATUBHON MOJIETH BUIA

PJ‘(X)=ﬁP"(X» m

rae P'(X) - nunelnbIi MOIMHOM -TO MIara uTeparuy.

Beipaxxenue (1) moxa3siBaeT, 4yTO B IPOIECCE YCIONKHEHUS MOJETH HaJ
KaXJbIM M3 JIyYIINX PEIIeHUH MpepIaynero k—1-ro mara «HaJICTpanBaroTCs
N, IOJIMHOMOB TEKYIIETO k-ro 1iara UTeparuy.

Pazpaborana mporenypa BBIYHCICHUS KOI(GQHUIUCHTOB IOIMHOMOB
TeKyIero k-ro mara uteparuu mo MHK ¢ ygerom Toro, uto B BeipakeHw# (1)
KO3()(PUIMEHTHI «POIUTENCH» BCEX MPEABLIYIINX IIaroB y>Ke€ OIPENCIICHbl U
M3BECTHBI MX OTKIMKK Y, a HEOOXOJMMO OMNPEAENUTh KO3 HUIMEHTHI
MTOCIICTHETO COMHOXHUTENS B (1).

C y4eToM H3II0KeHHOT 0, 3amumieM ¢pyHkanonanr MHK

N06 % m ) . (2)
F=2(Y-Y (a,+ za‘jxji)) —>min:
i=1 =l

I[J'Iﬂ MHWHHUMMU3AIIUN q)yHKHI/IOHaHa H606XOI[I/IMO B34Th YaCTHBIC

MPOM3BOJHBIE TI0 KaXAOMY KOI(GHUIMEHTY M NPUPaBHATh WX Hyo. B
pe3yibTare IOJIy4YMM CHCTEMYy JIMHEHHBIX ainreOpanveckux ypaBHEHUH

OTHOCHTENILHO ~ HEU3BECTHBIX  Kodpduuuentos  a; 1 = 0,m Buna:
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S et X nat e T ne,= DY)

i i i i
Y+ Y e+ e Y(Y g a, = Y(Y )
i i i i

YO Jagt DO gt DO N Jay = T Y,
1 1 1 1

OTOOp HAWIYUYIIMX PEUICHHA W KPUTCPUI OCTAHOBA BBITIOIHSCTCS
corylacHO 0a30BBIM IIPUHIKIIAM aIropuTMOB MI'YA.

Jliss cpaBHUTENBHOTO aHANMM3a Pa3pabdOTaHHOTO METOAAa M HM3BECTHOTO
anroputMa MI'VA ¢ KBajgpaTWYHBIMH YAaCTHBIMHM OIMCAHUSMH MPOBEIECHBI
TECTOBBIE PACUYETHl C MOMOLIBI0 Maremarndyeckoro nakera MATLAB. s
CPaBHUTEIFHOTO aHalIM3a B3SATHl TPW THIA YpaBHEHWH: | — OoJbmmas
pa3MepHOCTb, Majlasi CTENEHb; 2 — Mallas pa3MEpPHOCTh, Majas CTENEHb; 3 —
OoJbImas pa3MepHOCTbh, OONbINAst CTCTICHB;

Ilo xaxxgomMy W3 3aJaHHBIX YpaBHEHWH CreHepupoBaHa TalnuIa
UCXOHBIX NaHHBIX. OO0beMm BbIOOpKH paBeH 100 Touek (50 — oOywaromias
MOCIIeZIOBATENHHOCTE; 50 — MpoBepOUHas).

PesynbraThl  CpaBHUTEIBHOIO aHAlW3a MOKa3add 3(PPEKTHUBHOCTH
WCTIOJIb30BaHUsl Pa3pa00TaHHOTO METOJa JUIS TIOCTPOEHHUSI PErpecCHOHHBIX
HEJIMHEWHBIX ~ MHOTO(AKTOPHBIX  MOJeNeld  MHOTOMEPHBIX  OOBEKTOB
HEBBICOKOI'O MOPSIKA.

YK 004.91

YIHPABJIIHHA ABTOHOMHHUMHU CUCTEMAMMU HA OCHOBI
MOJEJII BATATOPIBHEBUX OBUYUCJIEHD 31 CIOBAMUA
Jr.1. Kaprin A.Q./1000-0003-288590711 "y v 1 [eTpenico T.I.210000-0001-6305-7915]
E-mail: 'kargin@kart.edu.ua, ’petrenko_tg@kart.edu.ua

MULTI-LEVEL COMPUTING WITH WORDS MODEL TO
AUTONOMOUS SYSTEMS CONTROL
Dr. Sci. Kargin A., Ph.D. Petrenko T.

Anomauia. Tpanuuiiiai migxoau aBTOMaTH3aLil NMPOOJIEMHO BHKOPHUCTOBYBATH
JUIS  CTBOPCHHS  CHUCTEM  YIPAaBIiHHS  aBTOHOMHHUMH MAalIMHAMH, SKI MTOBHHHI
pearyBaTH Ha Hemlepea0adeHi CHUTyalii [I0 TPENCTaBlIeHI JaHUMH BiJ BEIHKOI
KimpkocTi nmartumkiB. JI. 3ame minxim «oOuucnenHs 3i cmoBamu» (O3C) momae 1mro
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npobiieMy, SIKIIO CEHC CHUTYyalii MPeACTABUTH HEBEIMKOIO KITBKICTIO CIIB BHCOKOTO
piBHs abcTpakiii. Y [0MOBiAl MPOMOHYETHCSE MOEIb TPphoX eTarmHoro O3C, sik ocHOBa
CHCTEMH YNPaBJIiHHSA ABTOHOMHOIO MaIlHHOIO.

Kniwowuosi cnosa: aBToHOMHa cucTeMa, OOYNCIICHHS 32 CIOBaMH, aOCTparyBaHHS
31 CJIOBaMH, JIaHi BiJl JaTUYMKIB, HEUITKI CHCTEMH.

Abstract. The traditional automation approaches cannot be used to create control
system of the autonomous machines which must react to unforeseen situations
presented by data from large number of sensors. L. Zadeh Computing with Words
(CWW) approach overcome this problem if a situation description is presented by a
small number of words, but a high level of abstraction. Three-phases CWW model is
proposed as a base of autonomous machines control system.

Keywords: autonomous systems, computing with words, abstracting with words,
data from sensors, fuzzy systems.

Mogenp ynpaBiliHHS aBTOHOMHOIO MAIIMHOIO, IO IPOIOHYETHCS,
BUpINIye y peajJbHOMY 4aci TpueauHe 3aBiaHHs. [lo-mepiie, neperBoproe
MOTIK MPOCTOPOBO-YaCOBUX JTAHUX BiJI CEHCOPIB B CJIOBA MIPHUPOHOT MOBH, 1110
PO3KpHMBAIOTh CEHC IUX JaHuX. [lo-mpyre, BUKOHye aOcTparyBaHHS 3i
CJIOBaMH, 100 MEpeWTH BiJ CIiB, IO MPEACTABISIOTH OE3IIOCEPEIHBO CEHC
JAaHWX, 70 CIIB SIKi HA BHCOKOMY PiBHI aOCTpaKIlii MpeaCTaBISAIOTh CEHC HE
OKpEMHX JJaHUX, a B IIJIOMY CEHC TMHAMIUHOI cuTyarii. I, mo-TpeTe, MipKye 3a
JIOTIOMOTOI0 CEHCY CIIIiB BHCOKOTO PiBHS abcTpakmii 3 THM, m00 TOHONaTH
mpobieMy  pO3MIPHOCTI, BpaxXyBaTH HEBHU3HAYCHICTh 1 chopMyBaTu
yOpaBisgioue pilleHHsA BigmoBigHO po cutymui. Ha puc. 1 mokaszanu
komrnoHeHTH Mozaeli O3C sKi BUPINIYIOTh BKa3aHE TPUEAWHE 3aBIAHHS.

gard_ ;i
DOMAIN goeription Acttons
KNOWLEDGE of data R
BASE ABSTRACTIN RULES
ENGINE ENGINE IF factjand fact;
and ...

Profotypes> Facts > <RI_,_:""“ THEN action

DATA from
SENSORS

Puc.1— Mooenv mpvox emannoeo O3C
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ABSTRACTION ENGINE Bupinrye 1Ba nepimux 3aBJIaHHs.

1) ITepeTBOpIOE MOTIK TaHWUX BiJ CEHCOPIB B ClIOBa (eTam KUTbKiCHOTO i
BU3HAYaJILHOTO a0CTparyBaHHs) HIISIXOM OOYHMCIEHHS BHYTPIIIHBOTO CEHCY
CJIiB, IO NMPECTABICHUH HEYITKUMH XapaKTepPUCTHKAMH CJIOBa.

2) BukoHye abOcTparyBaHHS 31 CIIOBaMHM ILUISIXOM 0araTOpiBHEBOI'O
MIOKPOKOBOTO y3arajJbHEHHS 100 OTPUMATH ONUC JAHHUX Y BUIJIAAL CIiB
BICOKOTO PiBHS y3araJlbHCHHS.

JlJis BOTO 3aCTOCYBYETHCS 30BHIIIHIN CEHC CIiB, SIKUH 30epiraeThes y
6a3i 3HaHP AN TpeaMeTHOi oOmacti. Mopxemi ysBIIEHHS 30BHIIIHBOTO W
BHYTPIIIHBOTO CEHCIB CIIiB, a TakoX QopMalbHa MOJAEIh W aJrOPUTM
abctparyBanHs 31 crmoBamu HaBemeHo B [1]. RULES ENGINE peamizye
tpanutiitay moxens O3C Jl.3axe.

BxigHrMU maHEMU € cITOBa TMPUPOIHOI MOBH, ki HaaxomsaTs 1o RULES
ENGINE y Burisiai X BHyTpIIIHBOTO CEHCY (HEYiTKa MHOXHHA Iepuioro abo
apyroro TumiB), skuif Oy o6umcnenuii 'y ABSTRACTION ENGINE.
MipkyBaHHS Ha OCHOBi CIIiB peajli3yeThCs IIJSIXOM HEYITKOTO BHBEACHHS 3a
npaBuiamu [F-THEN, anTeueneHTH i KOHCEKBEHTa SIKUX MICTATh (aKkTu y
BHTJISAL CITIB 3 3a3/1aJI€TiAb MiATOTOBICHOTO CIOBHUKA.

Ha Buxoni RULES ENGINE HewiTka MHOXHHa Ha OCHOBI SIKOi
3HAXOJAThCS ab0 paHru ciiB abo dYicJIeHHI 3HAYeHHS KEPYOUMX peakIii
ABTOHOMHO{ MAalIMHA. Y JIOTOBiAI OOTOBOPIOIOTHCS THTAHHSA IHTETPaIii
ABSTRACTION ENGINE i3 RULES ENGINE i# 3actocyBaHHS Takoi
inrerpoBanoi mozeni O3C 10 BUPINIHHHS 3aBJaHb YIPaBIiHHSI B aBTOHOMHHUX
MalllHaX.

Jlitepatypa

1. Kargin A., Petrenko, T. Advances in spatio-temporal segmentation of visual
data. In Mashtalir V., Ruban I., and Levashenko V. (eds) Advances in Spatio-Temporal
Segmentation of Visual Data, Studies in Computational Intelligence, 2020. Vol. 876.
Springer, Cham. DOI: https://doi.org/10.1007/978-3-030-35480-0_3
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VIIK 004.89

PO3MNI3HABAHHS OB'€EKTIB HA 306PA’KEHHI HA OCHOBI CNN
TA HEMPO-HEYITKOI'O KJIACU®IKATOPA
3 IMYHHUM HABYAHHSIM
1.T.H. Kopa6uabos VLIV 110000-0002-8931-4350]
ALT.H. Akcak H.T 210000-0001-8372-8432] Yyppipa A.O. 3[0000-0002-4476-8420]
E-mail:mykola.korablyov@nure. ua’, nataliia.axak@nure.ua’,
andrii.chuprina@nure.ua’

RECOGNITION OF OBJECTS IN THE IMAGE ON THE BASIS
OF CNN AND NEURO-FUZZY CLASSIFIER WITH
IMMUNE TRAINING
Dr. Sci. Korablyov M.M., Dr. Sci. Axak N.G, Ph.D. Chuprina A.O.

Anomauyia. llpomoHyeTbcs TiOpuaHa HeHWpoMepe)keBa HEUiTKa MOJENb
po3mi3HaBaHHA OO0’€KTiB Ha 300pakeHHI, IO CKIAZA€ThCA 3 JABOX MOAYJIB:
sroptkoBoro Moxyinst CNN i HeipomepexeBOro HeWiTKoro Kiacugikaropa,
1o0yoBaHOTO Ha OCHOBI MoandikoBaHoi Mepexi ANFIS.

Kntouoei  cnoea: 300pakeHHS, 3TOPTKOBHH  MOJIyNb, HEHpPO-HEUITKWUii
kiacudikaTop, MTy4YHa IMyHHA CHCTEMa, MYJIbTHAHTHTLIIO

Abstract. We offer a hybrid neural network fuzzy model of object recognition in
the image, consisting of two modules: a convolutional module CNN and a neural
network fuzzy classifier based on a modified ANFIS network.

Keywords: image, convolutional module, neuro-fuzzy classifier, artificial immune
system, multiantibody

Ha cpboronsi oHMM 3 HAYKOBHX HaNpsIMKiB, [0 HAHOUIBII IHTEHCHBHO
PO3BHBAIOTHCS, € O0OpOoOKa 1 aHami3 300paKeHb. 3a OCTaHHI POKU OyIo
MPECTABICHO PSIJi METO/IB, MOJICNICH Ta alTOPUTMIB, 1110 3aCTOCOBYIOTHCS IS
BHpIIICHHS IMX 3aBIaHb [1, 2], cepen sSKUX OTHUMH 3 HAMOUTBIN e(PeKTHBHUX
e mry4Hi HefipoHHi Mepexi (ILITHM). Hoswuit mana nmosisa HoBoro Tumry [ITHM
— Convolutional Neural Network (CNN), siki IIHPOKO BHKOPHUCTOBYIOTHCS B
pi3HMX oO0nacTsX, BKJIIOYAIOYM pO3Mi3HaBaHHSA 300pakeHb 1 00pasiB,
pO3Mi3HaBaHHA MOBH, BiJlcOAaHANI3 TOMIO. BUWKOpPUCTAHHS MPHHIUIIB
riopuamsanii HM, HEYITKOT JIOTIKA Ta EBOJTIOIIHUX ~ alNTOPUTMIB
JIO3BOJISIE CTBOPIOBATH HOBI THITH MOJIENICH, SIKi MalOTh OUTBIIT BUCOKY SIKICTh
pO3Mi3HaBaHHS y pa3i OJHOYACHOTO 3HIDKEHHS OOYHMCIIOBATLHUX BHTpaT Ha
HaB4yaHHA. /{751 cTBOpEHHS TiOpUAHOI HEHPO-HEYITKOI MOJENi pO3Ii3HABAHHS
OyJI0 BUKOpPHCTaHO KOMOIHAIIifO i3 JBOX MOIYJIiB: 3ropTKOBOTr0 Moxysss CNN
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Ta Momyns  HeWpo-HewiTkoro  kmacugpikatopa (HHK) Ha  ocHOBI
MonudikoBanoi mMepexi ANFIS. Moxyms CNN BucTymae B poili cBOepigHOL
excneptHoi cuctemu st Mmogynast HHK. Ha cBoi Bxogu CNN oTtpumye Tpu
KaHalbHe 300paxkeHHss RGB, miciisi 1bOro BOHO NPOXOMUTH YOTHPH €TaIH
MOYEeProBoi 3ropTKH BXiAHOI MATpPUIIl Ta MPOLECy MiABUOIPKH MaKCHMalIbHUX
3HaueHb. [licinst mpoxoxy IOBHOrO poOOYOro IMKIY BHUIUIIOTHCS IEBHI
O03HaKW O0O0’€KTIB 300pake€HHs, IO IPEJCTaBIEHI SK KapTH O3HaK Ha
Buximaomy mapi CNN. 3roptkoBuii Moaysis CNN ckiana€eThes 3 JBOX BHIIB
mrapiB: 3ropTKoBi (convolutional) mapu Ta miaBubipkoBi (subsampling) mapmu.
UYepryrouncs Mixk co00r0, BOHH (OpMYIOTH BXigHHN BekTOp o3Hak mist HHK.
CNN HaBYa€THCS 3a JOIOMOIOI0 AITOPUTMY 3BOPOTHOTO PO3MOBCIOJDKEHHS
mommwikn [2]. Crpykrypa HHK mnoOynoBana Ha ocHOBI MomaudikoBaHOI
Mepexi ANFIS, mo peanizye anroputM HewiTkoro BuBeAeHHs Takari-CyreHo
nepmoro mopsaky. OcHoBHOIO inmeero HaByaHHA HHK e Bukopucranus
mryunux iMmyHHEX cucteM (LHIC) 3 mpeacraBieHHAM po3B’sA3yBaHOI 3a1ai y
BUTJISAI aHTUTCHY, a MOXJINBI {i pimeHHs — y Buryami antutin [3]. s
BUPIIICHHS 3aB/IaHHS BUKOPUCTOBYETHCS MOJICTb KOJIYBaHHS IapaMeTpiB, 110
HACTPOIOIOTHCS, Y BHUIUISAI aJAlITUBHOTO CTPYKTYPOBAHOTO MYJIbTHAHTHTINA,
IO CKJIaJa€ThCS 3 JABOX YACTHH, KOXKHA 3 SIKUX MOXKE O0pOOIISITHCS HE3aJIEKHO
onHa Bix onHOI. Y mepmni 4YacTWHI MYJIBTHAHTHTLNA 3aKOJOBaHI Barosi
koedinienTH 1 3HaueHHs 3cyBiB npomixHoro mapy HHK, y apyriii wactusi
3aKOJI0BaHI KOEQII[IEHTH i 3MIIMIEHHs BHXiJIHOro mrapy. B skocti mopjeneit
HIIC BHKOPHCTOBYIOTHCS IMPHUHLUMIHM KJIOHAIBHOTO BiOOpPY 1 MepexeBoi
B3aeMogii. BiImoBigHO 10 NPUHIHKIY KIOHAIBHOTO BiI0OOPY peami3yeThes
Hactpoiika nmapamerpis I1IIC, 3acTocyBanHs Teopii iMyHHOT MepesKi 03BOJIsIE
OIIIHATH B3a€MOJIII0 aHTUTUI MK COOOFO i BUKOHATH CYIIPECCio (CTHCHEHHS
Mepexi), Mo Jae MOXKIUBICTD BU3HAUATH I KOPUTYBATH SIK CTPYKTYpPY (IHCIO
HEHpOHIB B IPUXOBAaHMX Iapax Mepexi), Tak i mapamerpn HHK.

IIpoBeneHo eKclepUMEHTaIbHI JOCHIPKEHHS Ha TECTOBUX INPHUKIAJAX,
SIKI TATBEpIIN €(PEeKTHBHICTh 3alpOIIOHOBAHOI HEHpO-HEWIiTKOT Mozeli
po3mi3HaBaHHS 00’ €KTiB Ha 300pakeHHi Ha ocHOBI CNN ta HHK.

JlutepaTtypa

1. Duda R.O. Pattern classification / R.O. Duda, P.E. Hart, D.G. Stork — Wiley &
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YJIK 004.94:007.5:519.6

HUFFMAN CODES FOR FAULT-TOLERANT DISTRIBUTED
SYSTEM STRUCTURES
Ph.D. Kovalenko A. E.
E-mail:an20kov@ukr.net

Abstract. Some approaches to system-level diagnosis of mobile distributed
systems are discussed. System-level diagnosis aims at the identification of faulty units
in a self diagnosable distributed systems for elimination, repairing or recovering of
these units. Fault identification in large—scale systems in a great extent depends on the
number of fault patterns under given system syndrome. Correct fault patterns
transmission define the whole productivity of system diagnosis.

Keywords: large—scale mobile distributed systems, self-diagnosable systems,
syndrome compression, Huffman codes, big data.

Modern mobile large—scale systems combines mobile sensing, cloud
computing, and big data analysis to acquire, process, and predict mobile
sensor data. To handle and interpret such large scale data from mobile sensors,
new data processing mechanisms have to be explored [1]

Autonomic, fault-tolerant self-managing systems rely on the technical
states of system units (modules, services of built-in self-diagnosis) [2]. The
structure of self — diagnosable distributed system may be defined by
diagnostic graph G(V,E), where V is the set of system autonomic units and E
is the set of directed links (vi , vj ), vi, vj €V, between these units. Every
graph G(V,E) may be decomposed on regular sub graphs Gj - structures Lj, in

such a way, that G(V,E) = UG_/, G=(V,E ), n, = ‘VJ‘,
J

VieV.E, cE.v={Jr,.E={JE,
7

J
Diagnostic syndrome

4=y [<|E] A4 =ta, B0y € B

must be processed, where ayy is the state test result for a unit pair (vy, vy).
There are diagnostic models (DM), which may be used for given A;.

For every structure Lj and given DM there are syndrome compatible set
(SCS) of unit states for the every syndrome. The maximum number of SCS for
structure Lj is called as maximum syndrome appreciation (MSA).

The number of SCS for a given Lj and system syndrome A; as N(L;):.

N(L) )y =max N(L, ), VA}:|d) | <|E |
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Such a structure L; is called as maximum syndrome appreciation (MSA).
Lemma 1 The number of SCS for PMC [3] | - chain structures with n
elements is the MSA and is defined as [2]

fo=f+fi ,n>2f=1;f,=1

This appreciation may be used for evaluation of the upper merges in
some PMC structure set Lj, Lo, ..., Lk.

Lemma 2 Let Ly, Lo, ..., Ly are the PMC chain structures of G=G(V,E)
such as

Vi,me{l2,.khl#m: V,AV, =0,V,V,cV
Then the number N of SCS for G(V,E) is satisfied the expression

k
N <2 [T, wheren, =[], r=\(1UrU..U¥)
Jj=1

Some problems on compression of system-level diagnostic big data were
investigated. The encoding and compression of diagnostic data with their use
was carried out. Especially the gzip based on the DEFLATE algorithm (LZ77
and Huffman [3]), bzip2 (a Borrow-based algorithm based on the
Huffman method and the modified RLE) and xz based on the LZMAZ as a
combination of LZ and LZMA were used for elements (syndrome links or
nodes). The dependence of the encoding and decoding time, as well as the
total time consumed under defined number of units were investigated. Thus
some preferences has bzip2 in compared with xz and gzip. Some syndrome
compression algorithms are proposed. These algorithms are based on Huffman
trees for statistical and adaptive Huffman method [3]. The primary n-level
state tree is reduced for a given syndrome under defined DM. Then reduced
tree is transformed into the Huffman tree with leafs, which correspondent to
state patterns with fixed number of failed units.
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ONIPEJEJTEHUE MTHOBEHHOT'O 3HAUYEHUWS CUTHAJIA
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DETERMINATION OF INSTANTANEOUS SIGNAL VALUE USING
SPLINE APPROXIMATION
Dr. Sci.Lange P.K., Ph.D. Yaroslavkina E.E.

Annomayusa. PaccMoTpeHa MeTOAUKA IPUMEHEHMs CIUIAMH anmpoxcuMmanuu
IIPU OTIPEIEIEHUH MTHOBEHHOTO 3HAYEHHs CHTHAJIA MOIIHOTO 3JIEKTPOOOOPYL0BaHMSI.
IlpumeHeHNs JaHHOTO METOJa IO3BOJISIET ONEPAaTUBHO OMNPENETATh HHTErpajbHbIC
XapaKTePUCTUKH 32 BPEMsI MEHEE MOIOBUHBI IEPHOJIA.
Kniouesvie cnoga: WHTerpanbHbE XapaKTEPUCTHUKH  CHTHANA, CIUIAIH
anmnpoKcUManus, aaJUTUBHBII IIyM.

Abstract. Method of application of spline approximation in determination of
instantaneous value of signal of powerful electrical equipment is considered. The
application of this method makes it possible to quickly determine integral
characteristics during less than half of the period.

Keywords: integral characteristics signal, spline approximation, additive noise.

OmnepaTHBHOE YINpaBIEHHE B pPEAIFHOM pEXHUME BpEMEHH paboTon
MOIIIHOTO  CHJIOBOTO  3JIEKTPOOOOPYIOBaHWS CBS3aHO C JAWarHOCTHKOM
aBapuiHBIX ¥ TMpeJaBapUilHBIX ero cocTosHuil. Hambonee Hame)KHBIM
METOJIOM, HCIIOJIB3YEMBIM IIPH PELICHHH TAaKOTO YIPaBIEHUS, SBIACTCS
OTEPATUBHBIH  KOHTPOJNb TaKMX HHTETPANBHBIX  XapaKTEePUCTHK, Kak
CpeIHEKBaAPAaTUYHbIC 3HAYCHMS HANpPSKCHHS M TOKA, a TaKKe aKTHBHOHN M
peakTuBHOI MommHOCTEH [1]. OMHUM U3 METOAOB ONpeeIeHUs] MTHOBEHHOTO
3HAUEHUS SABJLIETCS MPUMEHEHHE CIUIaiH-almpoKcuManuu [2].

PaccmMoTpuMm 3azmady oOmpenereHUs CPEOHEKBAAPATUYHOTO 3HAYCHHS
CHUrHaJIa 10 €ro BEIOOpKaM.

B npenenax mHTEpBaJIOB BBIOOPKH CHTHAJI MOXKET OBITH BOCCTAHOBIICH C
OTIpeJIeTICHHOH OIIMOKOM ¢ IIOMOIIBIO alpoKCUMHpYIomei GyHknuu. B atom
ciydae K03(hQULIMEHTHI aNMNpOKCUMUpYIOIIEN dyHKIMN MOTYT
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HETIOCPEACTBEHHO SIBIISITHCS OCHOBOW AJISI BBIUMCICHUSI TEKyIIEH OLIECHKH
CPEAHEKBaAPaTHYHOTO 3HAUCHHS CUTHAA.

Juis oTOM 1enu mpeularaeTcsl UCIONb30BaTh  AMMPOKCUMUPYIOLIYIO
napaboryecKyo CIuaiH-(QyHKINIO, KOTOpast B 7-M MHTEpBaJIe OIMCHIBACTCS
BBIPaKCHUEM:!

x(t)=a2 [n]t2+a, [n]t+a0 [n] (1)
rae az[n], ai[n], ao[n] — nocrossaAbIe KO3()PHUIMEHTHI HA 12-M HHTEPBAJIC.

Jannble  KO03((GUIMEHTH  ONMPEAETAIOTCS B COOTBETCTBHH  C
BBIPAKCHUSIMHA IS ONIPEAETeHHBIX ILU(ppoBex ¢uiasTpoB. Kpome Toro,
mudpoBoit  GuIbTp, peanu3yomMi aNrOpUTM AamIpOKCHMAIMH, O00JiafaeT
CBOHCTBOM CTJI2)XMBAaHWS CHT'HAJIA, HA KOTOPBIN HAKIAIBIBACTCS aJJUTHBHBIN
myMm [3]. Ecmu mapaGomnmueckasi CIDIaifH-alIIPOKCHMAIHS TIEPHOINIECKOTO
CUTHala B €ro IOJOBHHE NEpHOoja ONpeleieHa B /m AUCKPETHBIX 3HAUYCHUSX,
TO €ro aucmepcus (A MOJIOBHHBI MEpHOJa) HAa MHTEpBajie IUCKPETH3ALUU
CUTHAJA fy OTIPENIEIIeTCS BBIPAKCHUEM:!

t S
O, = %Sz:i

, @

rae

Uiy 1 1
> = ajln]-t) + = anl-a,[n] - t) +—-a[nlt] +
55 =| " 2 3

+ 2, [n)-an]- + agln]-a [l + aifn

B sToMm cnyuae nucnepcus curaana OyaeT onpeaensThes:
< 1 2 4 1 3 1 2 2

—-a,[n]-t; +—-a/n]-a,(n]-t, +—-a’[n]t, +
_2.SZ_2_;5 2 a5 2 a T3 d

m m

a,

X

# 3 [n]- ot} + aglon-a [} + a3l

CreoBaTeIbHO, MTHOBEHHOE 3HAYEHHE CUTHAJA OYET PaBHO:
U,,=+a,, 3)

CK3
Jlist CHIDKEHUSI TOTPEHIHOCTH OMNpECTCHUS] CPEIHEKBAIPATHIECKOTO
3HAYCHUA HETapMOHUYCCKOro CHUIrHajla C BbICOKMMH Tpe6OBaHI/IHMI/I K
CKOPOCTH €r0  ONpEACNICHHUsI, IeIecO0Opa3HO  HCIONB30BaTh  CIUTAMH-
anmpOKCHMAIIHIO BEIOOPOK CHUTHANA HA MOJIOBUHE €T0 MePHO/IA.
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IIpp  oTcyTCTBMM  agAWTHUBHOTO IIyMa  CIUIAHH-aNIIPOKCHMAIIHS
ITO3BOJISICT BOCCTAHOBHUTH HETApPMOHMYECKYIO (hopMy CHTrHaja Ha IMOJOBHHE
€ro MepuoJia ¢ JOCTATOYHO MAJIOH OIIUOKOM.
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CORRELOGRAM ESTIMATION OF THE SPECTRUM BASED
ON A BINARY QUANTIZED SIGNAL
Dr.Sci. Yakimov V.N., Dr.Sci. Batishchev V.I.

Annomayun. PaccmoTpena paspaboTka OBICTPOro UH(POBOrO  AITOpUTMA
KOppeJlorpaMMHOW ~ OonleHKM crekTpa. OH IoinydYeH Ha OCHOBE OWHapHOTO
CTOXaCTHYECKOTO KBAaHTOBAaHMS C IMPUMEHEHHEM OKOHHBIX (DyHKIMI. AJTrOpuTM HE
TpeOyeT BBIMONHEHHS ONEPaIuii YUCICHHOTO HHTETPHPOBAHUS M BBIYUCICHHS OLIEHOK
KOPPEISIIMOHHOM (YHKIUH.

Knioueswie cnoga: ciekTp, KoppenorpamMMa, ONHapHOE KBaHTOBAHHE

Abstract. The development of a fast digital algorithm for correlogram estimation
of the spectrum is considered. It is derived from binary stochastic quantization using
window functions. The algorithm does not require performing numerical integration
operations and calculating estimates of the correlation function.

Keywords: spectrum, correlogram, binary quantization

YnupaBieHHe TEXHOJOTHYSCKUMHE TPOIECCAMH YacTO TpeOyeT KOHTPOIS
CIIEKTPAIBHOTO CcOCTaBa HWH()OPMATHBHBIX CHTHaNoB. KoppemorpaMMHbIi
METOJ fABJIIETCS OJHMM W3  KIACCHYECKUMX METOJOB  OLICHMBAHUS
cnekTpanbHoi mioTHOCTH MomHOocTH (CIIM). OnHako pa3paboTaHHBIE Ha €To
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OCHOBE KJIACCHYECKHE LU(PPOBbIE AaJITOPUTMBI TPEOYIOT  BBIMOJHEHHS
3HAYUTEJIBHOI0 00bEMa BBIYMCIICHHI, B TOM YHCIE U OIepaiuid nuppoBoro
yMHOKeHUs. OHM Takke TPeOYyIT MPEIBapUTEILHOTO BBIYMCICHUS OLICHOK
KOppENAIMOHHONW  (QyHKIuH. Bc€ 3T0  CHWKACT  BBIYUCIHUTEIHHYIO
a¢dextruBHOCTH onienuBanus CIIM [1].

C LeNbI0 MOBBIIICHUS ONEPATUBHOCTH BBIYHMCICHUS KOPPEIOTPAMMHOMN
ornenkn CIIM B mudpoBoM BHAE B KauecTBE MEPBHYHOTO MPeoOpa3OBaHUs

o
LEHTpUPOBaHHON peamuzanuu  X(f) aHAIM3MPYeMOro CUrHana OynaeMm

UCIIONIb30BaTh OMHApHOE CTOXacTHYeckoe KBaHTOBaHHMe. C ydyeToM 3TOTO
OLEHKY KOppeJSIUOHHONW (YHKIMM B Tpelenax HHTEpBajla BPEMEHH
CHEKTpaJbHOTO aHanu3 1 OyaeM HCKaTh B CIEAyIOIeM BHae [2]:

T
R (®) =T [ 2002, + 0, M)
0

2,() =sgn{x(D)+£,(0)}. 2,(0) = sgn {x(0) +£,(0)} ®)

B (2) sgn{...} — oneparop 3uakoBoii ¢ynkumu. Curnamst &,(f) u
€,(f) BomonHmoT QyHKUMIO TOpora KBAHTOBAHMS M PABHOMEDHO

pacmpenenensl B mpepenax or —& . no +& . rme sHavenmme &
JIOJDKHO OBITH HE MEHBILE BO3MOXKHBIX 3HAYEHHIM KBAHTYEMOM peaansalun
[2]. Ormetum, uto Z,(¢) u z,(¢) dopmupytorcs na untepsanax ¢ € [0;7] u
t €[0;2T']. Torna ouerka (1) 6yner HecmemnieHHol. BBemem 0603HaueHHME:
g(t, f)=w(t)cos2nft, 3)
rae w(T) — BecoBast OKOHHasS (YHKIHS (KOPPETALHOHHOE OKHO).
C yuerom (1) u (3) xoppenorpammuas otienka CIIM Oynet paBHa:

SN =262, T [2,0) [gx Nzt + vy @

Pe3ynbTaThl KBaHTOBAaHHUS (2) MOYKHO PaCCMAaTPHUBATh KaK HENPEPHIBHEIE
CMTHAJIBI CO 3HAUEHUAMH «-1» U «+1». DTU CMIHaJbl HA WHTEPBAJaX HX
dopmuposanus ¢ €[0;7] u ¢t €[0;27T] MOKHO TpEICTABUTH 3HAYCHHUAMHU

z,(t,) n z,(t,) B HAYANBHBIA MOMEHT KBAaHTOBaHHs U oTcueTaMu { ' } u
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V4 .
{lA2 }, B KOTOpble OHM MeHSIOT cBoe 3Hauenwe, rme 1<i</] u

1< j<J.HOpuosrom t;' =t;> =t, =0, t;' =T u t;> =2T [2]. Torza

TIoJIy4dacM:
t1+l t+T

S (/)= 260,721, )Z( D[ [2@gG—tfdudt. o)
ot

N3 (3) cemyert, 9TO A7l HEMIPEPHIBHOW U AU GEepeHIUPYyEeMOr (YHKITIH

w(t) Ha wuurepBane T €[0;27] cymectyer ¢yukums G(T, f), mm

KOTOpO#i BemMonHsiercst yeiosue g (T, f)dt = dG(t, f). C yderom sroro,

n3MeHuB B (5) TOpSNOK HWHTETPHPOBAHUS, IIOCIE HWHTETPHPOBAHUS 10
MIEPEeMEHHOIl ¢ U YUCICHHOTO BBIYMCIECHUS MHTErpaja IO MepeMEeHHOH 1T

HOTy4aeM:

S (1) = D (T ) + 250, Az (0) (DB ) ©)

Dy (T, ) = 2AG(T, f )R (T) + G(0, £, )R, (0)); %
m(i)+r(i)

B@], f)=z,(t7) D (1) "VAT,G(ALL ) s )
Jj=m(i)

A =leemi=0ni=1 ;N =2,ecm2<i<[-1;
e fy =kA, A =1/T, At, =17, -t n A, =t -1,

Takum 00Opa3omMm, BEIYUCIICHHE KoppenorpamMmHoi oneHku CIIM cBenoch
K o06pabotke orcueroB ¢yuxiuu G(T, f). OCHOBHBIME ONEpalUsIMU

SIBIIIFOTCS] OTICPAIMH CYMMHUpPOBaHUS W BblunMTaHus. [Ipu 3ToM He TpeOyercs
BBIUHCIICHUSI OICHOK KOPPEIAIUOHHON (yHKIuH. PaboTa BBITIONHEHA MPHU
nonaepxxkn PODU (mpoekt Ne 19-08-00228 A).
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BUSIBJIEHHSI TPOBJIEMHUX CUTYALIA ITPU IIJITPAMILI
YIIPABJIHCBKOI'O PIITEHHSA 3 BAKOPUCTAHHAM
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IDENTIFICATION OF PROBLEM SITUATIONS TO SUPPORT OF
MANAGEMENT DECISIONS USING BINARY AND PROBABILISTIC
CRITERIA
Dr.Sci. Levykin V., Ph.D. Chala O.

Anomauyia. 3anponoHOBaHO NBO(MA3HUHA MiAXiA IO BHUABICHHS NPOOIEMHUX
CUTyalmid TIpH aBTOMATH30BaHId MIATPUMINI yNPaBIiHCBKUAX pimeHs. [linxin
nependadae BUSBICHHS AaHOMAIBHHMX CTaHIB O0'€KTy YHpaBIiHHS 3a KpHTEpieM
MOPYIIECHHS TEMIOPAIBHUX OOMEKEHb Ta IOJAJbIINI 3HAXO/PKCHHS HEBIIIOBIJHOCTI
Bar TEMITOPAJIbHUX 3aJI€KHOCTEH 1JIs1 aHOMaJIbHHUX TOCIIIOBHOCTEH CTaHIB.

Kniouoei cnosa: minTpUMKa YNPaBIIHCHKHUX pillleHb, HPOOJIEMHA CHUTYaIlisd,
AQHOMaJIbHMII CTaH, YacOBE OOMEXECHHS.

Abstract. A two-phase approach to the detection of problem situations to support
of management decisions is proposed, which involves the detection of anomalous states
of the control object by the criterion of violation of temporal constraints and further
calculation of mismatch of temporal dependences weights for anomalous sequences of
states.

Keywords: management decision support, problem situation, anomalous state,
temporal constraint.

YnpainiHchKke pillIeHHsI CKIaJaeThCsl 3 MOCHIOBHOCTI YIIPABISIFOYUX JiH,
[0 Peati3yloTh YIPaBIiHHSI iH(pOpMaIIHHUMH, TEXHOJIOTIYHUMH Ta
0i3Hec- mporecaMH MiANPHEMCTBA B YMOBaX HEBU3HAYEHOCTI 111010 30BHIMIHIX
BIUIMBIB Ta CTaHy MIANPUEMCTBA SIK 00'€KTY OpraHizamiiHoro ynpasiins [1].
[Mpouec MpUAHATTS yNPaBIIHCHKOTO PillIEHHS MICTUTB €Tall BUPILICHHS 3aadi
BUSBICHHSA TpoOieMHO{ cHTyamii , IO TOB'A3aHA i3 BHUHUKHEHHSIM
aHOMaJIbHUX cTaHiB 00'ekry ympasiinHs (OY). 3a3HaueHe CBIJUUTH HPO
Ba)KJIMBICTh aBTOMATH30BAaHOTO BUSIBIICHHS TAKUX CTaHIB.

[IpobnemHa cutryamiss y KOXEH MOMEHT 4Yacy XapaKTepH3YEThCS
HETUIIOBUM CTAHOM OO0'€KTY YNpaBJIiHHSA, [0 BUHMKA€E BHACIIIOK aHOMAaJIbHOL
THIoTepeTHBOT HOCIITIOBHOCTI CTaHIB 200 JK HECBOEYACHOTO BUHUKHEHHS TaKHX
craHiB. [cHyrOYi MiaX0a¥ 0 BUSBICHHS aHOMaNbHUX cTaHiB OY opieHTOBaHi
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Ha TIOPIBHSHHS TOCIHIJOBHOCTEH CTaHIB. Y BHMAAKY BiOMOi peari3oBaHOi
MOCTITOBHOCTI CTaHIB BHKOPHCTOBYETHCS METOJ HAHOMIDKYMX CyCimiB, a
TaKOXX YacTOTHI MeToju. [1OCHiJOBHICTh MPUXOBAHUX CTaHIB (OPMYETHCS B
paMKax NpUXoBaHOI MapkiBcbkoi Moperni. OJHak BUSIBICHHS MPOOIEMHOT
cuTyauii 3 ypaxyBaHHSIM sIK HETHIIOBOI, TaK 1 HECBOEYACHOI IMOCHiZOBHOCTI
CTaHIB MOTpeOy€e MOAAIBIINX JOCIIIKEHb.

3anpornoHOBaHUK MiXiJ A0 BHSBJICHHS aHOMAJIbHUX IOCITIJOBHOCTEH
CTaHIB mepeadayae IOCTIIOBHY IEPEBIPKY BIJIOBIIHOCTI TEMIIOpPaIbHUX
3HaHb [2] OiHapHOMY Ta WMOBipHICHOMY KpuTepisM. [ligXim BHKOPHCTOBYE
MpeACTaBleHI B Jorax iH(OpMaIiifHOl cHCTeMH IaHi MPO TOCHIiTOBHICTD
craniB OV Ta yac iX BAHUKHEHHS B PE3yJIbTaTi BUKOHAHHS YIIPABJISIOUNX Mild.

Po3pobnennit minmxim ckmamaetsest 3 ABoxX (Ga3. Ha mepmmii ¢asi

BHSBIISIETHCS TOPYIIEHHS HAab0Opy TEMIOpaJIbHUX OOMEXEHb Q = {ql. k} .

Taki oOMeXEHHS BH3HAYAIOTh JOIYCTHMI IIOCHIZOBHOCTI cTa”HiB OV

1

I1. = <Si,19""Si,k""’Sni>' B mocnigoBHOCTSIX Hl. O0OMEXEHHS 4q;x

BUKOHYIOTBCS [IOYMHAI04HM 13 crany S, . Ha naniii asi BUKOpHCTOBY€ThCS

OiHapHHI KpUTEPil BiACYyTHOCTI aHOMATIH:
VVkVi)3s,, €I, :q,, =true. 0

Hpyra ¢a3a BHKOHyeTbCS Y BHIAnKy icTUHHOCTI Kpurepito (1) Ta
MOJISiTa€ 'y TEPEeBIPIi  BIAMOBIAHOCTI TOTOYHOI IOCIIZOBHOCTI CTaHiB
HMoBipHicHOMY KpuTepito. OCTaHHIH BH3HAYAETHCS SIK TEPEBUILCHHS
[MOPOTOBOT0 3HAYCHHS BIAXWICHHS Bark TEMIIOPAIbHUX 3HAHb, IO
XapaKTepU3yITh IMOTOYHY MOCHIOBHICTh CTaHiB, BiJ CEPEIHBOI Baru
3aJICKHOCTEH, 10 BH3HAYAIOTH THIIOBI  pealli3oBaHi  ITOCIiTOBHOCTI
YOPaBISIOUUX Tii.

Bara temmopanpHUX 3aJI€KHOCTCH PO3PaxOBYEThCS HA OCHOBI 3HAYCHHS
HMOBIPHOCTI TX BUKOHAHHS y pealli30BaHUX MOCTITOBHOCTSIX CTaHIB.

[lepeBuieHHsT MOPOrOBOTO 3HAYCHHS Bard CBIAYUTH IPO HETHUIIOBY a00
HECBOE€YACHY MOCIIiIOBHICTh CTaHIB.

B mimomy 3ampormoHOBaHMH MiAXin BiAPI3HAETHCS THM, IO MpHU
BUSBJICHHI MPOONEeMHOI CHTyamii BpaXxOBYeThCS SIK 3HAYEHHS 4Yacy
BUHUKHEHHS cTtaHiB OY, Tak 1 MOCHiOBHICTE IIMX CTAHIB.
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ABTOMATHU3AIIAA YYETA CBETJ’H:IX HE®TENNPOAYKTOB IIPU
BBIIIOJIHEHHUU ONIEPAIINU CJIMBA U HAJIMBA
JL.T.1. STkuMoB B.H. (0000-0002-2452708) 1i5arop P LI, (0000-0003-3814-3851)
E-mail:yvar@hotmail.com, ruslanib1687@gmail.com

AUTOMATION OF ACCOUNTING FOR LIGHT OIL PRODUCTS
WHEN PERFORMING DRAINING AND FILLING OPERATIONS
Dr. Sci. Yakimov V.N., Ibatov R.Sh.

Annomayun. PaccMOTpeH BONPOC  OpraHHM3allMd  aBTOMAaTHU3HPOBAHHOIO
pabodyero Mmecra yuéra HeTENpOMYKTOB JUIi OIllEpaluii ciouBa W HaJIUBA.
Pa3paborannas MeTouka obecriednBaeT KOHTPOJIb HECKOIBKUX MPOLECCOB CIIMBA MU
HajuBa He(dTenpoaykToB. OHa MOXET HAfiTH NPUMEHEHHE NPH MOJCPHU3ALMU U
MIPOEKTUPOBAHUU OOBEKTOB HE(PTIHOM OTpaCIH.

Knrouesvie cnosa: HedTenpoayKThl, ©I3MEPEHNE MACCHI, aBTOMATH3ALIIS

Abstract. The issue of organizing an automated workplace for oil products
accounting for operations of draining and filling is considered. The developed method
provides control of several processes of draining or filling of petroleum products. It can
be used in the modernization and design of oil industry facilities.

Keywords: petroleum products, mass measurement, automation.

B mpouecce ympaBieHus onepauMsMH CIHBa W HajluBa YYET MAaccChl
CBETNIBIX HE(PTENMPOAYKTOB B OCHOBHOM OCYIIECTBISECTCS KOCBCHHBIM
criocobom. Ilpu 3TOM METOMUKH KOHTPOJSI TEXHOJOTHYECKUX MMOTEPh OT
HEIUTOTHOCTH 000PYIOBaHUsI MpH npuéme (OTIycKe) HEPTEIPOIYKTOB MOTYT
3aBpimaTh pe3ynbtratel 10 (20 —30) %. IlosToMy 3amaua TIOBBIIICHUS
OTEPATUBHOCTH YIIPABJICHUS W TOYHOCTH yd4€Ta HE(DTEHPOAYKTOB SIBIISICTCS
aktyanpHOH. Ilpu mpueme (OoTmycke) HE(PTENPOMYKTOB B aBTOMOOWJIHHBIC
IUCTEPHBI Macca OMPENENAeTCS PAacueTHBIM IMyTeM. JTOT METoJa 00Jamaer
BBICOKUMH TpyAO3aTpaTaMH M MOTPEIIHOCThIO U3MepeHuil. bonee TouHbIN
METOJl OCHOBAH Ha B3BEIIMBAHUH ABTO- WIM JKEJIE3HOJOPOKHBIX LUCTEPH Ha
Becax. Jlis oTOro Merona JOIMycKaeMasi OTHOCUTENbHas MOrPEUIHOCTh
U3MEpPEeHUs Macchl HE(PTEMPOAYKTOB JUIS  pACUEIUICHHBIX  aBTO- U
JKEJIe3HOJOPOKHBIX LHUCTEpH He JoibkHa mnpeBbimate 0,40 %, a s
JBIDKYIIIUXCS CIETIIICHHBIX He MoJpKHA mpeBbimath 0,50 %. JIns moBbITIeHMS
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ONEPaTHBHOCTH  M3MEPEHHE  MacCchl  He(TENpoAyKTOB  pa3paboTaHa
aBTOMATH3MPOBaHHAs CHCTEMa YNPABJICHMS, COCTABHOW YAaCThIO KOTOPOH
spisierca APM onepatopa. IIpu 3ToM B mporecce BBIIOJIHEHUS onepanuit
npuemMa (OTIycKa) Npeajaraercs HCHONb30BaTh  CYETYUK-PACXOIOMED
MaccoBbIi. B 3TOM cinydae morpemHocTs u3Mepenus camxaercs 10 0,25 % mno
macce, 0,25 % 1o o6bemy, 0,5 kr/cM® 10 cpeiHel IIOTHOCTH IPOAYKTa H
0,5 C° cpeqHell  Temmeparypsl. KonTponupoBanue  BBINOJHEHUS
TEXHOJIOTMYECKMX MPOLECCOB INpH mnpHeMe (OTIycke) HePTernposLyKToB
peann3yercss C HCIOJIb30BAaHWEM CICIHAIN3UPOBAHHOTO IPOTPAMMHOTO
obecrieueHnst APM, KoTOpoe TIO3BOJSET JOTIOTHUTEIHLHO BBITOJHATE:
ONEPaTHBHYIO PETYJIUPOBKY pacxola M MOJJCPXKAHHE IOCTOSHHOM
IIPOU3BOUTEIBHOCTH HAcOCOB; KOPPEKTUPOBKY pacxofa IUIsi KOHKPETHOTO
TEXHOJIOTHYECKOTO TPyOOIpoBoga OOBEKTa, C YYETOM BBICOTHI B3JIMBA B
pe3epByape; MUHHMH3ALUIO THIPOYNAapOB M  YBEIWYECHHS TOYHOCTH
JIO3UPOBAHMUSL.

APM mno3BonseT omneparopy OAHOBPEMEHHO KOHTPOIHMPOBATH MPHEM H
OTITyCK 1O pa3HBIM OpeHaaM HedrenpoaykToB. Ilpm 3TOoM BemeTca XKypHai
COOBITHH, TMO3BOJISIIOIIMI B 000 MOMEHT BpEMEHH BOCCTAHOBHUTH
XPOHOJIOTHIO ITPHUEMa M OTITyCKa He(TENPOIYKTOB U JEHCTBUI oreparopa.

Ilepemaua u craructhyeckas o00paboTKa HMH(MOPMATHBHBIX JAHHBIX
N3MEpPEHNI OCYNIECTBIISICTCS. Ha OCHOBE OHHApHOTO CTOXAaCTHYECKOTO
kBaHTOBaHUA. OHO peann3yeT Npolenypy IBYXYPOBHEBOI'O KBAaHTOBAaHHMS 0e3
CUCTEMAaTHUYECKOM  MOTrpeIHOCTH.  Pe3ydabraT  Takoro - KBaHTOBaHUS
TIPEACTaBIIET COOOM HENPEPHIBHBIM BO BPEMEHH U OTPaHUYCHHBIN 110 YPOBHIO
3Ha4eHUSIMH «—1» u «+1» 3HaKOBBI (TenerpadHblit) CUTHAIL
Hocurenamu nabOpManum SBISIOTCA UIMTEIBHOCTH HHTEPBAJIOB BPEMEHH,
ompenensieMble CMEHON TeKYINX 3HaYeHUH 3HAKOBOTO curHana [1]. B obmem
cirydae pa3paboTaHHasl CHCTEMa B aBTOMATH3UPOBAHHOM PEXHME pean3yeT
HETIPEpEIBHYIO Ilepenady naHHeIXx Ha APM omeparopa m obecrednBaeT ydeT
KaXJOH OTHYIICHHOW MapTHH HE(TETPOAYKTOB, UYTO CHIDKACT BIMSHHE
yenoBeueckoro (hakrtopa Ha mpomecc m3MepeHms. PaspabGorannas cucrema
MOXKET HaWTH MpHUMEHEHHEe IIpU MOJIEPHU3AIMM M TPOEKTHUPOBAHUU
Pa3IMuHBIX 00BEKTOB HEPTIHOW OTPACIIH.

JlutepaTtypa
1. Sxumos, B.H. IluppoBoii KOMIIEKCHBIA CTaTHCTHYECKUN aHAJIH3 HA OCHOBE
3HAKOBOT'O TIPENCTaBIeHUs ciydaitHpix mpoueccoB / Useectus CHLL PAH, 2016. —
T.18. — Ne 4(7). — C. 1346-1353.
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VJIK 519.7

OLIHKA TEMIIOPAJIbBHUX 3MIH Y BUMOTI'AX KOPUCTYBAYA
PEKOMEHJALNIMHOI CUCTEMHA
JLT.H. Yasmii C.'19000-0002-9982-9091]
Kk.T.H Jlemuucbkuii B.O. 20000-0002-8690-5702]
E-mail:'serhii.chalyi@nure.ua, *volodymyr.leshchynskyi@nure.ua

EVALUATION OF TEMPORAL CHANGES IN THE
REQUIREMENTS OF THE RECOMMENDER SYSTEM' USER
Dr.Sci. Chalyi S., Ph.D. Leshchynskyi V.

Anomauia. 3anpONOHOBAHO MiJXiJ J0O OIIIHKA TEMIOPATbHOI JHMHAMIKH BUMOT
KOpHCTyBada y PEKOMCHJAIIHHIM cuCTeMi Ha OCHOBI PI3HMII KIJBKICTI HOmIH 3
MOKYTIOK 200 BCTAHOBJICHHS ~ PEHTHHTIB 32  OJHUM IIPEAMETOM 3 YpaxXyBaHHSIM
cyMapHOI pi3HMII TOXii 3a BCiMa mHpenMeTaMH Ha ABOX PpI3HHXIHTEpBalax dacy.
[igxix mae MOKIMBICTh BPaxyBaTH CXOXKICTh 3MiH BHMOT KOPHCTYBadiB 3 4acOM IPH
o0y J0Bi peKOMEH AL,

Knwuoei cnoea: pexoMeHIamiiHa CHCTEMa, PEKOMEHIAMis, TEMIIOPaTbHUHA
MaTepH, BIOA0OAaHHS KOPUCTYBAYiB.

Abstract. An approach to estimating the temporal dynamics of user requirements
based on the difference in the number of purchases or ratings for one item, taking into
account the total difference of these events for all items at two different time intervals.
The approach makes it possible to consider the similarity of changes in user
requirements when constructing recommendations.

Keywords: recommender system, recommendation, temporal pattern, user
preferences.

PexkomenpamiifHi cucTeMH TpHU3HAYEHI I MIATPUMKH — BHOOPY
CHOXKMBaya LUISIXOM  (JOPMYBaHHS  PEKOMEHOBAHOTO  IEPCOHAIBHOTO
meperiky ToBapiB a6o mociyr [1]. OgHak BUMOTH KOPUCTYBAYiB 3MiHIOIOTHCS
3 YacoM, IO MPHU3BOAWTH JO HEBIAMOBIAHOCTI MK pPEKOMEHIAIEI0 Ta
notpedamu criokuava. [yt BUpILICHHs 1€l MpoOIeMU BUKOPHCTOBYIOTHCS
TEMITOpabHi MoJeni, 1m0 (opMaNTi3ylOTh BIACTUBOCTI MOCIHITOBHOCTI IMOJiH
BUOOpY KOpHCTyBaua. B sKOCTI Takux MoJelneil, 30KkpemMa, BUKOPUCTOBYIOTh
TEMITOpaJIbHI TpaBHiia, 0 BU3HAYAIOTH YIIOPSIAKOBAHICTh y Yaci Ui OKPEMUX
nap moxii [2]. Jnsg migBumeHHs e(QeKTHBHOCTI MOOYAOBH PEKOMEHIAIiN
BKa3aHi MojeNli HeoOXiTHO ONepaTHBHO JOMOBHIOBATH B OHJIAWH-PEKHUMI
po0OTH pEeKOMEHAAIHOI CHCTEMH Ha OCHOBI iH(opMauii mpo HOTOYHUH
BUOIp CIIOXKMBaviB. AKTyaJIbHICTh pOOOTH BU3HAYA€THCS MOTPEe0OI0 MOOYA0BH
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IHTETPOBAHOI OIIHKK CXOXKOCTI BHOOPY KOPHICTYBadiB 3 ypaxyBaHHIM SK
TEMIOPAIFHOI TUHAMIKA BHOOPY IO OKpEeMHM TIpeiMeTaM, TaK i CXOXOCTi
3MiH BHOZOOAHb 1O PI3HUM IIpeIMeTaM y 4aci Ipu OOMEXEHHSX OHJIaiH-
PEKHMY.

3anpornoHOBaHMM MiJXiJ 10 OLIHIOBAHHS TEMIIOPaJIbHUX 3MiH 0a3yeThcs

. . i . ™

Ha BHM3HAYE€HHI Bar mO;ii e,(c), a TakoXX BCIX MOXIWBUX Tap TOMiH
e(i) (7 3 60 OpHCTyBayJa - eIME oMe ac
PN BHOOPY KOpPHCTyBauaMu MPEeIMETy Y MOMEHTH dYacy

T, T BigmoBigHo. MHOXHHA El. BCIX MOXIIMBHX Iap IMOXiA BHU3HAYAE

T0CITIOBHICTH BHOOPY I — IpeaMeTy 3a mepios dacy T:

¥ :{<e]£i)’el(i)>;(Vle)tk <1,(7,.7, eT)}. (1)

1

B 3anexnocTi Bin piBHS y3aralbHEHHs 4acy KOKEH MOMEHT T, crae
eKBIBAJICHTHAM TeMIIopaibHoMy inTepsany AT  (HAIpUKIA, NeHb, MiCALD):
1, = At (VEVI)|AT, | =|AT .

k k k !
(1)

[lpy TakoMy IHTEpBAILHOMY ONHMCI 4Yacy KOXHY MOIist €

o (D) Lo
KOMINIECKCHOI Ta CKJIaga€TbCA 3 MHOXXHWHU IIOJ1U ek j , IO BUHHUKAIOThH 13 -
.

(1)

. . ves i —
MPEeIMETOM B paMKax 3aJaHOro pIiBHS JeTaiizailii dacy: e,(c) —{ M j}‘
BinnoBigHO, KINBKICTh €JIEeMEHTapHUX IMOMAINA (HAIPUKIAJ, IMOKYIIOK 332 OTUH

0 _|,0|

vee l
Z[CHL) CTAaHOBUTD Bary KOMIIJICKCHO1 ITOA11 Wk k

TeMnopanbHa TUHAMiKa KOPHCTYBalbKOTro BHOOPY Pl. JUIS TIapH TOJIH

() ()

€, Ta € 3TiAHO 3alPOTIOHOBAHOTO INIXOAY OILIHIOETECA depe3

(i) (i) (1)

. . . i .. .
BiHOIICHHS Pi3HUII AWk ; Bar moxpii €.~ Ta € i3 CyMapHOIO

JUHAMIKOI0 BHOOpPY KOPHUCTyBada I Pi3HHX TOBapiB Ha Mapi iHTEepBaliB

A‘Ck Ta A’El:
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A (4)
v P, = Ll(l) 2

ZAWk,l

7

Jlana oIiHKa Ja€ MOXJIMBICT, TpH (HOpMyBaHHI peKOMEHIAIlIN
OIIEpaTHBHO BPaxXyBaTH CXOXICTh IIOTOYHHX 3MiH IONUTY HA Pi3HI NpeAMETH
npu  ¢dinbTpamii gaHuX Imoxo BHOOpY cHoxuBadiB. JlaHi, BimiOpaHni B
pe3yibTari  OLiHIOBaHHsS, (OPMYIOTb MarepH IIOTOYHOI  ITOBEIIHKH

KOpUCTYBa4iB Ta € BXiJHUMH JaHUMHU 11 (OpPMYyBaHHS pEKOMEHJAIii,
30KpeMa METOJIOM K0J1abopaTHBHOI (iIbTparii.

JlitepaTypa
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2. Chalyi S., Leshchynskyi V., Leshchynska I. Method of forming
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DECISION TREES IN FORECASTING PROBLEMS
Yaroshchuk O.V., Yakushyna A.O.,
Ph.D. Shpinareva 1.M., [0000-0001-9208-4923]
E-mail: yaroshchuk.oleksandr@ stud.onu.edu.ua,
anastasiia.yakushyna@stud.onu.edu.ua, ishpinareva@gmail.com

Abstract. The application of decision trees in forecasting problems while
processing of large data sets is considered. An example of the decision trees application
is the diagnosis of cardiovascular disease. Among the algorithms of building decision
trees ID3, C4.5, CART and random forest are chosen.

Keywords: data mining, decision tree, random forest, forecasting, medicine.

Decision trees are one of the most effective methods of data analysis.
They are widely applied in various spheres of life because they are easy to use,
free from ambiguity and reliable even in the case of missing values. Recently,
the decision tree methodology has also become popular in medical research.
Nowadays most hospitals are using some kind of hospital information system
to manage their medical or patient data.

These data are rarely used to support clinical decision making. Analysis
of big data leads to a new medicine — personalized and preventive.
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Preventive medicine is presented above economic, as it narrowly focuses
efforts. A significant part of the routine in the work of the doctor can be
automated through pre-collection and initial data analysis.

Currently, a significant number of algorithms for decision tree building
have been developed, but the most widespread and popular are ID3, C4.5 and
CART [1,2].

The stages of building a decision tree include the following steps:

-selection of the accuracy criterion;

-selection of branching type;

-determination of the moment of branches termination;

-determination of the appropriate size of the tree.

There are different ways to select another attribute for the current branch:

-in the ID3 algorithm, the selection of the attribute is based on the
information gain (Gain);

-in algorithm C4.5 (improved version ID3) the selection of the attribute is
based on the normalized information gain (Gain Ratio);

-in the CART algorithm, the attribute is selected based on the Gini index.

The Heart Disease UCI database was used in order to study decision tree
algorithms [3]. This dataset contains 76 attributes. Experiments with the
Cleveland Database focused on a simple attempt to distinguish presence from
absence of cardiovascular disease.

As a quality criterion of the models, the F-measure was chosen, which is
a harmonic mean between accuracy and completeness. After applying the
algorithms, the following results were obtained: ID3 — 75,5%; C4.5 — 76,2%;
CART - 80,3%.

In order to improve the result, a random decision forest was used to solve
the possible problem of decision tree overfitting. The random decision forest
involves several trees, the classification result of which is determined by
voting. The basis of the random decision forest was the CART algorithm. The
result was a decision forest, the F-measure of which reached 89,6%.

One of the main advantages of decision trees is their interpretability. For
example, the first three levels of the constructed decision forest are considered
(Fig. 1).

In the root node, there is a symptom of chest pain such as angina, the
presence of which in most cases assumes the presence of the cardiovascular
system diseases.

This is followed by symptoms such as resting blood pressure (mmHg on
admission to the hospital), the slope of the ST segment peak, heart rate,
cholesterol level in mg/dl.
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Fig. 1 — The first three levels of built random decision forest

Thus, decision trees allow not only to solve the problem of forecasting,
but also to provide an opportunity to analyze the result and identify the
features that have most influenced the result.

However, the possibility of rapid overfitting is the most significant
among the disadvantages of decision trees algorithms, although the problem is
solved by cutting off branches, as well as by using of decision forest.
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MATEMATHUYHI 3ACOB MOJAEJKOBAHHA JTOT'TYHUX
3B’A3KIB MI’K YACTUHAMU TEKCTOBOI'O IOKYMEHTY
J.1.1. BaBinenkopa A.I. [0000-0002-9630-4951]

E-mail: vavilenkovaa@gmail.com

MATHEMATICAL TOOLS FOR MODELLING LOGICAL LINKS
BETWEEN THE PARTS OF TEXT DOCUMENT
Dr.Sci. Vavilenkova A.

Anomauyia. 3anpolOHOBAHO MaTeMaTH4HI 3aco0HM A iHTeprpeTauii mpaBHiI
CEeMaHTUYHOI TOOYJIOBH TEKCTOBUX (DparMeHTiB, Mojeni (OpMyBaHHS JIOTi4HUX
3B’S3KIB MK IIUMH (pparMeHTaMH Ta MAaTEMAaTHYHHNA amapar JUls peaiizailii mporecy
BUSIBJICHHS [IUX MPaBHIL.

Kntouogi cnosa: noriko-JiHIBICTHYHA MOJIENb, IPUPOJIHA MOBA.

Abstract.It was proposed mathematical tools for interpretation of rules for
semantic construction of the text parts, models for making the logical links between
these parts and mathematical tools for identifying rules.

Keywords: logic and linguistic model, natural language.

HesBaxkatouu Ha BEJIHMKY KUIBKICTh CEPBICIB, 1110 MPOIOHYIOTHCS ChOTO/IHI
JUIS 3MIACHEHHS 3MICTOBHOI OOpOOKH EIIEKTPOHHHX TEKCTOBHX JOKYMEHTIB,
30KpeMa TOOYIOBH JEpeB CHHTAKCHYHOTO po30opy [l1-2], BusBICHHS
KIro4oBHXCHiB  [3], BU3HA4YEHHS  TOHAJIBHOCTI  TEKCTy, JOCi  He
BUKOPHUCTOBY€ETHCS €JMHUM €TAJOHHUI MPOTrpaMHUM MPOIYKT IS €KCTPAKIii
3HaHb 13 EJIEKTPOHHOTO TEKCTOBOTO JOKYMEHTY.

Jliist BupinieHHS i€l mpoOaeMu HeOOXiHI alrTOPUTMH, SKi MTOEIHYBAIH O
y co0l mpaBwiia CeMaHTHYHOI MOOYJOBH TEKCTOBHX (parMeHTiB, Mozeni
(hopMyBaHHS JOTIYHHX 3B’SI3KiB MK IUMH ()parMEHTAaMH Ta MaTeMaTHYHHMA
amapatr Juis peanizaiii Mpolecy BUWSBICHHS IMX MHPaBWJI 3a JIONMOMOTOIO
CcydJacHHX iH(OpPMAIIfHAX TEXHOJOTIH.

Hexali KkoxxHOMy pEYEHHIO NMPUPOJAHOI MOBM S| Ta S, CTaBUThCA Y

BIMOBIAHICT JIOTiKO-JIIHTBICTHYHA MOJENb [4], Tomi A MaTeMaTHYHOI
iHTepIpeTanii MpaBUJI CEMAaHTUYHOI MOOYJOBU TEKCTOBHX (hparMeHTiB OyIo
pO3pO0JIEHO OCHOBHI MPHWHIUIN CHHTE3Y JIOTIKO-TIHTBICTHUHUX MOJEJeH
pedens mpupogHoi MoBH [5]. KokeH i3 HEUX CHpSAMOBaHWI Ha BUSBICHHS
TaKUX CHOCOOIB JIOTIYHOTO 3B’SA3KYy Y TEKCTi, K CEMAaHTHYHE UM JEHKTHYHE
MTOBTOpPEHHSI, a00 MOBTOPEHHS TPaMaTHYHUX IapaMETPiB Y PEUCHHSX.
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Bracnminok 3acTocyBaHHS TOTO 9H iHINOTO MPUHIUITA CHHTE3Y Y JIOTIKO-
JIHTBICTUYHUX MOJIENISAX peUeHb 31 HCHIOIOTHCS 3aMiHHU, a TAaKOXK (OPMYIOThCS
MAacCHBH KOMIIOHEHT JIOTiKO-JTIHIBICTHYHHMX MOJICNICH, 3a SKUMH YiTKO
MIPOCTEXKYETHCS, 3 IKUM PEYCHHSIM Ta 32 SIKOI0 caMe KOMIIOHEHTOI0, TIOTOYHE
pEeUeHHS MOB’si3aHE 3 IHIIMMHU y MEXaX BChOTO €JIEKTPOHHOI'O TEKCTOBOTO
JOKyMEHTA.

Moneni ¢opMyBaHHs JIOTiYHHUX 3B’SI3KIB Y TEKCTOBOMY (parMeHti
nepen0avyaloTh BUSBICHHS IEBHUX TEKCTOBUX IPOTOTHINB, TOOTO 3paskiB
TEKCTOBOI MOOYHOBH. PO3pi3HAIOTECS I’ ATH OCHOBHUX THIIIB TAaKUX MOJIEIEH:

1) Ga3yeThcs Ha TOCHTIOBHOMY PO3TOpPTaHHI iHpopmamii, TOOTO KOIH
HOBa iH(opMalis 3 IMONEPEAHBOIO PEYEHHS CTAE TEMOIO JUIS HACTYITHOTO
peUeHHS;

2) y IEKiIbKOX PEYEHHSX NPHPOAHOI MOBH BXKMBA€THCS OAWH 1 TOH
caMmuii Cy0’€KT, IPEICTABIICHUH y PI3HUX IHTEPIIPETAIlisX;

3) cy0’€eKT Mepmoro pedeHHsl YaCTKOBO BHUCTYMAE CyO €KTOM ISl BCIX
HACTYITHHX;

4) cy0’exTH JOTIKO-JIHTBICTHYHHX MOJeNeil BCiX HACTYNHUX pEYeHb
MPUPOAHOI MOBH € KOHBEPCHBAMH 10 Cy0’ekTa, 00’€KTa, TpeaMeTa
BIJHOIIICHD;

5) mepenbayaeThCs BIMHOBICHHS BIJCYTHIX y TEKCTI 3MICTOBHHX
€JIEMEHTIB, TOOTO Y TEKCTi BiZIOyBa€THCS TEMAaTHYHHUI CTPHOOK.

MarematuuHuid amapar, IO IPOIOHYETHCS aBTOPOM JUISi BHSIBICHHSA
3MICTOBHHX 3B’SI3KIB y €JICKTPOHHHMX TEKCTOBHMX JOKyMEHTaX, 0a3zyeTbcs Ha
(hopMyBaHHI JOTIKO-TIHI'BICTHYHUX MOJIeNIel pe4eHb MPUPOTHOT MOBH.
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FEATURES OF MANTISSAS PROCESSING AND CHECKING IN
ITERATIVE ARRAY DIVIDER
Dr.Sci. Drozd O.V., Balanda A.V, Ududenko S.P, Melnychuk Y.Y.

Annomayusn. PaccmarprBaeTcs MaTpUYHBIA JETUTENb MAHTHCC, BBITOIHSIOMINIA
00paboTKy NpPUONMKEHHBIX IaHHBIX B (opMarax ¢ IUIABAIOIIEH TOYKOH, M ero
KOHTpPOJIb B Hpoliecce BEMHCIeHUI. lccienoBaHusi MpOBENEHBl Ha IMPOTrPaMMHBIX
MOJIETIAX, KOTOPbIe BOCCO3AI0T (h)YHKIMOHUPOBAHUE AENUTENS B YCIOBHUSX ICHCTBHUS
HEHCIIPABHOCTEH INPH IOJHOM M COKpPAIIEHHOM BBINONHEHUH orepanuii. OrneHeHa
JIOCTOBEPHOCTHh KOHTPOJS PE3ylbTaTOB II0 MOJYJNIO M KOHTPOJSA C MCIOIb30BaHUEM
MIPOCTBIX YHCEIL.

Kniwoueevie cnosa: TpHOMIDKEHHbIE  JaHHBIE, MATPUYHBIA  JIEJIUTEINb,
COKpAIIIEHHAsI OTlepanust, KOHTPOJIb O MOJYIIO, IPOCTOE YHUCIIO, JOCTOBEPHOCTb.

Abstract. An iterative array divider of mantissas, which processes approximate
data in floating-point formats, and its checking during the calculation process is
considered. Studies were carried out on program models that recreate the function of
the divider with the execution of complete and truncated operations under the
conditions of faults. Trustworthiness of residue checking of results and checking with
the use of prime numbers is evaluated.

Keywords: approximate data, iterative array divider, truncated operation, residue
checking, prime number, trustworthiness.

CoBpeMeHHbIe HH(POPMAIIMOHHBIE TEXHOJIIOTHH, UMIIJIEMEHTUPOBAHHbIE B
KOMITBIOTEPHBIE CHCTEMBI JJIsI 0OpaOOTKM OOJIBIINX JaHHBIX, MOJJIEPKKH
WuTepHeTa Bemiel u Bcero, KNOep-QpU3NUECKUX U KPUTHIECKUX MPUIIOKECHUH,
UMEIOT OOImMe 4YepThl, CBs3aHHBIE C BBHICOKUMH TPEOOBAHMSAMH K
MIPOU3BOJUTEIBHOCTH BBIUUCIEHUH U JTOCTOBEPHOCTH PE3YyIbTATOB, a TAKXKe
THIIOM JaHHBIX, KaK IIPABUIIO, I10JIy4a€MbIX OT JaTYUKOB.

[TpousBoxuTenbHOCTE OOecrieunBaeTcsl KOHBelepu3alyeil BoIYUCICHUI
C HCIOJBb30BAHMEM B CEKIUSIX KOHBeHepa MAaTpPUYHBIX YCTPOHCTB Amst
BBHINIOJTHEHU apUPMeTHYecKuX omnepanuii. J[ocTOBEpHOCTh pE3yJIbTAaTOB
OLICHMBAETCSI CXEMaMHU KOHTPOJS B IIPOLECCE BBIYMCIECHUH. Pe3ynbraThl
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M3MEPEHHUs, TOJNydyaeMble OT JaTYUKOB, SBISIOTCS  IPUOIIKEHHBIMHU
JMAHHBIMH, KOTOpBIe, Kak TpaBuUiio, oOpabaTwhiBalOTCI B (QopMmaTax ¢
rJiaBaronieit Toukou [1].

IToaToMy MaTpPUYHBIA JIEIUTENb, BBIMOIHSIONINA HAWOOJIEe CIOXKHYIO
apupMETHYECKyI0 OIepaluio, INPEJICTABIIET HWHTEPEC C IIO3UIHUU €ro
HCCIIeJOBAaHMS B YaCTH 00pabOTKM M KOHTPOJISI MaHTHCC.

HccnenoBanusi TpoOBeAEHBI C HCHOJNB30BaHUEM pa3pabOTaHHBIX JUIS
9TOr0 TPOTPaMMHBIX MoJieNiel, OToOpaXkaloImux o0padOTKy MaHTHUCC H
BEITIOJTHEHNE WX KOHTPOJS B MATPUYHOM JICJIHATENIC B YCIOBHAX ACUCTBHS
XapaKTepHBIX HEWCIIPABHOCTEH 3aMBIKAHHUS IBYX TOYEK CXEMBl B paMKax
OTJIENEHBIX OTICPAIIHOHHBIX 3JIEMCHTOB.

Haubompimee pacmpocTpaHeHHe TONYYHIM [BAa METOAa ICICHHS: C
BOCCTAHOBIICHHEM ¥ 0€3 BOCCTAaHOBJICHUS OCTaTKa, WCIONB3YIOMHE B
MAaTPHUYHOM HCIIOJHEHHH MATpUIy u3 (7 + 1)? ONepamrOHHbIX JIEMEHTOB, TIE
n — pa3psIHOCTh ONepaH/a.

OTH MaTpULBl HSKBUBAJIECHTHBI 10 CJIOXHOCTH pealu3allid M BPEeMEHU
BBIMOJIHEHUsT BBIYMCIeHUH. O0a MoKa3aTenss HaXOAATCS B KBaJApaTUYHOI
3aBHCUMOCTH OT Pa3psAIHOCTH ONIEPAHIOB.

Manrtuccel 0o0OpabatbiBaroTcss B (GopMmarax C IUIABArOIICH TOYKOM,
MTOIACPKUBAIOIINX OJUHAPHYIO TOYHOCTh, KOT/Ia PE3yIbTaT apuPMETHICCKOM
omepanuy Haciemyer (opmar omepanma [2]. Ilpm 3TOM BBIYHCISAEMEII
pe3yIpTaT IBYXMECTHOH OIEpanud HaJl MAaHTHCCAMH ITONyYaeT YABOCHHYIO
Pa3psITHOCTBH IO CPABHEHUIO C OTIEPaHIaMHU.

JeiicTBUTENIFHO, B CaMOM 3alKdCH 4YHUCIAa C IUIaBalOIIed TOYKOU
MIPUCYTCTBYET ONEpalyisi YMHOXKCHHS, a, CICIOBATEIbHO, BCE ONEpAIMU Ha
MaHTHCCAaMH B TOM WJIM HHOM BHJIE COAEP)KaT YMHOXKEHHUE, U UX Pe3yJIbTaTHI
HACJIEAYIOT CBOMCTBAa NPOM3BEACHUS, B YACTHOCTH, CKJIAIBIBAIOT CBOIO
Pa3psITHOCTD U3 Pa3pSIIHOCTH COMHOKHUTEIICH.

B 3Tux ycnoBusix BBIYMCISIEMBIN pe3yJIbTaT OKPYIJISIETCS C MOTEPEil ero
MJIaJIIel MOJIOBHHBL, YTO JUII MAaTPHUYHBIX YCTPOICTB CTAJI0 OCHOBAaHHEM IS
pPa3BUTH ANbTEPHATHBHOTO IIOAXOJa K BBIYUCICHHUIO pE3yibTaTa IIyTeM
BBINOJIHEHHS COKPAILIEHHON ONepaiyy ¢ COXpaHEHHEM OJUHApHOU TOYHOCTH
[3].

OCOOEHHOCTBIO KOHTPOJISL NPUOJMKEHHBIX BBIYUCICHHH  SIBISIETCS
CTPYKTYypa NPHOIMKEHHOTO Pe3yNbTaTa, COCTOSIIEr0 U3 CTapIIUX BEPHBIX U
MJIQIINX HEBEPHBIX Pa3psIoB.

B HHX HEHCIPaBHOCTH BEI3BIBAIOT OIIHMOKH, KOTOPBIC SBITIOTCS
COOTBETCTBEHHO CYNIECTBEHHBIMH M HECYIIECTBEHHBIMH JUIS TOCTOBEPHOCTH
pe3yibTara.
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JlocToBepHOCTh pe3ynbpTaTa ONPEAeIsIeTCS] IOTOJHEHUEM A0 €AWHHIIBI
BEPOSITHOCTH CYIIECTBCHHONH OIMOKK. J[OCTOBEPHOCTh METOAa KOHTPOJIS
OLIEHMBAETCS CYMMOH BEpOATHOCTEHl OOHApyKeHHsS CYIIECTBEHHBIX H
NPOITyCKa HECYIIECTBEHHBIX OIINOOK.

KoHTpons pe3ynbTaToB apupMETHYECKHX ONepauuil  TPaaulHOHHO
BBIMOJIHSAETCS 110 YUCIOBOMY MOJYJIIO, KOTAA IUIS CIIOKEHHSI U YMHOXKEHHS
OCTaTOK OT AEJICHHS Ha MOJIYJb pe3ysibTaTa IpOBepseTCd Ha PaBEHCTBO IO
MOJyJIIO ONEpaIK HaJ OCTaTKaMH OIEePaH/IOB.

Jns Hambonee pacmpoOCTPaHEHHOW pPa3psITHOCTH MHKPOIIPOIECCOPHBIX
cucrteM n = 8 ¥ n = 16 KOHTPOIIb YMHOKEHHSI MAaHTHCC MOYKET OBITH BHITIOJIHEH
U3 YCIIOBHS HEBO3MOJKHOCTH COBNAACHUS MIAAMIEH M crapmied yacTed
MIPOM3BEACHUS, YTO UMEET MECTO Ul MPOCTHIX umces Buaa 2" + 1. Jlenenue
KOHTPOJMPYETCS Kak omeparus, oopatHas yMHOKEHHUIO [3].

MogenupoBaHne MaTpPUYHOTO JEIUTENSI MaHTHUCC 03 BOCCTAHOBJICHUS
OCTaTKa BBIMOJHIIOCH IS Pa3psAIHOCTH 12 OT 8 10 15 u moxa3ano MoBbIIEHHE
BEPOSATHOCTH MosiBlicHus omudku ot 21,5% mo 22,1% u ot 17,0% mo 15,5%
COOTBETCTBCHHO B CIIydasiX BBINOJHEHMS IOJHOTO U COKPAIIEHHOIO JIeNeHUs.
JlocToBepHOCTH pe3yNbTaTOB JIJIsl 00OMX CIIy4aeB coBmajia U coctaBuia 89,6%
—90,0% u 94,6% — 97,7% nnst n 1 n — 4 BEpHBIX Pa3psiioB, COOTBETCTBEHHO.

KonTpons no Moaynto Tpu mokas3an JOCTOBEPHOCTb Ha ypoBHE 57,8% —
59,6%. KoHTpomb MO TPOCTBIM YHCIaM OOECHeuMBAET JOCTOBEPHOCTh Ha
36,0% u 38,9% cooTBercTBeHHO Mg n=8 U n =16, YTO TMO3BOJIAET 3a
HECKOJIBKO TaKTOB OOHApy>KMBaTh OTKa3bl IPU MHOTOKPATHO OoJiee MpocTon
cXeMe M0 CPaBHEHHHU C KOHTPOJIEM 110 MOJIYJIIO TPH.
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INFORMATION SYSTEM FOR VISUALIZATION OF IMAGES OF
TEST RESULTS OF COMBUSTION CHAMBERS OF GAS TURBINE
ENGINES
Ph.D. Farionova T., Ph.D. Mykheliev 1., Morozova H, Matvyeyev M.

Anomauyia. 3anponoHoBaHO iHpOPMaLiiiHy cucTeMy A Bisyauizamii 300paxeHb
pe3ynbTaTiB BUIPOOYBaHb KaMmep 3rOpsSHHS Ta30TypOiHHHX IBHTYHIB, SIKa JO3BOJIHTH
aBTOMATH3yBaTH MpoIec OOPOOKH JaHUX OO PO3MOALTY TEMIIEPATypHHUX MOJIB MpU
CTEHJIOBUX BHUIPOOYBAaHHSIX KaMep 3rOPsIHHS ra30TYpOiHHHX JBHI'YHIB, 3MCHIIUTh 4ac
00pOOKH EeKCIEPUMEHTAIBHUX [aHUX Ta WMOBIPHICTH MOMHIOK MPH HPHHAHATTI
MPOEKTHUX PillIeHb.

Knrwwuosi cnosa: Bizyanizaiiss 300paxeHb, iHPOpMaliiiHa cucTeMa, oOpoOka
JTAHMX, TeMIIEpaTypHIi MOJIs.

Abstract. An information system for visualization of test results of combustion
chambers of gas turbine engines, which will automate the process of data processing on
the distribution of temperature fields in bench tests of combustion chambers of gas
turbine engines, reduce the processing time of experimental data and the probability of
errors in making decisions.

Keywords: image visualization, information system, data processing, temperature
fields.

[Ipn mpoekTyBaHHI KaMmep 3TOpsSHHS BAXIJIUBE 3HAYCHHS Mae 0OpoOKa
pe3yJIbTaTiB EKCIEPUMEHTAIBHUX BHIPOOYBaHb, CYTHICTh SIKMX IIOJISTae y
BHUMIPIOBaHHI TEMIIEpaTypHHUX MOJIB B peXHUMI peasbHoro dacy [1]. Onxepxani
pe3ynbTaTd 30epiraroThCsl y eJIEKTPOHHOMY JKypHami, J0 SIKOTO TaKOoX
3aHOCATHCS Yac BHUMIPIOBAaHHS, TEMIepaTypu i 00’eMHI BHUTpaTH MOBITPS Ha
BXOJi Ta Ha BHUXOAI 3 JKapoBUX TpyO Kamepu 3ropsHHA. PesymnbraTn
MIPECTABISIOTECA Yy BHIJIAAI KOHTYPHHX JiarpaM TEeMIIEpaTypHHX IIOJIB —
IUIOCKHX 130TepM, 3a SKHMH BH3HAYAE€THCS BIIMOBIIHICTH TEMIeEpaTypHHX
1oJiB TeXHIYHUM BHMoraM. [loOyznoBa miarpam BinOyBaeThCst y BUOIPKOBOMY
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MOPSIAKY, SIKUH BCTAaHOBIIIOE EKCIEPT Ta € Iy)Ke TPYAOMICTKOIO OIEPALi€r0.
TakuMm 9MHOM, aKTyaJbHOIO € PO3poOKa Ta BIPOBAHKCHHS CIICIiaNi30BaHOL
inpopmaniiHoi cuctemu (IC) Bizyamizamii 300pakeHb Ha 0a3i cydacHHX
KOMIT'FOTEpHUX TeXHoJorid. Mera po6orm mnossirae B pospooui IC mis
Bizyanizamii 300paKeHb pPe3yJIbTAaTIiB BUIIPOOYyBaHb KaMmMep 3TOPSHHA
ra3oTypOIHHUX [IBUTYHIB, sIKa J03BOJIUTh aBTOMAaTHU3yBaTH IpOLeC 0OpOOKH
JaHUX M0N0  PO3MOJUTYy  TEeMIepaTypHHX IIOJIIB THPH  CTEHJIOBUX
BUIIPOOYBaHHAX Kamep 3TOpSHHsS Ta30TypOiHHMX [BHTYHIB, 3MEHIINTH Yac
0OpOOKM eKCIIepHMEHTaJbHUX JaHUX Ta HMOBIPHICTh TOMIJIOK TIpH
MPUHHATTI MPOEKTHUX pIllleHb. 3ampOINOHOBaHA aBTOPAMH, 3 YpaxyBaHHIM
mpakTHIHUX pekoMeHpmamniii [2], IC 103Boise TPOBOOWTH CTATUCTUYIHY
00pOoOKy maHMX eKCIIEPUMEHTY (BiACiB HENIHHUX 3HAYCHb y BIIOKPEMIICHHX
TOYKaX, OCEPEIHEHHS JaHMX, TOIIO0), MOXJIMBICTh KOPETYBAaHHS MAHHUX Yy
PYYHOMY PEXHMIi 3 HOAAITBLION MOOYIOBOIO KOHTYPHHX JAiarpaM pO3IOJLTY
TemneparypHux nomiB. Ha pucyHky | mpencraBieHO pe3yiapTaTH 0OpOOKH
JAHUX eKCIICpUMEHTY 13 BUKopHucTaHHIM IC.

4 963 M0l 1029 868 | 1148 | 1853

6 1074 949 893 | o9 | 1278

i 932 886 4 821 | 087 | 1022

1463 | 1,090 | 07 | Bs

0,767 l 1275 ] 1853

1,195 I 0,954 B

Puc. 1 — Konmypua diacpama memnepamypHux noiie
[lepcriekTHBHM MOJANBLIMX JOCTIHDKEHb TIOB’s3aHI 3 PO3IMIMPEHHSAM

¢ynkiionany IC Ta BIpoBaKEeHHSAM Y J1a00OpaTOPHUI KOMILUIEKC CTEHIOBHX
BUIIPOOYBaHb POMHUCIIOBOTO BUPOOHHUIITBA.
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EVALUATION OF EFFICIENCY OF DECISION-MAKING DURING
ELECTROCARDIOLOGICAL STUDY
Dr. Sci. Filatova A.E., Fahs M.

Annomayusn. JlanHas pabora TOCBsIIeHa OLEHKE 3(QQEeKTHBHOCTH mpolecca
JIEKTPOKAPTUOJIOTHIECKOT0 HCCIEA0BaHMS 0€3 MCIONIB30BaHHUS U C HCIOIB30BaHHEM
KapJMOJOTUYECKUX CHCTEM MOMACPKKH TPHUHATHS —pemeHuid. Jlns  oueHku
3¢ PEeKTHBHOCTH  HCHONB3YIOTCS  IONYYEHHbIE  AHATUTHICCKHE  BBIPAKCHUS
BEPOATHOCTHO-BPEMEHHBIX XapaKTePHCTHK pa3pabOTaHHON CTPYKTYpHOIl Mozenu
mpornecca 3JIeKTPOKAapANOIOTHUECKOTO HCCefoBaHusA. B pabore mokas3aHo, dTO
HCIIOJIb30BaHNE  KapJHMOJOTMYECKUX CHCTEM MOANCPKKH TPHHATUS  pELICHHH,
OCHOBaHHBIX Ha pa3pabOTaHHBIX METOJAaX aHajiM3a OMOMEIUIMHCKUX CHTHAJIOB C
JIOKQJILHO COCPEI0TOYCHHBIMH IIPU3HAKAMH, COKPAaTHIIO CPEIHee BpeMsl, He00OX0IMMoe
JUIL  DJIEKTPOKAPIUOJIOTHYECKOT0  HMCCIEIOBAHUS, W  YBEIUYWIO BEPOSTHOCTh
YCTITITHOTO 3aBEPIIEHHS] pACCMaTPHBAEMOTO TIPOIIEcca.

Knroueevie ciosa: SJICKTPOKAPAUOJIIOTHIECCKOC HUCCICIOBAHHUC,
KapAuOJIOTHYECKUE CUCTEMBI TOAACPKKHU TMPUHATHUA pCMEHHﬁ; BEPOATHOCTHO-
BpPEMCHHBIC XapaKTCPUCTUKH, 6I/IOMC}II/IHI/IHCKI/IC CHUT'HaJIbI C JIOKaJIbHO

COCPE€AOTOYCHHBIMU IIPU3HAKAMMU.

Abstract. This work is devoted to evaluating the effectiveness of the
electrocardiological study process without using and using cardiological decision
support systems. To assess the effectiveness, analytical expressions of the probabilistic-
time characteristics of the developed structural model of the electrocardiological study
process are used. The work shows that the use of cardiological decision support
systems based on the developed methods for analyzing biomedical signals with locally
concentrated features reduced the average time required for the electrocardiological
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study and increased the likelihood of successful completion of the process under
consideration.

Keywords: electrocardiological study; cardiological decision support system;
probabilistic-time characteristic; biomedical signals with locally concentrated features.

IIpouecc anexkrpoxapauonoruyeckoro (DKI') uccienoBaHus OCHOBaH Ha
aHaymze OmoMemuIHCKuX curHanoB (BMC) ¢ MoKaJbHO cOCPEeNOTOYCHHBIMHU
npusHakamu (JICIT), cBsI3aHHBIX C IUKJIMYECKOM pabOTOH cepia u cepaedHo-
cocyaucToit cuctemsl [1]. [Ins aBToMaTH3anmu mpoiiecca coopa u 00paboTKH
TaKoM WHPOPMALNHU CIyXaT pa3iINMYHbIE KOMIBIOTEPHBIC KapAHOIOTHYECKUE
CHCTEMBI, B TOM YHCJIEC U KapIAHOJOTHICCKAE CHCTEMBI MOIICPIKKH MPUHATHS
pemrenmit (CIIIIP). B [2] aBropamm pa3paboTaHa CTPYKTypHash MOIEITH
mporiecca DKI' wmccnenoBanuss B BUAC BEPOSATHOCTHO-BPEMEHHOTO rpada,
KOTOpas IO3BOJIMJIa TIOJIYYUTH AHAJIUTUYCCKUEC BBIPAXKCHHUA [JId aHaJIr3a
paccmaTtpuBaeMoOro Iporecca npy 3aJaHHbIX HadaJIbHBIX YCIOBHUAX, & TaKXKe
omnpenenuts Kputrepuu 3¢ dexruHocTH TposeneHus OKI' wcciemoBaHus.
CornacHo crpyktypHoit mojenu OKI' wucciiejoBaHMs CyIIECTBYIOT TpH
AIBTCPHATHBHBIX ITyTH TEPEeXoja W3 HAYaIbHOTO COCTOSIHHSA B KOHEYHOE,
KOTOpBIE COOTBETCTBYIOT Tpem pasHeiM THIAM OKI[  ucciemoBaHms:
HCCIICIOBAHNE TIPOBOANTCS BIIEPBBIC; HCCIICIOBAHUE MPOBOTUTCS TIOBTOPHO B
pe3yibTaTe CKpUHUHTA; MCCIICIOBaHNE IIPOBOAUTCS TIOBTOPHO TIOCIIEC JICUCHHS.
C MOMOIIBIO IMONYYCHHBIX AHANUTHYCCKUX BBIPAKCHUN BBIONHCH aHAIN3
BpeMeHHBIX xapaktepucTuk OKI wucciemoBaHus 0Oe3 HUCIONB30BAaHUS U C
ncrnonb3oBanueM Kapauonorudeckux CIITIP oTmenpHO IS KakIoro U3
paccMaTpUBaeMBIX THIIOB HCCIIEOBAHUS.

IIpoBeneHHBIe WCCIENOBAaHUS MOKA3ald, YTO WCIIOJIB30BaHHUE OO0
CIIIIP cymecTtBeHHO cokpamiaeT Bpems Ha mpoBeneHus JKI' uccnemoBanus
KaXIOTO W3 pPacCMAaTPHBAEMBIX THIIOB U YBEIHMYMUBACT BEPOATHOCTH
YCHENIHOTO OKOHYAHWs IIpollecca M0 CPaBHEHHWIO BapHaHTOM  0Oe3
HCTIONB30BaHUS KAKUX-THO0 MEIUIMHCKUX HH()OPMAIMOHHBIX cUCTeM. [Ipu
9TOM HAWIYYIIAE PE3yJbTaThl OBUTH TOJYYCHBI B CIIy4ae HCIOJIb30BaHUS
CIIIP ¢ yny4meHHbIM MoayseM Mopgoiorndeckoro ananmusa bMC ¢ JICII,
KOTOpBIH pa3paboTalii aBTOPEI.

JlutepaTtypa
1. @aitm3unsbepr JI.C. O600meHHbI MeTol 00pabOTKH MUKIINIECKIX CUTHAIIOB
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PROBLEMS OF MATRIX STRUCTURES IN ARITHMETIC
COMPONENTS OF CRITICAL COMPUTER SYSTEMS
Dr. Sci. Drozd O.V., Vasylevskyi N.V, Tsyhankov O.V, Solonenko B.V.

Annomayus. JIOMUHUPOBaHUE MAaTPUYHBIX CTPYKTYp IPOSBISIET B allapaTHOM
o0ecredeHn COBPEMEHHBIX KOMIIBIOTEPHBIX CHUCTEM psIi OCOOEHHOCTEH, KOTOpBIE
HCCIIEI0OBaHBl HAa XapaKTepPHOM MpHMepe MAaTPUYHOTO YMHOXHTENs. lcciaenoBanus
MPOBEAEHBI HA pPa3pabdOTaHHBIX JUIi 3TOTO MPOTPAMMHBIX MOMENAX, KOTOpPbIE
BOCCO3IAI0T  (DYHKIIMOHMPOBAHWE YMHOXHTENSA, a TaKKe ero KOHTPONISA IO
HEpaBEeHCTBAM B YCJIOBHSAX JEHCTBUS HeucnpaBHocTed. Ounenena >((heKTHBHOCTH
MaTpUYHOH CTPYKTYphl C MO3UIMU €€ DHEePronoTpeOieHnsi, KOHTPOIS H
KOHTPOJICIIPUTOAHOCTH, BaXKHOH JUIl CUCTEM KPUTUYECKOI'O IIPUMEHEHUS.

Knwouegvle cnoea: MaTpudHas — CTPYKTypa, MAaTPUYHBIH  YMHOXUTEIb,
9HEPromnoTpediIeHne, KOHTPOIb 0 HEPaBEHCTBAM, KOHTPOJIECIPHTOAHOCTb.

Abstract. The dominance of matrix structures shows a number of features in the
hardware of modern computer systems, which are studied on the characteristic example
of an iterative array multiplier. Research was carried out on program models developed
for this purpose, which recreate the functioning of the multiplier, as well as its
checking by inequalities in the conditions of faults. The efficiency of the matrix
structure is evaluated from the point of view of its power consumption, checking and
checkability, which is important for safety-related systems.

Keywords: matrix structure, iterative array multiplier, power consumption,
checking by inequalities, checkability.

CoryacHO pPecypcHOMY TIIOJIXOXY, MaTpH4HBIE CTPYKTYpBl OTPa)karoT
PEIUIMKAIMI0O — HIKHUH YpPOBEHb PAa3BUTHS PECYpCcOB, Ha KOTOPOM HX
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MHTETpalUsl B ECTECTBEHHBIII MHpP NPOUCXOAUT O€3 OrpaHWYEHHH C €ro
CTOPOHBI, T.€. B OTKPBITBIX pecypcHbIX Humax. C HX 3aKpeITHEM
HAIITaMIIOBaHHBIE KJIOHBI MOTYT BBDKHTB, TOJBKO IPOSBISS OCOOCHHOCTH,
MO3BOJISIIOIME TOJHATHCS Ha CIENYIOUIMH YpOBEHb Pa3BHTHS — YpPOBEHb
auBepcudukanuu. Ha 3ToM ypoBHE pecypchl HaxojasiTcs B KOHTAakTe C
€CTECTBEHHBIM MHPOM U TIIOJIBEPraloTCs CTPYKTYPHUPOBAHHUIO IOJ[ €ro
0COOEHHOCTH, CpPEeIH KOTOPBIX HCTOPHSI Pa3BUTHUSl KOMITBIOTEPOB BBIJEISET
TapauIeNIu3M U MpUOIKeHHOCTH [1]. B 9T0# cBsA3M MaTpUYHBII YMHOKHUTENb
MpeacTaBsieT co0OW BaXKHBIH OOBEKT U WCCIICAOBAaHHNA, MOCKOJBKY €ro
CTPYKTypa COOTBETCTBYET YPOBHIO PEIUIMKAIMHM, a 00JIACTh MPUMEHEHHUS BCE
Oomee cMemraeTcs B CTOPOHY OOpaOOTKH MPHONMKCHHBIX JaHHBIX H
KPUTHYECKUX  TPHJIOXKEHHH, KOTOpBIE  XapaKTEpPHU3YIOTCS  3aKPBITHEM
MHOXKECTBa pecypcHbIXx Huml. CaM0 yMHOXEHHE SBJISETCS KIIOYEBOH
orepanyed Uil NPHOIMKEHHBIX BBIYUCICHUH, MOCKOJBKY HCHONB3YETCS B
Npe/CTaBICHUN U 00paboTke NaHHBIX B popMmarax ¢ miaBaromieii Toukoit [2].
ManH‘IHLIﬁ YMHOXHUTCIIb JABYX n-pa3dpsaaHbIX IABOWYHBIX KOJIOB COJACPKUT
MaTpHlly M3 #° ONEPalMOHHBIX DJIEMEHTOB, KOTODHIE COEJMHEHBI H
MOCNIeIoBaTeNIbHO, M HapauiesibHo.  [locienoBaTenbHOE — COEMHEHUE
COJIEPKUT 21 — 2 OINEpaIlMOHHBIX JJIEMEHTOB. YMHOXKEHHUE BBIMOJHIETCS 32
OIMH TAKT, HO B JTOM TAaKTe KAKABIH M3 n° ONEPAMOHHBIX JJIEMEHTOB
paboTaeT ToIBKO (271 — 2)'-10 wacTs Bpemenn, T.c. 0,8% mia n = 64 [3]. Qs
HCCIIEJOBAaHMS SHEPTONOTPEOIICHHSI MAaTPUIHBIX CTPYKTYp Obuia paspaboraHa
MPOTrpaMMHAsl MOJENIb YMHOMKHUTEINS, PETUCTPUPYIOMAs U IOACUYNTHIBAIONIAS
(YHKIMOHANBHBIE W Tapa3sWTHbIC NEPEKIIOUEHHsS CHUTHANOB. llapa3uTHbIe
MePEeKIIIOYEHNs], BBI3BAHHBIC COCTSA3aHMSAMHM CHUTHAJIOB BCIIEACTBHE HX
pacrpoCTpaHeHHs MO MyTAM Pa3IM4YHON JJIMHBI, NMPEB3OILIN KOJIUYECTBEHHO
¢byHKIMOHANBHBIE B 3,5 pa3 aig n =28 W MOBBIIIAIOT 3Ty KPAaTHOCTh Ha
eIMHUIY C POCTOM paspsaHocTH n Ha 2. Takum o0Opa3om, JAWHaMH4YecKas
COCTABJSIONIAs  DHEPronoTPeOJeHUs, NPOMOPLUOHAIBHAS  KOJHYECTBY
MEePeKIIIOYEHNH CHUTHAJIOB, B OCHOBHOM OIpENENseTCs IMapa3UTHBIMH
TICPEKITIOYCHUAMU. Cratnueckas COCTaBJAIOMIad OTpaAXACT 3HAYUTCIIBHBIC
pasMepbl MaTpU4HBIX CTPYKTYp. COBpEMEHHBIM BBI30BOM KOMIIBIOTEPHOMY
MHUpY SBISIETCS. KOJIMYECTBEHHBIH M KAuyeCTBEHHBIH pOCT 00BEKTOB
NOBBIIEHHOTO  pHUCKa — WH(PAacCTPyKTyp OSHEPreTHKH, TPaHCIOpPTa,
XMMHYECKHX MPOU3BOJICTB, OOOPOHHOI NPOMBINIIEHHOCTH, IS KOTOPBIX
npoOiemMbl  0€30MaCHOCTH  PEIIAIOTCS  KOMIIBIOTEPHBIMH  CHCTEMaMH
KPUTHYECKOTO MPUMEHEHUS C COONIIOACHNEM COOCTBEHHOH (DYyHKIHMOHAIBHOM
6esomacHoctn  [4]. OOecneuenwe  (QyHKIMOHATBHOW  0E30MACHOCTH
OCHOBBIBAa€TCS  HA  WHCIIOJNB30BAHMHM  OTKA30YCTOMUYMBBIX  PEIICHUH,
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MOJJIEPKaHHBIX METOAAMH M CPEICTBAMH Pab0uero KOHTPOJIIS, KOTOPBIA JaeT
OTIEPaTHBHYIO OLEHKY COCTOSIHHSI CHCTEMBI M €€ KOMIIOHEHTOB B IIPOIIECCE
¢ynkuuonupoBaHus.  McxoJHble  JaHHBIE ~ CHCTEMBl  KPUTHYECKOTO
IPUMEHEHUs NOIy4aloT OT JaTYUKOB. OTU pe3ylbTaTbl M3MEpPEHUud U
pe3ysbTaThl MX 0OpaOOTKH SIBISIOTCS NPHOJIMKEHHBIMU TaHHBIMH, KOTOpPBIE
colepXaT CTapllMe BepHble M MIAJIIME HEBEepHbIe pa3psaabl. B Hux
HEHCIPAaBHOCTH BBI3BIBAIOT OIIMOKH, KOTOPHIE SBIISIOTCS CYLICCTBEHHBIMH H
HECYIIECTBEHHBIMH JAJISI JOCTOBEPHOCTH pe3ysbTara. MeToasl KOHTPOJS
OLICHUBAIOTCA B WX JOCTOBEPHOCTH CYMMOH BEpOSTHOCTEH OOHApy>KECHHS
CYLIECTBEHHBIX M TIPOIYCKa HECYIIECTBEHHBIX OMmMMOOK. Pa3zpaboTanHas
MOJIENIb MaTPUYHOTO YMHOXKHTENSI IO3BOJISIET OIEHUBATH JIOCTOBEPHOCTH
METO/I0B pabodero KOHTPOJS B YCIOBHSIX JEHCTBHS HEHCIIPAaBHOCTEH,
XapaKTepHBIX JUIi MaTPUYHBIX CTPYKTyp. KOHTpome 1o HepaBeHCTBaM,
CPaBHMBAIOIINI pE3yJbTaT C €ro BEpXHEH M HIDKHEH TpaHHIAMHM, MOKa3al
IpeUMyIecTBa B JIOCTOBEPHOCTH IO CPAaBHEHUIO C TPaTUIMOHHBIM
KOHTPOJIEM II0 MOZYIIO. I'panuner  pe3ynpTaTa ONpEeNeNsioTCsS U3
OFpaHH‘IeHPIﬁ, HaKJIaaAbIBACMbIX HAa MAaHTHCCHI COMHOKHTEIICH ¢)OpMaTaMI/I
JIaHHBIX C IJIABAIOIEH TOUKOM [2].

OTKa30yCTOHYMBBIE PEIICHUS CTAHOBSTCS OTKa300€30MacHBIMH TPH
JIOCTaTOYHOM ypOBHE UX KoHTpojaemnpurogHoctu [3]. IIporpammuas monens
MaTPUYHOTO YMHOKUTENS, OLIEHUBAIOLIAs. KOHTPOJIENPUTOJHOCTh €T0 CXEMBI,
nokasasna CYILIECTBEHHOE CHIDKEHME  JTOr0  IOKa3aTens c
YMEHBIIEHUEM MHOXKECTBA BXOAHBIX CJIOB, HCIOJb3yEMBIX B HOPMAalbHOM
pexuMe paboThl CUCTEMBbI KDUTHYECKOTO MPUMEHEHHS. JTO MOXKET IPHUBECTH
K  HakOIUICHHIO  CKPBITBIX  HEHCIPABHOCTEH,  KOTOpPbIE  CHIDKAIOT
OTKa30yCTONYHMBOCTb YMHOKUTENS B aBAPUNHOM PEXHUME.
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PERSPECTIVE COMPUTERS FOR WORK WITH MEGA DATA
Ph.D. Vityuk N.V., Mashin V.N.

Anomauia. IIpogyKTHBHICTH KOMI'IOTEpa MPONOPLiiHA KITBKOCTI TPAH3UCTOPIB
HAa OJIMHUIN TUTONI iHTErpajbHOI cxeMu. TexHooris MiHiaTropu3allii Jocsria CBOET
MEXI - BUXOy Ha ONWHUYHHUN aToM. AJie IIPH [bOMY 3MEHIIYETHCS YHUCIIO eNIEKTPOHIB,
sKi OepyTh ydyacThb B IEpPEHECEHHI CTpyMy, IO NPHUBOIMTH 1O IOSBH KBAaHTOBHX
«edekTiB» - 3pOCTaHHA «IIyMy». AJBTEPHATHBOIO KPEMHIEBOT MIKPOETIEKTPOHIKH €
BUKOPUCTAaHHA TrpadeHy Ta 3MiHa MPHUHIMIY T[epeAadi Ta OOpOOKH CHUTHAIY.
EnexTpuyHi CHTHANIN POMIOHY€EThCS 3aMiHUTH (POTOHHUMH.

Kntrouogi cnosa. KBantosi, Monexymsipai Ta JHK-komm'roTepu.

Abstract. Computer productivity is proportional to the number of transistors per
unit area of the integrated chip. The technology of miniaturization has reached its limit
- the output of a single atom. But this reduces the number of electrons involved in
current transfer, which leads to the appearance of quantum "effects" - in increasing
"noise". An alternative to silicon microelectronics is the use of graphene and a change
in the principle of signal transmission and processing. It is proposed to replace
electrical signals with photonic ones.

Keywords: Quantum, molecular and DNA computers.

ANBTEpHATHBOIO  KPEMHI€BOI  MIKPOGJICKTPOHIKM  ITPOIIOHYETHCS
BuKopucToByBaTH Tpaden [1]. I'padeHoBi TpaH3HCTOPH MOXKYTh NpalIOBATH
Ha yactoTti 427 I'T'11.

[HIIMM TPOPUBHUM NUITXOM MOKE CTATH 3MiHa NPHHIMITY Tepeaadi Ta
00po0OKH cUTHATY. Y MOJEKYJSIPHIX KOMITTOTepaX [2] BAKOPUCTOBYETHCS imest
00YHCITIOBAIFHUX MOXIIMBOCTEH pO3TalIlyBaHHsS aToMiB B mpoctopi. Y JTHK-
KOMIT'IOTepi OOYHMCIIEHHSM BiJMOBINAIOTh Pi3HI peakilii Mk QparMeHTaMu
JIHK. Takwii mpucTpiii mpaimroe 3aMiHIOYM OauH 3 JyaHmoxkie JTHK B
MOJABiIMHIN cmipami Ha iHmuiA. Take mNepeMUKaHHS CTaHIB, a TaKOX
00OPOTHICTH TIPOIECIB JIO3BOJISIE CTBOPIOBATH JIOTIYHI €JEMEHTH, SIKi
MIPUBOJIATHCS B PYyX XIMIYHUMH peakilisMH. Bij KIIaCHYHHX KOMITIOTEpIB TaKi
BIZIPI3HAIOTHCS TUM, IIO XiMIUHI peakuii BinOyBalOThCs Bigpa3y MK Oe3Jiudio
MOJIEKYJI He3aJIe)KHO OJTHA BiJI 1HIIIOI.
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IIpo mepmri ycmixu B 1abOpaTOPHOMY BUTOTOBJICHHI KOMITOHEHTIB, 3 SIKHX
MOXYTb OyTH OOYZOBaHI NOTYHI MOJIEKYJIAPHI KOMITIOTEPH, 3asSBUIN BUCHI
komnanii Hewlett-Packard. Bonu orosocwim nipo e, mo iM Baanocs 3MyCHTH
MOJIEKYJIM POTAaKCaHa MEPEeXOAMTH 3 OJHOTO CTaHy B IHIIMH, IO O3HAYaeE
CTBOPEHHSI MOJICKYJISIDHOTO ejieMeHTa mam'sti. EHepris, crokuBaHa TakuM
KOMITIOTEPOM BKpaii Majia, a caM BiH, Maroyd pPO3MIpH MILIIMHKH, MOXeE
MICTUTH KiJIbKa MUIBSPIIB MOJEKYJ. Y PO3BUTKY LBOro Imiaxomy OyB
CTBOPEHHMI MOJIEKYJISIPHUI KOMITTOTEp, SIKMH MOXKe 34MTyBaTH iH(opMalilo,
3aKOZ0BaHy B CHTHAJIFHUX CHCTEMaX KIITHH i CTBOPIOBATH MIpPOTPaMOBaHi
JKapchbKi 3aco0W, SKi BUBUIBHSIOTH JIKH TUTBKA B TOMY BHMAIKY, SKIIO
OTPUMYIOTh TIEBHHH CHTHal BiJ KITHH. TakuM CcHUTHaJIOM MOXe OyTH
iH(pOpMaIIis PO 3amaieHHs, Ke 0Yaaocs B TKAHUHI.

3anpornoHOBaHO HOBHH METOX Ul OOYMCIIOBAIBHMX TIPOLECIB 3
BUKOPHUCTAHHSIM IEPEHECEHHsI CIIIHOBOTO MOMEHTY €JIEMEHTapHHX YaCTHHOK
[3].

IIpucTpiif MOXXe TEepeMHKaTHCS 3 OJHOTO CTaHy B iHIIMH i 30epiratu
MacuBU iH(oOpMarIlii 0e3 CmoXuBaHHS ENEKTPUKH, TUTbKM Ha MAarHiTHHUX 1
CIiHOBUX e(eKTax, II0 JO3BOJUTH 301IBIINTH MOTY)XHICTh OOUHCITIOBATTBHUX
MIPUCTPOIB B MaliOyTHHOMY.

Y Tak 3BaHMX ONTHYHUX KOMI'IOTEpax EJNEKTPUYHI  CHTHAJIH
MIPOTIOHY€EThCS 3aMIHUTH (DOTOHHHUMH, @ Pa3oM 3 IIMM 1 BCIO EJIEKTPOHHY
HAYMHKY, 10 3a0e3meumsio 0 HebaueHy MJisi ChOTOIHINIHBOI CICKTPOHIKH
IIBUJKICTh 1 MIMPUHY KaHAJIB TMepejadi JaHuX. barato 3 HaBeICHHX
KOHCTPYKIIiIH MPEJCTABICHI TITBKU MOJCIAMHU a00 JOCIITHUMU 3pa3KaMH, aje
BOHU MOKYTh CTaTH PEAJbHICTIO IPOTATOM HaWOIMIKUOTO AECITHIIITTS.
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FEATURES OF SOFTWARE DEFINED STORAGE
Dr.Sci. Lysetskyi Y.M.

Annomayua. Ha ceronusmHUN JEHb LIMPOKOE MPUMEHEHHUE I1OJIyYUIU
nporpaMmHo-onpezaensieMele CX/1, riiaBHast 0COOEHHOCTD KOTOPBIX NMEPEHOC (HYHKIHI
C anmapaTHOro ypOBHs Ha IPOTPAaMMHBIH, YTO MO3BOJIIET IOBBICUTE (P (HEKTUBHOCTH
paboTBl Kak CepBHCOB, TaK W IIOJIL30BaTeNied, a Takke CHU3HTH 3arTpaThl Ha
9KCILTyaTaIHIO.

KnioueBble ciaoBa: nporpammuo-onpenensemsie CXJI, cepBepa, kiacrep,
texnonorust, UT-urppacTpykrypa, 00Ia4HBIE CEPBUCHL.

Abstract. Software-defined storages are widely spread today. Their main feature
is transfer of functions from hardware layer to software, which increases efficiency of
services and users, cuts operational expenses.

Keywords: software-defined storages, servers, cluster, technology, IT
infrastructure, cloud services.

B opraHmzamusax KOpPHOPaTHBHOTO YPOBHSI OAMH U3 KIFOUEBBIX
anemenToB UT-undpacrpykrypsl — cuctemsl xpanenust aanubix (CXJ) [1].
Kak mpaBuno, CXJ[ 3aneHCTBOBaHBl B: XpaHCHHH PE3EPBHBIX M apPXUBHBIX
JaHHBIX; (aAJIOBBIX XpaHWJIMIIAX C OOIIMM JIOCTYNOM; cpenax s
TECTHPOBAaHUS M pPa3pabOTOK; XpaHWIHINAX JUIS BHUPTYyaJbHBIX MAIlHH;
KOPHOPATHBHBIX MIIH IyOIMYHBIX Web-cepBucax. s peannzanum nogoOHbIX
3amad cymecTByeT Tpu tuna CXJ[ — O104HbIe U (ailIoBbIe XpaHIIHIIA U BCE
Gonee momysipHble TporpaMmHo-onpenensiembie  CXJ[  (Software-defined
storage, SDS). SDS monmyuynnu mmpoxkoe NpHMEHEHHWE NPH 3HAYUTEIHHOM
TIOBBIIIEHUH BBIYMCINTEIBHOM MOIIHOCTH X860 CEpBEpOB M yBEIHUYCHUH
IPOITYCKHOW CIOCOOHOCTH CETeBOM WMH(PACTPyKTyphl, a TaKKe aKTHBHOTO
UCIIONIb30BAaHUE OOJIAUHBIX TEXHOJIOTHH. [JIaBHOH 0OCOOEHHOCTHIO SDS
SIBIISICTCA TIepeHOoC (YHKIUH C almmapaTHOW 9acTH Ha MPOTPaMMHBIA YPOBEHBb
rae  ee (QYHKIUM ONPEACIsIoTCs He (U3MUECKHMH  BO3MOXKHOCTSIMH
obopynoBaHus, a MporpaMMHBIM obecriederrneM. SDS mo3BossieT: co3naBaTh
ruOpuaHBIE  WHQPACTPYKTyphl,  MO3BOJAIOMIME  HCIONB30BATh  Kak
COOCTBEHHBIC, TaK M BHEIIHHE OOJIAYHBIE PECYPCHI; IIOBBICUTH 3((HEKTHUBHOCTH
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paboTHI KaK CEpPBHUCOB, TaK M MOJIb30BATEIICH; CO3aBaTh MOPTANI KaK €IUHYIO
TOYKH OOCIYKMBaHUSI M KOHTPOJII 3a pecypcaMW; CHH3HTh 3aTparT Ha
skcmyaranuio U T-undpactpykrypsl. OcHOBHble mpeumyinectBa SDS —
0TKa30yCTOHYHMBOCTb, MPOU3BOJUTEILHOCTh, THOKOCTh, IKOHOMHYHOCTh. Ha
CerofHs MOXKHO BBIICIUTH TPH OCHOBHBIE TIPYIIBI  [POrPaMMHO-
opuentupoBannbix CX/I: wnaccuyeckue (CEPH, Red Hat Storage Server,
EMC ScalelO); Ha ocHOBEe TpaAuMIMOHHBIX cucTteM XpaHeHus (NetApp
ONTAP Select, HPE StoreVirtual VSA); B cocTaBe BBIYHCIUTEIBHBIX
kommiekcoB (VMware vVSAN). Ceph — sto Texromorust SDS ¢ OTKPBITEIM
HCXOJHBIM KOJOM, pa3paborana kak CXJ| ¢ BBICOKOH yCTOWYHBOCTBIO K
0TKa3aM 3a CUeT TOPU30HTAIBHONW MaCIITAOMPYEMOCTH BCEX KOMIIOHEHTOB [2].
bnaromaps TakoMy MOAXOAY AOCTHUraeTcsi BHICOKas IPOM3BOJHUTEIILHOCTH B
CPaBHCHHUHM C TpPAAWIMOHHBIMH MAacCHBaMH, KOTOpBIC OOBIYHO JOJDKHBI
HalNpaBJsATh BCE ONEpAllMy BBOJA/BBIBOJA Uepe3 IMapy CBOMX KOHTPOJUICPOB.
Ceph cmocoOeH BOCCTaHOBUTH OTKa3 OTAENBLHOTO AWUCKA OOJBIIIOro oObeMa B
TEUYEHHHM HECKOJBKHUX 4YacoB, 4YTO CYIIECTBEHHO ObICTpee, UYeM B
TpaIMIMOHHBIX cucTeMax ¢ RAID rume momoOHasi omepaiusi MOXKET 3aHSTh
3HAYUTEJIbHBIA MEPUOJ] BPEMEHU OT CYTOK JIO Helelb. B Hacrosiue Bpems
Ceph sBrsieTcs HanboIee MOMyIAPHBIM pemierneM i cpensl OpenStack Tak
Kak 00a C OTKPBITHIM MCXOJHBIM KOJOM M YK€ HMEIOT KpyIHOMacIiTaOHbIe
peanmzanuu. [ KOPHOPAaTHBHBIX 3aKAa3YMKOB TPEOYIOUIMX TEXHHYECKYIO
NOJJIEPKKY ATUX peureHnid kommnanus RedHat mpemmaraer cBow mpoJyKThI
Red Hat Ceph Storage u Red Hat OpenStack Platform.

Pemenne Ha 6ase Ceph BO3MOXXHO pa3BepHYTh Ha OOIIETOCTYITHOM
o0opynoBanuu ¢ onepannonHbiMu cuctemMamu LINUX, rie cBepxy Hal HUMH
OynyT paborats nemoHH (cepBuCH) Ceph BBHIONHSIONMME Pa3IUIHBIC PONA
kimacrepa: Mon — gemoH MoHmTopa; OSD — nmemon xpanmmuma; MDS —
cepBep MeranaHHbIX. Kpome nemoHOB B Ceph peann3oBaHO TpM OCHOBHBIX
Tuma XpaHeHus naHHBIX: RADOS Gateway —o0pektHeie; RADOS Block
Device — abcrpakuus 6109HOTO yeTpoiicTBa,; CephFS — daiiinoBsie crcTeMBI.
ITepBonauanshblii kmactep Ceph MOXXHO cO37aTh M3 HECKOJBKHX MAIlUH,
COBMeIIasi Ha HUX POJIM KJacTepa. 3aTeM, ¢ pOCTOM KiacTepa U 100aBIeHUEM
HOBBIX CEPBEPOB, POJHM MOXHO IyOIMpOBaTh Ha JAPYTHX MAalllUHAX WIH
MOJIHOCTHIO BBIHOCHTh Ha OTHAENbHBIE cepBepbl.TakuM o0pa3om, pa3BHTHE
nporpammHo-omnpeaeseMbix CXJ[ coBMECTHO ¢ OOJaYHBIMU TEXHOJOTHUSMH
KapJMHAIBHO  MEHSIOT IOAXOJN M  CTaHaaptHel nocrtpoenuss UT-
nH(pacTpyKTypHl, U yXKe cerojHs, takue monenu kak PaaS, laaS, SaaS [3],
Oosiee TMpeANOYTHTENbHEE JUII MHOTHMX KOMIIAHHWH, Tak Kak He TpeOyroT
JIOPOTOCTOSIIIETO obopyoBaHus, obecrieunBaroT TaKyIo xKe
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OTKa3zoycToiunBocTh, kak W goporue CXJI High-end xmacca m mpu 3TOM
3HAYUTEJIBHO CHUKAIOT 3aTPAThl HA MX KCILTYaTaIHIO U MOJICPXKKY.

JIutepatypa

1. JIuceuxuii FO. M. KopnopatusHsle cucteMbl XpaHeHus AaHHbIX. [locTpoenue.
Vupasnstoniie cucreMsl ¥ Mamuiel, 2013, — Ne 6. — C. 68-71.

2. NoxymenTanus no npoaykry CEPH. URL: https://docs.ceph.com/docs/master/
(nata obpamenus: 28.05.2020).

3. Obnaynas Upamua: laaS, PaaS u SaaS. URL:
https://gigacloud.ua/ru/blog/navchannja/hmarna-piramida-iaas-paas-i-saas (mata
obpamienus: 29.05.2020).

VJIK 004.42

ABTOMATUM3ALIA AIAJIBHOCTI HR-MEHEI’KEPA
o0 HN1ABOPY NEPCOHAJTY
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AUTOMATION OF HR-MANAGER'S ACTIVITIES
REGARDING PERSONNEL SELECTION
Ph.D. Melnyk K.V., Ph.D. Borysova N.V.

Anomauia. Y poOOTi MPEICTABICHO OJMH 3 MOXIIHMBHX MiIXOJIB IO BUPIMICHHS
3aja4i aBTOMAaTHU30BAaHOIO MiJ0OPY MOTCHIIMHMUX KaHAWJATIB HAa BAaKaHTHI MOCAIH
KOMIIaHil.

Kniouosi cnosa: asromarmzauis gisuibHocTi HR-menemxepa, HR-digital,
po3pobka Applicant Tracking Systems

Abstract. The paper presents one of the possible approaches to solving the
problem of automated selection of potential candidates for vacant positions in the
company.

Keywords: automation of HR-manager's activities, HR-digital, Applicant
Tracking Systems development

Opniero 3 ocHOBHEX 3a7a4 HR-mMeHemkepa koMmaHii € migdip nmepcoHany
Ha BakKaHTHI mocaau. Jlnsg TmomyKy KaHAWAATIB BUKOPHUCTOBYIOTHCS
pizHOMaHiTHI [HTEepHeT-pecypcH, Ha SKHX TONIyKadi pPO3MIIIYIOTh CBOi
pestome. Lle MOxyTh OyTH SIK CHemiani3oBaHI MOPTANH, TaK 1 MIMPOKOBIIOMI
comianbHi Mepexi, Taki sk Facebook, Linkedln.com i t.m. IlepeBaramu
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BHKOPHUCTAHHS CIEIiaTi30BaHUX TOPTANIB € Te, IO MPO HAsSBHICTh BakKaHCIil
Ti3HAETHCS BEJIMKA KITBKICTh 3aliKaBICHUX Yy POOOTI 0Cid, KpiM TOTO, MOKHA
OTpHMaTH MOBHY CTPYKTYpOBaHY iH(OpMaIlI0 PO MOTEHIIHHUX KaHIUIATiB,
npexacTaBieHy y ix pestome. Il{ono comiansHUX Mepex, TO 3 IX JOIOMOTro0
MOJKHA: TOLIMPIOBATH iH(OpPMAII0 TPO HasBHI BakaHCii uyepe3 NpHBaTHI
aKKayHTH CHIBPOOITHHUKIB, TEMaTW4HI I'PyNH, aKKayHT KOMIIaHii, 110 MOXe
NPUBEPHYTH YyBary OIIBLIOrO 4YWCIIa MOTEHUIHHMX KaHIWJATiB; 3HAWUTH
MIPaKTHYHO OyIb-sIKOTO (axiBIsl, HABITH JyKe BY3bKOI Criemianizamii; KpiMm
TOTO, y COIMEpekax IPEACTaBICHO OLNbINE IMOTCHIIHHNX KaHAWOATIB, HIXK
Ha OyIp-AKOMY crieniamizoBaHoMy mopTaii. [IpoGiema moimsirae y ToMmy, II0o
HR-MeHemkep Mae MeperyisiHyTH BENWYe3HY KUIBKICTh pe3toMe Ul MOUIYKY
HEOOXIJHOTO KaHAWIATa, Ha M0 BHTPadae BEIHKY KUIBKICTh poOOUYOTO Hacy,
HaBiTh SKIIO BHUKOPHUCTOBYE MOXKIHMBOCTI (INbTpamii MaHWX, SKi Hamae
IaTepHeT-pecypc.

ABTOMaTH3AIlisl HOTO IPOLIECY I03BOJIIIA O 3HAYHO CKOPOTUTH BUTPATH
gacy HR-menemxepa Ha BupimeHHs miei 3amadi. OTxe BUHHKAae HarajgbHa
morpeba y cuCTeMax aBTOMAaTMYHOTO MOLIyKYy Ta MiX0Opy MOTEHIIHHUX
KaHIIUJATiB Ha BakaHTHI mocamu kommadii. [logiOHI cucTeMu MalOTh Ha3BY
Applicant Tracking Systems (ATS) ta y ToW um iHmIH Mipi peanizyloTh
HacTymHi QyHKUii: 0OpoOka Ta 30epiraHHs pe3loMe; IepeBipka pe3loMe Ha
BiJINIOBIJTHICTh BaKaHTHHM II0CaJiaM KOMIIAHil; pO3MIIEHHS 00 SB IIOJIO
BaKaHTHHX Iocajl Ha pi3HUX [HTepHeT-pecypcax; 30ip BimmoBineit
3alliKaBJIeHUX 0cCi0 3 yCiX MOXKJIMBHX JDKepell; iHIuBiIyaidbHa poOoTa 3
KaHIuJaTaMu y TIpoleci iX HaiiMy Ha po0oty; poOoTa 3 COLiaJbHUMH
MepexxamMH; po0OoTa 3 MacHUBHUMH KaHAuIatamu, iHQopMamlis Mpo sSKHX
30epiraeTscs y ATS; momyk kKaHAWAATIB A7 KaIpOBOTO pe3epBYy KOMIIAHIi,
MOHITOPHHT iH(pOpMamii Mpo KaHAWOATIB 3 KaJpPOBOTO pe3epBy; 30ip Ta
30epiraHHs BENMKHAX OOCSTIB AaHUX Ta iH. 3BHYaiiHO, Ha puHKY ATS, sxuit
JIOBOJTi IIIBUIKO PO3BHUBAETHCS MPOTATOM ocTaHHIX 10-15 pokiB, mpencraBieHo
SIK TOPOTi TMPOAYKTH, OPIEHTOBaHI Ha KPYITHI KOpIioparlii, Tak i 6€3KOImTOBHI,
po3paxoBaHi Ha cepedHi Ta Maili KoMmaHii. HalmonymapHimmuMu Ha cbOTOIHI
e Taleo, Kenexa-Brassring, Jobvite, iCims, Peoplefluent, iRecruitment,
Newton Software, Jobscore, Lumesse, Bullhorn. Yci BoHu 6¢3yMOBHO MalOTh
IIEBHI MepeBaru Ta HeAoJiKU. [IpoTe He 3aBXIau KOMITaHii-pO3pOOHUKH TaKUX
MIPOAYKTIB PO3TOJIONIYIOTh, SIKi METOJH, TEXHOJIOTI] 1 T.II. BAKOPHCTOBYIOTHCS
JUTsI BUPILIEHHS 3a/1a4i.

VY Hali3arajpHIIIOMYy BUTJIIAI 3aja4a MiI00pYy KaHIWIATIB HA BaKaHTHY
mocajy € 3aJadycro Kiacudikarii, uepe3 Te, Mo 3MiHCHIOETHCA PO3OUTTS yCiX
MOTEHIIIMHUX KAaHAWJATIB Ha 3a3[alleTi[b BH3HAYCHI KJIACH MICIS MEPEBIPKU
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Ha BIiJMOBIMHICTh 1X XapaKTEPUCTHK Ta XapaKTEPUCTHUK BaKaHTHOI IOCAIH,
BH3HAYCHUX y mpodeciorpami. Km0 MO3HAYUTH depe3 H= {hl,...,hi

MHOXXKMHY  XapakTepHCTHK, 3a3HaueHWX y Tpodeciorpami, a depes

V= ViseersV - HaOip KJaciB BiAMOBITHOCTI BaKaHTHIN TOcaidi, TO 3amaqa

migbopy KaHAWAATIB Ha BakaHTHY I[IOCaly TIOJIsATae y 3HAXOMKEHHI
BiToOpakeHHs, a came f H—->V [1]. Tomy nnst BUpilIEHHS IOCTABICHOT

3amadi HeoOXiMHO: ToO-Tiepire, pPo3poOuUTH TpodeciorpaMu s  KOXKHOI
BaKaHTHOI MOCAJH, 10 BKJIIOYAIH O K BUMOTH JI0 IpodeCciiHUX 3HAHb, YMIHb
Ta HaBMYOK KaHIWZATa, TaK 1 BUMOTH O OCOOMCTHX  HMOro SKOCTEH; IMo-
Japyre, o0OpaTH METoj KIacH(pikallii s OMIHKKA BiIMOBIMHOCTI MOTEHINIHHUX
KaHJWIATiB BaKaHTHIN 1MOcaji; MO-TPETe, BU3HAYUTH KJiacH Ta/abo 3HAYCHHS,
32 SIKUMU TPUUMATUMEThCS PIMICHHS MIO/0 BiJIOBIIHOCTI MOTEHLIIHOTO
KaHIuIaTa BAKaHTHIN Imocai.

JlirepaTypa
1. Melnyk K. V. Automation of employee evaluation in educational institution /
K. V. Melnyk, N. V. Borysova, V. 1. Melnyk// XII mixHapoaHa HayKOBO-IIPaKTHYHA
koH(eperis “Information technologies and automation — 2019”. — Odessa, 2019. —
P. 126-128.
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SITUATIONAL CONTROL OF THE SHIPS ELECTRICAL
OWER SYSTEM
Gluchkov S.V.! 0000-00015026:933X] Dy Sci. Fedosenko Yu.S.2 [0000-0002-9434-4386)
Dr.Sci. Solovev A.V,3[0000-0002-6304-9739] ' pp Iy Plekhov A.S.4 [0000-0002-6954-329]
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Abstract. The problem of reducing fuel consumption by the power plant of a river
ship by implementing situational control of its ships electric power system is being
considered.

Keywords: Ships electric power system, situational management, operation
scenarios.

An important object of automation in the passenger, cargo and technical
fleets of inland water transport is the ship's electric power system [1], the
management of which intelligently saturated software and hardware will
contribute to reducing fuel consumption, increasing the service life and thus
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improving transport efficiency. It should be noted that the currently operated
fleet uses mainly control systems for individual devices, there is no monitoring
of electricity consumption by individual consumers, travel conditions,
including environmental conditions and restrictions, current shipping
conditions and the situation on board are not taken into account.

A fundamental solution to the problem of optimizing the functioning of
the ship's electric power system, taking into account the above-mentioned
circumstances, can be obtained within the framework of the concept of lean
production, by situational management of the operation of the ship's electric
power system. The database of protocols (DP) for the implementation of
situational management of the ship's electric power system is a library of
scenarios focused on standard and typical abnormal operating situations in
which the transport process is carried out. This, for example, can be parking or
running conditions without passengers, that is, it is possible to significantly
save energy resources. A scenario is possible that regulates the automatic
transition protocol from one power mode to another. For example, when a fire
alarm is triggered, it is necessary to start the fire pump without allowing the
power plant to overload; that is, in this case, it is necessary to provide for
automatic starting of an additional generator or disconnection of part of high-
current electric consumers that are not necessary in this situation.

It is obvious that typical ship operation scenarios should be present in the
DP. These include, in particular, running and maneuvering modes, parking
with and without passengers, modes of actuation of the emergency diesel
generator. Specific scenarios should reflect typical situations such as
manoeuvring of a vessel in shipping channels, removal from anchor, as well as
conditions of special purpose of the vessel (floating dock, floating crane).

In the protocols and algorithms for execution of power supply system
control scenarios, priority levels of ship's devices should be provided, which
systems with the highest priority should operate in emergency mode.

In variable scenarios, it is advisable to take into account the current
calendar period, environmental and climatic restrictions of the navigation area,
weather data, and the work of the vessel for special purposes.

The conditions specified in the scenario implementation algorithm will
allow you to quickly configure the operation mode of the galley electrical
equipment system used for cooking. Today, such manipulations are either not
carried out at all, or are carried out in manual mode, at the discretion of the
supervisor [2]. By automatically processing scenario implementation data in
the background, it is possible to carry out general monitoring of the technical
condition of the ship as a whole, monitor and record the engine hours of the
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ship's units, receive information about their potential malfunctions with
prompt prediction of the next period of preventive inspection or repair.

The proposed approach, fully implementing the principle of lean
production, will make it possible to create a system capable of quickly
disconnecting on-board electric consumers, thereby releasing the power of the
power plant in specific and abnormal situations. Its implementation will
reduce the influence of the human factor on the operation of the power supply
system and will contribute to improving the transport safety of navigation.

References
1. Torstein I.B. Marine Vessel and Power Plant System Simulator // IEEE Access,
2015.—P. 2065-2079.
2. Lyashenko V.G. Upravlenie sudnom. Vliyanie chelovecheskogo faktora na
bezopasnost' moreplavaniya: kurs lekcij. Herson: HGMA, 2016. — 168 p.
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FUZZY LOGIC TO SUPPORT DECISION FOR CHOOSING A
SERVICE
Ph.D. Pronina O. . [0000-0001-7085-8027] "' ppy Iy Piatykop O. Ye, [0000-0002-7731-3051]
E-mail: pronina.lelka@gmail.com, pee_pstu@ukr.net

Abstract. To solve the problems that arise when choosing services, it is necessary
to apply processing approaches in the conditions of fuzzy information. A decision-
making method was developed for choosing a service in the context of individual
customer needs, namely a fuzzy inference.

Keywords: order model, service model, multi-stage decision making, fuzzy
inference model

In everyday life, a person is constantly faced with decision-making by
choice. This may be the choice of goods in an online store or the choice of a
master for the implementation of services [1]. For each client, the service is a
set of unique requirements for the service provider, as well as signs of the
service itself. The customer of the service chooses each value of the sign
independently, based on his personal needs. In some cases, the client needs to
receive the service as soon as possible. Then the minimum waiting time for the
service becomes an important parameter.

Also important is the distance from the customer to the contractor. The
closer the contractor is, the faster it will respond to the customer’s request and
provide an individual service. When a customer is presented with a choice of
several performers, then such a parameter as the performer rating may be
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important. Most often, the rating is analyzed when the performers provide
services in the same price ranges, or it is desirable precisely the quality of the
service, evaluated by other customers.When choosing services, the customer is
faced with a set of problems that impede the selection process, namely:

- Problems with combining service attributes. By the combination of
attributes is understood the presence of requirements that the client sets for
himself in the process of choosing a service. It can be one need - speed, or two
- speed, and financial savings, or maybe several. In order to analyze and
choose a service according to all criteria, it is advisable for the customer to
analyze everything and spend a lot of time.

- Data heterogeneity. The heterogeneity of the attributes that describe the
service becomes an obstacle in the analysis of the service market. So the client
can clearly imagine some attributes, and others - approximately: in a range or
verbally.

- Perception of information. This problem arises from the use of the
previous paragraph. It is due to the fact that when using fuzzy values (not
numerical), but verbal characteristics, such as “low”, “close”, etc., there is a
need to convert linguistic data into a numerical analogue. But verbal
characteristics are the most convenient when describing services.

- Attribute reliability problems. The reliability of the attributes that the
client analyzes is a very important point when choosing a service. If the
attributes are obviously inaccurate, this may affect the choice, and as a result,
the poorly presented service. An example of the validity of attributes is the
use of a rating, which customers very often rely on when choosing a service or
product. Rating calculation in systems and stores does not always work
correctly. There are situations when the rating is high, but the number of votes
is small, or vice versa, the rating is low, but the number of votes is very large.
The question arises: what is the most accurate value - the assessment itself, or
the assessment taking into account the number of votes. Therefore, there is a
problem: how to most accurately and accurately represent the values of service
attributes for a customer.

- The presence of third parties in the provision of services in the market.
Since the provision of services takes place with the help of platforms, whether
it is online stores, or hairdressers, repair shops, etc., the presence of an
intermediary is common. If the customer chooses not a specific service
provider, but the service as a whole, then the intermediary himself decides on
the contractor. The intermediary may be a dispatcher in a taxi service, or the
administrator of the host of orders. The intermediary is guided by his
subjective opinion, or, possibly, by the rules of the company. At the same
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time, the mediator himself does not act as an expert, but only as a selection
mechanism. The client needs to make a choice, excluding the third party when
making the decision. In conditions of a large amount of information, a lot of
time can be spent on the detailed study of a large number of features.

Therefore, it is important to automate the decision support process for the
selection of a rational service option, based on all available parameters.

When analyzing the identified problems that arise when choosing a
service by the customer, it becomes clear the need to organize decision
support in fuzzy information, including in the form of intelligent decision-
making systems. Therefore, the authors have developed models and methods
to support individual customer needs when organizing services based on fuzzy
logic.
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fulfill your everyday or business tasks. https://kabanchik.ua
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ABOUT THE SELECTION OF A COMPUTING MODEL FOR
CALCULATING HYDROSTATIC CHARACTERISTICS OF THE
HULL AND FIT OF A WATER-DISPLACEMENT VESSEL
Valyaev A.V. [0000-0002-04466073] 2pp ). Lukina E.A. [0000-0002-3834-2386]
3Dr.Sci. Fedosenko Yu.S, [0000-0002-9434-4386]

E-mail: 'wav-dk@mail.ru, evair@mail.ru, 3fdsl1707@mail ru

Abstract. The paper is devoted to the selection of a computational model for
calculating the hydrostatic characteristics of the hull and fit of a displacement vessel.
The calculation algorithm is necessary to build a subsystem that is part of a scalable
software and hardware system developed by the authors to support the decision by the
captain of a river cargo/passenger (cruise) vessel about the readiness to use regular
technical means to save passengers and crew in the event of a ship accident risk.

Keywords: swimming safety, constant displacement method, liquid cargo
reception method.

At the design stage, the safety of the ship is confirmed by the calculations
of buoyancy, stability, and unsinkability for a certain number of load
conditions using mathematical models of ship statics. The result of the
calculation is the final navigation position of the vessel after the application of
the load and its stability characteristics. If in this position of the vessel the
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norms of the Russian River Register are complied with, then the safety of
navigation is considered ensured. The safe end position of the ship is an
integral part of the design of the ship. At the stage of operation of the vessel in
the event of an emergency, deviations from the design scenarios are possible
(excess load, crew errors [1-3]). Therefore, the safety of the final position of
the ship may not be provided. To control the situation, the captain of the
vessel, to organize measures to rescue and evacuate passengers and crew,
needs an information system to support the decision on the use of standard
technical means to save passengers and crew in case of threat of the death of
the vessel. Two different computational models for assessing the landing and
stability of a damaged ship are possible [1]. For the first model, it is believed
that the water that entered the compartments when the case is damaged is a
liquid cargo whose weight is equal to the weight of the infused water. In this
case, the weight displacement of the damaged vessel will exceed the
displacement of the undamaged vessel by the weight of the infused water and
its center of gravity will change its position. In the second model, it is believed
that if the hull is damaged, the weight of the vessel remains unchanged, and
only the shape of its underwater volume changes and, accordingly, in this
case, the water in the damaged compartments is excluded from the underwater
volume of the vessel, the weight displacement and the position of the center of
gravity of the vessel remain unchanged. Both computational models are based
on clear physical assumptions, and their use leads to the same results in
calculating the landing characteristics of the vessel. At the same time, when
calculating such relative values that characterize the stability of the vessel,
such as metacentric height, the shoulder of static stability, the use of these
computational models leads to different results, since the values of these
parameters are determined by dividing the absolute values by the
displacement, which are taken into account differences in these models. The
geometry of the submerged part of the vessel is also ambiguous.

When using the method of constant displacement, a compartment is
considered that unlimitedly communicates with seawater. Therefore, this
method considers emergency cases of flooding of the compartments of a
vessel through a hole, which is required by the Rules of the Russian River
Register [1] when checking unsinkability. But at the same time, it is
impossible to take into account intermediate stages when the water level in the
compartment is less than the draft at the moment and the process of flooding
in dynamics cannot be considered. And the method of receiving liquid cargo
allows you to evaluate the characteristics of the landing and stability of the
vessel at intermediate stages. The process of flooding the vessel is similar to
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the process of receiving liquid cargo, the mass of which within the known
compartment can be measured using a level sensor. The ability of incoming
water to flow into other rooms determines the use of the method of receiving
liquid cargo. Accordingly, when developing an automated support system for
a captain of a river cargo/passenger (cruise) vessel to decide on the readiness
to use standard technical means of saving passengers and crew in the event of
a ship accident [4] threat in terms of calculating the hydrostatic characteristics
of the hull and landing of a displacement vessel, it is necessary to use the
method of receiving liquid cargo.
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1. Malcev N.Ya., Dorogostajskij D.V., Prytkov YU.K. Teoriya nepotoplyaemosti
sudna // L.: «Sudostroenie». 1983. — 320 s.
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METOJ ABTOMATU30BAHOT'O ®OPMYBAHHSA TECTOBUX
3ABJIAHb
JA.1.H. Bapmak O.B., Ma3ypeus O.B., 1.¢.-m.H. Kpak 10.B.,
k.T.H. Kyasc AL
E-mail: alexander.barmak@gmail.com

METHOD FOR AUTOMATED TEST TASKS CREATION FOR
EDUCATIONAL MATERIALS
Dr.Sci. Barmak O., Mazurets O., Dr.Sci. Krak 1., Ph.D. Kulias A.

Anomayia. OmHEM 3 OCHOBHHUX CIIOCOOIB KOHTPOTIO 3HaHb Yy HaBYAIBHHUX
iHpOpPMaIifHUX CHUCTEMax € KOMII'IOTepHE TECTyBaHHS, a iH(opMamiiiHi TEXHOJOTil
JAal0Th MOXJIMBICTh CYTTEBO 3MCHIIUTU TPYHOBI 3aTpaTd Ha CTBOPEHHsS TECTOBUX
3aBJIaHb 3 MOJJIMBICTIO TX TOCTIHHOTO OHOBJICHHS, 110 (GOPMY€E aKTyaIbHHH HAIPSIMOK
HAYKOBHX JIOCIII/KEHb.

Kniouogi cnoea: inpopmauiiinuii HaByaabHUI Martepiai, iHpopmariiina Moaesb
CEMaHTUYHOI CTPYKTYPH HaBYAJIBLHOTO KypCy
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Abstract. One of the main ways to control knowledge in educational information
systems is computer testing, and information technology can significantly reduce labor
costs for the creation of test tasks with the possibility of their constant updating, which
forms a relevant area of research.

Keywords: informational educational material, informational model of semantic
structure of educational course

Jo HaByambHOTO  Kypcy JMUCHMIUIIHM  3a3BHYail  BKJIIOYA€THCS

iHpopManiiHui HapyansHui Marepian (IHM) six ocHoBHHME HOCIH iHpopMaii
B HaBYAIBHOMY Kypci # TecroBud HaB4aibHuii wmarepian (THM),
NpU3HaYeHui Uil BHU3HAueHHs piBHA 3acBoeHHs |HM. B momnepexnnix
nyOmikamisx Oysno  po3riasHyTo iH(OpMAIifHY MOJEIh CEMaHTHYHOL
CTPYKTYpH HaBYaJbHOTO Kypcy [1], sika € dopmamsauM momanasMm [HM Ta
THM HaByambHOTO Kypcy IHCLMIUTIHM Ta  JO3BOJSE  IPOBOAUTH
aBTOMaTH30BaHE (OpPMyBaHHS HAOOpiB TECTOBHX 3aBlaHb, 3abe3nedyroun
MaKCHMaJIbHO PIBHOMIpHE 1 IIMPOKE OXOIUICHHS HaOOpPOM TECTOBHX 3aBllaHb
CEeMaHTHKH HaBYaJbHOT'O MaTepialy.
CxeMmy MeTOly aBTOMAaTH30BAaHOTO (pOPMYBaHHS TECTOBUX 3aBAaHb IT0JIaHO Ha
puc. 1. Bxiguumu nanumu Metoay € koHTteHT IHM um #foro BH3HaueHOTo
esleMeHTy cTpykTypu MHeading Ta BiAMOBiAHA MHOXKHHA KIFOYOBHX TEPMiHIB
MTerm U MRel:H-T; BuXigHMMH JaHMMHM € MHO)XMHAa TECTOBHUX 3aBIaHb
MTestEx, a TakoX MHOXXHHH 3B’S3KIB — MDK 3arojIoBKAMU Ta TECTOBHUMH
3aBmaHHsMu MRel:H-TE 1 Mik KIIOYOBUMH TEpMiHAMH Ta TECTOBHMH
3aBOaHHAMU Mper7.75. s poOOTH MeTOomy HEOOXiTHA MHOMKHHA ITPABHI
MPOAYKIIT TECTOBUX 3aBIaHb Mgy, CTBOPCHHUX OKPEMO 1 3a3[aJIeTi/Ib.

Crneprry (brox 1) NIUIAXOM TapCHHTY KOHTEHTY oOpaHoro enementy IHM
(atpubyt HContent KOpTEKiB MHOXUHU MHeading) (POPMYETbCS MHOXKHHA ()parMeHTIB
Ms, KOXeH 3 SIKHX € pedeHHsIM a0o B JSSIKHX BHUIAJKaX (HANPUKIAN, Nepeslikax) —
MHOXXHHOIO pedeHb. DparMeHTH JIOKaNi3yIOTh MOTCHIHHUNA KOHTCHT JJIs
CTBOPEHHS OKPEMHUX TECTOBHX 3aBIaHb. JlJI1 CTBOPEHHS MHOXKHHH TECTOBHUX
3apnanb G (biox 2) xoxeH enemenT mS € MS 3 K0XkHOT pyOpPHKH JTOKYMEHTY
mHeading € MHeading nepeBips€Tbcsi Ha HasBHICTh KOKHOTO KJIFOYOBOTO
tepminy mTerm € MTerm, 3ictaBienoro aauiii pyopuii mTerm N MRel:H-T
# @.. Slkmo Ttepmin mTerm npucyTHiii B ¢parMeHTi mS, TO MPOBOIUTHCS
nepebip mnpaBwi npoxykuii MRule Ha mnpenmer BigNOBIAHOCTI yMOBH
(anrenenenra) mpaswia [2]. Koxen Bumagox iamosimsocti 3 (VmS,i N
VmTerm,j N VmRulek # 2)x Mae HacaigKoM aBTOMaTHYHE CTBOPEHHS
HOBOT'O TECTOBOTO 3aBJaHHS ZX.
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Bxioni oani:
—  Eaxementu mozem IEM: IEM = Merdmg U Mz g U Mz U Mpamr:

— MHo:xHHa IPaBHI NPOAYKIN] TecTOBHX 3aBOaHb My,

Baok 1 - BusHaueHHA MHOMHEH pedeHb JEM: My q4me = M.
Baox 2 — 3acTocyBaHHA MpaBHI IPOAYKLIT 0 TEPMIHIB ¥ PEUeHHAX
AR VM eading € MEeading 1| CTBOPEHHA MHOKHIHH TECTOBIX 33BJaHb G

A(Vms; (1 Yggmy [ ¥mper = 0)y = My — 8. G=G U gy,
1= |Msl.J = |{mzem | MTem € Mram, Mrem (| Marmr# 0}, k= Mgl

¥
Baokr 3 — CrniiBcTaBIeHHA TECTOBHX 3aBaaHb (5 3 [EM:
G = TEM = Mrzsz U Meerzrre U MparT1e

v

Buxioui dani:
— TecroBi 3aBIaHHA 10 HaBYaILHOrO Kypey: TEM = Mr ey U Mo U Mpa.rre.

Puc. 1 —3azanvrna cxema memooy agmomamu308ano20 hopmyeanHs
Mecmosux 3a60atb

JieBa uyacTMHa mpaBWiIa NPOAYKLIl (KOHCEKBEHT) BHU3HAYA€E ATOPUTM
MEPETBOPEHHS KOHTEHTY (h)parMeHTy ms y TECTOBE 3aBAaHHs g. Takum YrHOM,
YMOBOIO (aHTELE[CHTOM) TpaBUiIa MPOAYKIII € JesiKe peueHHs-1Ia0lIoH, 3a
SIKAM ~ 3IIMCHIOEThCA TIOIIYK, a Ji€f0 (KOHCEKBEHTOM) — aITOPHTM
MEPETBOPEHHSI PEYCHHS B KOHTEHT CKIAMOBUX TECTOBOTO 3aBJAHHS, IO
BUKOHYIOTBCSI [IPH YCIIIIHUX Pe3yIbTaTax MOIIyKY.

JlitepaTypa
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ABTOMATU3ALUA PABOYET'O MECTA OITEPATOPA
JIOTUCTHUKHA B CTPOUTEJBHOU KOMITAHUN
K.1.1. Batumiesa Q.M. 0000-0003-1451-066)  TioGagopa E.A, (0000-0002-4361-6046)
E-mail: omb@list.ru, lobanova_e_a@inbox.ru

AUTOMATION OF THE LOGISTICS OPERATOR WORKPLACE OF
A CONSTRUCTION COMPANY
Ph.D. Batishcheva O.M., Lobanova E.A.

Annomayua. PaccMOTpeH BONPOC OpPraHM3alMHd  aBTOMATHU3HMPOBAHHOTO
pabodero Mecra oreparopa JIOTUCTHKH JUIsl YIPABICHUS CHA0KEHUIECKUM IIPOIIECCOM B
CTPOUTENBHOH KommaHuu. Pa3paboraHHas cucrema obecnedMBaeT aBTOMAaTH3ALHIO
JIOKyMEHT0000pOTa ¥ yIpaBJIeHHE MOCTaBKaMH MaTepHaIbHBIX pecypcoB. OHa MOXeT
HalTU NpUMEHEeHUEe B JIOTUCTUYECKON CUCTEME CTPOUTEIBHOM OTpaciIu.

Kniouesnie cnoga: norucTrka, MaTepHalbHbIE PECYPCHI, aBTOMATH3AILis.

Abstract. The issue of organizing an automated workplace of a logistics operator
to manage the supply process in a construction company is considered. The developed
system provides automation of document management and supply management of
material resources. It can find application in the logistics system of the construction
industry.

Keywords: logistics, material resources, automation.

OCHOBHBIM Ha3HaYCHUEM Opranmn3aliu JIOTUCTHUYCCKOI'O YIPaBJICHUA
CTPOUTEJBHOW KOMIIAaHHMH SIBIISIETCSl CBOEBPEMEHHOE olecrieueHne 00bEKTOB
CTPOHTENIBCTBA HEOOXOMUMBIMU BHIAMH MaTEpUANBHBIX pecypcoB. Jlims
OIICPATUBHOT'O peuieHuA IIOCTAaBJICHHAX nepen crienaanucraMu
JIOTHCTUKM  3a7jad ~ HEOOXOIUMO  HCIIONIb30BAaHHE  COOTBETCTBYIOIIETO
3¢ (PEKTUBHOTO HHCTPYMEHTapus ympaBieHus. [IpoBeJCHHBI  aHAIH3
JICTTOTIPON3BOJICTBA CIYXKOBI JIOTHCTUKH CTPOUTEIHHON KOMIAHHWU TIOKa3al,
YTO ONTHMU3AIMS Pa0dOTHl 3TOTO OTAETa BO3MOXHA HAa OCHOBE BHEIPCHUS
HHPOPMAIMOHHOM CHCTEMBI, obecrnieunBaroeit yIpaBJICHHUE
JOKyMEHTOOOOpPOTOM, M CO3/1aHHs aBTOMAaTH3MPOBAHHOTO padouyero Mecra
(APM) cnenmanucra noructuku. Pazpadorannoe APM oneparopa JOTHCTHKH
CTPOWTENBHOW KOMITAaHWH TIPEICTABISET COOOH IHaJoroByro cucremy. B
peanpHOM Macmtabe BpemeHn APM oOecriednBaeT BEITIONHEHHE CIIEAYIOMINX
¢yHKOMH:  BeJCHHWE  CIPABOYHMKOB  IOCTABIIMKOB,  JOTOBOPOB M|
cnenuduKanuii, 3aj{BOK Ha I[OCTaBKy CTPOMTEIBHBIX MAaTEPHANOB,
CTPOHTENBHBIX O0BEKTOB W CKJIQJOB, MaTEPHAIBHBIX PECYPCOB W WX THIIOB;
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MOHHUTOPHHI' UCIIOJIHEHUS! 3asBOK, ITOCTYIUICHHUS MaTepUAlbHBIX PECYpCOB Ha
CTpOUTETbHBIE OOBEKTHl M HX HAJIMYUS Ha CKIaje; KOHTPOJIb CPOKOB
BBINIOJTHEHHUS IIOCTaBOK M OIUIATBl CYeTOB; O(OPMIICHHE JIOTOBOPOB Ha
MIOCTaBKy, cHenu(UKaLUi, 3asiBOK, MEePEeJaTOYHbIX JOKYMEHTOB U TOBAapHO-
TPAaHCIIOPTHBIX ~HAKJIAIHBIX; (OPMUPOBAHHE OTYETOB O IOCTYIUICHUH
MaTepualioB Ha CKJIaJl, UCIIOJIHEHWH 3asSBOK M 3aKIIOYEHHBIX JOTOBOpax C
MIOCTaBLIMKAMMY;

Takum ob6paszom, paspaboranHoe APM obecrieunBaeT JIOTUCTY 3aIliCh,
pEeIaKTHpOBaHUE W XpaHEHHWE HMHGpOpManuy B 0a3e JaHHBIX, ONECPATUBHYIO
00paboTKy HEOOXOMUMOH BBIOOPKM MJaHHBIX, €€ OQOpMIICHHE B BHIE
UTOTOBBIX OTYETOB MM JOKYMEHTOB JUI Tmocienykomeid nedarn. s
B3aUMOJCHCTBHUSL OIlepaTopa JIOTHCTHKH ¢ 0a30i JaHHBIX pa3paboTaH
TIOJIb30BATENECKU  MHTEPPEHC ¢ HCIHOJIB30BAHUEM MHTEIUIEKTyaJbHOM
kiueHTckoi texHonornn Windows Form. Ha puc.]l mpencraBnena skpanHas
¢dbopma pabouero Mecra omeparopa JOTHCTHKA — OCHOBHON wuHTep(eiic
pa3paboTaHHON CUCTEMBI.

B apm AMCMETYERE NOTHCTHIEH - o w |
Mew  Cnpaeguwiior Oruete  Cnpasc
oo MI @ ‘ - X
'BENT B Ko ‘eecTp weTa
Macrasind CTPONT ENLETES e RAoToBOpOE Ha SARaTY
33ABKK  PeecTp NOCTYNNEHHA MATEPHANOB
Howep | fata Hauano Owonuanme  KowTaktuoe ~ :O:
spmg | cocraanswan | TePHORA AepMana DAL Ha Crarye Koutparent 1=
NOCTEA nocrags obente

14 |03.04.2019  |01.04.2019  |08.04.2019 |Kocrewxo B.T. | Npeneara MeTanaMapKeT

15 03.04.2019 040420015 |07.04.2009  |Meawuenno CA. MguwATa Zagon Mpang E
17 03.04.2019 01.04.201% 05.04.2018 HocTeqxo 8.1, Mpuwara Q00 Crpodpecypc

18 03.04.2019 18.03.2019 25.03.2019 Korrenko B, Npasiara 3as07 Mpaug |@§
19 03.04.2019 03.03.201%9 15.03.2019 Heanuenkn CA, OTapmiEea Q00 CTpsiseaype LA |
20 03.04.2019 17.04.2019  |18.04.2019  |KocTewko BT, O=MA2eT OTNPaENH | MeTannMapxer e
21 03.04.2019 01.04.2019 04.04.2019  |KocteHko B.r. MpamATa | Bazuc-Crpod | ml
22 03 0L 9099 03 04 9309 NS N4 204G Masuueucn £ 4 B oacruntagunns afala Na SEREFEOEN il

MoMeK No o BEKTY CTDOHT ENBCTE FIOMCK N0 KDRTPArenTy

YuacTan CTpOTERLCTES: | |

KowTparesT: | w
ObuexT CTpouTEnLCTE: | ~| -
Cewaaas | v| [ Haim |
Srax: | ]
i HaiiTn

Puc. 1 — Humepgpetic paboueco mecma onepamopa 102UCmuKy
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Jlnst KOHTpOJISL MCHONHEHMs 3asBOK MpEJHAa3HAuYeHa CTPOKA COCTOSHUS,
oToOpakaromas TeKyIlIne, UCIIOTHEHHbBIC ¥ HEBBIITOJIHEHHbIEC 3asBKH, a TAKXKE
3aJaHKe MPaBUJI OIOBEIIEHUs OllepaTopa, KOTOPhIE BBIAEIAIOT 3alUCh 3asBKU
B Tabiuue BHIOPaHHBIM IIBETOM B 3aBHCHUMOCTH OT HACTYIUIEHUS IIEpHUOAA
MOCTaBKHU 3aKa3aHHOTO MaTepuaa.

Takum oOpa3oMm, paspaboranHoe APM obecneunBaer oneparopy
JIOTUCTUKU KOHTPOJIb M CBOEBPEMECHHOE BBINOJIHEHHE OCHOBHBIX 33434
OIIEPaTHBHOI'O YIPABJICHNSI CHA0KEHYECKUM HPOLIECCOM.

Jlnsi KOHTpOJISL MCHONHEHMs 3asBOK MpEJHA3HAUYeHa CTPOKA COCTOSIHUS,
oToOpakaromas TeKyIlne, UCIOJTHCHHBIE W HEBBITIOJTHEHHBIC 3asBKH, a TAKXKe
3aJjaHue TIPAaBHII OMOBEIICHHS OTIEPaTOPa, KOTOPBIE BHIJCISIIOT 3aITUCh 3asBKH
B Tabiune BHIOPaHHBIM IIBETOM B 3aBHCHMOCTH OT HACTYIUICHHS IIEPHOAA
MIOCTABKHY 3aKa3aHHOTO MaTepHaa.

Paszpaborannoe APM obOecreunBaeT omneparopy JIOTUCTHKA KOHTPOIb U
CBOCBPEMEHHOE BBITIOJHEHNE OCHOBHBIX 3a/1a4 OIEPAaTUBHOTO YIPABICHUS
CHA0XEHYECKUM IPOIIECCOM.

VIIK 681.3

IHOOPMALIMHA TEXHOJIOI'IA JJIs BUJOBYTKY TOUHHUX,
KOMIIAKTHHUX TA IHTEPIIPETABEJIbBHUX HEUYITKHUX BA3
3HAHb TUITY MAMJAHI
Jl.T.1. IIIToBGa C. ]I, 10000-0003-1302-4899] Nazynepico BB, [0000-0002-7589-8797]
Merpuuko M.B, 10000-0001-6836-7843]

E-mail: shtovba@yvntu.edu.ua, viktor.mazurenko@gmail.com
petrychko.myckola@gmail.com

INFORMATION TECHNOLOGY FOR EXTRACTING THE
ACCURATE, COMPACT AND INTERPRETABLE MAMDANI-TYPE
RULE BASE
Dr.Sci. Shtovba S., Mazurenko V., Petrychko M.

AHoTamisi. J[onoBinb CcTOCYeThCsl pO3poOKM iH(OpPMAIiHHOT TeXHomoril uist
BUIOOYTKY HEWITKMX CHCTeM TUmy MaMaaHi 3 eKCHepHMEHTAJIbHHX —JIaHUX.
[IponoHoBaHa iH(OpMaIIiiiHa TEXHOJOTiA 3a0e3Medy€e CHHTE3 TOYHHUX, KOMIIAKTHUAX Ta
iHTeprpeTabeNbHIX HEWITKUX 0a3 3HaHb. KirouoBoro ocoOmuBicTiO iH(pOpMamiiHOT
TEXHOJIOTI] € YOTHpBOXeTalHa cxeMa (yHKIIOHYBaHHS, sIKa BKIIIOYae: 1) reHepyBaHHS
CIIHCKY a/ICKBaTHHUX MPaBHJI KaHIUIATIB; 2) BiIOip MpaBWir; 3) penyKiis aHTeHEACHTIB
00paHuX MpaBwi; 4) mapaMeTpUUHE HANAIITYBAHHS HEUITKOI 0231 3HAHb.
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KmiouoBi cioBa: wHeuwitka imeHtudikaris, Bigdip mOpaBwi, TOYHICTS,
iHTepIpeTabeNnbHiCTh, KOMIAKTHICTh, HEYITKE BUBEICHHS, TCHETHYHMI aaropuTM,
¢ponr Ilapero.

Abstract. The paper dedicates to development of an information technology for
the design of Mamdani-type fuzzy systems derived from experimental datasets. The
proposed information technology provides synthesis of accurate, compact and
interpretable fuzzy rule bases. A distinctive feature of the information technology is the
following four-stage operation scheme: 1) generating a list of adequate candidate-rules;
2) selection of the rules; 3) reduction of the antecedents of the selected rules; 4)
parametric tuning of a fuzzy rule base.

Keywords: fuzzy identification, rule selection, fuzzy rule base, accuracy,
interpretability, compactness, fuzzy inference, genetic algorithm, Pareto front.

Mertoro poOOTH € CTBOpEHHs iHPOPMALiifHOT TeXHOJIOT], sika 3a0e3nedye
CHUHTE3 3  eKCHePUMEHTAIbHMX  JIAaHWX  TOYHHX, KOMIIAKTHHX Ta
iHTepnpeTabensHUX 0a3 He’iTkux npaBwil. OcoONMMBICTIO TEXHOJNOTII €
HaCTyITHa YOTHphOXeTanHa cxema (yHKuioHyBaHHA: 1) GpopMyBaHHS crHCKy
aJIeKBaTHUX  TpaBWI-KaHAWAATIB; 2) Bimbip  mpaBwr;, 3)  pemyKIis
aHTCIEACHTIB;, 4) NapaMeTpUYHE HAIAINTYBaHHA O0a3W HEWITKUX IPaBHIIL
Iepmi 3 eramm BiAMOBINAIOTH CTPYKTYpHIN imeHTH(ikamii, a YeTBepTH —
mapameTpuuHiit. [lepmmit Ta deTBepTHii eramu  BigOyBaeThesA i3
3aCTOCYBaHHSIM KpUTEpiiB TOYHOCTI Ta iHTeprperadenbHocTi. pyruii Ta
YeTBepTUH eTamu BiAOyBAaeThCS i3 3aCTOCYBAaHHAM KPHUTEPiiB TOYHOCTI Ta
KOMMAakTHOCTI. [HopMamiiiHa TEXHOIOTiI BHKOPHCTOBYE HOBHH METOX
30epekeHHsT  iHTepnpeTabenbHOCTI  HEWiTKoi 0a3W 3HaHb IiJ — 4ac
HaJAmTyBaHHA (QYHKIIH HanexHocTi. Ha mepmomy eram TIeHEpPYIOTHCS
HEYiTKi NpaBWia 3 eKCHePUMEHTAIbHUX JaHWX METOAOM IPSIMOTO HPOXOAY.
Leit ™meron TrpyHTYeTbCS Ha inesx werony Banmra—Mengens [1], 3a
BUKJIIOYEHHSIM TOro, W0 Ais (OpMyBaHHS INpaBWjia 3aMiCTb TEpMy 3
MaKCHMaJIbHUM CTYIICHEM HaJIS)KHOCTI OOMpaeTbcs TEPM 3 MaKCHMAaJIbHUM
cepelHIM 3HAYEHHSM CTYNEHS HaJeXHOCTI 3a Yycielo BuOipkoro. Sximo
aHajoroM MeroJy BaHra—Mennens € anropuTMoM HeWiTKol kiacudikamii 3
€IVHUM TIPAaBWIOM TepeMoxneM (single winning rule), To anamorom
3aIPOIIOHOBAHOTO METOJIY € AJITOPUTM HEUIiTKOI Kiacuikarii 3 roJocyounMu
mpaBuiaamu  (voting rules) [2]. 3a3Buduait HewiTki KiacudikaTopum 3
TOJIOCYIOUMMH IpaBHIaMu 3a0€3MeUy0oTh Kpally O0e3MOMUIKOBICTb, TOMY JUIS
reHepamii mpaBmi1 oOpaHa aHaimoriyHa cxema. Ha gpyromy erami
3MIACHIOETBCS BigOip HEUITKMX TMpaBmi. BiH peani3yeThCs 3a JOMOMOTOIO
0iHapHOTO T'EHETHYHOIO ajroOpuTMY 3 BpaxyBaHHSM JBOX KPHTEpiiB —
TOYHICTh Ta KOMIIAKTHICTh 0a3u 3HaHb. TOYHICTH OI[HIOETHCS CEPEAHBOIO
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KBQJIpAaTUYIHOIO HEB S3KOI0, @ KOMIAKTHICTh OI[IHIOETHCS 38 KUTBKICTIO ITPaBHII
6a3u 3HaHb. OCOONMBICTIO AITOPUTMY € Te, IO Uil HAaOJMMKEHHS 30HHU
nouryky a0 Ilapero-ppoHTy B KOOpAMHATaX TOYHICTh — KOMIIAKTHICTb
BBOJUTECSI OOMEXeHHs y (opMi JiHIHHOT KoMHeHcanii MK TOYHICTIO Ta
kommnakTHicTio. Hwkusa rpanuns [lapero-dpoHTa OLiHIOETBCS 32 BHIAYerO
xagiOHoro anroputMy (opMmyBaHHS 0a3u HpaBHi 3 ABOMA IIPOXOJaMH — BiJ
MOpPOXKHBOT 0a3u mpaBmiI 10 TOBHOI Ta HaBmaku. Ha Tperbomy ertami
BinOyBaeThcs penykuis anreneneHTiB. CyTb Liel mpoueaypy moisirae y 3amini
IesIKUX TepMiB aHTereneHTiB Ha TepM «Don’t care”. Ilpm mpomy, BkasaHe
CHPOIICHHS TpPaBWJI 3AIHCHIOETBCS TAKMM YMHOM, IIO0 HE 3aIIKOAUTH
TouHOCTI. Pemykmis aHTENeNeHTIB peani3oBaHAa THM CaMHM OiHApHUM
TCHETUYHUM aJrOpUTMOM, [0 1 BimOip mpaBmwi. Ha derBepromy erami
BiIOYyBa€ThCS HANAIITYBAaHHS Bar TMPaBWI Ta MapaMeTpiB  (QYHKIH
HayexHocTi. J[ns 30epeskeHHS iHTepIpeTabeTpbHOCTI HEdiTKoi 0a3w 3HaHb
BHKOPHUCTOBYETHCSI cCTEMa OOMEKEHb Ha TIapaMeTpu (QyHKIIIH HAIEeKHOCTI.

OcoOnuBICTIO cUCTeMH OOMEXeHb € Te, 10 BOHa c(hopMOBaHa uepe3
TOYKM MEpPEeTHHY CYyCiOHIX (YHKIIH HaleXHOCTI, a He dYepe3 napameTpu
¢yHKIid HajmexxHocTi, SK B [3]. ¥V BuUmaaky raycoBux (yHKIIH HaleKHOCTI
JTO3BOJISIETBCSL JIMIIE OJHA TOYKA IEpeTHHY TpadikiB CycimHix QyHKIi
HaJie>)xHoCTi. [Ipy 11boMy BHCOTa IepeTHHY 0OMEXY€EThCs 3BEPXY Ta 3HHBY.

Incdopmartist TexHosorist nepeBipena Ha Takux 7 3amadax 3 UCI Machine
Learning Repository: Auto-MPG, Boston Housing, Combined Cycle Power
Plant, Condition Based Maintenance of Naval Propulsion Plants, Airfoil Self-
Noise, SkillCraftl Master Table ta Physicochemical Properties of Protein
Tertiary Structure. Ilicns HamamTyBaHHA 0a3M HEYITKMX IpaBWI, IO
CHHTE30BaHO 3a 3allPOIIOHOBAHOIO TEXHOJIOTI€I0, € TPOXHM TOYHIMIMMH, HiXK
MCJIA CHHTE3y Ha OCHOBI KiacTepw3allil 3a METOJOM HEYITKHX C-CEepeIHiX.
AJte, 3ampoTNIOHOBaHA TEXHOJIOTiS CTBOPIOE HE TITBKH TOYHI 0a3W MpaBWII, aje
it iHTEepIIpeTadenbHi 3 BETUKOI0 YaCTKOIO KOPOTKUX MTPABHIL.
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HOBBIIEHUE TOYHOCTHU OHEHKHU I'PY30IIOABEMHOCTH
BYPOBOMU BBIIIKHU ITYTEM UCIIOJIb30BAHUA ITUCKPETHOI'O
HNPEOBPA3OBAHUS ®YPBE
JL.T.H. Mameos P.K. 10000-0003-4354-3622] Nanenop K.M. [0000-0002-2874-6221]
E-mail: rahim1951@mail.ru, qurban_9492@mail.ru

INCREASING THE ACCURACY OF THE ESTIMATION OF THE
CAPACITY OF A DRILL RIG BY USING THE DISCRETE FOURIER
TRANSFORM
Dr.Sci. Mammadov R.G., Mammadov G.M.

Annomayua. B crathe NPUBOAATCS OCHOBHBIE HENOCTATKH CYIIECTBYIOIIEH
METOJUKMA  OMNpENENEeHHs  TIPYy30MOABbEMHOCTH  OypoOBBIX  BBINIEK,  BHOBB
BMOHTHPOBAHHBIX B MOJEBBIX YCIOBHSX M HCIOIB3yEMBIX JUIS MOJBEMAa M CIYyCKa B
CKBaXHMHBI TSDKEJIBIX NpeaMeToB. [Ipeanaraercst Gosiee ToUHasi METOMKA, OCHOBAHHAS
Ha TOCIEAHUX MOCTIDKEHWS HH()OPMAIOHHBIX W KOMIBIOTEPHBIX TEXHOJOTHH. B
KavyecTBE HHCTPYMEHTa IPHHUMAETCsI IUCKpEeTHOe IpeodpazoBanue Pypbe.

Kniouesvie cnoga: rpy30ononbeMHOCTb, OypoBasi BbIIIKA, COOCTBEHHAs 4acToTa,
He3arpy KeHHBIH PeXHM, 3arpy>KeHHBII peXnM, JUCKpeTHOE peodpazoBanme Oypre

Abstract. The article describes the main shortcomings of the existing
methodology for determining the carrying capacity of drilling rigs, newly mounted in
the field and used to lift and lower heavy objects into the wells. A more accurate
technique is proposed, based on the latest advances in information and computer
technology. As a tool, a discrete Fourier transform is adopted.

Keywords: loading capacity, oil rig, natural frequency, unloaded mode, loaded
mode, discrete Fourier transform

B u3BecTHBIX yCTpoWcTBaxX TIPy30HOIBEMHOCTh OYypoBBIX BbImIEK (N)
oueHuBaercss 1o smmupuyeckoit popmyne N = F (fuesarp , frarp ), KOTOpas
3aBUCHT OT COOCTBEHHBIX YacTOT BHOpauluu OypOBOI BBINIKM B YaCTUYHO
3arpykeHHOM (fiarp ) 1 HE3arpyKeHHOM (fiesarp) pEXKUMAX.

Takoit MeroJ  OIGHKM HMEET CIEAYIOUIMe HEeJIOCTAaTKH: TOYHas
3aBUCHMOCTD MEXAY I'PY30HOJABEMHOCTH OYypOBOii BBIIIKHA M €€ COOCTBEHHOM
YaCTOTHI KOJIEOAaHHs HE CYIIECTBYET; N3MEPEHHE OCYIIECTBISIETCS Oe3 KaKoro-
00 3TAIOHA, TOTOMY 0€33TaOHHBIC H3MEPEHHS OOBIYHO 00Ia1aI0T HU3KOH
TOYHOCTHIO; (opmyna (1) sMmupuueckas M CIMIIKOM HHTErpajbHAs W He
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YUUTHIBACT Pa3IUUHbIC JECTAOMIM3HPYIOMHNE (DAKTOPBI, KOTOPBHIE MEHSIOTCS
OT U3MEPEHHS K H3MEPEHHIO.

Hanpumep, cuna BeTpa, BIaXxHOCTb BO3]yXa, BpeMsl CyTKHU, CHJa yJapa
[0 KaHaTy, TeMIlepaTypa BO3AyXa M T.[., ONTUMAaJbHOE 3HAu€HHE Ipy3a B
3arpy’>KeHHOM peXHMe Heu3BecTHO. lIpuHumaemoe 3HadeHue 10 TOH He
MOTHBHMpPOBaH U He mcciienoBan. [ToaTomy paspaborka anropurma st Oojee
TOYHOTO ONpE/ENICHUs TPy30NOABEMHOCTH OypOBOW BBINIKM OCTaeTCA
aKTyalbHbIM.

Ipemmaraercs cnemyromuii anroput™: 1. [locne nsroroBneHus OypoBoi
BEIIIKK Ha 3aBojie (Wi OypoBas BBIIIKA C OYCHb XOPOIIMMHU IapaMeTpaMH),
oHa mojsepraercsi konebanunio; 2. C momorpio ceiicmorpada 3amuceiBaeTcs
ceiicMorpamma komnebaHust OypoBoil BIIKH;, 3. C IMOMOIIBIO AMCKPETHOTO
npeoOpasoBanuss Dypre ompexnenseTcs AUCKPETHBIH MacCHB 3HAYCHHUH
ceiicMorpamMmsl; 4. VIMUTHpYsl pa3Hble TPY30IMOIBEMHOCTH OYPOBBIX BBIIIEK
cocTaBigeTcsl TaONHIa COOTBETCTBHSI JIHUCKPETHBIX MAacCHBOB K Pa3HBIM
TPY30MOIBEMHOCTSAM OypOBBIX BBIIMIEK; 5. DTOT MacCUB M OYAET CIIy>KUT
STaJIOHOM JJISI IPOBEPKH TAaKOTO ke ThHa OypoBBIX BbImek; 6. [Ipu mposepke
OypOBBIX BBIIIEK B MOJEBBIX YCIOBHSX TakXe CHHUMAeTCs CeHCMOTpamMM
COXpaHssl YCIOBWSI CHATHS JTAJIOHHOW ceiicMorpamMmbl; 7. C MOMOIIBIO
JMCKpeTHOTO mpeoOpasoBanus Dypwe ompexnensercs AUCKPETHBIH MaccHB
3Ha4eHUN TeKkymel ceiicMorpammel; 8. IIpoBepsieTcss COOTBETCTBUE ATOTO
MaccuBa K OIPEAEIeHHOMY 3HAYEHHUIO I'PY30IOABEMHOCTH OYpOBOIl BBILIKH
o Tabsmue m.4.

Takum  00pa3oM, MOXXHO  TOBBICUTH  TOYHOCTH  OIpEENICHUS
IPY30I0ABEMHOCTH OypPOBOW BBIIIKH.
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MNPOI'PAMMHOE OBECINEYEHUE U3MEPUTEJIBHOMN
CUCTEMBI UIsA CHEKTPAJIBHOI'O AHAJIN3A
MamkosB A.B., I'op6aues O.B.

E-mail: arintelligence@yandex.ru, oleg.gorbachev@gmail.com

MEASURING SYSTEM SOFTWARE FOR SPECTRAL ANALYSIS
Lecturer Mashkov A.V., Gorbachev O.V.

Annomayun. PaccMOTpeH  MOAYNBHBII  HOAXOA K  NPOEKTHPOBAHUIO
IIPOrPaMMHOT0 00EeCIICUeHNUsI I3MEPUTEIILHOM CUCTEMBI JUISl CIIEKTPAJIBHOTO aHaIN3a C
HCTIOJb30BAHMEM MapagurMbl  OOBEKTHO-OPHEHTHPOBAHHOI'O IPOrPaMMHPOBAHUS.
[IporpammHOoe  oOecriedyeHne  peann3yeT  OBICTPOACHCTBYIONIIME  AITOPUTMBI
CIIEKTPAJILHOTO aHAlIM3a Ha OCHOBE OOPaOOTKH JaHHBIX, MOJIYYCHHBIX B pe3yJbTaTe
OMHAPHOTO CTOXAaCTUYECKOTO KBAHTOBAHHS.

KiouyeBble cjoBa: mporpaMMHOe oOecCreueHHe, CHEKTPAIbHBIA —aHaju3,
U3MEpUTENbHAs CHCTEMa, MOYJIBHBII NOX0/, OMHAPHOE KBAHTOBAHHUE

Abstract. A modular approach to the design of measuring system software for
spectral analysis using the object-oriented programming paradigm is considered. The
software implements high-speed spectral analysis algorithms based on processing data
obtained as a result of binary stochastic quantization.

Keywords: software, spectral analysis, measurement system, modular approach,
binary quantization

OnepaTHBHOCTh TPOBEACHUS LHU(PPOBOTO CIEKTPATHHOTO aHAIN3a
ompenenseTcss  BBIYUCIUTETBHOH  3(QQPEKTHBHOCTHIO HCTIOTB3yEMOTO
OUPPOBOTO aNTOpUTMa M CTPYKTYPHO-(QYHKIIMOHAIEHOW OpraHu3amuei
pa3paboTaHHOTO Ha €ro OCHOBE NporpaMMHOro obecrneueHus. OCHOBY
pa3paboTKu TPOTPAaMMHOTO OOECTICUEHHs] HU3MEPUTENBHON CHCTEMBI IS
CHEKTPANIbHOTO aHalIW3a COCTABWJIM OBICTPOJCHCTBYIOIIME aJTOPUTMEI,
paccmotpenHble B [1]. OHM TOMy4YeHBI C WCIOJB30BAHMEM OWHAPHOTO
CTOXaCTHUYECKOTO KBAaHTOBAHMs HMCCIEYyEMBbIX CHTHAJIOB. B CBOIO ouepenb
pa3paboTka TMPOrpaMMHOTO  OOeClieYeHHs]  HM3MEPHUTEIBHON  CHCTEMBI
OCYIIECTBJIICHA C YYETOM TpeOOBaHUI, OO0YCIOBICHHBIX HEOOXOIUMOCTHIO
OIICHKMA BJIMSHUS MPOrPAMMHOTO OOCCIICUCHHS Ha METPOJOTHYCCKUEC
XapaKTEPUCTHKH HM3MEPHUTEIBHON  CHUCTEMBbI M 3aIUTHl 0OpabaThIBacMOIt
HHPOPMALIUU OT HEMpPEIHAMEPCHHBIX W IPSIHAMCPCHHBIX W3MCHCHUI.
BeimonHeHne Takux TpeOOBaHUI MO3BOJIIET TOBOPUTH O pa3pabOTaHHOM
MIPOTPaMMHOM 00ecleueHnH, Kak O METPOJIOTHYECKH 3HAYMMOM. BaXHBIM
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dTamoM  Pa3pabOTKM  MPOrPaMMHOTO  OOECTieUeHHUs] SIBISETCS  BBIOOD
apXHUTEKTYphl OPraHM3allMM TNPOTPAMMHBIX KOMMIOHEHT. IIpm paspaboTke
COOTBETCTBYIOIIEr0 IPOrpaMMHOT0 oOecriedeHus: Obula BhIOpaHa MOZYJIbHAS
napajurMa OpraHM3allid €ro CTPYKTypbl. MOJyNnbHBI NOAXO0X K
MIPOEKTUPOBAHUIO  NPOTPAMMHOIO  OOECIEeUYeHHs  CleNall  BO3MOXKHBIM
UCIIONIb30BAaHUE  CJIEAYIOMIMX IMPHHIUIOB  OOBEKTHO-OPHEHTUPOBAHHOTO
porpaMMupoBaHus [2]:

1) MHKancymIsus — COKPHITHE peajM3alli MPOTPaMMHBIX dYacTeil Iuis
peanm3anyy  3allUIIeHHOTO WHTepdelica, yepe3 KOTOPBHIH MOXKET OBITh
nepesiaH WM N3MEHEH TOJBKO OIpEJeNICHHBIH Ha0op mapaMeTpoB U JaHHBIX,
HEBO3MOXEH BBOJ B METPOJOTHYECKH 3HAYMMOE IPOrpaMMHOE obecredeHue
JaHHBIX, KOTOPBIE MOTYT OBITh OIIMOOYHO MIPUHSTHI 32 PE3yIbTAaT H3MEPECHUS;

2) nmoauMopdu3M — BO3MOXKHOCTb JOIOJIHATH MOIYJIH M KOMIIOHEHTHI
(GyHKIMOHANIOM 0€3 HapyIICHUS LEIOCTHOCTH METPOJIOTHYECKH 3HAYHMOTO
MPOrpaMMHOT0 00ECIeYEeHUsI Yepe3 MPOrpaMMHbIe HHTEP(ENCH;

3) abcrparmpoBaHHE — BBIJCICHHE XapaKTCPUCTUK IPOTPaAMMHBIX
MOJIyJIeH, OTIPEACISIONINX X Ha3HAuCHHE.

OyHKIMOHAIBHOE pa3/ielieHHe MPOTrPaMMHBIX MOJYJIeH MpPeI0CTaBHUIIO0
BO3MOKHOCTh HE3aBHCHMOU MOZII/I(bI/IKaHI/H/I METPOJIOTUYECKU HE3HAYUMBIX
yacTed mporpaMMHOro oOecriedueHHss 0e3 HapyIIEHHS COOTBETCTBHSA
YTBEPXKICHHOMY NpOrpaMMHOMY oOecrieueHHo. TakoH MOIXox Takxke
SIBJISIETCSI TapaHTUEH opraHu3aiyu d(pQEKTUBHOM 3aIUTHI OT CIIyYalHBIX HIIH
HeNpeJHaMEePeHHBIX M3MEHEHUH IaHHBIX, TOJIy4aeMbIX M3 METPOJIOTHYECKH
3HAYUMBIX YacTei MPOrpaMMHOTO 00€CIIeYCHUSL.

PaccmoTpeHHast opraHu3aiys NPOTrpPaMMHOTO OOECIeUeHHUs! TO3BOJISET
HU3MEHATh, KOMIUIEKCHPOBAaTh, HCIOIB30BaTh IOBTOPHO IPOTPAMMHBIC
MOIYNH, 4TO TIPENOCTABISIET BO3MOXHOCTh DPEAIN3OBHIBATH IIMPOKUH
(YHKIMOHANT OTpaHMYCHHOr0 Habopa KOMMHOHEHTOB. lIpu 3TOM aKTHBHBIE
MIPOTrpaMMHBIE MOJYJIH MOTYT paboTaTh MHOTONOTOYHO. Bcé€ 31O mosBomser
MOBBICUTH 3P (PEeKTHBHOCTH HUPPOBOTO CIEKTPAITHFHOTO aHAN3A.
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OIJISAJI MOKJIMBOCTEM IHTEJEKTYAJBHOI'O YIIPABJIIHHS
CKJIAZIOM MOBITPAHOI CYMIIII 3AMKHYTHUX TPUMILIEHb
J.T.1u. Muxaiinios C.A, [0000-0002-3218-2238]
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OVERVIEW OF OPPORTUNITIES FOR INTELLIGENT AIR
CONTROL IN CLOSED ROOMS
Dr.Sci.prof., Mikhailov S.A., Ph.D. Kharchenko R.Yu.

Anomayia. Meroro mnyOumikamii € aHami3 NEPCHEKTUB 1 HOBITHIX TEHIACHLIH
PO3BUTKY BHKOPHCTAHHS IHTEJIEKTyalbHHX TEXHOJIOTIH y KIiMaTHYHOMY OOJajHaHHI,
y 3B'I3Ky 3 iICHYIOUMMH IPAKTUYHUMH HOTpeOaMu i JOCSITHEHHSMH CYYacHOi HayKH i
TEXHIKH.

Knwwuosi cnoea: wiiMaTHUHMI KOMILUICKC, 0a3a JaHHX, IHTENCKTyali3allis,
JIaT4HK, GLIBTP, MOBITPSIHA CyMIII.

Abstract. The purpose of the publication is to analyze the prospects and the latest
trends in the development of the use of intelligent technologies in climatic equipment,
in connection with the existing practical needs and achievements of modern science
and technology.

Keywords: climate complex, database, intellectualization, sensor, filter, air mix.

VY Hal yac € OYEBHIHUM, IO JOCATHEHHS HEOOXIZHOTO MIKpOKIIMaTy B
NPUMILICHHSAX  TUTBKM  3aco0amMM  OXOJIOJDKEHHS-HAarpiBaHHA  HOBITPS,
OI0 OUPKYIIOE€ BCEPEOUHI NPUMIIIECHHS, HEMOXJmBEe Oe3 Horo HeoOXimHol
00po0OKu 1 mogadi cixkoro moBitps [1]. OcobamBo rocTpo crana npodieMa B
3B'SI3KY 3 PI3KMMHU 3MiHAMH KJIIMAaTHIHUX YMOB i MOTIPIICHHSM SIKOCTI TIOBITPS
Ha Hamri# mnareri [2]. Takox 3pocia mpodiaeMa Bipyco-0i0JI0TIYHOTO 3aXUCTy
Ta KOHTPOJIIO MOBITPSAHOI cyMimTi [3]. YV HOBITHIX MOJENAX MIKPOKIIMATHIHHX
CHCTEM BIIPOBAKYIOTHCS 3aCO0M iX IHTEIeKTyali3alii, mo 3a0e3nedyroTh 3a
MOKa3aHHAMHU 1H(QPaYepBOHMX [ATYMKIB TEMIIEpaTypd IiUIOTH Ta IHIINAX
OTOPODKYBAIBHUX KOHCTPYKIIIH AHHAMIYHUH TIEPEPO3MOILT MTOTOKIB TOBITPS
B Mipy HEOOXiTHOCTI, CTBOPIOIOYH OJHOPIIHI TEMIIEPaTypHi MOJsI 0 BCHOMY
o0'eMy mTpuUMIIIeHHS. 3'SIBISIOTECA TMPOTPECHBHI  TEXHIUHI  PIlICHHS,
CHpsSMOBaHI Ha OUIBII TOHKY OYHCTKY OOpOOIIOBAHOTO TOBITPS, 3HUIICHHS
OakTepianbHOi (BIIOpH 1 HEHTpAi3aIil0 JESTKUX MIKITMBUX XIMIYHUX CITONYK.
OpHaK CTBOPEHHS aJrOpUTMIB, 0a3 JaHUX Ta NPOrPaAMHOTO 3abe3ledeHHs,
CTBOPEHHSI HOBHUX MOJJIMBOCTEH JiIsi (PyHKIIOHYBAaHHS IIOIOHUX CHCTEM €
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aKTyaJIbHOIO HAYKOBOIO 3a1aueio [4]. ABTOpaMu MPOTOHY€ETHCS BUKOPUCTAHHS
CyJaCHHX €JIeKTPOHHUX JIaT4YHKiB CHCTEM OOpOOKHM TOBITPS, a TaKOX
BUKOPHCTOBYBaTH ©0a3u JaHMX Ta TIOpHIHI MOJAENi I1HTEJNEeKTyalbHOTO
YIPaBIiHHS CKJIAJO0M THOBITPSHOI CyMillli 3aMKHYTHX NpHUMILIeHb Ha 0asi
HEHpO-HEewiTKOT Mepexki [5], 0 3HAYHO TMOJNIMIIYE SKICHI Ta €HEpreTHYHi
moka3Huk# (puc.l).

—{ HEHPO-HEYITE A MEPERA H BA3A JTATII ‘

! i f i

KIMATHYIHE DATYHEH KOHTR O obexT DaTYHKH KOHTPOIO
OBIAJTHAHHA [ taperymopadds [ yIpaemigea [ BHYTpiHIZ T2
EXIIHHY NapaMeTpis {mpuMimEenHA) BHXITHUY TapaMeTpis

Puc. 1 — Cmpyxmypua cxema iHmenexmyanbHo20 YRpaeiiuHa MIKPOKIIMAMOM

Takox MoOXHa 3pOOHTH BHCHOBKH, IO B CBITi CKJIajacs Taka MpPaKTHKa
MIPOEKTYBaHH:, 110 MEPCHCKTHBHI HAYKOBI Ta IH)KCHEPHO-TEXHIYHI DPIllICHHS,
MOB'A3aH1 3 MIKPOKIJIIMATOM 3aMKHYTHX NPHUMIIIEHb HE BIPOBaKYIOTHCS B
JF0Yy HOPMaTHBHO-TEXHIYHY JOKYMEHTALIIIO.
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VJIK 656.13

MOJAEJIMPOBAHUE ITUHAMHUKU CKOPOCTHOI'O PEXXUMA
TPAHCIIOPTHBIX ITIOTOKOB
IPU NPOU3BOACTBE JOPOXKHbBIX PABOT
K.6.1. Tanmien B.A. [0000-0002-0507-651X]
K.T.H. Barnmena Q.M. [0000-0003-1451-0661]
E-mail: pva_samara@mail.ru, omb@list.ru

MODELING THE DYNAMICS OF SPEED MODE OF TRANSPORT
FLOWS IN THE PRODUCTION OF ROAD WORKS
Ph.D. Papshev V.A., Ph.D. Batishcheva O.M.

Annomanyusa. Ilpenctasnensl mpoGiemsl BbIOOpa 3(PQEKTUBHBIX IMOAXOAOB K
OpraHu3allii JOPOXKHOTO IBMKEHMS Ha BPEMs INPOBEICHHS CTPOMTEIBHBIX PaldoT.
IToka3zaHo, 4YTO WCIONB30BAHNE WMHTALOHHOTO MOJEIMPOBAHUS TPAaHCIOPTHBIX
CHUTYyaIHi MTOBBIIIAET OIEPATHBHOCTH H OOBEKTUBHOCTD BBIPAOOTKH PEKOMEH TALIHH.

Kniouesvie cnoga: VIMUTALMOHHOE MOJIEIMPOBAHHUE, TPAHCIIOPTHBIE IIOTOKH,
OpTaHM3aIHNs JIBHKESHHS

Abstract. The problems of choosing effective approaches to the organization of
traffic at the time of construction work are presented. It is shown that the use of
simulation modeling of transport situations increases the efficiency and objectivity of
developing recommendations.

Keywords: simulation modeling, traffic flows, traffic management

Pa3nuuaroT yeThlpe OCHOBHBIX METOJa OpTraHM3alUU [BH)KEHUS Ha
y4acTKaxX MPOU3BOJICTBA JOPOXKHBIX PabOT: C HCIOJb30BAHUEM BCTPEUYHOTO
HaTpaBJIeHHUs, 0e3 UCTOIH30BAHUS BCTPEUHOTO HAIIPABICHHS, OTHOIIOIOCHEIH
mpoe3q W 00Be3OHBIC MapmipyTel. Bpibop Meroma — ompenmensercs
KOH(UTrypamnued yqacTka ¥ JOJDKCH 00eCleunBaTh MUHIMAIBHO BO3MOXHOE
BIIMSIHUE HA JAMHAMUKY TPAHCIIOPTHOTO IOTOKA, a TAKXKE COOTBETCTBOBATH
TpeOOBaHUSAM O€30ITaCHOCTH TOPOKHOTO JBIKCHUSA. VI3BECTHBIE METOMBI
pacuéTa MpomyCKHOUW CIIOCOOHOCTH YYACTKa JOPOXKHBIX PadOT MOXKHO CUUTAThH
HenoiHbIMHU. [lpUumHON 3TOMYy SBISieTCS OTCYTCTBHE Y4€Ta CKOPOCTHU
CBOOOTHOTO IBIDKEHUS TIPH MPOE3/e yUacTKa TOPOKHBIX padboT. Heo6xommmo
OTMETUTh OTCYTCTBUE HCCJICIOBaHUM, OTHOCAIIMXCA K CllydasM CYy)KCHHUs
Mpoe3Keld 4acT Ha OAHY IOJIOCY MPHU JBYXIOJOCHOM IMpOE3kKeh HacTH, a
TaKXKe B CIIy4ae OTCYTCTBHUS CYXKCHHUS NPU MPOM3BOJICTBE JOPOXKHBIX paboT Ha
o0ounMHEe WIM  pa3eNUTENBHOW  Toyioce.  BBIOTHEHHBIE — aBTOpaMH
HCCIIEIOBAaHUS TOKAa3ajd, YTO CYIIECTBEHHOE CHIKEHUE MPOIMYCKHOU
CIOCOOHOCTH TPOUCXOJUT TPU CYXKEHUU 3(P(PEKTUBHOW NIMPHUHBI MPOE3IKEH
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YaCTH 10 OJHOW MOJIOCH! M MPH CKOPOCTH MPOE3/a Y4acTKa JOPOXKHBIX padoT
MeHee 40 xm/4. Ilo pe3ynpTraTaM pacueTOB CPETHETO BPEMEHH 3aJepiKKH
TPAaHCIIOPTHBIX CPEJCTB B TE€UYEHHE Yaca, MaKCUMaJbHOHW JUIMHBI OuYepeny B
TEUYeHHEe 4Yaca M CKOPOCTH COOOIIEHMS Ha BCEX aHAJIM3MPYEMBIX ydacTKax
(30Hax MpoBeleHNUs TIOPOXKHBIX PadboT) chopMUPOBaH MACCUB JAHHBIX.

AHanuTHYECKU aHalU3 BapUAHTOB OPraHU3AlMHU IOPOKHOTO JBH)KECHHS
B OTOM Cilydae SBJISICTCS TPYAOEMKUM U, KaK MpPaBHJIO, HE MO3BOJISET
paccMOTpeTh BCE BO3MOXKHBIE KOMOWHALMM HCIIOJIb30BAHUSI TEXHHYECKUX
CPEACTB  OpraHM3alliM  JOPOXKHOTO  JBIDKCHUS A pa3pelIeHHs
OTIPEJIETICHHOTO MaHeBpUpoBaHUs. OZHUM W3 MHCTPYMEHTOB BapHaTUBHOTO
aHaIM3a C ILeIblo pa3paboTKW PEKOMEHIAIMH SBISETCS HMUTALMOHHOE
MojenupoBanue. [lng Bu3yanM3alMM TPAHCIIOPTHOTO TIpoliecca B 30HE
MIPOBEJCHUS] PabOT TOPOXKHBIX PAOOT HCIIOJIBL30BAICS MOAYJIb MIPOTPAMMHOTO
obecrieyennss PTV Vision® VISSIM. C npuBiedeHHeM HHMOPMALUH O
TEOMETPUYECKUX TIapaMeTpax y4YacTKOB, WHTCHCUBHOCTH JBWKEHHS H
NIpeIBapUTEIbHON OLIEHKE TMHAMHKH TPAHCHIOPTHUX MOTOKOB co3aaHa 3D-
MOJeNb  KaXJoro  ydacTka TpaHCHoOpTHOH cetu. Ha puc. 1 mpusenena
TPaHCIIOPTHAS MOJIEINIb YUACTKa PH BHINIOJIHEHUH paboT 1O MPOKIaaKe Kabems
BJI0JIb O0OUMHBI JJOPOKHOTO MOJOTHA.

|

PR

TraNy e

® " o '

Puc. 1 — Buzyanuzayus 08UdNCEHUSL MPAHCNOPMHBIX CPEOCmS HA
YemvlPexnoi0CHOU 00po2e HA YHACTKEe NPOBEOEHUsL KDAMKOCPOUHBIX
00pOIHCHBIX pabom 6 ceemiioe 8pemst CYMOK 6He HACEIEHHO20 NYHKIMA

(3axpvimue 00HOU NOLOCHL OBUINCEHUST)
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AHanu3 MOJENM B PazINYHBIX PEKUMAX IO3BOIII CHOPMYITHPOBATH
PEKOMEH/IAINK TI0 OPTaHM3AIMH JOPOKHOTO IBI)KCHHS TPH BBIIOIHEHUH
CTPOMTENBHBIX Pa0OT HA PA3IHMYHBIX yYACTKAX.

VK 004.652

CUCTEMA CYITPOBOAY AIAJBHOCTI OCBHb
Haxoueuna C.B. 10000-0002-3274830X] y ¢y Bacrok T. M. [0000-0003-0813-0785]
E-mail: solomiia.nakonechna@gmail.com, Taras.M.Basyuk@Ipnu.ua

SYSTEM OF ACCOMPANYING ACTIVITIES OF ACMHS
Nakonechna S. V., Ph.D. Basyuk T. M.

Anomayia. Y ctarti ommcaHa mpo6ieMa BiICYTHOCTI €JMHOTO HPOTPaMHOTO
3abe3medyeHHs A Oyxranrepcbkoi Ta aHamitHuHoi 3BiTHOCTI B OCBB. ¥V nmocmimkenni
[IPOAHATI30BaHO ICHYIOWi CHCTEMHM, IO BHUPIIIYIOTH If0 HpoOieMy, 3’sCOBaHO IX
TepeBary Ta HEJOJIKH. Y CTaTTi Mpe/CTaBlIeHa JiarpamMa BapiaHTiB BUKOPUCTaHHS Ta
HaBEIEHO OIUC MPOTPAMHOTO pillleHHs. 3alpoIOHOBaHA OHJIAHH-CHCTEMa CKOPOTHTH
yac Ha 30upaHHsA Ta 0OpoOKy iHdopmarii, a TakoX YHEMOXJMBHUTH I BTpaTy Ta
30LTBIIATE KUTBKICTD YYaCHUKIB, SIKi BIUIMBAIOTH HA MPOLIEC YIPaBIiHHA.

Knrwuoei cnosa: opranizauis, OCEB, cucrema, cynpoBig JisTTBHOCTI.

Abstract. This article describes the problem of the lack of single software for
accounting and analytical reports in condominiums. The research has analyzed the
existing systems that solve this problem, clarifies their advantages and disadvantages.
The article presents use case diagram and a description of the software solution. The
proposed online system will reduce the time for collecting and processing information,
as well as prevent the possibility of its loss, provide timely information, and increase
the share of owners who influence the management process.

Keywords:  organization, condominiums, system, activity  support.

B TemepimHiii wac komu BigOyBaeThCS pePOpPMYBaHHA SKHUTIOBO-
KOMYHAJIBHOTO TOCHOAapcTBa Ui €(eKTHBHOTO (YHKIIOHYBaHHS HOBHX
opranizanii y cdepi oOCIyroByBaHHs XHTIa HEOOXITHUM € CTBOPEHHS
KOMIUIEKCHOTO  iH(pOpMamiiHO-aHAITHYHOTO MPOTPAMHOTO PIilIeHHS It
cynpoBoay mismbHOCTI OCBB, mo BuMarae OOTpYHTYBaHHS METOAWYHHX
MiIXOIB Ta MPAKTHYHUX PEKOMEHIAII A0 OpraHi3allii 00Ky i KOHTPOIIO B
[IUX OpraHizamisx. AKTYalbHICTh JaHOI CHCTEMU € 3yMOBJIEHa CTPIMKHAM
PO3BUTKOM  iHGOpMAIIMHUX  TEXHOJIOTiIH, SAKI  CHPONIYIOTH  JIFOISAM
MOBCSIKACHHE XUTTA. TOMY LINKOM JOIUIBHUM € IHTEIPYBaHHS TaKHX HOBHX
IHCTPYMEHTIB y CycniibCcTBi. B Hamr yac Ha puHKY YKpaiHM iCHY€ AEKijbKa
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cepgiciB (OSBB365, OSBB-ONLINE, Moe OSBB), siki 3acTOCOBYIOTBCS IS
cynpoBoay mistieHOcTi OCBbB. Ilpote, cmim 3ayBaxuTH, IMO Jigepa
iHpopMariiHo-TexHiYHOro obOciyropyBanHs OCBb craHom Ha 3apa3 He
BU3HAYECHO, @ CaMi NPOEKTH MalOTh IEBHI HEJOJIKM Ta HEJOIpalfOBaHHS.
BignoBigHo 10 mocTtaBieHOi 3amadyi Oyno 3IMCHEHO CHCTEMHHN aHai3
npeAMeTHOI 0071acTi, moOyJ0BaHO AEPEBO IIiJIeH Ta 3 BUKOPUCTAHHSAM METOIY
aHaJi3y iepapxii 0OpaHoO AJIsI KOHCTPYIOBAHHS IHTEJNEKTYalbHy iH(pOpMaliiHy
cucteMy. Jlami 31iiCHEHO pO3pOOKY KOHIENTYaabHOI MOJETI CHCTEMH Ta ii
MIPOEKTYBaHHs. BinmoBigHa miarpama BapiaHTiB BUKOPHUCTAHHS IIPEICTaBIICHA
Ha puc.l.
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Puc.1. /liaepama eapianmie ukopucmaHms

Ha mouarky poGoru kopucryBay (romoBa OCBB) mnpoxoxuts
aBTEHTU(IKAILIIO, MICIS Y0T0 HOMY JOCTYITHI MOXKIJIMBOCTI i3 BBEJICHHS JaHUX
crocoHo OCBB: mepeniky »HTIOBHX Ta HEXHUTIOBHX MPHUMIIICHb 13
JIETaTi30BaHUM OITHUCOM, IIEPCOHATBHUX JTaHUX MEIIKAHI[IB; MyOJiKalii HOBHH,
KomyHikamii 3 iHmmmu wienamu OCBB, mpoBeneHHst onuTyBaHb Tommo. Jlis
aBTomMaru3anii mpoueciB B cepenuni OCBb, romoBa Moxe TreHepyBaTH
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HeOOXimHI  JOBIOKM Ta  KBHUTaHIl, SAKI  HEOOXigHI  MEIIKAaHI[IM
OaratokBapTupHoro OynmHky. CTBopeHa cucrema moOymoBaHa Ha 0asi
mabnoHy mnpoektyBaHHs Mogpens-IIpencrasnenas-Kontpoaep (MVC). B
SIKOCTI CXOBHINA JAHMX BHKOPHCTAaHO XMapHi TexHojorii Microsoft Azure.
T'ooBHE BiKHO CTBOPEHOI CHCTEMH MTOKAa3aHO HA PUC.2.

§ NAHENE YPABNIHHA

MELIKAHLI NOMEWKAHHSA HEPYXOMICTL PAXYHKM

= 287 T 200 2 =

ke YHCENLHICTE MEWKAHLUB i )
™. J1bBiB, JlbBiBCbKa obnacTb
-~ 87 eaing. 05 nunHs 2020

200

Puc.2. I'onosue 6ixkHo cucmemu

Y crarTi mpoaHali30BaHO CYYacHHI CTaH MpeaMEeTHOI obmacti —
nismbHOcTi OCBB, onucaHo miaxia 3 npoexTyBaHHs iHGopManiiiHOT cuctemHu 3
BUKOPHUCTAHHAM 00’ €KTHO-OPIEHTOBAHOIO MiIX0Ay, 00paHO 3aco0u MOOYI0BH
Ta 37ilicHeHo ii koHcTpyroBaHH:. [lomanpmni gochimKeHHS Oy IyTh CIPsIMOBaHi
Ha BepHUdikarito il podoTu.

YK 004.42

OBOCHOBAHME PABPABOTKHN MOBUJIBHOT'O
MNPAJIOXKEHMUS 151 OPTAHU3ALIMA PABOTBI C CUCTEMOU
JUCTAHOUOHHOI'O OBYUEHUSA HA IINIAT®OPME MOODLE

Wapuna A.A, [0000-0002:36958742] [T ypypop H.C. 10000-0002-3864-9716]
E-mail: mr-shis@yandex.ru

SUBSTANTIATION OF THE DEVELOPMENT OF A MOBILE
APPLICATION FOR ORGANIZING WORK WITH THE SYSTEM OF
DISTANCE LEARNING ON THE PLATFORM OF MOODLE

Ilina A.A., Shipunov LS.

Annomayusa.  IlpuBogurcs  oOocHOBaHME  pa3pabOTKM  MOOMIBHOTO
NPUIOKEHHS ISl OpPraHu3alliy paboThl C CUCTEMOIl AMCTAHIMOHHOTO O0y4eHHs Ha
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miarpopme moodle, mpexcraBieH  nporotun  pabodero OPWIOKEHHUS |
PE3yJbTaThl €ro TECTUPOBAHHS TECT-TPYIIOH.
Kniouesnle cnosa: nuctanumonHoe o0yueHne, MOOHIbHOE puitoxeHue, moodle

Abstract. The substantiation of the development of mobile application for
working with the system of distance learning on the platform of moodle is given; the
prototype of the working application and the results of its testing by test group are
presented.

Keywords: distance learning, mobile application, moodle

JucrannuonHoe oOydeHme Ha  CErOAHSIIHMHA  JIeHb  SIBISETCA
COBPEMEHHOHI TEXHOJIOrUei npodeccroHanbHOTO oOpa3oBaHus,
HaNpaBJIeHHOTO Ha WHIMBHAYyaJbHbIE 3alpoChl OOYYalOIIMXCS M HUX
cnenuanuzanuio [1]. Ilpu ngucTaHIMOHHOM OOYy4EeHUH CTYAEHTHI U
IIperoiaBaTeI Haxo/sTCs B IOCTOSIHHOM B3aUMOJICHCTBUH, OPTaHU30BAaHHOM
MOCPEACTBOM  0COOOT0  MOCTPOSHMS  y4eOHOro  Tpolecca, METOIOB
KOMMYHUKAIIMU X GOPM KOHTPOJIS C TPUMEHEHHEM JJIEKTPOHHOTO O0yUCHNUS U
JVCTAHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJMIOTHH. [Ipy 3TOM mpenoaaBaTens U
CTYAEHTHI HAXOAATCSI B MOCTOSHHOM B3aMMOJIEHCTBHU MOCPEACTBOM OHJIANH
KOH(epeHIINH, KOMMYHHUKALIMH TIPH TIOMOIIM MECCEHPKEPOB M MOYTHI e-mail,
Pa3IMYHBIX BHJOB KOHTPOJS 3HAaHWH OOy4aromuxcs W JPYTHX HHTEPHET
TexHonoruil. B kauecTBe cucreMbl quctannuoHHoro odydenus (CO) byaem
paccmatpuBate CJIO «®DapBatep». CucremMa TUCTAHIIMOHHOTO OOYyYECHHS
mo4aeT B cebs calT cpempl AMCTAaHIMOHHOTO oOydeHus «®Papparep» u
MoOmipHOEe TpuiokeHne Moodle [2]. MoOunbpHOE TPUIOKEHHE IS
obecrieueHnss IUCTAaHLIMOHHOTO OOYy4YeHHs — BaKHAas COCTaBIISIOIIAL,
MIOCKOJIBKY HE Y Ka)KAOTO CTYAEHTa MMEETCSl NMEPCOHAIbHBIA KOMIIBIOTED, a
MOOMJIBHOE yCTPOWMCTBO BCETla HAXOAUTCS MO PYKOH, BCe HEOOXOANMBIE IS
yueObl MaTepHaibl (HarpuMmep, JEKLIHH) MOXHO CKayaTh Ha cMapT(OH, U OHU
OynyT noctynHsl 06e3 gocryna k cetn Viurepuer. IlTomuMo 310T0, MOKET OBITH
Takas CHTyallMs, YTO POAMUTENH paboTaloT yAaJeHHO, a CIIeA0BaTEeNLHO,
JIOCTyTa K NEPCOHAJIBHOMY KOMIIBIOTEPY y CTYJEHTa OTCYTCTBYET. [loaTomy 5
CYMTAIO, YTO JUIi Ka4eCTBEHHOr0 O0ECHEeYEeHHUS ANUCTAaHIIMOHHOTO O0Yy4eHHs
JOJDKHO OBITh yZOOHOE MOOWIBHOE NMPHIIOKEHHE, KOTOpoe OylneT HUYYTh HE
XyKe caifra.

Ha ocHoBe mpoBeAEHHOTO ONMpOCa CPeAn CTYIACHTOB M COOCTBEHHOTO
OTIBITa MCIIOJIL30BAHUS MOOWMIBHOTO NpuiIokeHuss Moodle, ObUTH BBISBICHBI
OCHOBHBIE ITPOOIIEMBI:

Her BO3MOXHOCTH BBIOpPaTh KYpPChI /UIsI CBOEr0 HaNpaBJIeHUS
odyyenus. Jlynsg TOro, 4yToOBl HAWTH Kypc IO HEOOXOAMMOW IHMCLUIUIMHE,
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HE00X0ANMO, HCHOIB3YS TOUCK, UCKATh €€ 10 Ha3BaHHUIO (a MHOTJa Ha3BaHUE
MOXKET OBITh COKpAIleHO WM HamHucaHo Kak-To wuHade). [lowmck BbImaeT
BCEBO3MOXHBIE KYpChl (JUIi BCEX KYypCOB, HAalpaBJIE€HHH, HWHCTUTYTOB),
IIPUYEM HE BCErzia KOPPEKTHO.

Cpoxn BbInoTHeHHs. ECiiu TecT BBINOIHEH MM 3aJlaHHUE 3arpy>KeHO U
yKe OLIEHEHO, YBEAOMJICHHE O TOM, YTO KpallHHWH CPOK cllauu 4epe3 yac (Wi
WHOW BBIOPAHHBIA MOJH30BATEIEM BPEMEHHON MPOMEKYTOK), BCE PABHO
MIPUXOJUT, UTO MOXKET TPEBOKUTH MOJIb30BaTEI.

Heyno6Hoe oTo0pa:keHNne JeKIIHOHHOT0 MaTepuaJia

Bes Teopernueckas yacTh HAamMCaHBl MENKHM MIPHUPTOM CEporo IBeTa,
M3-3a Yero OYCHb TSHKEJIO YUTATh TEKCT.

Tsoxeapnii UX. UX — B3aumopeiicTBue monb3oBaTenst ¢ HHTEpdeiicom
WA WHBIM TpoaykToM. OH MOXeT OBITh 1pOoOYyMAaHHbIM, IJETKAM |
KOMGOPTHEIM, JTHOO mAN#CENbIM, PACCTPAUBAIOIIAM U HEYAAYHBIM. XOpPOIIHit
UX — 3T0 Kor/1a IpOoAYKT YA00CH U MPOAYyMaH.

Kanexpaps
Ouenxun Tectuposanne

noHeaenbHik, 27 anpens

@ Dusuxa Bonpoc 1
Jsamen Ouauka

Tlepems war 8 anarese y7503 - 310
@ Nabopatopas pa6ota N#1 = yrpes
MarTeMaTiieckan noruka 6. rwcanaatoes yroo3
¥ TEODUA ANTOPUTMOB E i °
Ixzamen
% ouB
OcHOBb! MHPOPMALUMOHHO Tectuposanme wee2
Ge3onacHocTH
Bicsaisis Flonees Somnaomcrs rponce e ccvose:
SI3bIKI NPOT PAMMUPOBAHMA B AN sem—— ®
MaTemaTiyeckuil aHanus amarm pucace
v/ naGopatopras paGora N27a 8. 3y POmETIR DORCTBEMMACK OBFBHMSBLIN
Ixaamen
< Bonpoc 3
S3BIKKM NPOFr PAMMUPOBIAHNR BTOPHWK, 28 anpens
3xaamen Voosewn pace sameatca Opwineik
5 bepoutccri peanesa yrpoI °
Ounocodus Jxonorus 6 vwcna yusamuaocrei o cucreme
3xzamen Na6opatopHas pabora N2 B CTOMMOCT JaprTax CRERCTE
MoAUTONOIMS 1 COUMONOTMA | o
gt ®usmuueckan KynsTypa
T posens bes0rnacuocT A xapaeTepNIYETCE
‘ecTUpoBaHue 2. meDW Ly RO 630N HCE TG o
DUIMECKaR KyNLTYPa W CTIOPT 6 oo o s yroamreen BOCT R
3aver [ -
cpena, 29 anpens
@ Ixonorus ) Bapoc 5
3auer % Maremartnyeckui aHanus P K siasicons
MpakTuyeckoe 3anarme N3 Croes Comar YOS ChareT PCOCA ORISR
Cheryouans NOwIT

a in =

Puc. 1 — Humepghetic npunodicenus-npomomuna
Hexoppexmuas paboma npunoicenust
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[lonp30BaTens XO4YET MNEPENUCTHYTh CTPAHMIly C JIEKIMEH Hazax —
MOMaJaeT B JIMYHBIA KaOWMHET, XOYET BBIACIUTH TEKCT — MPHIOKCHHUE
3aBUCAET, CTPAHUIIA OOHOBIISIETCSL.

B xozme uccrnenoBaHus MO ONPENENICHUI0 HEOOXOMMOro (YHKIMOHAA
ObUT CO3JaH JIEMOHCTPALIMOHHBIA MPOTOTUII MOOWJIBHOTO HPWIIOKEHUS IS
JMCTaHIIMOHHOTO 00yueHus. lccienoBaHume NpOBOAMIOCH HAa HEOOJNBIIONH
TpyIIe CTyAEHTOB u npernojasareneit T HanpaBineHnit MOATOTOBKY, a TaK¥Ke
Ha rpyImme qu(poBBIX BOJOHTEPOB.

IIporotun OBLT HaIETICH CIIEAYIOMHMM (YHKIIHOHAIOM:

Pexnm «O0yuaromuiics»: mpocMOTp Kypca; CKaHHPOBaHUE (C KaMephl) U
3arpy3ka pdf caiina B kadecTBe OTBeTa Ha 3aJaHHE; NPOXOXKICHHUE
TECTUPOBAHUS; JIEHTa JeJUIailHOB; 4aT, YyBEJOMIICHHE O COOBITHSIX W
MpUOMKAIONIUXCS  ennaiHaX. Pexum «OOydaromuiics»: MOpocMoTp U
pelaKTHpOBaHUE Kypca; 3arpy3ka MPUCIaHHBIX pabOT U BHICTABICHUE OLIEHOK
3a 3aJaHusl; CKaHupoBaHHe (C Kamepbl) W 3arpy3ka pdf daiina B kadectBe
MPOBEPEHHON  paboThl; COCTaBIICHHE TECTOB; JICHTa JeIUIaifHOB, 4Yar
YBECOAOMIICHUE O COOBITHAX U HpI/I6J'II/I)KaIOH_II/IXC$[ I[e)lﬂaﬁHaX.

HccnenoBanue mokaszano, 4TO (YHKIHMOHANA IPOTOTHIIA BIIOJIHE
nocratouHo st monb3oBarenein CHO «®Papsarep», OIHAKO B CBSI3H C
OTCYTCTBHEM CEPHE3HOI'0 CepBepa NaHHBIN HPOTOTHII MMEET NpoOIeMBl CO
CKOPOCTBIO pabOTHI.

Iocne okoHuyaHus manaeMun paspadbotka Oyaer npojomkena. [TonooHoe
MIPUWIIOKEHWE MOXET OBITh IOJIE3HO HE TOJIBKO CTY/AEHTaM O4YHOH (DOpMBI,
00y4aromuMcst AUCTAHIMOHHO, HO M YYaIlllUMCs Ha 3a04HOH (opme.

Jlutepatypa

1. Kovalnogova, N. Process model development of educational programs using e-
learning and distance learning technologies / N. Kovalnogova, S. Sokolov, A. Nyrkov
// Proceedings of the 2016 IEEE North West Russia Section Young Researchers in
Electrical and Electronic Engineering Conference (2016 EIConRusNW) 2-3 Feb. 2016
St.  Petersburg, 2016. - P. 817 - 819  https://doi.org/10.1109
/EIConRusNW.2016.7448310

2. C1O daprarep [snextponHbii pecypc]/ Mupopmanus o cucteme URL:
https:/farvater.gumrf.ru/?redirect=0
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VJIK 656.13

THE SYSTEM FOR AUTOMATIC ACTIVATION OF THE
HYDRAULIC INSTALLATION OF TEST RIG FOR DISC BRAKES
Nadica Stojanovi¢![0000-0002-4199-0387), yagna Gligovi¢l0000-0002-8251-1722],
Ivan Gruji¢1, 10000-0003-0572-1205], /g Suster§jcl0000-0001-7773-4991,
Dragan Taranovi¢l0000-0001-7940-9412|
E-mail: * ivan.grujickg.ac.rs

Abstract. Brakes are one of the most important system on the vehicle, so always
exist the necessity for brakes development and improvement. The development and
improvements are requiring the experimental researches, in order to see how the brakes
are behaving under different working conditions

Keywords: brakes, experimental investigations, automatization, pneumatic
system.

The best way for brakes testing are laboratory experimental
investigations on the test rig. Laboratory investigations are good, because
many external conditions can be controlled. During the development of the
test rigs, it is necessary to create such control system, which will allow the
repeatability of the working conditions. One of the best ways for the
automatization of the brake activation system is the usage of the pneumatic
system, such is the system shown on the Fig. 1.

Fig. 1. The scheme of new improved pneumatic installation. 1 — mobile
compressor, 2 — air service group, 3 — 5/2 solenoid directional valve; 4 —
pressure regulator, 5 — pressure sensor, 6 —flow control valve and 7 — double
acting pneumatic cylinder
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For activation of the hydraulic master cylinder, it is necessary to provide
the corresponding force by pneumatic double acting cylinder (7), which will
act on the master braking cylinder. The necessary force for the activation and
achieving of the desired hydraulic pressure can be calculated by equation 1.

2
Dy -7

F= h
4 (1)

Where are:

* ' - necessary force;

* D, - diameter of the piston of the hydraulic cylinder, and
* p, - desired hydraulic pressure.

Analog to this, can be written the equation 2 that corresponds to the
pneumatic part.

4 2

Where are:
* D, - Diameter of the piston of the pneumatic double acting cylinder

and
* p, - necessary pneumatic pressure.

By equalization of equations 1 and 2, it will be obtained equation for
necessary pressure in pneumatic installation, equation 3.
p,= D; p
P N2 h
O )
Based on the equation 3, it can be determinate the relationship between
desired hydraulic and necessary pneumatic pressure. By application of the
obtained relationship between desired hydraulic and necessary pneumatic
pressure, it is known which pressure must be defined by pressure regulator (4),
in order to achieve desired pressure in hydraulic part. In this way, the braking
parameters can be regulated. Before the regulation, the air that passes through
5/2 solenoid directional valve (3), will go in the front of the double acting
cylinder, and will hold it in the starting position. In this way, the double acting
cylinder stays until braking should start. For front part of the braking cylinder
it is not necessary regulation, and air pressure corresponds to the pressure
from the compressor. By software’s, easily can be solved that the 5/2 solenoid
directional valve change the direction of the air, when disc brake achieve
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defined angular speed, or after some defined time. This means that the
activation of the braking process will be automatic, always in the defined
moment, which will provide the repeatability.

Acknowledgement. This paper was realized within the framework of the
project “The research of vehicle safety as part of a cybernetic system: Driver-
Vehicle-Environment”, ref. no. TR35041, funded by the Ministry of
Education, Science and Technological Development of the Republic of Serbia.
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HECTAHJAPTHBIE PASBUEHUSA BJIOKOB IIPU
BUAEOKOJAUPOBAHHUE
IaBaos O.A. [0000-0001-9460-630X], g v Penko JILB. [0000-0002-7882-4718]
E-mail: paviov.o.o@opu.ua, Alesya.Ishchenko@gmail.com

NON-STANDARD SPLITTINGS BLOCKS AT VIDEO CODING
Pavlov O.A., Ph.D. Ishenko L.V.

Annomayun. B noxnane paccMaTpHuBaeTCs QITOPUTM HECTaHJAPTHOTO
pa3bueHus MakpoOJIOKOB  Ha OA0JIOKU npu KOJUPOBaHUH
BHUJICOIIOCIIEI0BATENILHOCTEH. MBI IpeaiaraeM SKCIIEPUMEHTalbHbIC pe3yJIbTaThl,
KOTOPBIE HILTIOCTPUPYIOT 3P PEKTUBHOCTH 3TOTO AJITOPUTMOB.

Kntouesvie cnosa: HecTaHNAPTHOTO pa3OUEHUs, BHICOKOIMPOBAHUE.

Abstract. In the report the algorithm of non-standard splitting macroblocks into
subblocks when coding the video sequences is considered. We offer experimental
results which illustrate efficiency of it of algorithms.

Keywords :non-standard splitting, video coding

OcCHOBHBIE  aNTOPUTMBI  CXKATHA  BHUJEOIOCIEJOBAaTEIbHOCTEH  Ha
CeFOI[HHIHHI/Iﬁ JCHb COCTOAT U3 IBYX JacTer: CoKaTus OIIOPHBIX U HC OTTOPHBIX
kaapoB. OTMOpHBIC KaAPBl CKHUMAIOTCS C MOMOIIBIO JUCKPETHO-KOCHHYCHOTO
6o BeiBineTHOTO mpeoOpazoBanust [1,2]. OcrtanmbHble Kaapbl MOOIOYHO
AIMMPOKCUMHUPYIOTCA OTHOCHUTCIIBHO 3aKOJIUPOBAHHBIX KaAPOB - MPEABIAYIIUX
WIH ONOPHBIX (CCHUTOYHBIC Kaapbl). [IpoOieMy mowcka HaWiydmiero OJioka
Ha3bBIBAIOT 3agadeid motion estimation (ME) [3]. Ha cerommsuHuii neHb
HanOosiee PACIpPOCTPAHCHHBIMU SBIISTIOTCST KBaJpPaTHBIC W TMPSIMOYTOJHHEIC
pa3duenus [4]. B maHHOM JOKIage MBI paCCMOTPUM HECKOJIBKO BapHUAHTOB
HECTaHAAPTHEIX pa3oumeHuil. Tekymuii kangp pa30uBaeTcs Ha MaKPOOIOKH
3aJJaHHOTO pa3Mepa. 3aTeM I KaXKIOro MaKpOOJIOKa BBIMOJHACTCS IMOWCK
HAITYYIIero anmpoKCUMHUPYIONIEro OJI0Ka B CCBUTOYHBIX Kaapax. Kputepuem
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cpaBHeHHS IBYX OnokoB siBnsiercss MSE wim abcomotHas pasHocTs. Ecnm
MSE 6ospiie 3aqaHHOTO ITOpora, TO HAWICHHBIA OJI0K Hac He ycTpamBaeT. B
9TOM Ciy4ae OH pa30MBaeTCs Ha MOJOJOKH U allpOKCHUMHpYETCs MO
noabnokaM. JOMOMHUTENBHBIM KpUTEpUEM pa3OueHust OJoka  SIBIsIETCS
pasHocte B MSE makpoOioka u cymmapaoir MSE mon6iokoB pa3oueHus.
Ecnu pasHuna Oouipllie ONpE/ENIEHHOTO MOpora, TO pa3OMeHHe SBIsETCS
nenecooOpa3HeIM. B ciydae, Korja HCIOJIb3yeTcsl HECKOJIBKO pa30oueHnH, mpu
BBIOOpE JIydIIero HEOOXOJMMO YYUTHIBATH HE TOJBKO MAaKCUMAJIBbHYIO
pasuuy mo MSE, HO 1 KOJTHMYecTBO MOAOJIOKOB B KaKIOM pa3OMEeHNH.

B kauecTBe HecTaHIApTHBIX pa3OMEHH paccCMOTPUM pPa3OHMEHUs,
OCHOBaHHBIEC Ha COYETaHUHU OJIOKOB 4x4.

Jus  momydeHust pa3OueHHWs HeCTaHAApPTHOW (OPMBI  MaKpOOIOK
pa3OmBaeTcsi Ha OJJeMeHTapHble ONoku pasMepoM 4x4. OObenuHEHHE
AJIEMEHTapHBIX OJOKOB B MOAOJOK 3amaeT pazOmenue. s XpaHEHHS TaKUX
pa3dueHuil MCHOJB3yeTcsl MaTpuila pasMepoMm 4x4, sJeMeHTaMH KOTOPOM
SBJSIFOTCSL HOMEpa TOJAOJIOKOB pa3OMeHus, K KOTOPOMY OTHOCHTCS
JJieMeHTapHbIi 0ok, Hymeparust moa0ioKoB pa30MeHUs HAYHMHACTCS C
JICBOTO BEPXHETO yIJa M UJIET ClIeBa HAIIPAaBO, CBEPXY BHHU3.

T -

o Fa B e Y

Puc. 1. Pazduenus paziuunoi ¢popmoel

PesynbraTel mpuMeHeHHs pa30ueHNH.

B kadecTBe BHAeomocienoBaTeIbHOCTEH ObUIN B3ATH GubMbl: Flower,
Football, Mobile, pazmep kagpos 352x240, 30 fps.

Yka3aHHBIC BHICOIIOCIEI0BATEIHHOCTH KOIUPOBAINCH C OIMHAKOBBIMHU
rapamMeTpamMH BO BCEX BapUaHTaX M aJITOPUTMaxX pa3OUeHHMsI.

Hac 6ynyT unTepecoBaTh Takoii moka3aTenb, kak cpeauuit PSNR mo Bceit
BHICOIOCIIC0BATEILHOCTH (TabI. 1).

Hcnonb3oBaHue  MPSIMOYTOJbHBIX M HECTaHJAPTHBIX  pa30OueHui
MPUBOJIMT K TOBBIIICHHUIO pa3Mepa BbIXOIHOTO (aiiia B cpenHeM B 0,94 pasa,

188



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«HOOPMAILIMHI YITPABJISAIOUI CUCTEMU I TEXHOJIOT Iix»
24-26 Bepecus 2020 p., m. Ozeca

a cpeaamnii PSNR Bo3pacraer Ha 0,33 dB.

Taoauna 1 — Cpennuit PSNR 1o Beell Buaeonocnae10BaTenbHOCTU

HPEE(? :s;::;e PSNR npsiMoyTosibHBIE 1
pAMOY HECTaHIapTHBIE pa3OueHUs
pa3oueHus
Flower 23,088 23,483
Football 32,434 32,519
Mobile 22,814 23,324
JIutepatypa
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2. Zhang Y.Q. and Zafar S. Motion-Compensated Wavelet Transform Coding for
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3. Kruger S. Motion Analysis and Estimation Using Multiresolution Affine
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HUCHOJIb30BAHHUE BOJbIINX JAHHBIX B ®PUHAHCOBOM
MEHEJXKMEHTE YKPAUHBI U IPYTUX CTPAHAX EBPOIIbI
Kocenko O./1.

E-mail: kosenko.o.d@opu.ua

THE USE OF BIG DATA IN THE FINANCIAL MANAGEMENT OF
UKRAINE AND OTHER COUNTRIES OF EUROPE
Kosenko O.D.

Annomauia. Y naniii poOoTi ommcaHi MPOOIEMH Ta MOKIABOCTI BUKOPHCTAHHS
BEIMKAX JaHUX Yy TMPaKTULl yhpaBiliHHA (¢iHaHcamu. bymum posrimsHyTi Ta
MpOaHaNi30BaHi HaHMOMyISIpHINN BeO-caiiTH 3 MOIIYKy poOOTH, MO0 3HAUTH MiCIs
pobotu MenemxepiB (QiHaHCIB, sKi HOTPEOYIOTh 3HAHb 3 BEIUKUMH JAHUMH Y
BUOpaHUX €BPOIEICHKUX KpaiHaX.

Kniouogi cnosa: Benuki naui, piHaHCOBHUI MEHEPKMEHT, PHHOK IIpaLli.

Annotation. This paper describes the challenges and opportunities of using big
data in the practice of financial management. We examined and analyzed the most
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popular job search websites to find finance managers job openings that require big data
skills in selected European countries.

Keywords: big data, financial management, labor market.

Currently, almost all industries are driven by big data (BD) and the skills.
Big data has a complex nature that requires powerful technologies and
advanced algorithms. Current big data platforms are supported by various
processing, analytical tools as well as dynamic visualization [1]. This paper
describes the challenges and opportunities of using “big data” in the practice
of financial management. The research question addressed in this work is what
the major topics in existing research concerning the demand for big data skills.

The purposes of the paper are to present a snapshot of big data skills
demand in the European labor market for financial managers. The most
popular job search websites were examined to find finance managers job
openings that require big data skills in selected European countries.

Results for Poland. The most popular Polish job portals were analyzed:
They are: pracuj.pl and praca.money.pl (Table 1).

Table 1 — BD skills analysis results in the Polish labor market

Job portals pracuj. praca.money.pl
pl
Number of job offers 12 2
for FM with BD skills

Results for the United Kingdom. Two of the most popular job portals
were selected: britishjobs.co.uk and reed.co.uk, (Table 2).
Table 2 — BD skills analysis results in the United Kingdom labor market

Job portals Britishjobs.co.uk Reed.co.uk
Number of job offers 11 13
for FM with BD skills
Results for Ukraine. Only the website work.ua contained the required
information, (Table 3).
Table 3 — BD skills analysis results in the Ukraine labor market
Job portals work.ua
Number of job offers for FM with BD skills 11
11 offers were found with big data skills requirements. 82% of offers
were from the capital of the country — Kiev, only 2 offers were from other
cities (Fig. 1). The situation in various European labor markets is different.
The research reveals differences in big data skills demand among the studied
countries.
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Job locations

. Kiev
O knarkov

[ others

Fig. 1 — Job s position locations in Ukraine

By comparing the data from different countries, we obtained the
following results (Fig. 2).

Number of offers with BD skills
Ukraine
Poland

United Kindom

|
|
10

N e

Fig. 2 — The comparison of ERP skills required among countries

The numbers of offers with big data skills requirements for finance
managers were similar in Poland and Ukraine. In the UK, the number of these
offers was twice as high as in the abovementioned countries. In Ukraine, these
skills are currently not required as much. The most popular IT tool for
managing a large amount of data in Ukraine is Microsoft Excel. BD
technologies are coming into practice in Europe. Financial managers are in a
unique position as business leaders and advisors who aim to maximize big
data opportunities and insights. This can only happen if they embrace Al and
are proactive in enhancing their skillsets to meet the needs of an Al and big
data powered world [2].
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PA3BPABOTKA CHCTEMLI MPUHATHA PEINEHUIM 11
TOPI'OBBIX OIIEPAIINU C IPUMEHEHUEM JTNUHAMUWYECKHUX
METOJAOB ITPOI'HO3UPOBAHUS
K.T.1., [Iu6ena H.O: [0000-0002-7869-9953] [ yGaep JT.C.10000-0002-3260-5843]
E-mail: nati.shibaeva@gmail.com

DEVELOPMENT OF A DECISION-MAKING SYSTEM FOR TRADE
OPERATIONS USING DYNAMIC FORECASTING METHODS
Ph.D. Shybaieva N.O., Shybaiev D.S.

Annomayun. B pabore mpencTaBieH METOIbl aHAIN3a, a TaKKe TOPrOBBIC
CTpaTeruy, II03BOJIIONINE CIIPOTHO3UPOBATh JAWHAMHKY IIOBEICHUS (DMHAHCOBBIX
kod(duienToB Ha OMpPXKEBBHIX phIHKAX. Ha OCHOBE MPOBEJCHHOIO aHAIHM3a
pa3pabotana MH(OOPMALMOHHYIO CHCTEMY, KOTOpas yHpomiaeT paboTy OMpiKeBBIX
TpeiaepoB 1 MUHUMHU3HPYET BEPOSTHOCTh UX OLIHOOK.

Knroueevie  cnosa: MporHo3upoBaHue, Oupka, TOPrOBBIE  OINEpalWH,
NH(OPMAIIMOHHBIE CHCTEMBI, CHCTEMBI IIPUHATHS PEILCHUH.

Abstract. The paper presents methods of analysis, as well as trading strategies
that allow you to predict the dynamics of the behavior of financial coefficients in the
exchange markets. Based on the analysis, an information system has been developed
that simplifies the work of exchange traders and minimizes the likelihood of their
errors.

Keyword: forecasting, exchange, trading operations, information systems,
decision-making systems.

AKTyaJabHOCTh MIPUMEHEHHUS COBPEMEHHBIX HHGPOPMAIIMOHHBIX
TEXHOJIOTU Ha (DUHAHCOBBIX OHMp)Kax CBsI3aHO C OOJBIION JUHAMHKOM
BBINIOJIHEHUSI TOPTOBBIX OINEpalMid, MPOUCXOIAIINX B peajbHOM BPEMEHU U
HCTONB3YIOMMX  OOJbIINEe  O0BbEMBI  JAHHBIX, HCOOXONUMBIX IS
ocymrectBieHuss ToproB [1]. ToproBele poOOTHI aKTHBHO BHEAPSIOTCA B
KJIMEHTCKHAE NPWJIOKEHUS M OCYIIECTBISIIOT TOPIOBBIE OINEpPAallMd BMECTO
YenoBeka, odecrieunBasi 0ojee OBICTPYIO PEaKIMI0 HAa JUHAMUKY ITOBCICHUS
(hrHAHCOBBIX KOI(PDUITMCHTOB 3a €ANHUILY BpeMeHH [2]. bonee coBepiiieHHbIE
IIPOrPAMMHO-TOPTOBBIE CUCTEMbI OCHALIAIOTCSI CUCTEMAMM CAMOCTOSITEIILHOTO
00ydYeHHs MOCPEICTBOM NPUMEHEHHS HEWpOHHBIX ceTed. OnmHako Hamboiee
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BOKHOW TpoOsieMoil B paboTe JF000r0 TOPTOBOTO poOOTa SBISIETCS CHCTEMa
ero oOydeHWS W anTopuTM UpuHATHA pemeHus [3]. HocTurHyTs enuHOU
KOHIICTIIIUK, KOTOPYK MOXHO NpPUHATH 32 OTAJOHHOE 3HAYCHHE —
HEBO3MOXHO, TaK KakK (DPMHAHCOBBIC OUPXKH OTIMYACTCA APYT OT Jpyra, a
paboTa ToOproBoro poOOTa 3aBHUCHT OT CTPATETHH IOJIB30BATENS U
COBOKYITHOCTH (haKTOPOB, KOTOPBIC TIO3BOJISIOT MPUHSTH PELICHUE.

1||IF|I|J| |1|II-';1

Puc. 1 — Oxno unmepetica pazpabomanno20 npoepamMmHO20 peueHus: no
NPOCHO3UPOBAHUIO MOP2OBBIX ONEPAYUL C UHOUKAMOPHOU NOOCEEMKOU
OuHaMUuKu Kosgpuyuenmos

PaboTa (huHAHCOBBIX OMpPIK OCHOBBIBACTCS HA MPUHIIMIAX XaOTHYCCKOMN
JUHaAMHUKH, KOTOpas ABJIACTCA HaWBBICIICH CTYNICHBIO HEOIIPECACICHHOCTH.
OpnHako, mpu 0oJjiee NeTalbHOM aHalM3e AMHAMUKU (DHHAHCOBBIX KOTHPOBOK,
MOXHO HaWTH HEKOTOPBHIE 3aKOHOMEPHOCTU — JIOKAJIBHBIC YIOPAAOYCHHBIC
Y4acCTKH. OCHOBHBIMH UHCTPYMCHTAMU BBIABJICHUA 3THX YYaCTKOB CUHTAIOT
(byHOaMEeHTAJbHBIA M TeXHHUYCCKUil aHanmm3. Mcxoas U3 3TOro BO3HHKAET
HEOOXOAMMOCTh aKTHBHOTO BHEJPEHUs COBPEMEHHBIX HWH()OPMAIMOHHO-
BBIYMCIINTENbHBIX CHUCTEM B PBIHOK OHpIKEBOW TOPrOBIM, KOTOpBIE
CYLIECTBEHHBIM O0pa3oM yBEJIMYaT TOYHOCTH BBINOJHIEMBIX OMEpaluii,
MHUHAMH3HMPYIOT 3aTpaThl Ha IPOTHO3UPOBAHUE BEPOSITHOCTEH COOBITHH, a
TalOKe CHH3AT PHCK YEJIOBEYSCKOW OMMOKM B TPUHATHH pEILCHUH,
KacaTeJIbHO IPOBOAMMBIX onepanuii. PazpaboTaHHOe porpaMMHOE pelIeHHUe,
croco0HO CaMOCTOSITEITFHO KOHTPOJIMPOBATh ogaru KoeOaHuit
KO3 QUINEHTOB HA OMPI)KEBBIX PBHIHKAX M IOMOTaTh Tpeiinepy NpHHUMATH
pelIeHne KacaTelnbHO —HPHMEHSeMOW oIepauuy. B 0CHOBY mporpaMMHOro
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pELICHUsT  3aJI0)KEHO  METOAbl  JIUHAMHYECKOTO  IIPOTHO3UPOBAHUSA  C
IIOCTOSTHHBIM ~ TIepecdeToM 3¢ (EKTHBHOCTH TOPTOBBIX  ONepamuid K
KOHKPETHBIM  (DMHAHCOBBIM  moKazaTtensiM. s Oosbmiero  ymoOcTBa
[I0JIb30BaTEIe CUCTEMBI, PEATM30BAHO CHCTEMY IIOJCBETKH JIMHAMUKU
MoBeIcHUS KOA(PPUIIMESHTOB, IPU TTOMOIIM COOTBETCTBYIOIIUX HHIUKATOPOB,
puc. 1. Pesynbratom pa3paboTKH CHCTEMBI MPOTHO3UPOBAHUS IOBEACHUS
MUHAMUKHA KO3()PHUIMCHTOB Ha (PMHAHCOBBIX PBIHKAX, SIBISCTCS IMOJHOCTHIO
TOTOBBIN MPOAYKT, KOTOPBIII MOKET UCIOJIb30BAThCSA HA PA3JIUYHBIX TOPTOBBIX
IUTOIIAAKAX, MOCIe MPOUeayphl 00yUeHHs THHAMHUKH KOHKPETHOH TUTOIIAKH.
Takoe pelleHHEe OPUEHTHUPOBAHO KaK BCIIOMOTaTENbHBIA HHCTPYMEHT s
OUpKkeBOTO Tpeiiepa W MO3BOISIET B PEabHOM BPEMEHH BUACTH KOJICOaHHS
KOTUPOBOK C MPOCUETOM BEPOSTHOCTU JEHCTBUH TpeWaepa, OCHOBBIBASCH Ha
BEIOpaHHOW TOProBoil  crparermu. Pa3pabotanHoe pemeHne OyneT
YAy4IIaTbCs U MOJEPHU3MPOBATBHCS  COMVIACHO  ACHMCTBYIOLIEH JIOTHMKU
BEICHUS TOPTOBBIX OMNEpanuid Ha OWPKEBBIX pBHIHKAX, a TaKKe
MOAN(DHUIIMPOBATHCS IPYTUMH QJITOPUTMAMH TMpOCUYeTa MOBEICHUS Tpenaepa
IIPY Pa3HbIX AUHAMHYECKUX IOKA3aTEISAX KOTUPOBOK.
JlutepaTtypa
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3ACTOCYBAHHS THOOPMAINIMHNUX TEXHOJIOI'TH IS
MOHITOPUHI'Y MEPEKI ABTOMOBIJIbBHUX AOPIT
CimsipenKo A1, [0000-0002-5130-7657]
E-mail: sidljarenko@gmail.com

USAGE OF INFORMATION TECHNOLOGIES FOR ROAD
NETWORK MONITORING
Sidliarenko A.

Anomauia. B po6oTi npezacTasieHuii onuc iHpopMaliitHO-aHAITHYHOI CUCTEMHU
IUIA  3OIMCHEHHS MOHITOPUHTY CTaHy OO’€KTiB Mepexi aBTOMOOUIBPHHX IOpir
3araJbHOTO KOPUCTYBaHHS, 0 0a3yeThcs Ha aHaJli3i eKOHOMIYHUX MTOKA3HHKIB.
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Kniouogi cnosa: po3podka iHdopMaliiHUX TEXHOJOriH, aBTOMOOUIBHI IOpOrH
3arajibHOrO0 KOPHCTYBaHHS, MOHITOPHHI, CGKOHOMIYHI MOKa3HHWKH, iH(opMariiHo-
aHalITHYHA CHCTEMA.

Abstract. The article presents the review of the information-analytical system for
monitoring the condition of the public road network objects, based on the analysis of
economic indicators.

Keywords: information technology development, public roads, monitoring,
economic indicators, information-analytical system.

Jlnst Mepexi 00’€eKTiB, SIKi MAOTh TeorpadiyHO PO3MOAUIEHY CTPYKTYpPY
Ta BEIIMKY KUIBKICTh PIZHOTHITHHX IaHUX JUIS OMHCY iX CcTaHy, IMOCTiiiHa
po3poOka iHGOpMAIIHIX TEXHOJIOTIH Ta IHHOBALIWHUX PIIICHb MPOOJIEMHUX
NUTaHb € BA&XJIMBUM JUIA  JIOCSTHEHHS  e(QEKTHBHHX  PE3yJIbTATIB.
ABTOMOOIIbHI JIOPOTH 3arajlbHOTO KOPUCTYBAaHHS CKJIAIalOTh TaKy MEpexKy.
BropoBapkeHHs1 iHGOpPMaIifHUX TEXHOJOTIH IUIi MOHITOPDUHTY Mepexi
ABTOMOOUTBHUX JOpIr 3a0e3NeYuTh MiJBHUIIEHHS SKOCTI Ta YMOB IIpari,
pPeCYpCOC(EKTHBHOCTI  MPOBEJACHHSA  JOPOXHIX  poOIT,  HAAIHHOCTI
aBTOMOOUTBHUX JOPIT 1 TOPOKHIX CHOPYA, CIPUATHME 3HIKEHHIO aBapiitHOCTi
Ta TPaBMAaTU3My Ha JIOpOrax Ta 3a0e3neyeHHI0 Oe3MeKn pyXy Ta iH.

[ IndopmaniiiHi DaHi Npo MOKasHNKII eKOHOMIMHOTO CTaHy ]
Y
I

PerionansHi miapo3siamn

Baza naHnx craHy o6 €KTiB Mepexki aBToMoGiIIBHIX
JIOPIr 3aralbHOTO KOPIICTYBaAHHA

—

. . TIpniinsrrs TLiann
AHATITIYMHI 3BITII .
pimens npoBeenHsn
TIO OTPHIMAaHIIM . ;
posnominy pobirt Ha

ZAHTT™M P
o6 ekTax

pecypcis

Puc. 1 — Cxema pyxy oanux 6 ingpopmayitino-anarimuunii cucmemi

MOHITOPUHT €KOHOMIYHUX NOKa3HHUKIB, TAKUX SIK CTAH BUKOHAHHS POOIT
Ta 1X HaJiekHe (PiHAHCYBaHHS, MOKA3HUKIB TEXHIYHOTO Ta ()I3MYHOTO CTaHY
00’€KTIB MepeXi € HEeOOXINMHOKW TEepeIyMOBOIO IS aHANI3Y 1 MPUAHATTS
YOpaBIIHCBKHX  pimieHb. BupimeHHs miei 3amadi  HeMoXnmBe  0e3
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3aCTOCYBaHHS CydacHUX iH(pOpMAIifHUX TEXHOJIOTIH. BrpoBamkeHHs
iHpopMaliiHO-aHATITHYHOT ~ CHUCTEeMH  3a0e3leYNTh  CTBOPEHHS  Ta
HAKOMWYCHHS JaHUX, MOXJIMBICTh IXHBOTO BiZOOPY Ta COPTYBaHHS,
MOKPAIIUTh YMOBH ISl OI[HKH pe3yJbTAaTIB Ta KOMIUICKCHOTO aHami3y,
3a0e3neunTh aBTOMATH3AIll0 TPOIECIB OTpUMaHHs, 300py, 0OpoOKH,
30epeKCHHs, aHAI3Y Ta PO3MOBCIOKCHHS iHpopMaii [1].

B inpopmMamiiiHO-aHANITHYHIA CHCTEMiI OCHOBHHMH JIJIS aHATITUYIHUX
3BITIB € MOKAa3HWKH CKOHOMIYHOTO CTaHy JIOPIT - 3aIUIaHOBaHi, OTpUMaHi Ta
BHTpPAYCHi KOIUTH, a TAaKOX (i3WYHI [MaHi, AKi € IITBOBAMH U ITUX KOIITIB.
Cxema pyxy JaHHX B TaKii cucTeMi 300pakeHo Ha puc.l. 3 pi3HHX HaOOpPiB
AHUX, M0 30epiraroTbcs Ta OOPOOIIIOTHCS B PETIOHANBHHUX IMiAPO3Aiiax
BiJINOBiJAIFHUX 332 MOHITOPHHI CTaHy aBTOMOOUIBHHX JOPIr, BHOUPAIOTHCS
aHl UIA 3aranbHOi 0asW MaHWX, a 3a JOIOMOTOI0 pO3pOONCHHX Ta
BIIPOBA/DKCHHUX aJTOPUTMIB IMPOBOJUTHCSA 00pOOKa MUX JaHUX, pe3yTbTaTaMH
gKOi OyAyTh aHANITHYHI 3BiTH, IUIAHH MPOBEACHHS pPOOIT Ta pPO3MOALTY
pecypciB (KOmTiB, TEXHIKH, pOOITHUKIB TOIIO) [2].
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International scientific conference of students and young scientists “Theoretical and
Applied Aspects of Cybernetics (TAAC)”, February 21-25, 2011,  Kyiv, Ukraine. —
C. 324-326.

2. biprokoB /JI.C. [InanyBanHs OyAiBHUITBA, PEKOHCTPYKILIi Ta PEMOHTY IOpPIr
Ta KaliTaJbHUX CIOpPYJ Ha HHUX 32 YMOB HEBH3HAUEHOCTI 00cCATIB (iHaHCYBaHHSA /
J.C.biprokos, B.A.3acnmaBcekuii, A.l.Cimmsapenko // XIX International Conference
“Problems of Decision Making Under Uncertainties (PDMU-2012)”, April 23-27,
2012, Mukachevo, Ukraine. — C. 59-60.
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VECTOR-DIFFERENCE SPECTRAL-STATISTICAL TEXTURE
SEGMENTATION METHOD
Volkova N.

Anomayia. OpHiero i3 0a30BUX TPOUEAYp CHCTEM KOMII IOTEPHOTO
pO3IMi3HABaHHS 30POBHX 00pAa3iB € CErMEHTALlis, OCHOBHOIO METOK SIKOi € 3HIDKCHHS
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00’emy 00poOiroBaHMX [aHUX. SIK mpaBwio mpu BUOOpPI METOAY CerMeHTail
BPaxoBYIOTb MOJEIb 300payKeHHs, sKe 0O0poOmoeTbes. Y pasi, KOIM MOAENb
OJTHO3HAYHO OMHCYE 300paKCHHsI, SIKEe aHATI3YE€ThCS, ICHYIOUI METOIH JO3BOJISIIOTH
MIPOBOJUTH CETMEHTAIlI0 €pEeKTHBHO. AJle Ha NPAKTHI[ TEKCTYpHI 300pakeHHs, SKi
XapaKkTepHi sl MEAMYHOI Ta TEXHIYHOI JiarHOCTHKH, OIHUCYIOTHCS 3MilIaHUMH
MOJICISIMH TEKCTYp, HAlpPHKIAJ, CTATUCTHYHOIO Ta CIIEKTPAIBHOK TEKCTyporo. Jlis
CerMeHTallii TaKUX TEKCTYp y pobOTi 3alpOrOHOBaHO BEKTOPHO-PI3HUIEBHI METOJ
CerMeHTallii, SKuil MiCTHTh TepeBard ACTEKTOPHOro i Kiacu(iKaliiHOTO IMiJXOIiB.
[IpoBeneHo HOCHiIKEHHS 3aBaJOCTIMKOCTI Ta ONEPaTUBHOCTI PO3POOIEHOrO METOAdy,
sIK€ TI0Ka3aJI0 HOro nepeBary.

Knwuoei cnosa: cnekTpaabHO-CTATUCTUYHA TEKCTYpa, MAETEKTOPHI METOIU
CerMeHTallii, BEKTOPHO-PIi3HULICBUI METO]] CerMEHTAIlI.

Abstract. One of the basic procedures of computer vision recognition systems is
segmentation, which aims to reduce the amount of data processed. As a rule, the model
of the processed image is taken into account, when choosing a segmentation method.
Existing methods allow to perform segmentation efficiently, when the model describes
unambiguously the analyzed image. But in practice, texture images that are
characteristic of medical and technical diagnostics are described by combined texture
models, such as statistical and spectral texture. For segmentation of such textures in the
work vector-difference texture segmentation method which contains advantages of
detector and classification approaches is proposed. Noise-tolerant and efficiency of the
developed method are researched.

Keywords: spectral-statistical texture, detector segmentation method, vector-
difference segmentation method.

Y poboTi pO3IIsHYTO KJIAC CHIEKTPAIBLHO-CTATUCTHUYHUX TEKCTYPHHX
300pakeHb, M0 3yCTPIYAIOTBCS Yy MEOUYHIM Ta TEXHIYHIH MiarHOCTHII.
CraTtucTHdHa TEKCTypa MOJIEIIOETHCS SIK BUIAIKOBE TI0JIE, HA TPAHHILIX SKOTO
BiIOYBA€ThCS 3MiHA #Oro uucioBHX Xxapakrtepuctuk [1]. CrekrpanbHa
TEKCTypa IMpPEACTaBIas€ COOOK JIHIHHY KOMOIHAI[IO KBa3irapMOHIYHHUX
konmuBaHb [2]. CHeKTpalbHO-CTATUCTHYHA TEKCTypa XapaKTepU3yeThCs
BOJHOYAC 3MIHOIO MPOCTOPOBOI YAacTOTH 1 3MIHOK Bapialliifi  MmoJs.
[MpoBeneHuit aHani3 IMoKa3aB IepeBarn 3acTOCYBaHHS  aMILTITYHO-
JIETEKTOPHOTO METOJY Ul CErMEHTallil CTATUCTUYHUX TEKCTYyp 1 YacTOTHO-
JIETEKTOPHOTO METONYy MJIsI CerMeHTamii CIeKTpalbHUX Tekcryp. s
CerMeHTalii CIeKTPaIbHO-CTaATUCTHYHOT TEKCTYPH 3alIPOIIOHOBAHO BEKTOPHO-
pI3HMLIEBHI METOJ, SIKMH BKJIIOYAa€ B ceOe HACTYIHI eTanu: JeTeKTYBaHHS Ha
OCHOBI JIUCTIEPCIHHHMX Ta CIEKTPAILHUX O3HAK i (OPMYBaHHS IBOMIpPHOTO
ineHTH(IKAIIfHOTO BEKTOpa; HOPMYBaHHS BEKTOpAa O3HAK; pPO3PaxyHOK
03HAKU TEKCTYPH, K BEKTOPHY Pi3HHUIIO; KOHTYPHA CETMEHTALIIS.
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1 2 5 10 20 50 100
g no nomyxrcHocmi

Puc.1 — 3anescnicmo kpumepis Ilpema 0nst 6exkmopHo-pizHuyesoeo (1) i
cnekmpanbHo2o (2) memoodis mekcmypHoi cezmenmayii

[IpoBeneHo MopiBHAJIBHUI aHAI3 CIEKTPAILHOIO METOAY CerMeHTauii i
3alpPOIMOHOBAHOTO BEKTOPHO-PI3HUIIEBOTO METOMy. Bu3Hauamacs SKiCTh
BHIJICHHS TPaHUIb CETMEHTIB TEKCTYypH 3a KputepieM [Ipera [3].

3anexHicTh Kpurepito IIpera Bim BiIHOUNICHHS CHTHal/3aBaja IO
moTy>kHocTi (puc. 1) mokasaja, mo 3amporOHOBAaHUN BEKTOPHO-PI3HUIIEBOTO
METOJI TEKCTYPHOI CETMEHTAIlil Kpalle CHEKTPATBHOTO METOIY TEKCTYpPHOL
cerMeHTanii B 1,5-2 B [Ba pa3u nmpu BiTHOIICHHI CUTHAJI/3aBafa 5 i OinbIe mo
MOTY>KHOCTI.

TakuM YHHOM, 3aIIPONOHOBAHUIN BEKTOPHO-PI3HUIIEBHA METOJ MOXKHA
PEKOMEHIyBaTH Il CErMEHTAIll CHeKTPAIbHO-CTATHCTUYHUX TEKCTYyp IPHU
eKCIIPEC aHaji3i B MEJWYHIA Ta TEXHIYHIM JIarHOCTHII B 3aCTOCYBaHHSIX, €
MOTPiOHI BUCOKA ONIEPATHUBHICTh Ta 3aBaAOCTIHKICTb.
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MOKJIUBOCTI 3ACTOCYBAHHSI TEXHOJIOI'Ti BLOCKCHAIN Y
OCBITHBOMY IMPOLECI
ByasikoBa O.B, [0000-0002-8030-5482] |y gh_ny . CaacTpy O.B. [0000-0001-7959-0653]
E-mail: budiakova.olha@stud.onu.edu.ua, savastru@onu.edu.ua

POSSIBILITIES OF USING BLOCKCHAIN TECHNOLOGY IN THE
EDUCATIONAL PROCESS
Budiakova O., Ph.D. Savastru O.

AHoTtauisi. brokdyelilH mnouMHa€ BUXOAWUTH 32 PaMKH KPUNTOBAIIOTH 1
BUKOPHCTOBYETHCSI B PI3HUX Cepax HAIIOro IOBCAKAEHHOrO XUTTA. Jenami Oinbine
IIPOEKTIB Ta i€l 111010 BUKOPHCTAHHS IIi€] TEXHOJIOT1] TAKOK MOYMHAIOTH 3’ SIBISATHCS B
OCBITI, aJie PO HUX MaJo M0 BifOoMO. Ll CTaTTS - OTJISII MOCHTITHHUIBKUX OCBITHIX
MPOCKTIiB HA OCHOBI OJIOKUeiH. BiH BKJIFOUa€e Taki TEMH: IO Take OJIOKYEHH 1 3 4OTo BiH
cKIagaeThes, cepTudikanis y broxdeiin, amanTaiis TEXHOJOTii OJIOKYEHH B OCBITI,
cIieHapii BUKOPHCTaHHA OJOKYElH B OCBITI.

Kirouosi cnoBa: 610k4ueiin, ceptudikaris, Oe3meka, ocBirta.

Abstract. Blockchain begins to go beyond cryptocurrency and used in various
areas of our everyday life. More and more projects and ideas for using this technology
are also beginning to appear in education, but little is known about them. This article is
a review of research blockchain-based educational projects. It includes the following
topics: what is blockchain and what does it consist of, certification in Block-chain,
adaptation of blockchain technology in education, scenarios for using blockchain in
education. A detailed analysis of the results was carried out for each topic, as well as an
intensive discussion based on the results.

Keywords: blockchain, certification, education, security.

BrokueitH - me po3momiieHWi pericTp, KU HAZa€ MOXIIHMBICTH IS
3ammcy Ta 00MiHy iHpOpMAaIli€ro B Mepexi. Y i Mepeki KoKeH YJacHUK Mae
CBOIO BJIACHY KOMifo iH(popMaii, i BCi y9aCHUKH IIOBUHHI IIEPEBIpATH OyIb-
SIKi OHOBIICHHS KOJEKTHBHO. [HopMmallis MoOXe NPEeICTaBISATH TPaH3aKIIii,
KOHTPAKTH, aKTHUBH, igeHTH(IKaTopu abo NMpaKTUYHO Bce, IO MOXE OYyTH
ornucaHo B nUGPoBii Ppopmi.

TexHonoriss  OJIOKYEHH  igeaJibHO MIAXOAWTH Yy  SIKOCTI  HOBOi
iHQpacTpykTypu Juisi 3a0esredeHHs Oe3nekd, OOMiHy Ta TepeBipKu
yemimHocTi[1]. YV 6nokueiini, ITIK (indpacTpykTypa MyONiYHUX KIIOUiB)
3aMIHIOE EHTPAILHUN OpraH Ha OUThIN HAMIMHY JCIEHTPATi30BaHy MEPEKY.
Taka JemeHTpali3oBaHa CTPYKTypa IMIBUINY€E JOBIOBIYHICTh MEPEXi,
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OCKIJIbKM JayOJliKaTiB OJIOKiB, Ha SKWUX 30epiraeTecs mimmuc, 3abarato.
JeuenTpamizamis GIOKIB a€ T0aTKOBY MepeBary, Tak sK KOJHA i3 CTOPiH HE
MOJKE 3MiHIOBaTH ab0 BHJAJSATH TpaH3akii, ski 30epiralotbcs y OJOKax, He
BIIMIHSIIOYM BHMOTHM  HIJITBEP/UKEHHsSI CIPAaBXKHOCTI, sKi i  OJIOKH
NIepeBIPSIOTH.

OKpiM yCyHEHHs 3aJIe)KHOCTI Bifi Oyab-siKoro HeHTpy ceprudikamii ado
JIOBIpeHOi TpeThoi ocoOu, OJoKYeiiH 3abe3leuye He3ale)XHe MapKyBaHHS
Yacy, 110 CTBOPIOE 3HAYHI TepeBaru 3 TOuku 30py Oe3neku. HaniitHa yacoBa
MITKa, BXXJIBA Y TUX BUIAIKaX, KOJH TEPMiH i OOJIKOBUX IaHWH CIUIMBAE,
OKpiM I[hOTO BOHA BaJKJIMBA i3 MPAKTUIHUX MipKyBaHb.

CeprudikaTé MMPOKO BHKOPHUCTOBYIOTHCS B YCIX HaBYAIBHHUX 3aKJa/ax
UIA pi3HUX Hied. Hampukman: HaBuanbHI 3aKIaad LIKAaBIATHCA UM, MO0
BH3HAYHTH MPUAATHICTE 0COOU IO BHKIIQJIAHHS TOTO YU iHIIOTO PiBHS OCBITH.

Ceprtuikamito MOKIHBO BUKOPUCTOBYBATH SIK MOTHBALIWHU] iHCTPYMEHT
B OCBITi 4epe3 reimMigikaiiro 3aCBOEHHS MIISIXOM HPUCBOEHHS CepTHU(IKATIB
JUIA TOCATHEHHS KOHKPETHHX NMPOMDKHHX 3HaHb[2]. JloBeneHo, 1o MoCTiiiHe
(opmanbHe OLHIOBAaHHS Ta cepTUdiKallis CIpUsE MTiABUIICHHIO KOHIIEHTPALii
yBar# Ta 3arajbHUX pe3yJIbTaTiB HABYAHHSI.

Taxox cepTudikaT, BAKOPUCTOBYIOTHCS AT aKpeauTanii. AKpenIuTamnis -
e Mpoleaypa, 3a JONOMOrol0 SKOI OpraH, IO 3[iMCHIOE aBTOpHU3AIiio,
odiniiiHo BU3HAE, IO OpraH YM 0co0a KOMIETEHTHI BUKOHYBAaTH KOHKPETHI
3agranHs (ISO / IEC 18009: 1999). AxpeaunTariisi 3a3BH4ail 3aCBiAYyETHCS 32
JIOTIOMOT00 cepTHudikara.

CeprudikaTé TakoX MOXKHA BHKOPHCTOBYBAaTH MJISl  BiJICTE)KCHHS
IHTEJIeKTYyanbHOi BilacHOCTI. PeecTpalis Ta BIACTEXKEHHS IHTEIEKTYyalbHOI
BIIACHOCTI € KJTFOYOBOIO YaCTHHOIO BCIX aKaJeMiYHUX cucTeM. [HTeneKkTyanpHa
BJIACHICTh CTBOPIOE MIHHICTh, i B CBOIO Uepry ii BUKOPHCTAHHI MOXKE
CHPUYMHNTH BUTpaTH. Hampukiazx, HayKoBi >KypHalIW MiATBEPIXKYIOTh, IO
YacTHHA JOCHDKEHh € HOBOIO 1 IO JOCTI[KeHHS OYyJ0 IpOBEACHO
BIINOBITHO [0 CYBOPMX HAyKOBHX CTaHAApPTIB - [ iHGOpMAIis
BUKOPHCTOBYETHCS JUT BU3HAYCHHS HAYKOBOI ICTHHHU.

JlitepaTypa
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TEXT STYLE TRANSFER SOFTWARE USING MACHINE
LEARNING METHODS
Galkevich S., Ph.D. Rudnichenko N., Ph.D. Petrov 1.

Annomayia. Y poOOoTi HaBeICHO pe3yJbTAaTH PO3Pa0OKH MPOTPaAMHOTO JNOIATKY
JUI BHpIIIEHHSA 337a4 3MiHH CTHJIIO TEKCTy HAa OCHOBI BHKOPHCTaHHS aJTOPUTMiB
MAaIIMHHOTO HaBYAHHS. 3alpONOHOBAHO KOHIEINIIO NMPOBEACHHS KIIOYOBUX ETalliB
00pOOKY HaHMX 1 IX BUKOPHUCTAHH JUIsl TPEHYBaHHS MOJEII.

Knrouesi cnosa: o6poOka npupoIHOT MOBH, MAIlTUHHE HABYAHHS, aHANI3 JAHUX.

Abstract. The paper presents the results of developing a software application for
solving text style transfer based on the use of machine learning algorithms. The
concept of the key stages of data processing and their use for training the model is
proposed.

Keywords: natural language processing, machine learning, data analysis.

O06poOKa MpUPOTHOI MOBH € OJTHIEIO 3 HAHOUTBI PO3BUHEHUX 1 BaXKITUBUX
3amad INTY4YHOTO iHTeNnekry. Mogemi s oOpoOKM TpHPOAHOI MOBH
BHKOPUCTOBYIOTBCS Y BENHKIA KIUTBKOCTI Taily3ed Ta JOMOMaramTh Yy
BHpIMICHHI pPI3HOMaHITHUX 3afad. 30KpeMa, 3a JOMOMOTOI0 MOIIOHUX
MoJieNell MOXKYTh BHUPINIyBaTHCS MOMIOHI 3aJadi: aBTOMaTHYHA OIliHKA TIparli
CepBicy Ha OCHOBI Bi[TYKiB, MIEPEKIIAJ 3 iHIINX MOB, PO3Ii3HABAHHS TCKCTY y
aymiogaiiiax, 300paxkeHHAX Ta Bigeodaiiinax, CTBOPESHHS MOIIYKOBUX CHUCTEM,
CTBOPEHHS 4aT-00TiB JIJIsl HAIaHHS TEXHIYHOI MiITPUMKH KOPUCTYBady, aHaJi3
HacTpoOIO TeKCTy Ta Oarato iHmmx. Yepe3 BenwKy OOYHCITIOBAIbHY
CKIIQAHICTh, JUIsI OOpOOKM TPHPOAHOT MOBH  HAHWOIJBII  BEITHUKOIO
MIOITYJISIPHICTIO KOPUCTYIOTHCSI alTOPUTMH MAIIMHHOTO HaBYaHHS, 30KpeMa
HeiiponHi Mepexi [1]. Meror maHoi poboTH € po3poOKa MPOTPaMHOTO
JOJATKy MIATPUMKHU BHUPIMICHHS 3a/Ja4 3MIHH CTHJKO TEKCTY Ha OCHOBI
BUKOPUCTAHHSA METOJIIB MAIIUHHOTO HaB4aHHs. KoHIenTyanbHa cxema
IpoIIeCy BUPILICHHS 3a/1a4i 3MiHM CTHJIIO TeKCTy MeTogamMu MH HaBeneHa Ha
puc.1.
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Puc. 1 — Konyenmyanvna cxema npoyecy 3miHu Cruiio mexKcmy

VY sKOCTi OAHOTO 3 METOMIB MAIIWHHOTO HABYAHHS BHKOPHUCTOBYETHCS
MoJIelb «TopOa ciiB» [2], sKa J03BOJISIE 3pOOHTH YSIBY ITPO 3MICT TEKCTY.

s Momenp TPOTISIAE TEKCT Ta MiAPaXOBYE KiIBKICTh BHUKOPUCTAHHS
OKpEeMUX CJiB (TOKCHiB). 3aBISKH 1[I MOJIENTI 3aIIPOITIOHOBAHHUN ATOPHTM Ma€e
MOJKJIMBICTh JIOTIOBHUTH Ta 3MIHUTH BBEICHUI KOPUCTYBA4YEM TEKCT HA THIIUI
0e3 3MIHA OCHOBHOTO 3MiCTy BBEJCHOTO TEKCTY.

Hus  cmiB i3 BHUXIOHOTO TEKCTY IependavyaroThCsi CIOBa-CyCioum Ta
MOJICITIOEThCSI IITboBa TopOa ciiB. [loTiM, 3a TOMMOMOTOI0 permapamerpizarii
METOJIOM TaMOen-Ton-K [3] Mi CKOpOUyeMO IIbOBY TOpOy CIiB, HA OCHOBI
SIKIH  JIGKOJIep Mae MOXIHBICTH c(OpMyBaTH OCTATOYHUH TEKCT, SKHMA
M00aYNTh KOPHCTYBAY.

Jns pobOTH 3 3aCTOCYHKOM KOPHCTYBad BBOJHUTH PEUCHHS Yy (GOpMYy Ta
HATHCKAa€ KHOIKY, ICII 90TO 0a4nTh HOBE PEUCHHS.

BucnoBku. Po3poOiieHnii mporpamMHUil JOAATOK JUIs BUPILICHHS 3a/a4
3MIHU CTHJIFO TEKCTY Ha OCHOBI BUKOPUCTAHHS METOJIIB MAIlIMHHOTO HABYAHHS
€ Jy’)Ke TPOCTUM Y BHKOPHCTaHHS Ta MOXXE OyTH JOTOBHCHHH I1HIIUMHU
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QIrOpUTMAMH 1 MeTOJaM{ MAaITMHHOTO HaBYaHHS JUII BUKOPUCTAHHS
KOPHUCTYBa4aMH, SIKi XOUyTh 3MIHUTH CTHJIb CBO€i MOBH, HAIIPHUKIAL, B IIIAX
Oe3MeKH.
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STRUCTURE DESIGNING A DATA ANALYSIS SYSTEM BASED ON
MACHINE LEARNING ALGORITHMS
Voloshko G., Zadunayskaya O., Brushnevska R., Ph.D. Rudnichenko M.

Anomauia. B poOoTi HaBeneHi pe3yslbTaTH (OPMYBaHHS CTPYKTypH CHCTEMH
aHami3y [JaHMX Ha 0a3l anropuTMiB MAIIMHHOTO HABYaHHA. ApPryMEHTOBaHa
3HAUYYIIICTh MAIIMHHOTO HAaBYAHHS B BHpILIEHHI 0e3iivi mpobiieM i 3aBJiaHb IUIIXOM
BHUKOPUCTAHHA CTaTUCTUYHHUX JaHUX.

Knrwowuosi cnoea: iHTeneKTyanbHi alrOPUTMH, MAIlIUHHE HABYAHHSI, aHAIII3 JaHUX.

Abstract. The paper presents the results of designing a data analysis system based
on machine learning algorithms. The importance of machine learning in solving many
problems and tasks through the integrated use of statistics.

Keywords: algorithms, machine learning, data analysis.
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Mamwunane HaBuanHs (MH) BHUKOpHCTOBYE 3amporpamMoBaHi aJTOPUTMH,
SIKI OTPUMYIOTh 1 aHAJI3yIOTh BXiAHI JaHi, a MOTIM NIPOTHO3YIOTh BHXIiIHI
3HAYEHHS 3 JOIyCTUMOTO Jiana3oHi [1]. ¥ Mipy HaaXopKeHHS HOBHX JaHUX
LI QITOPUTMU HABYAIOTHCS 1 ONTHUMI3YIOTh CBOKO MAISUIBHICTB, HiJBUILYIOUYH
MIPOJYKTUBHICTb 1 3 4aCOM PO3BUBAIOYM «IHTENEKT» [2].

MamvHHe HaBYaHHS € HaWOUIbII TOINMPEHHM 1 MOTY)XHUM METOIOM
a"amizy nanux [3]. Ha »anp, anropuTMiB MamIMHHOTO HaBYaHHS, ao0pe
00poOIISAIOTH 1aHi OUTBII-MEHII JOBUTLHOT IPUPOAH JIIOJH ITOKHA HE BHHAWIIIIH
1 TOMY CITEIliaTicTy OBOJIUTHCS CAMOCTIMHO 3aiiMaTHCs mepeaoopoOIli JaHuX
JUTSL TIPUBEACHHS X Y IPUIATHUH IJIS 3aCTOCYBaHHS aJlTOPUTMY BHT [4].

Merta poboTr: (hopMyBaHHS CTPYKTYpPHOTO OITUCY CHCTEMH aHAIi3y TaHIX
JUISL TIOLTYKY Ta BHUTyYECHHS 3HAHb.

IlepenbauyBana cuctemMa MoXe OyTH BHUKOPHCTaHa JUIl HOIIYKY
aHOMaJTii Ta BHUIIICHHS 3aBIaHb KJIacUQikallil, TOBUHHA TPYHTYBAaTHUCS Ha
BUKOPHCTaHHI aHcaMOITo anroputMiB MH B SIKOCTi OCHOBU ISl BUSIBIICHHS HE
CTAaHJAPTHOTO MMOBEIIHKA pPOOOYOro OTOUCHHS 1 MiJO3PUIHMX MaKeTiB,
nepelaHuX B JIOKalbHIA Mepexi. JlaHuii aHcamOllb NMOBHHEH BKJIIOYATH 3
pizHux Mmerony MH, 30kpema, BHNankoOBHH JIic, METOA OMOPHHUX BEKTOPIB 1
Helipomepexi psay TumiB. [Ipy (boMy KIFOUOBUMHU IapaMeTpaMu AJIs OL[IHKH
Ta aHaNily aHOMalliii OymyTh €: BiKPWUTI 1 aKTUBHI MOPTH Ieperadi JaHUX,
oOcsr Tpadiky, IO TEpenaeTbesi, OOCATH BUKOPHCTOBYBAaHHX alapaTHHUX
pecypciB, 30Kpema omnepatMBHOI maM'ATi 1 mpomecopa, a TakoX
Ppenpe3eHTaTHBHICT BUOIPKHM 32 pi3Hi Nepioau Jacy.

OO'enHaHHs JaHUX METOJIB JO3BOJISE MiJBUIIUTH 3arajbHy TOYHICTh
Kiacudikamnii, a TakoX 3/1iCHIOBAaTH MiA0ip rineprnapaMeTpiB B MOCITiJOBHOMY
BUTJISAII.

30KpeMa, BHUIMAIKOBUX JIC O3BOJIUTH BimiOpaTH cepen BChOTO HAOOPY
JAHUX MAalOTh HAWTICHIIIMA KOHTAKT 3 XapaKTepPOM IOBEHIHKH JaHi, METOJ
OTIOPHMX BEKTOPIB JOIIOMOKE BU3HAYUTH ITOMIIIKOBI BUKH/IU, a HEHpOMEpexKa
JI03BOJIMTH 3a0€3MEINTH CAMOHABYAHHS.

Jlis mporpamMHoi peatizamii CUCTEMH AOUITFHUM € BUKOPHUCTAaHHS MOBH
nporpamyBanHsi Python, cepemoBuma po3pobku PyCharm i ¢peiimBopka
pyQt, Ha 6a3i IKHX 3pYYHUM € TI00YI0Ba KITI€EHT-CEPBEPHOIO J0AaTKA.

KiienTchka 4dacTMHa TOBMHHa OYyTH BCTaHOBIEHA HAa KO)XKHOMY
JIOKaTBHOMY XOCTi Mepeski. Ii 3aBaaHHs momsrae B 360pi CTATHCTHYHUX JAHHX,
aHai31 TPaHCIBOBAHOTO B Mepexy Tpadiky i MOBEIIHKM MOJYJIB CHCTEM 3
MIOJIAJIBIITMM BiATIPABICHHSM JIaHUX Ha CEpBep.

[Ipomec MOHITOPHHIY 3araJpHOTO CTaHy MEpeXi Ta poOOTH CHCTEMH
3IIMCHIOETBCSI HAa CEPBEPHIN CTOPOHI, A€ PO3TOPHYTO poOOYe OTOYEHHS 3
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migTpuMkoro 6i6miorek i momymie MH (skilearn, numpy, pandas, matplotlib,
scipy), a Takok, 30KpeMa, po3TallloBaHi CTBOPEHi 1 HaBueHi mojeni MH, mo
MIIKITIOYAI0ThCS JTUHAMIYHO B MOJYJIb MOHITOPWHIY JUIS aHalli3y JaHUX Ha
HAsBHICTH aHOMAJTiH.

BucHoBku. IIporoHOBaHa cuCTeMa JO3BOJISIE BHUKOHYBATH IIMPOKHIA
CIICKTp 3aBJaHb 3 aHAJli3y Ta BUIyYCHHs 3HAHb 3 MOJAHWX Ha BXiJl JaHUX Ta
MoOXe OyTH BHKOpHCTaHa y pi3HHX cepax NpaKkTHYHOI HisUIBHOCTI, 30Kpema
JUTSL BUPIIIICHHS 3aBIaHb Kiacu(ikarrii.
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SOFTWARE PROJECT DEVELOPMENT
TEXT INFORMATION PROCESSING AND ANALYSIS
Filinsky O., Ph.D. Rudnichenko N., Ph.D. Otradska T.

Anomauia. Y poOOTi HaBeleHI pe3yibTaTH PO3POOKH TMPOEKTY MPOTPAMHOTO
3abe3nedyeHHs 411 00poOKHM Ta aHaii3y TEKCTOBOI iH(popMallil Ha OCHOBI BUKOPHUCTAHHS
METOMIB Ta QJIrOPUTMIB MAIIMHHOTO HaB4YaHHSA. ONHCAaHO TOJOBHI BapiaHTH
BHUKOPUCTAHHS IPOTPAMHOTO MPOAYKTY Ta HOro QyHKI[IOHAIBHI MOYXIIABOCTI.

Kniouogi cnosa: 06pobka mpupoaAHOi MOBH, MAIIMHHE HABYAHHSI, IHTEICKTYAIIbHUI
aHaji3 JaHUX

Annotation. The paper presents the results of software development for processing
and analysis of textual information based on the use of methods and algorithms of
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machine learning. The main options for using the software product and its functionality
are described.
Keywords: natural language processing, machine learning, data mining

TekcroBa iHpOpMaIliss 1€ OCHOBHE JDKEPENO 3HAHb 1 PO3TAIIOBYETHCS
BOHa Ha BCIX MOXIHBHX pecypcax METOI0 SKHX € ii mommupeHHA. Yepes
BEJIMKY KiJIbKICTh TEKCTiB BHHHKA€ IMpobOiemMa 3 JacoM iX oOpoOKHM, Tak sK
JIOAWHA CAMOCTIHHO HE 3[IJaTHA MUTTEBO PO3MI3HATH CYTh i IPU3HAYEHHS TOTO
9H iHIIOTO TeKeTy [1].

Oco0nuBo 15 mpobiemMa MPOSBISETHCS KOJIM HEOOXiAHO Kiacu(piKyBaTH
TEKCT JUId TIepe HampaBlIeHHA #oro mo cxoBuma iHdopmanii moaioHOT
TEeMaTHKH, TaK sIK 30epiratu iHpopMallito NpakTHYHilIe 3a BCE B COPTOBAHOMY
BUIIISL [ 11 IBUALIOTO MOUIYKY B mojanbmomy [2,3].

Metoro naHOi poOOTH € CTBOPEHHS MPOTPAMHOTO 3a0e3MeueHHs SKe
JI03BOJISIE BUKOPUCTOBYBATH PIi3HI METOAM OOpOOKM 1 aHami3y TEKCTOBOT
iHpopMarii 3 MeToro KiIacu(ikamii Ta JeMOHCTpYBaHHA e(peKTHBHOCTI pOOOTH
TUX 9¥ IHIIAX aJTOPUTMIB.

KopucryBaueBi HamaHO iHTepdelc cucTeMy, B SKOMY Yy HBOTO €
MOXUIMBICTh B3SATH TEKCTOBY iH(opMarito i BHOpaTH IEBHUH MeTojd il
MOJANTBIIOT OOpOOKK Ta KiIacH(pikamii M0 CHHCKY BIIMOBITHUX KaTeropiit
(TeMaTHK).

[lepenbaueHo MOXIMBICTH MEPEBIPUTH TEKCTOBY iH(popmariio Ha
BIIMTOBIAHICTh O KOXKHOT TEMAaTHKH B MPOIEHTHOMY CITiBBiIHOIIICHHI, a TaK
caMO MOXITMUBICTh BHAABAaTH CTAaTHCTHYHI IMapaMeTpH SIKOCTI TEKCTy TaKi sK
HyJZIOTa 1 3aBaHTaXKEHICTb.

Jiarpama BapiaHTiB BHKOPHCTOBYBAaHHS IIPOEKTY CHCTEMH HaBelCHA Ha
puc.1.

Sk 3acobu 00poOKkH i Kiacudikamii TEKCTIB 3aCTOCOBaHI TaKi METOIH 5K
IITY4YHI HEWPOHHI MEpEeXi, IePEBO PIllIeHb Ta METO/I ONIOPHUX BEKTOPIB.

BucHoBku. Po3poOinenuit mpoekT cucteMu Kinacudikamii  TEKCTy
HaliJIeHUH Ha NPHUCKOPEHHS 1 MOJIETNICHHS IPOBEACHHS IHTEIEKTYalIbHOTO
aHaJli3y JaHMX.

Cepen iCHYIOUMX METOJIB 0OpOOKH TEKCTY 3 METOI0 Horo KiacuQikarii B
po3po0ieHiit cucTemi peani3oBaHi HAWOUTBII THYYKI C TOYKH 30pY
(YHKIIOHATBHOCTI, 30KpeMa: IITYYHI HEHPOHHI MEpexki, JepeBa pillieHb Ta
METOJl ONOPHUX BEKTOPIB.

i meromm moOpe 3apekoMeHIyBamud cebe B POOOTI 1 JO3BOJISIOTH
BHpINIYBaTH 3amady Kiacu(ikamii TekcToBoi iH(popMaImii ¢ JOCTaTHBO
BEJIMKHM PiBHEM TOYHOCTI, 01151 75%.
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KPUIITOTPA®IYHI METOAU BUPIIHIEHHSA ITPOBJEM
EJEKTPOHHOI'O I'OJIOCYBAHHA
Bina FO.B. [0000-0001-7236-1954]
bila.yuliia@stud.onu.edu.ua

CRYPTOGRAPHIC METHODS FOR SOLVING ELECTRONIC
VOTING
Belaya Y.V.

Anomauia. OnHuM 3 aKTyaJbHUX [UTaHb, MOB'A3aHUX 3 PO3BUTKOM
EnextponHoro ypsngy, € po3poOka 1 BIPOBAKEHHS TEXHOJOTii TaeMHOro
€JICKTPOHHOTO TOJIOCYBAHHS 4epe3 [HTepHeT. 3aBnaHHs 3a0e3nedeHHsT aHOHIMHOCTI Ta
3ano0iraHHs  aTak 3JOBMHCHHKAa MOXYTb OyTH BHpIIIEHIi 3a  JOIIOMOTOIO
KpunTorpadiyHUX METONIB 3axHcTy iH(opmamii i, 30KpeMa, 3 BHKOPHCTAHHSIM
MICEBIOBIPOTITHOTO ~ 3aXHWCHOTO  TEpPEeTBOpeHHs  iHpopmamii  (3amepedyBaHOTO
mmdpyBanas). Lg ctarTs BKiIOYae Taki TeMH: IO Take 3amepedyBaHe MHUGpyBaHHS, 3
YOro BOHO CKJIAJIA€ThCS TA IHCTPYMEHTH TaKOT CHCTEMH.

Knrouosi cnoea: enekTpoHHE TOJNOCYBaHHS, 3amepedyBaHe MHM(ppyBaHHS,
roMomMopdHa cxema.

Abstract. One of the topical issues related to the development of e-government is
the development and implementation of secret electronic voting technology via the
Internet. The task of ensuring anonymity and preventing attacks by an attacker can be
solved using cryptographic methods of information security and, in particular, using
pseudo-plausible security conversion of information (denied encryption). This article
includes the following topics: what is denied encryption, what it consists of, and the
tools of such a system.

Keywords: clectronic voting, denied encryption, homomorphic scheme.

3anepeuyBaHe MU(ppPyBaHHS — CIOCIO KpUNTOrpadivHOro NepeTBOPEeHHs,
B SIKOMY 3aIIi(pOBYIOThCS CHUIBHO /iBa 200 OlIbIlE PI3HUX MOBIIOMJICHHS Ha
JBOX abo Ounble pi3HUX KiMo4ax. Takuil croci® 3a0e3neuye JTOCUTh BUCOKY
CTIHKICTh JI0 aTak 3JIOBMHUCHHKIB. Y MOJIENI TaKUX aTak mepenadadacTbes, Mo
aTaKyIOuUMi Mae JesKi Bakell BIUIMBY Ha BiJNpaBHUKA, OAep)KyBada abo
30epiraua 3ammudpoBaHoi iHpopMamii i NPUMYNIye BHAATH KIIOY JUIA
posum¢pyBanHs. CTIHKICTh 10 aTak 3 NPUMYCOM 3a0e3MeuyeThesl THM, IO,
NIpUHAKHMHI, OJTHE 3 MOBIZOMJICHb HE € CEKPETHHM 1 aTaKylo4oMYy HaJaeThbCs
KJIIOY, 32 SIKUM pPO3MIM(PYBaHHS KPHUIITOIPaMH BEJE 10 PO3KPUTTS LBOTO
TIOBiZIOMJICHHSI.
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Jis  yemimHOI TIporieypu  3abopoHeHOro mmm@pyBaHHS HEOOXiTHO
3a0e3neunTH B3a€MHY ayTeHTH(IKAILil0 BigNpaBHUKA Ta ojepxyBaua. Ll
npoueaypa € BaXJIMBUM €JIEMEHTOM 3arajbHOJIOCTYIMHOTO IPOTOKOIY
3arepeyyBaHoro muGpyBaHHs.

[IpoToKON E€NEeKTPOHHOTO TOJIOCYBAaHHS MOKHA PpO3JIUIMTH Ha JIBi
KaTeropii B 3aJI€KHOCTI BiJl HEOOXITHOCTI YIOBHOBa)XEHOTO oprany. Ilepimii
THUII IJbOTO MPOTOKOJIy HE BUMarae Moro HasBHOCTI. Takux MPOTOKOJIB MaJjo.
Jlpyruii THI TPOTOKOJIB E€JIEKTPOHHOTO TOJIOCYBaHHS BHUMara€ HasBHOCTI
YIOBHOBa)KEHOTO OpraHy. [IpoTOKOIN IbOTO TUITY MOJUISIOTHCS HA TPH CXEMH
B 3aJeKHOCTI Bil BHKOPHUCTOBYBaHOI TexHoJorii. OmHa 3 OHUX CXeM
mmdpyBaHHs € roMoMOpdHa cxeMa. Bubopii cmiBmpamooTh 3 0QiliifHOI0
Bianolo, Imo0 3ammdpyBaTH CBOI TOJOCH. 3aBISIKM  BJIACTHUBOCTI
romMomMopdizMy mmppyBaHHSI CyMH TOJIOCIB JIOCSATAETHCS MUITXOM MHOXKEHHS
3amm@poBaHUX OrNETeHIB BCiX BHOOpHiB. Pesymprar romocyBaHHS
PO3paxoBY€EThCS 32 CYMOIO TOJIOCIB, SIKi MiAPaxOBYIOTh 31 BIaIOI0 CIiIBHO.
CyTp MeTOoly TOMOMOPGHOTo MU(PYBaHHS — 3aXHCTHTH 0CO0Y BHOOpPI Ta
MiABUIIUTH e(EeKTUBHICTh MigpaxyHKy rojociB. IlpoTokos enekTpoHHOTO
rOJIOCYBaHHsI, SKAH MPETEeH/lye Ha 3aXHUCT i MPaKTHYHE BUKOPUCTAHHS depes3
IaTepHeT, TOBMHEH MaTH Taki BIACTHUBOCTi: ba3oBi: KOHQIAEHIIHHICTD,
MIOBHOTA, CWJIAa, HEMOXKJIMBICTb IIOBTOPHOTO BHKOPHCTaHHS OOJIETEHIB,
YeCHICTh, NPaBHJIBHICTb Ta MOCHIZOBHICTh. Po3mmpeHi: yHiBepcalbHa
nepeBipka, HEKOHTPOJBbOBAHICTh, OIIp NpuUMycCy. BuHukae npoGiema
CTBOPEHHS TPOTOKOJIy TOJOCYBaHHS TIpH peajli30BaHUX PO3MIMPEHUX
BJIACTHBOCTSIX. TOX € TPOMO3MIIS IIONO AalrOPUTMY 3alepedyBaHOro
mupyBaHHs 3 BIIKPUTHM KIIOUEM U1 TeHepalii KpUITOrpaMH, 1110 MiCTHUTh
TpH ab0 YOTHPH CIUTBHO 3amH(pPOBAHMX MOBIIOMIICHHS (BHUXiIHE, HAKIIAACHE
330BHI Ta oxHe abo nBa (ikTmBHMX). Lleil anropmT™M TaKOXK Mae IOCHUTH
BHCOKY OOYHCITIOBAIFHY €()EeKTUBHICTD 1 TAKOXK BHMAarae HEBEJINKOI KiTBKOCTI
IHTepaKTHBHHUX KPOKIB, IO O3HAYAE, IO BiH JOCHTH IIBAIKHUA.

Jireparypa

1. Hirt M., Sako K.: Efficient receipt-free voting based on homomorphic
encryption. In Proceeding of EUROCRYPT 00, LNCS 1807,2000. — P. 539-556.

2. Vaitkevicius M.: Methods and protocols of pseudo probabilistic defensive
transform of information for technologies of secret electronic vote. PhD Thesis. —
P. 110 (in Russian).

3. Varbanets P., VarbanetsS.: Inversive generator of the second order with a
variable shift for the sequence of PRN’s. Annales Univ. Sci. Budapest., Sect. Comp.,
2017.-46.—P. 255-273
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VIIK 004.4

KJHIEHT-CEPBEPHA CUCTEMA JJIS1 ITAPAJIEJIBHOI'O
NOYKY TA OBPOBKHU JAHUX 3 PIBHUX JIZKEPEJI
Hosuubkuii B.B, 10000-0002-7343-8076] 1 1y Pyamivenio M. ], [0000-0002-7343-8076]
k.T.H. [lIu6aesa H.O. [0000-0002-7869-9953|
E-mail: william.novitskiy@gmail.com, nickolay.rud@gmail.com

CLIENT-SERVER SYSTEM FOR PARALLEL SEARCH AND
PROCESSING OF DATA FROM DIFFERENT SOURCES
Novitskiy W.W., Ph.D. Rudnichenko N.D., Ph.D. Shibaeva N.O.

Anomauia. Y poOOTI HaBEJCHO ONMHUC MPUHIMITY POOOTU CUCTEMH Ha 0a3i KIIeHT-
CepBEepHOI apXITEKTypH Ul IapajelbHOro IOIIyKy Ta OOpOOKM HaHHX 3 pi3HHX
JpKepen. Jlist JoJaHHS JAQHUX y CHCTEMY INPOIOHYETHCS MIJXif, IPU SIKOMY CepBep
IIKITIOYAETHCS 10 JPKeperia IaHUX 110 3alUTY KIIEHTA.

Knrouosi cnosa: mapanenbHWil MOMIYK, MapaieibHa 00poOka, Jkepena TaHUX,
KITIEHT-CEepBEpHA apXiTeKTypa, BEJIUKI AaHi.

Abstract. The paper describes operation principle of the system based on client-
server architecture for parallel search and processing of data from different sources.
For adding data to the system, an approach is proposed in which the server connects to
a data source at the client request.

Keywords: parallel search, parallel processing, data sources, client-server
architecture, big data.

VY Hair yac JaHi 3HaXOAATHCS BCIOJH, X 00°€M KOJOCAJIBHUIA 1 TIPOIOBKYE
3pocTaTH 3 KOXKHUM aHeM. [Ipu npoMy naHi OyBarOTh Pi3HUX BUJIIB Ta MOXYTb
HAJIXOJUTH 3a PI3HUX THUIIB jokepen [1]. s BuiTyueHHs KOPHUCTI 3 TaHUX HE
00ifiTHCh 0Oe3 Takux 0a30BUX oOmeparliif, sK iX TOIIyK Ta 00poOKa.
BpaxoByroun HU3BKY €(heKTHBHICTE 0OpOOKH BEIUKHAX 00’€MiB JaHUX OHIM
MEPCOHANIBHUM KOMIT FOTEPOM, JOLIIEHO BUKOPUCTOBYBATH KIIIE€HT-CEPBEPHY
apxitektypy [2], B sKiii omepamii, MmO MTOTPEOYIOTh BEIHKOi KUTBKOCTI
pecypciB, BHKOHYIOTBCS Ha CepBepi, a KIIEHTY IIOBEPTAETBCA TiIBKH
noTpiOHul oMy pesynbTar. Takoxk, 00 omepaiii HaJ BEIUKUMU 00’ €eMaMu
JAHUX BHUKOHYBAJIHMCh 3a MNPHUHHATHUNA Yac, oOpoOka naHMX Ha cepsepi
IIOBMHHA BUKOHYBATHCS IapayenbHo. s boro MOXXyTh OyTH BHKOPHUCTaHI
cuctemMu Ha 0a3i Moneni MapReduce [3] abo iHII miaxoau, Taki SK CHCTEMHU
Ha ocHOBI ToTOKiB nanux (Dataflow systems) [4]. 3 ypaxyBaHHSM BU3HAYEHUX
OCHOBHHX BHUMOT JI0 CHCTEMH, OYB pO3pOOJICHHI MPUHITUI POOOTH CUCTEMH.
3pyuHuM criocoOoM HOTo IpeACTaBICHHS € cxeMa Ha puc. 1.
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Cepsep

3anpoc Ha gobasnexne faHHbIX
_

KnueHT Habopbl AaHHbIX

%
Cratyc onepauum @ @ P @

Onepaunn ¢ gaHHbIMK

3anpoc Ha BbINonHeHWe noucka/obpaboTku
_— >
Knvent
<
PesynkTaThl BbINONHEHUS onepaLmm

Puc. 1 — [Ipunyun pobomu Kiieum-cepeepHoi cucmemu 071 RaApaieibHO20
nowLyKy ma 06pooOKu OaHux 3 pisHUX 0dxcepei

Jlyii BUKOPHUCTaHHS CHCTEMH KJII€HTY CIIOYATKy MOTPIOHO M0JaTh JaHi B
CEpBEpPHE CXOBHINE JJIsI MOJANBIIOI 00poOku abo momyky y Hux. Lle
3IICHIOETBCS 32 JIONIOMOTOIO BIJIIPaBKHM 3allUTy Ha CEpPBEp, L0 MICTUThH Y
co0i abo Ge3mocepenHbO MaHi, a0 anpecy cxoBwINa MaHWX. [Ipm oTpuMmani
JTAaHOTO 3allUTy, CEpBEp BHMKOHYE MOJABaHHSI [aHUX Yy CBOE CXOBHILIE Ta
HAJICWJIa€ KJIIE€HTY BIINOBIOs 31 cTarycoMm oreparii. TakuM YHHOM, SKIIO
JOJTaBaHHS JaHUX HE OYJI0 3aBEPIICHO YCIIIITHO, KII€HT OTpUMAaE iH(GOpMAIio
po npoOIeMy, 10 BUHHUKIIA, Ta MOXJIHBI ii npuuuHu. [Ipu HassBHOCTI 1aHnX y
CXOBHIII CepBepa, KIIEHT Ma€ MOKJIMBICTh BiANIPABUTH 3alUT HA MONIYK abo
00poOKy MaHWX. B 3amuTi Ha MOIIYK HaHWX OCHOBHUM IApaMETPOM € TEKCT
Juist nouryky. OTpUMaBILIM 3allUT Ha IOLIYK, CEpBEp BUKOHYE MOIIYK YCiX
BKJIIOUCHb 33JaHOTO TEKCTy B YCIX JaHMX HOTO CXOBMIIA mapanenpHo. Lle
peami3yeTbcss 3a JIOTIOMOTOI0 PO3OMTTS JaHWX Ha OJIOKM TPHOIH3HO
OJIHAKOBOTO PO3MIpy, TIONIYK B SIKUX BUKOHYETHCS MapaliebHO. 3aKiHUUBIIN
TIONIYK, 3HAaWAEHI pe3yslbTaTH HaJACWIAIOThCs KiieHTy. OOpoOka naHmX
3IIMCHIOETHCST aHAJIOTIYHO, TIJIbKM OCHOBHUM IapaMETPOM 3aIlUTy KIIEHTY B
LIOMY BUITaJIKy € HE TEKCT JUIsl TIOIIYKY, a OaxkaHui Tir 00poOKku. BucHOBKH.
Po3poOuiennit  mpuHnmMn pobotm cucteMH Ha 0a3i  KI€HT-cepBepHOL
apxiTEeKTypH Ul BHKOHAHHs MapajelbHOTO MOIIYyKy Ta OOpoOKM JaHuX 3
PI3HHMX JDKEepes JI03BOJISIE MPHUCKOPHUTH ONepalii Mouryky Ta oOpoOKHM Haj
BEJIMKIMHA 00’ €MaMU TaHUX Ta YHI()IKyBaTH iX IPOBENCHHS U JaHUX Pi3HUX
BU/IIB, 110 HAAXOISTH 3 PI3HUX JDKEPEII.

JlirepaTypa
1. Different types of data sources [Enextponnuit pecypc] / Building Blocks —
crarts. — Pexxum moctymy: https://www.building-blocks.com/content/blogs/different-

211



Marepianu IX MixkHapogHOi HayKOBO-TIPAKTHYHOT KOH(pepeHLil
«IHQDOPMALIPIHI VIPABJISIOUI CUCTEMMU I TEXHOJIOT Tin
24-26 Bepecus 2020 p., M. Ozeca

types-of-data-sources.

2.Parallel & Distributed Software Architectures [Enexrponnuii pecypc] /
Maynooth University. — Pexxum moctymy: http://www.cs.nuim.ie/~dkelly/CS402-
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3.Lee K. Parallel Data Processing with MapReduce: A Survey / K. Lee, Y.J. Lee,
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PO3POBKA MPOT'PAMHOI'O 3ABECHE‘IEHHH
JJIsI CTBOPEHHSA PEKOMEHJIAINIMHUX CUCTEM
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lu6acs JI.C. 10000-0002-7343-8076]
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SOFTWARE FOR RECOMMENDATION SYSTEMS CREATING
Stuenko I., Ph.D. Rudnichenko N., Shibaev D.

Anomauia. Y poOOTi HaBe/IeHI Pe3yJIbTaTH PO3POOKH NMPOTPAMHOTO 3a0e3NeYCHHS
JUIsl CTBOPCHHS PEKOMCHAAUIMHUX CHCTEM 3a DI3HUMHU aITOPUTMaMH Uil Miadopy
HaWOLTBII MIIXOJIIIMX aNbTepPHATUB INpPU NPHHHATTI pimeHb. ONHCaHO KIIOYOBI
acrmeKkTd poOOTH CUCTEMH, po3poOiicHHH mpoToTHn iHTepdeiicy 1 (dopmarnizoBaHa
cnenudika B3aeMOil KOPUCTyBayda 3 MPOrPaMHUM 3a0€3IIeUECHHSM.

Knruoei cnosa: pexoMeHAaliiHI CHUCTEMH, EKCHEPTHI CHUCTEMH, MiATPHMKA
MIPUNAHATTS PillleHb.

Annotation. The paper presents the results of software development for creating
recommendation systems using different algorithms for the selection of the most
suitable alternatives for making decisions. The key aspects of the system operation are
described, a prototype of the interface is developed and the specifics of the user
interaction with the software are formalized.

Keywords: recommendation systems, expert systems, decision support.

Ha nanuii MoMeHT 3aBnaHHS nmoOynoBu pekomenaaniiinux cucrem (PC)
IyXe aKTyanbHa Ui 0araThox OONacTel Ta € YaCTWHOIO TAaKWX 3aBIaHb, K
MOIITYK BiANOBIZHOTO KOHTEHTY, PAH)XyBaHHS pPe3yJbTaTiB B IOIIYKOBHUX
cucTeMax, MOIIyK BiAMOBITHUX TOBApiB B iHTEPHET Mara3smHax. B oCHOBHOMY
pexoMeHmamiifHi cuctemMu B IHTEpHETI BUKOPHUCTOBYIOTBCS 3 METOIO
MepcoHati3alii KOHTEHTY Ta HOro aBTOMATHWYHI MiJACTPOIOBaHHS IijJ MOTOYHI
norpedu KopuctyBada. MeToro naHOi poOOTH € CTBOPEHHS HPOTPaMHOTO
3a0e3neueH sl J03BOJISIE CTBOPIOBATH PEKOMEHMAALIiHI CHCTEMH 3 pI3HHX
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MpeIMETHUX 00JIacTel, 3a pi3HUMHU anropuTMamu. KopucTyBadeBi HalIaHO
iHTepdeiic xmieHT-cepBepHoi PC, me BiH MoXe momaTté HOBY cuctemy. Ha
erami JOJaBaHHA CHCTEMH BIJKpUBA€TbCS €Tall HaJAITyBaHHS, e
KOpHUCTYBa4 IIOBMHEH BBECTHM CBOi JaHi s aHamizy. Ilicias mpoBeneHHS
aHaJi3y BBEJCHMX JaHHX CHCTEMa JIa€ KOPHUCTYyBayeBl MOXKIUBICTH BHOOPY
3aJIeKHOCTEH JJIsl OTpUMaHHs OaxkaHWX pekomenpanii. Cucrema MicTHThH 3
OCHOBHI MeTOAM Taki sk (inbTpauis BmicTy (item-based), komabopaTtuBHa
¢inpTpanist (user-based) Ta riOpuaHmMit Meton. Metox QinbTpamis BMicTy
(item-based) TpyHTyeTBCS Ha CTBOpPEHHI MPO(DITI0 KOPHUCTyBada i Mpodimto
o0'exta. KomabopatiuBHa ¢inbTparmis BUKOPHUCTOBYE BiJOMI IepeBaru rpymnu
KOPHCTYBadiB, B SKid IIOJATa€ TOW KOPUCTYBad, Ui SIKOTO IOTPIOHO
cnporro3yBatn pekomeHmaunii.  Ilicms nomaBamns PC, kopucryBadesi
HAJla€ThCsI MOXJIMBICTD TIPOTECTYBAaTH CHUCTEMY 3 BEACHHMH IaHUMH 32
pI3HMMH METOJaMH, Ta OTPUMATH IIOBHY AHAJITHKY IO KOKHOMY METOJY.
HanamryBanHs cucteMu Ta BHOIp 3aJIe)KHOCTI MapaMeTpiB HaBeleHO Ha
po3pobiieHiit ¢popmi inTepdecy (puc.l). Jliarpama BapiaHTiB BHKOPHUCTAHHS
po3pobieHoi cucteMu HaBeieHa Ha puc.2. BucHoBku. Po3pobiiene nporpamue
3abe3nedeHHs s cTBOpeHHs PC € mMpocTHM y BHKOPHCTaHHI Ta pO3rOpTaHHI
Ha BHAAJCHOMY XOCTHHTY, MICTUTh (QYHKI[IOHAT [ CTBOPEHHS Ta
nocinimkerHs: PC Oyzap-sKOro piBHS CKJIQIHOCTI Ta MpPEAMETHOI Traiysi,
JIO3BOJISTIOYN MOPIBHIOBATH Pi3HI PEKOMEH/IAIIHHI aJITOPUTMH MiX c00010.

recormmendation systermn

HacTponka qobGaBneHnA

razpesme nposkta Fillms

YHEHHTE JABRCHMOCTE Hajgaune padra: fjlms.csy
PR
e Mm_name - BB pame NpOTHOSAIy AR NONG
user_name  flm_name S—
MO W S iy G O NONE
Oanee

Puc. 1 - Harawmysanmns cucmemu
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Cekuis 3. MoaeJ0oBaHHSA TA PO3PO0Ka MPOrpamM

VIK: 519.854.2

SYNTHESIS OF BI-ASSIGNMENTS BASEDN
THE BRANCH-AND-BOUNDS CONCEPT
IKhandurin D.K. 10000-0003-2485-525X]
2Dr.Sci. Fedosenko Yu.S, [0000-0002-5434-4386],
3Ph.D. Sheyanov A.V. [0000-0003-3550-4068]

E-mail: "kaf isut@vsuwt.ru, *fds1707@mail.ru, 3asheyanov@ya.ru

Abstract. An algorithm for solution synthesis to the bi-assignment problem is
described, based on the branch-and-bound concept. The results of its implementation
and evaluation of the algorithm execution times for the task dimensions, typical for
water transport logistics, are presented.

Keywords: bi-assignment problem, branch-and-bound scheme, water transport
logistics

1.Given two n-element sets of tasks P={pi,ps, ..., pPn},
0=1{91,9, ..., qs} and an n-element set of agents I= {1, 2, ..., n}, each of
which should execute only one task of the set P and only one task of the set Q.
There are (nxn)-matrices of estimates 4 = {a;;} and B = {b;;} for the execution

of the tasks p; and ¢; by the agent i, i = 1,1, =1, n, respectively.

Each assignment m, and mq of agents to the tasks from the sets P and Q is
a bijection of the set {1, 2, ..., n} into itself. If m,(i) =/, then agent i should
be assigned to task p;. The equality mq(i) =/ means that task g; must also be
executed by the same agent i.

When implementing the bi-assignment <m,(i), nq(i)>, agent i, i = 1,7 first
performs task with the number (i) and then proceeds to task with the number
my(i). Unjustified interruptions during this work sequence are prohibited. The
bi-assignment problem with the minimax criterion is written as [1]

min (m;lx[aaﬂp(a)+baﬂq(a) '

ﬂp, 7Z'q
If the matrices of estimates 4 and B set the cost of the executing tasks by

the agents, then as a result of solving problem (1), a bi-assignment will be
found that provides the minimum cost of executing the total set of tasks
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{pi, P2 .- s Pns q1, Q2, -.. , qn}. The synthesis of the exact solution to problem
(1) can be performed by the algorithm presented below in Section 2,
constructed on the base of the branch-and-bound concept [2].

2. In order to calculate the upper estimate of the criterion in the root of
the variant tree of the problem (1), the scalar assignment problem defined by
matrix 4 with the minimax criterion is solved.

The assignment thus obtained is denoted by np”. Next, we construct the

*
matrix B*, each element of which is found by the formula sz = bjj + Ainp*(i)-

Similarly to the synthesis of ©p”, the assignment nq" is obtained as a result of
solving the scalar assignment problem with the minimax criterion determined
by the matrix B.

The final bi-assignment n™* = <np*(i), mq"(i)> provides an upper bound at
the root of the variant tree of the problem being solved. As a lower bound in
the root of the variant tree, we can take the value © calculated by the relation

o moztlx[m’%n Aup + rn;n bop -

The described methods for obtaining upper and lower bounds for the
value of the optimized criterion in the root of the variant tree obviously induce
algorithms for finding them at the intermediate vertices of this tree.

The smallest of the upper estimates obtained in the process of the
described construction of a fragment of the variant tree, sufficient to solve the
problem, is called the current record value, and its value in such a process,
generally speaking, decreases. The described algorithm for solving the
problem completes the work as soon as the set of promising for further
branching open vertices turns out to be empty.

The developed algorithm is, first of all, intended for use in digital support
systems for the planning of the distribution of high-speed passenger ships
along routes for performing regional, suburban and intra-city transportation, as
well as for other types of transport activity.

For the typical dimensions of the mentioned applications, computational
experiments showed the following average estimates of the duration of the bi
assignment synthesis (in seconds): 8 atn =10,30atn=11,476 atn = 12.

The principal feature of the developed algorithm is the ability to exactly
solve the problem "to the end", or be satisfied with the current record value;
moreover, there is an estimate of how far from its optimum this value can be.
In applications characterized by increased dimensions, it is advisable to
develop cluster implementations of the developed algorithms [3].
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THE PROBLEM OF OPERATIONAL CONTROL OF THE FLOW
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Dr.Sci. Khodusov V.D,2(0000-0003-1129-3462]
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Annotation. This paper considers a method for constructing optimal control of
random deviations of flow parameters of a production line from the planned value,
based on the method of Lyapunov functions. The problem of stabilization of the values
of the flow parameters of the production line (the problem of operational control of the
flow production) is formulated.

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

The PDE model equations of a production line [1]:

olxhs) | alxlas) ), (1)
ot as
a[Z]}(t’S) + 8[;(]2(1,5) _ f(LS)[Z]o(LS)’ n=123..., ()
ot oS

are a common tool for describing production systems. The equation (1)

determines the relationship between the value of backlog [ 4 ]o (t,S) before

the technological operation and the tempo [Z]l (t,S) of processing of parts

for the technological operation, where the S coordinate determines the
technological position of the part in the technological route at time t.
The equation (2) specifies the dependencies between the tempo

[Z]l(t, S') of the technological equipment and the production function
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f ( t,S ) of the technological process [2]. The system of equations (1), (2)

corresponds to the system of equations in small perturbations

[y] Z%M i 3)
n= 0,1,...Nn,
a[y]n a[,y]rwrl _ f(t S) [y - 1

+z[n[x]n (05) 5L ff](’(fs)j DL S @

which is used to determine the optimal controls U, =U,, (t , [y] n ) .

Optimal controls u, =u, (t , [y] n ) should eliminate
deviations [y] n = [ y4 ]n - [}(] n " of the production line flow parameters

%
[Z]n from the planned state [ y4 ]n . Using the method of the

Lyapunov functions and taking into account the quality integral for the
production line

I= J S DLl + S B, it 5)

n,m=0 n,m=0

characterlzlng the costs of technological resources for the controls

u,=1u, (t R [y]n ) , an algorithm for determining optimal controls is presented

that provides asymptotic stability of a given state of flow parameters [ Y4 ]n of

a production line.
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COGNITIVE-IMPULSE MODEL FOR EVALUATION OF LIFE OF
COMPLEX TECHNICAL SYSTEMS
Dr.Sci. Vychuzhanin V.V., Vychuzhanin A.V., Booth. N.V.

Annotation. Onucad pa3paOOTaHHBIA METOJA OLEHKH XUBYYECTH CHCTEM Ha
OCHOBE  KOTHHTHBHO-HMITYJILCHOTO MOJICTIUPOBaHMS U B3aHMOJICHCTBUS CO
CJIOKHOW TEXHHYECKOH CHCTEMOMH, Kak ¢ oprpadoM, IOABEpraeMbIM HMITyJIbCHOMY
BO3JICHCTBUIO MMHUTAIIMOHHBIX MOJAGIUPYIOMNX UMITYI6COB. Co31aHHass KOTHUTHBHO-
UMITyJIbCHAsE MOJENb MO3BOJSET OIEHHBATh JXMBYYECTh, CTEIEHb CTPYKTypHOIO WU
(YHKIMOHAJIBHOTO TOpPaXKeHHs KOMIOHEHTOB M MEKKOMIOHEHTHBIX CBS3€H CIIO0KHOM
TEXHUYECKOU CHCTEMBI.

KnroueBble c0Ba: CIIOXKHAs TEXHHYECKas CHCTEMa, KUBYYECTh, KOTHHTHBHO-
HMITyJIbCHOE MOJEIUPOBAHNE, IPOTPAMMHOE OOecIIeUeHNE.

Annotation. The developed method for assessing the survivability of systems is
described based on cognitive-impulse modeling and interaction with a complex
technical system, as with a digraph exposed to the impulse action of imitation modeling
impulses. The created cognitive-impulse model makes it possible to assess the
survivability, the degree of structural and functional damage to the components and
inter-component connections of a complex technical system.

Keywords: complex technical system, survivability, cognitive impulse modeling,
software.

Cpenn  WCIONB3yeMBIX  MOZENEH OIEHKH JKHBYYECTH  CIIOKHBIX
texapueckux cucteM (CTC) MOXHO  BBHIIENWTh: HOPMATHBHBIA U
OTHCATENBHBIN IMOIXOMBI; BEPOSITHOCTHBIE M JCTCPMUHHPOBAHHBIC MOICIIH,
ZIEpeBbsI OTKAa30B; JIOTUKO-BEPOATHOCTHHIC M aHATUTHYCCKHE METOIBI [1-4].
I[pu uccnenoBanmssx moxenu CTC HEOOXOOUMO YCTaHOBUTH OCOOCHHOCTH
(YHKIIMOHUPOBAHUS CUCTEMBI B PA3JIMYHBIX SKCIUTYaTAllMOHHBIX YCIOBHUIX U
CHMUXATh PHCK OTKAa30B €€ TMOJCHCTEM M KOMIIOHEHTOB. Eciu paccMoTpeTh
po0JIeMy OIEHKH pUCKa 0TKa30B Mpu auarHoctuke coctossHuss CTC ¢ Touku
3peHUsT TEOPHUH YTPaBICHUs pUCKaMU [5,6], TOTIa COOTBETCTBYIOIAsI MOAEIH
OIICHKH J>KMBYYECTH CHUCTEMBI JOJDKHA COJEpKaTh OCHOBHBIE KOMITOHEHTHI,
BIUSIONIME Ha €€ KadyecTBO, d(P(HEKTHBHOCTh (PYHKIIMOHUpPOBaHUSA. B 1emsx
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obecrieuerust kuBydectdi CTC B pasnuyHBIX YCIOBHAX JKCIUTyaTaIlHH,
YCIICIIHOTO HCCIIEAOBAHUS HAJEKHOCTH CHCTEM IIPU HX MEPEXOax MEXIy
pa3IMuHBIMM BapHaHTaMH COCTOSIHHSI HEOOXOJMMO JajlbHeHIlee pa3BUTHE
MeTooB oueHkH kuBydecTH CTC, yuuTHIBAIOUIMX CTPYKTypHBIE H
(YHKIMOHANbHBIE  B3aMMOCBS3M W B3aUMOJEHCTBHS — IOJCHCTEM U
komnonentoB CTC [7-9]. HeobOxomguma pa3paboTka METOJOB U MOJICINEH,
HOBBIX peIIeHWH 10 WHPOpPMaTH3alMKM OLEHKH >KMBYYECTH CIIOXHOM
TEXHHMYECKOM CHCTeMBbl Uit oOecredeHHs: T'HOKOCTH - BO3MOXHOCTb
UCTIONB30BAaHUA METOJIOB Ha JIOOOM YpOBHE OIEHKH pHCKAa OTKa30B
KOMITOHEHTOB ITOJICHCTEM IIPH Pa3JIMYHBIX NX KOHQUTYpanusIX; agalTHBHOCTH
- METOABI JOJDKHBI O0JIaZaTh CHOCOOHOCTBIO AJANTALMH TPU M3MEHEHUSX
koHpuryparmu nogcuctem CTC.

Takum 00pa3zoM, ocTaeTcst aKTyaJbHBIM IIPH JHArHOCTUKE TEXHUYECKOTO
COCTOSTHHSI ~pElICHHE 3a/adyd  OOCCICUCHMSI IKMBYYECTH CHCTEM IIPH
MOCTYIUIEHUH nH(popManny 00 0TKa3ax B UX KOMIOHEHTAX M TOJICUCTEMAX.

IIpennaraeMblii  MeTOJ  MCHOJIb3YeT KOMIUIEKCHOE  KOTHUTHUBHO-
AMITyJIbCHOE MojenupoBanue M B3ammojeicTByer ¢ CTC, xak ¢ oprpadom,
MOJIBEPracMbIM UMITYJIbCHOMY BO3JICUCTBUIO DPAa3MYHBIX II0 Xapakrepy
pacrpocTpaHeHus] U U3MEHEHHs UMUTALUOHHBIX MOJIEIHPYIOINX UMITYJIbCOB
(MMN). Tlpm onenke crpykrypHbix yrpo3 CTC ucronb3yercs Bo3aeicTBHE
HEM3MEHSIOLIErocs TopaXkaromiero Mozenupyromero ummynsca (IIMIN), npu
pacrpoctpaHeHun 1o oprpady, MOAU(UIMPYIOIIEr0 COCTOSHHE OTAEIbHBIX
KOMITOHEHTOB (TozcucteM). OrieHka GpyHKINOHAIBHBIX YIPO3 IPOU3BOJUTCS C
TIOMOIIBI0 U3MEHSIOIIET0Csl AUArHOCTUPYIOIIETO0 MOJCIUPYIOIIEr0 UMITYJIbCa
(JIMU), npum pacmpocTpaHeHHH KOTOpOro Mo oprpady He OKa3bIBaer
BO3ZCHCTBUA Ha BepmmHBL. B oprpadge CTC BepmmHaM COOTBETCTBYIOT
KOMITOHEHTBI ~ (KOMIUIEKCBI, ~CHCTEMBI, IOACHUCTEMBI, 3JEMCHTHI), a
HanpaBJCHHBIE IYI'M - OJHOMY W3 THIIOB MEXKOMIIOHCHTHBIX CBS3EH
(mepenmada BemecTa, MH(GOPMAIHH, JINOO YPHEPTUH).

MHoxecTBO BEPIINH (KOMIIOHEHTBI) oprpada =
(V = {V,-}al =1>N). Ilapa BepmmH V. — pebpo oprpada -

1
MexxkommnoHneHTHas cBsi3b (MC). MuoxxectBo MC A- (A = {d j}, ] = I,M ) .
Bozpeticteus  [IMU  onpenensitoTcsi ~ UMIYJAbCHBIM — BEKTOPOM
l'mn-,j (t) JUTS TUCKpeTHoro Bpemenu ¢ = 0,1,2,3...

Kaxnmprit  xommonent (MC)  xapakTepusyeTcss  KOHKPETHBIMHU
CBOMCTBaMH, COBOKYITHOCTh KOTOPBIX OIPENENAIOT COCTOSHHS KOMIIOHEHTOB
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(MC). KauectBennoe coctossHue kommoHeHToB CTC  BwIpakaercs
(YHKIIMOHAJIOM COCTOSHHH

v, =(F,,a,,a;,,H,;(1),K,), (1)

rie F ,, — TeKyIIas paboTocnOoCOOHOCTh KOMIOHEHTA;

g2

a j,-:a,'jf KA4eCTBEHHOE COCTOSHHE BXOMAMICH W HCXONAIICH IS
xomrioneHTa MC;
KVi — kooddunment crpykrypHoii cremenu mnopaxenus (KCCII)
KOMIIOHEHTA;
H' (t) MU
m — K03 OUINECHT U3MEHEHHS aMITIUTY b , TIPOXO/ISIIETO

gyepe3 komroreHT CTC
imp,, (1)
HY () = — "~ @)
imp,, (1)

rae impm,-,j (t ) ,impmMJ (t ) — 3HaueHue ammuuTyasl [IMU Ha Bxome u

BeIxoae kommnonenta CTC
w (t+1)
K, =H(0)————
w, (7)

rae Wv[ (t) s in (t +1)— 3HaYCHHE Beca KOMIIOHEHTa (BEpIIWHBI) B

)

MoMeHTHI Bpemenu ¢, t +1 B pesynbrate Bosneiicteus [IMU.
KauectBennoe cocrosane MC CTC Belpaxkaercs (yHKIIMOHAJIOM
COCTOSIHUI

a] = (Faj’vijD

a
v, H,/(0,K, ), )
TIe F a; - Tekymas padotocrnocobHoCTE MC;

v

i javj,l‘— Ka4eCTBEHHOE COCTOSIHUE KOMIIOHEHTOB B Hadaje M KOHIIE
MC;
K _, -—kccn nopaxxenust MC
J

a
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a
H m‘l (t ) —  kodp¢dunmmeHT  w3MeHeHHMs  aMmrmuTyasl  [IMU,
npoxosmiero uepe3 MC
“ imp,, (1)
H,/(f) = ——— ®)
imp, (1)
]

riue lmp m; ; (t ) . mp M i (t ) — 3Hauenue amrumtyasl [IMU Ha Bxoxe

u BeIxoze MC;

K, =H, (t)—"—— ©)

rae Wa[_’j (t), Wa,-,,- (t-l_l)— 3HaueHne Beca MC (pebpa) B MOMEHTHI

spemenn ¢, t +1 B pesynsrare Bosaeiictsus IIMU.

KoauumeHTsl cremeHn CTPYKTYPHOTO MOpa)KeHUs BepiuuH (pedep)
crpykrypHoit ysizumoctu (KCVY) BepmmH (pebep) oTpaxkaroT YpOBEHb
OLIEHKH YIpO3bl CHUCTEMBI, HO3BOJISISI paHkupoBaTh KomnoHeHTsl CTC mo
CTETIeHN CTPYKTYPHOW 3HAYMMOCTH U BBIJICJINTh HAUMEHEE Ha/Ie)KHBIE U3 HUX.

Boszgeiicteue [IMU nHa Bepumny (peGpo) oprpada B TUCKPETHBIN
MOMEHT BpEeMEHH ! OmpenersieTcs

1—imp,, ()= TONLD,
- i, HN\ T ; 7
in(ai,_/ ) (t o 1) ' KVi | Kaj
rmae iI’I1p,~( ) (f ) — WMITyJTBCHBI BEKTOp Uil BepwmIuHBI (pebpa) ¢

HomepoMm i (1, ] );

in(ai’j) (t) , in(ai,j) (t - 1) — 3HaYeHHUE Beca peOpa (BEpIINHEI) B

MOMEHT BpeMeHH ! U B HpeIbIaymIuii MoMeHT Bpemenn { —1 .
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Bec BepmmHBI oprpada in (t ) - BENMYMHA €€ HAaIC)KHOCTH VIS

BEPLINHBI Vi. Bec pebpa Wa[ i (t) OTIpeNeNIAeTCSl  YUCICHHBIM

v. V.

3nayenueM ot 0 1o 1 u pasHo none IIMM ot ¥ no * j

IIpu mpoxoxaeanu JIMU ugepe3 kommoHeHTsl CTC B MOMEHTHI BpEMEHH
¢ IMITyJIbCHBIE BO3JICHCTBHSA OIIPEACIISIOTCS VISl COETMHEHHBIX KOMIIOHEHTOB!

- MOCJeNOBaTeNbHO (0 BEpIIMHBI Vi), ¢+] (TOcie MPOXOXKICHUS
BEPIIUHEI V)), ¢+2 (Tocie MPOX0XKACHHUS BEPUINH Vi U Vi)

imp(t+2)= imp(t+1)-vj = imp(t)-vl. Vo @®)

- TMapaJuIeNIbHO (A0 MPOXOXKJIEHUS BEPUIUH V; U Vi), ¢+ (IpOX0XKICHUS
BePIIUH V; M Vi), (+2 (mocie TPOXOXKICHUS TOYKH COCTUHEHHUS pedep

oprpada)

imp(t +2)=imp(t)-v, +imp(t)- v, = imp(t (v, + v,) )

Jns MomenupoBaHMS AEHCTBUS MOPAXKAIOMMX HMMITYJIBCOB HA CHCTEMY
ObLTH BBIOpAHBI CIEIYIOMINE CPEACTBA: MPEJCTABICHIE UCXOAHBIX MOJIENEH B
¢dopmare JSON; BBICOKOYPOBHEBHIH SI3BIK IporpammupoBaHus Python;
cpeacTBa Bm3yanmzanum TpadoB graphviz; ytuiamTel make; cpexncTsa
muctpuOytuBa Debian GNU/Linux. MoaenupoBaHue IpOBOIMIOCE HA 0Oa3e
muctpubytuBa Debian GNU/Linux, ¢ HIUPOKHM HCIOJIb30BAHHEM CPEICTB
nporpammHoii odbostouku (makefiles, s3b1k cueHapues bash).

Puc. 1 — Opepaghp CKB 6 «remnem» pesicume pabomol
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JUii  mpoBeneHUs HUCCIENOBAHWN KOTHMTHUBHO-HMITYJIbCHOM MOJENH
onenkn xuBydecth CTC B kadecTBe o0OBbEKTa BBIOpaHa cHCTEMaA
konaumonuposanust Bosnyxa (CKB), ¢yHKUMOHHMpyIOImIas B «JIETHEM)»
pexxume padoTsl (puc. 1) Cuctema coctout n3 arperaroB: Cm — KOMIIpeccop;
E — osnekrpoxsurarens, K — xowaencarop; V — wucnapurens; R1, R2 —
perymupytomue BeHTWwiIM; N — Hacoc; Cn — cucTema ympaBieHus; A —
BO3AyX00XJaauTedb. OTIMYUTENBHOM OCOOCHHOCTHIO —paccMaTpHBacMOn
MOJENU SBJSIETCS HEUepapxuueckas CTPyKTypa CBs3ed ee arperatoB -
Hanmn4ue 3aMKHyToro KoHTypa «Cn — K — R1 — V», a Tak ke Hamuane
CBsI3eH NIBYX THIIOB - PECYpCHOTO (CIUIOIIHBIC JINMHUH) W WH()OPMAIIIOHHOTO
(mynktHp). dns oneHkr GyHKIHOHATBHBIX yTpo3 (DY) u pucka otkazos (DP)
arperatoB B pamkax KM moxpeepraem oprpad CKB Bosmeitctuto MU u
NPOAHAIM3UPYEM  €ro  pacHpOCTpaHEHHeE. [Ipumem  ycnoBHYyIO
paboTocmocoOHOCTE BCEX BepIIMH Mogenwn paBHyko F, = 0.9. PamkxupoBan
MOJTyYeHHBIE PE3yJIbTaThl 0 PUCKY OTKa30B (Tabm. 1), ycraHoBuM Hamboiee
BaxHble s ¢yHkunoHupoBaHus arperatel CKB. Paborocnoco6HoCTb
CHUCTEMBI B HauOOJIbIIEH CTENEHN 3aBUCUT OT cocTosiHuS arperatoB E u Cm.

Taéauna 1 — Pamxupoanue arperaroB CKB no xoadpunnenram ®Y u OGP

Arperar @f 7 10 -3 | Arperar @f ox 10—3

Cm 0,99999998 0,24533 v 0,34072216 |  0,00933

E 0,99999998 0,04129 R2 | 0,00101010 | 0,00001

0,67367395 0,0407 Cn 0,00101010 0,00001

K 0,67367395 0,07691 A 0,00101010 0,00002
R1 0,34072216 0,00466

CO3I[aHHa$I KOI‘HI/ITI/IBHO-I/IMHyJ'H)CHaSI MOJCJb IIO3BOJISICT OLCHUBATH
JKUBYYECTh KOMIIOHEHTOB, MEXKOMIIOHEHTHbIX cBsized u CTC B uenowm,
ONpENeNATh CTENeHb CTPYKTYpPHOTO U (PYHKIHOHAIBHOTO IOPAKCHUSI
KOMIIOHEHTOB M MEKKOMIIOHEHTHBIX CBSA3€H CIO0KHON TEXHUYECKON CUCTEMBI.

Pa3zpaboTanHas KOTHHUTHBHO-UMITYJIbCHAS MOJCIb OLCHKH >KHBYYCCTH
00magaer THOKOCTBIO - BO3MOKHOCTH HCIIOJIL30BaHMS METOJAa Ha JI000M
YPOBHE OILICHKH PUCKA OTKA30B KOMIIOHEHTOB MOJCHCTEM IIPH PA3JIUYHBIX HX
KOH(HUTypaIusax; afalTHBHOCTEIO - CTIOCOOHOCTD aJalTaIliy IPH H3MEHEHHIX
koHpurypamuu noacucrem CTC. Ilporpammuoe obecriedeHne KOTHUTHBHO-
HMITYJIbCHOM MOJENN OLEHKU >KMBYYECTH CIIONKHONW TEXHUYECKOW CHUCTEMBI
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MMO3BOJISIET IONy4YaTh KaK UHCIEHHBIE, TaK M TpadUUecKue pe3yIbTaThl
HCCIIEIOBAaHUN MOJICJIEH CUCTEM Pa3IMYHOTO KJIACCa U CIOKHOCTH.
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YK 629.123
FORECAST MODELING OF TRAJECTORIE
MOVEMENT THE SHIP
IGaleev R.E. [0000-0003-4059-7908] 2y1. Gei Solovey AV, [0000-0002-6304-9739]
3Dr.Sci. Fedosenko Yu.S, [0000-0002-9434-4386]
E-mail: 'r.galeev@volgaflot.com, *solovev@rivregnn.ru, 3fds1707@mail.ru

1. The main purpose of the projected modelling of the ship's trajectory is
to establish a decision support system (DSS) to improve the level of safety of
navigation. The use of DSS will minimize the impact of potentially incorrect
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and erroneous actions in the "manual" management of the ship's
movement [1]. In order to reduce the level of subjective foresight by the ship's
trajectory, the task of improving the accuracy of forecasting based on the
values of the ship's current dynamic parameters and visual display of the ship's
trajectory, timely identification of the end point of manoeuvre at a given time.
The report describes an approach to building a projected trajectory of the
vessel, the implementation of which will allow real-time forecasting of the
ship's trajectory at a time frame acceptable to practice and presenting it on an
integrated dashboard for the ship's decision-making on the control of impact.
2. Predictive modelling of the ship's trajectory as part of the ship's DSS is
possible on the basis of data on the manoeuvrable and inertial characteristics
of the vessel, as well as taking into account the information received in
continuous mode from the sensors of the position of the driving-steering
complex, indications of the ship's linear and angular velocities. Digital
modeling of the ship's trajectory is due to the presence of an adequate
mathematical model of the vessel. In the context of external indignant
influences, a model can be used based on a system of species equations [2, 3].

df B

— = —qnP-ro—sy0—-h ‘B

dt

do . " do (0 D

T 793 31083, =,

dt dt
where [ — ship drift angle, @ — ship's angular speed, ¢ — angle of the ship's
deviation from the given course, & — corner of the ship's rudder,
q2]> 7’21, 5215 Q319r319 S319 h] —  hydrodynamic  coefficients

determined by in-kind tests for each vessel and characterizes its dynamics and
maneuverable characteristics. For the purposes of building a DSS, it is
necessary to consider the evolutionary circulation period, beginning from the
moment the steering line ends and ending when the circulation characteristics
take fixed values. The steering time is quite short (usually does not exceed 8 -
15 seconds), which allows you to consider the rudder to be instantaneous.

3. The development of the algorithm of the work of the forecast trajectory
in the control of the movement of the ship is made taking into account the
above aspects. Computational studies on hydrodynamic coefficients of 15
mass projects of river water displacement vessels have been carried out with
the help of the program implementing this algorithm. Entering the program,
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and in practice receiving from the onboard sensors the initial data of linear,
angular velocities and angle of the rudder for a particular project of the ship, at
the exit we get in a two-dimensional view of the trajectory of the ship for a
certain period of time at the current values of the speed and angle of the turn
of the steering pen. If these metrics change, the program instantly recalculates
the trajectory. Changes in external impacts on the vessel are taken into account
in the corresponding changes in the linear and angular speed sensors.
Visualization of the received forecast trajectory on the monitor of the onboard
computer with its imposition on the display of the real situation on the course
of the ship gives an objective picture for the timely adoption of the control of
the impact (Fig. 1).

Fig 1. Visualizing the trajectory of the predictive trajectory with the
imposition on the display of the real situation on the course of the ship.

4. Taking into account the real prospects for the creation of automatic
vessels, we note that in difficult navigational conditions the option of
interfering in the control of the operator's vessel, both on board and by remote
access, will always remain relevant.

Accordingly, the proposed solution for the decision-making system in the
management of the ship's movement through digital modeling of the forecast
trajectory allows to provide the most informative control with trajectory
forecasting, both for the shipmaster and for the remote operator.
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MATEMATHUYHE TA TIPOTPAMHE 3ABE3INEYEHHSA JJ151
MPOEKTYBAHHS PAIIIOHAJIBHUX CXEM PO3KPOIO
MATEPIAJIIB IIPSIMOKYTHOI ®OPMH HA IIJIOCKI
TEOMETPHUYHI OB’€EKTHU 31 CKJIAJJTHOIO KOH®IT'YPALIE€IO
30BHIIIHIX KOHTYPIB
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MATHEMATICAL AND SOFTWARE FOR DESIGNING RATIONAL
SCHEMES OF CUTTING RECTANGULAR MATERIALS ON FLAT
GEOMETRIC OBJECTS WITH COMPLEX CONFIGURATION OF
EXTERNAL CONTOURS
Dr.Sci. Chuprynka V.1., Ph.D.Chuprynka N.V.

Anomauia. B poOoTi po3risiacTeCsl MaTeMaTHYHE Ta MPOTrpaMHe 3a0e3MmedeHHs
IUIS aBTOMAaTH30BAHOTO MPOEKTYBAaHHS pAaLiOHATBHUX CXeM PO3KPOK0 MarepiaiiB
MPSIMOKYTHOT ()OPMHU Ha IUIOCKI TreOMeTpH4HI 00’€KTH 31 CKJIAJHOI KOH(]Irypamiero
30BHIIIHIX KOHTYpIB. JIJIs1 yCHilIHOTO BUpPILIEHHS s 3a/a4a po30UBAETHCSI Ha YOTHUPU
HACTYIHI 3ajadi: MoOynoBa MHOXHHHM LIUIBHUX YKJIAHOK JUIi KOXKHOTO i3 IUTOCKHX
TeOMETPUYHUX O00’€KTiB; IeHEpYBaHHS PAI[lOHATBEHOI CXEMH PO3KPOI (CeKwLii) Iuis
KOJKHOTO i3 IUIOCKMX T'€OMETPUYHHX 00’€KTIB; IIIIbHE PO3MIIICHHS CEKLid y cxemi
PO3KpOI0; IHTEpAaKTHBHE KOPUTYBAHHS OTPUMAHOI CXEMH PO3KPOI0. st KOXKHOT 13 Iux
YOTUPHOX 3a/a4 3alpoloOHOBaHI MaTeMaTHYHI MOJENI Ta METOIU BHUPINIEHHS iX
BupinieHHs. [locraBneHi 3amaui Oynm peanizoBaHi B IporpamMHe 3a0e3medeHHs Ui
NPOEKTYBAaHHS PAlliOHAJBHUX CXEM PO3KPOI0 MarepianiB HPsSMOKYTHOI (Gopmu Ha
IJIOCKi FeOMETPUYHI 00’ €KTH 31 CKJIAJJHOIO KOH(Irypallieto 30BHILIHIX KOHTYPIB.

Knwuogi cnoga: pauioHansHUH pPO3KpiH, 30BHILIHIA KOHTYp, CHUCTEMHE
PO3MIIEHHS], IUIONMHA, iIHTePaKTHBHE KOPHUI'YBaHHS.

Abstract. The paper considers mathematical and software for automated design

of rational schemes of cutting rectangular materials into flat geometric objects with a
complex configuration of external contours. To solve this problem successfully, it is
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divided into the following four tasks: construction of a set of dense tabs for each of the
flat geometric objects; generating a rational cutting scheme (sections) for each of
the flat geometric objects; dense placement of sections in the cutting scheme;
interactive adjustment of the received cutting scheme. For each of these four problems,
mathematical models and methods for solving them are proposed. The tasks were
implemented in software for the design of rational schemes for cutting rectangular
materials on flat geometric objects with a complex configuration of external contours.

Keywords: rrational cutting, external contour, system placement, interactive
adjustment.

PamionanpHi W €KOHOMIUHI BHUTPAaTH MaTepiaJbHUX 1 EHEPreTHYHUX
pECYpCiB, a TaKOX 3aXWCT HABKOJIHWIIHHLOTO CEpPEOBWINA BiJ 3a0pyaHCHHS
BiJIX0O/IaMH, SIKi BHHHUKAIOTh IIPH PO3KPOI MaTepiajiB € BaXXIUBUMH 33aJadaMiu
BUPOOHMIITBA. ABTOMAaTH30BaHE MPOEKTYBaHHs PAlllOHAJIBHUX CXEM PO3KPOIO
JIO3BOJIUTH PalliOHAIbHO BUKOPUCTOBYBATH MaTepialy Mpu po3Kpoi Ha aeraii,
3MEHIIHUTH KUIBKICTh BiJXOJIB, SIKi 3a0pYy/JHIOIOTh HABKOJIUILIHE CEPEIOBHIIE,
3HU3UTHU cOOIBapTICTH BUPOOIB.

TexHosoriuHa MOCTaHOBKA ITi€l 3a7ayl Taka: HA PYJIOHHOMY Matepiai
00MEKEHOI JOBXKHHU PO3MICTUTH TaKUM YHHOM 3aJaHMi HaOIp IUIOCKHX
TEOMETPUYHUX O0’€KTIB 3 ypaXyBaHHAM TEXHOJIOTIYHHUX BUMOT (Opi€HTAIlis
X 00’€KTiB, MiHIMalbHa TEXHOJOTIYHA BIICTaHb A MiX ABOMa CyCimHIMH
00’€KTaMU B CXeMi PO3KPOI0), 1100 BiAXO0IM OYIIN HAMEHIITIMH.

MareMaTiyHa TTOCTaHOBKA IIi€i 3aadi Taka: s 3aJaHOTO KOMIUIEKTY
IUIOCKUX TE€OMETPUYHHUX 00 €KTiB S' Ta 3a1aHOI KiIBKOCTI [MX 00’ €KTiB N;, ne
i=1..q, 13 MHOXWHH TOIyCTUMHUX CXEM PO3MIIIEHHS B MPSIMOKYTHiil oOmacTi
JNoBXHHOW DIMat ta mwmpuHoro ShMat 3HalTH TaKy palioHaJbHY CXeMy
po3MillleHHs, sika 3a0e3IeuyBaia MakCuMalibHe 3Ha4eHHs (DyHKLIT Lii:

q . .
2‘51‘_Nl_f
F =max{F;},ne F, = ij[ A Ta j=12...0,
' at, - at
J

ne DIMat ; — nOBXKHHA TPAMOKYTHOL obmacti, sKy 3aiiMae j - Ta

pamioHanmpHa cxema posMimlieHHs. [Ipu IpOMYy ypaxXxOBYIOTHCS TEXHOJOTIUHI
BUMOTH (Opi€HTamig IUX 00’ €KTiB, MiHIMallbHA TEXHOJIOT1YHA BiICTaHh A Mix
JIBOMa CYCITHIMHU 00’ €KTaMH B PaLliOHANBHINA CXeMi PO3MIILICHHS).

Buxomsum 3 mpakTHKH PO3KPOIO B JIETKiH MPOMHCIOBOCTI PO3TIITHEMO
TaKy CIPOIIeHY MaTeMaTHYHy MOJeib 3aiadi. Po3rissHeMo Tpu MOCIiIOBHI
3aa4i:
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Bamaua A - «CucTeMHe PO3MilIECHHS N[.j (N / <N) TIOCKUX

reoMeTpuuHux 00’e¢kriB S, i=l..g B mpAMOKyTHi ob6nacti QikcoBaHOi
mupunn ShMaty(«Cexkiist»),

3amaga b - «IIpoekTyBaHHS CXeMH PO3KPOIO 13 cekuii»(«Cxemay);

3amaua B - «IHTepakTHBHE KOPHUTYBAaHHS CXEMH CIIPOCKTOBAHOI CXEMHU
PpOo3Kkporo» («[HTepaKTUBHE KOPUTYBAHHS).

Jlamo MaTeMaTH4YHY MOCTAaHOBKY KOXKHOI 13 IUX TPHOX 3a/1ad.

3a0aua A - «Cexyian. Ilna N l:j (N ij <N)) TIOCKHMX TEOMETPHYHHX

00’exTiB S’ i3 MHOXHHHM CHCTEMHHX CXEM PO3KPOIO 3HAWTU TaKy 001acTh
(cekuiro S;) mpsMOKyTHOI opmu €2, poamipom ShMat x DI S; i=1..q, , nns
sioi Gynkuis winmi Q; npuiiMae MakCUMyM, TOOTO

s
ShMat - DI Sl’

Qi = maX{sz} = max

j:1,2..pi.

3aoaua b - «Cxemayn. [Ins uukiiaaoi mepectaHoBkH pP=[ S7, S>... Sy]
cekuiil S;, i=I,2..g 3HaliTh TaKy IepPeCTaHOBKY '€ [, IO IPH LIILHOMY
CyMIIlIEHHI CEKILil yTBOpeHa cXxemMa MaTHMe HalMEeHINy IOBXHHY, TOOTO

L' = L(u') = min(L ().

3adaua B - «lHTepakTHBHE KOpPHUI'YBaHHs». Y 0araThbOX BUIIAJKax He
BIAEThCS B aBTOMATHYHOMY PEXHMI NOOyIyBaTH CXEMH DO3KpOIO, sKi O
3aJI0BOJIBHSUIM TEXHOJIOTIUHI BUMOTH. TOMY JOBOAWTBCS OJEpXkaHI CXeMH
KOpHUTYyBaTH abo OyIyBaTd HOBiI B iHTEPaKTHBHOMY pexwMi. I yCIIITHOTO
pO3B’si3aHHA Mi€l 3amadi HEOOXiTHO BHPIIIUTH JIBi MPOOIEMHU: PO3MIIICHHS
IUTIOCKUX TEOMETPUIHUX 00’ €KTIB B MPSMOKYTHIH 00JacTi 3aJaHUX PO3MIpiB 3
KOHTPOJIEM: HAJIC)KHOCTi IUIOCKOTO TEOMETPHYHOTO O00’€KTy MPSIMOKYTHiMH
obacTi 3aJaHUX PO3MIpiB; HE HEPETHH aKTUBHOIO IIOCKOTO FE€OMETPHYHOTO
00’ekTy 13 BXKE pPO3MIIIEHMMH B MPSIMOKYTHIH oOJacTi  IUIOCKHX
TEOMETPUYHUX 00 €KTiB; BHIY4YeHHS OyIb-AKOTO PAHIIl PO3MIIIEHOTO
IJIOCKOTO TEOMETPUIHOTO 00’€KTY 13 pO3KpiiiHOi cxemMu. PosrisHyTi BHIIE
3amadi  A-B  Oymm peami3zoBaHi B mporpamMHe 3a0e3ledeHHs s
aBTOMATH30BAHOTO MPOEKTYBAHHS pAaIliOHATHbHUX CXEM PO3KpOI0 MaTepialiB
MPSAMOKYTHOT (GOpMH Ha ITUIOCKI TEOMETPUYHI 00 €KTH IOBUIBHOI (hopmu
30BHIITHBOTO KOHTYPY i3 BpaxyBaHHS MOTpeOM B 1ux o00’ekrax. [Ipukman

230



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«IH@OPMAHPIHI VIIPABJISIOUI CUCTEMU I TEXHOJIOI Ti»
24-26 Bepecus 2020 p., m. Ozeca

CHPOEKTOBAHOT PaI[iOHAIbHOT CXeMH PO3KPOIO 33 OMOMOIOI0 PO3pOOIEHOTo
MIPOTPAMHOTO 3a0e3TeYCHHS MPeICTaBICHUIA Ha prC. 1.

)
»

FPercentage of material use=79.83

Puc.1. Cxema po3zxkporo

YK 685.31.02
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MODELLING THE SCALE-FREE NETWORK
CONTROLLED BY IMPLICIT ATTACHMENT RULE
Ph.D. Shergin V., Dr.Sci. Udovenko S., Ph.D. Chala L.

Auuomauuﬂ. PaCCManI/IBaCTCSI Hp06JICMa MOIEIINPOBAaHUA MacumtabHo-
HWHBAapUaHTHBIX CeTeH. I/ICCJ’ISI[YCTCSI IpaBuiIo MPpUCOCANHECHUA Y3JI0B,
OCHOBAaHHOE Ha HESBHOM HCIIOIB30BaHUU MX cremeHeil. CorimacHo €My HOBBIM Yy3JIaM
HE Tp€6yeTC$I OOCTYyIl K CTAaTUCTHUKE Y3JI0B CE€TH, 4YTO SABJCTCA KIIHOUYEBBIM
JOCTOMHCTBOM 3TOr0  IpaBHJIA. [lokazaTenu ckeiimHra WU aCCOPTAaTUBHOCTHU
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TIOJTy4aeMbIX ceTe 3aBHCAT OT KOJMYECTBA CBSI3EH BXOMISAIIUX Y3J0B. DT
3aBUCHUMOCTH UCCIIEAOBAHBI ITYTEM YHUCJIEHHOI'O MOJACIIMPOBAHUS.

Knrwuesole cnosa: MaCH.ITa6HO-I/IHBapI/IaHTHaH CE€Th, NPUCOCANHEHUE HAa OCHOBC
MOCPECAHNYCCTBA, CTEIIEHHOM 3aKOH; ITOKa3aTcCJib CKeWJIMHTa

Abstract. The problem of modeling scale-free networks is considered. An
attachment rule based on implicit using the nodes degree is studied. According to
mediation-driven attachment rule, new nodes do not need access to node statistics of
the network, that is a key advantage of that rule. The scaling and assortativity
properties of the resulting networks depend on the number of links associated with
incoming nodes. That dependence has been studied by numerical simulation.

Keywords: scale-free network; mediation-driven attachment; power law; scaling
factor.

Teopust macimtabno-nnBapuanTHeix cereil (MUC, scale-free networks)
SIBJSIETCSL  CPaBHUTEJBHO  HOBOM  cdepoil  HaydyHbIX  HCCIEJOBaHMH.
Pacnpenenenne y3noB MUC no xonu4yecTBy UX CBsA3€H ClIeAyeT CTEIEHHOMY
3aKoHy (MO0 KpaillHell Mepe acHUMMOTOTHYECKH). DTO CBOWCTBO SIBISIETCA
OTIIMIUTENILHOW ocobeHHocThio MUC [1]. M3BecTHO, 9TO OOJNBIIMHCTBO
COLMAIBHBIX, OHOJIOTHYECKUX, WH(POPMAIIMOHHBIX, TEXHUYECKUX, CETeH
OTHOCSITCS] K JAaHHOMY KJ1accy.

CBOJiCTBa JWHAMHYECKH pACTYIIEH CETH OIPEACIAIOTCS MPaBHIOM

TPUCOENMHENNS, T.€. BEPOATHOCTBIO /T; COEOWHEHHS HOBOTO y3la ¢
cymecTBytomuM y3iaoMm I . Ilpocrefimeii u Hanbonee W3BECTHOW MOJCIHIO
MUC siensietcst monienb cetu bapabamu-Ansoept (BA) [2], coriacHo KOTOpOit
yKa3zaHHas BEpPOATHOCTH NMPOMOPIMOHATIbHA CTETNICHHU y3I1a (ki ), @ KOJIUYIECTBO

CBsI3eH JTS1 KaKJI0T0 HOBOTO y3J1a COCTABISET /11 = CONSL :

i

Mopenb BA cityHUT OCHOBOM Il MHOTOYMCIICHHBIX MOU(UKaAIMH, TpH
9TOM BCE OHM O0OJa#alOT CYNIECTBEHHBIM HENOCTATKOM —  SIBHBIM
UCIIONIb30BAHMEM CTATHCTHKH Y3JIOB: JUISl NCIIOIB30BaHMs npasmia (1) HOBBIN

y3eqn JoJuKeH '"3HaTh' cTeneHu (ki) BCEX CYILECTBYIOIIUX Y3JOB CETH.

OueBHAHO, YTO JUIA CeTe peaJbHOr0 MHupa TaKoe IPEIO0KEHUE
HEepeaJMCTHYHO B CHJIY pa3NTYHBIX NPUYUH. MoJenb MPUCOSIAUHEHUS,
ynpasiaseMoro — mocpenHukoM  (mediation-driven  attachment, MDA),
npeaoxkeHHas B [3], cBoOoxHa OT maHHOTO Hemocrarka. CorjaacHo MpaBHITY
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MDA, BXOASIIMA y3eJl paBHOBEPOSATHO BBHIOMPAET y3€I-TIOCPEIHUK, a 3aTeM
COCTUHSCTCS C M1 y3IaMH-COCEQsIMH 3TOTO TOCpeiHWKa. B pesyibrare

BCPOATHOCTL MNPHUCOCAUHCHHWA HOBOI'O Yy3Ja K Y3y 1 OIpCACIIACTCA
BbIpA’)KCHUEM

14, ( 1
ﬂiz—z k—|]Dl : (2)
Mogenu (1) u (2) mporsuntocTpUpoBaHbl Ha prc.l. MOXKHO cKaszaTh, 4TO

BCIIMYNHA 7.[1 B 00cux MOJCIISIX 3aBHUCUT TOJBKO OT CTEICHEH Y3JI0B CE€TH,

oaHako g Moaenu MDA (2) maHHas CBSI3b HEsSBHAs, YTO W SIBISICTCS
KJIIOYEBOH 0COOEHHOCTHIO ITOM MOJIEIIH.

N 7N
( ) { )

B / \ R ﬁ/ \ -
f/ 1) (3 \l \‘/ 1) (3)
\_/ \__/ \__/ \_

A A /
» 11/2 q » 12/3 4
\ / \ /
1/4 '\ l{, 1/4 1/6 \,IL ;7 1/6
(new) (new)
NZ N
BA attachment rule MDA attachment rule

Puc. 1. Cpasuenue meoxncoy BA u MDA moodensamu ons cayuas m=1

IIpoBeneno uncnennoe moaenuposanue MUC, ynpasnsiemoil npaBuioM
MDA. Pe3ynbTaThl NOKa3blBalOT, YTO IOJIy4YaeMble CETH AEHCTBUTEIbHO
SBISIIOTCSL ~ Oe3MacmTaOHBIMH, a WX  CBOWCTBa  (CKeWIHHT-(akTop,
acCOpTaTUBHOCTH [4]) ompenenstorcs mapameTpom 71— KOJIHMYECTBOM
CBSI3€H, MPUXOASIINXCS Ha KaXKIAbI HOBBIM BXOSIINNA y3€Il.

Jlutepatypa
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INTEGRATION OF DECISION-MAKING MODELS FOR DECISION
SUPPORT SYSTEM OF UAVS OPERATOR
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Abstract. The investigation into the processes of modeling the decision making
(DM) by Unmanned Aerial Vehicle (UAV) operators in the normal and unusual
situations with the integrated models: stochastic, non-stochastic uncertainty models,
and deterministic models for effective collaborative decision-making. Algorithm of the
finding of optimal landing aerodrome/place/vertiports for UAV operation in the case of
the emergency given on example decision making in an emergency with UAV in
approach to destination aerodrome in town in bad weather conditions. To determine the
quantitative characteristics of risk levels, models for decision making (DM) by the
operators of the Remotely Piloted Aircraft System under risk and uncertainty have been
developed. Estimation of factors that influence the selection of optimal landing
aerodrome is realized with the help of the Expert Judgment Method.

Keywords: Unmanned Aerial Vehicle, Decision Making in Certainty, Risk and
Uncertainty, Emergency, Bad Weather Condition, vertiport, Smart- town, Decision
Support System.

The purposes of the work are DM algorithms of UAV operator in an
emergency or in pre/flight programming of autonomous UAV flights;
decomposition of the process of DM by UAV’s operator in an emergency;
working-out of models DM by UAV’s operator (DM in Certainty, DM in
Risk, and DM in Uncertainty) for the search of the optimal solution in an
emergency.

The analysis of the emergency, the flight situation's development from
normal to complicated, difficult, emergency or catastrophic in accordance with
DM action by remote pilot-in-command (PIC) gave a chance to obtain the
optimal solution and prevent emergencies.

Let UAV perform the target task and at a certain stage of flight are
probable extraordinary or emergency situations (for example bad weather
conditions) and it is some risk to lost UAVs. The Air Traffic Controller
decides in emergency using technological procedures “ASSIST”
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(Acknowledge, Separate, Silence, Inform, Support, Time) [1]. Taking into
account the high cost of UAVs it is proposed to build an algorithm of UAV’s
operator actions using module «ASSSIST» (Acknowledge, Separate,
Synergetic ((Coordinated, Cooperation, Consolidation)) Silence, Inform,
Support, Time) for each type of UAV. Module «ASSSIST» includes in
distributed DSS and has models of the DM. For example, finding of optimal
landing aerodrome/place/vertiports (an acrodrome of departure, an acrodrome
of destination, alternate aerodromes / vertiports) for return operation in the
case of emergency situation that is caused by meteorological conditions. The
stochastic and non-stochastic of uncertainty models, dynamic models may be
integrated into deterministic models (Figure 1). Emergencies may occur when
flying both in manual and in the autonomous control. For operations carried
out "manually”, plays an important role in the human factor, and a significant
part of emergencies was due to the wrong actions of the operator.

Factors influgnce DM

b [y o [4 = |k
Alemative |4, Uy |Up U Uin ] [
wiiows | d; Uy U Uy Unn —_ —

4 v T Uy Uy

(4 |Uu |Un Uy Un

Fig. 1. The integration risk and uncertainty DM models in certainty model

The integrated models (stochastic, non-stochastic uncertainty models, and
deterministic) for effective DM UAV operators in the normal and unusual
situation was obtained. In addition, there were developed models for DM to
determine the quantitative characteristics of risk levels by the operators of the
UAYV under risk and uncertainty. Algorithm of the finding of optimal landing
aero-drome/place/vertiports for UAV operation in the case of the emergency
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given on example DM in an emergency with UAV in approach to destination
in town in bad weather conditions. The evaluation of factors that influence the
selection of optimal landing aerodrome was realized with the help of the
Expert Judgment Method [1]. The decision of selection task of an alternate
aerodrome/place/vertiports in the case of emergency landing was taken by the
method of DM under uncertainty by means of the criteria Wald, Laplace,
Savage, Hurwitz and method DM in Risk using decision-tree.
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NUMHUTAIUOHHASA MOJAEJIb ONIEHKHN TAPAMETPOB
TPAHCHHOPTHO-TEXHOJIOTHYECKHUX CUCTEM JOCTABKHU
I'PY30B B MEXXAYHAPOJHOM COOBLIEHUHN
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SIMULATION MODEL FOR THE EVALUATION OF PARAMETERS
OF TRANSPORT AND TECHNOLOGICAL SYSTEMS OF CARGO
DELIVERY FOR INTERNATIONAL TRANSPORT
Dr.Sci. Shramenko N., Shramenko V.

Annomayus. Pa3paboTaHa WMHTALMOHHAS MOJEIb OICHKH IapaMeTpoB
mporecca JOCTaBKH IPY30B B MEXKIYHApOAHOM COOOIIeHHH. MoJenb I03BOJISET
ONpEeNeNnTh  IPUOPUTETHBIC  MApaMerTpbl  aIbTEPHATHBHBIX  TPAHCIOPTHO-
TEXHOJOTMYECKUX CHCTEM JOCTABKH C YYETOM CIIy4ailHOrO XapakTepa BpPEMEHH
BBITIOJIHCHUS ONPEACIICHHBIX TEXHOIOTHYESCKHUX OIEPaLUi.

Kniouesvie cnoea: VMHUTAUMOHHAs MOJIETb, BPEMs JOCTABKH, TPAHCIIOPTHO-
TEXHOJIOTHYECKasi CHCTEMa, TPY30BO TEPMHHAJ, 3aTPAThI.

Abstract. The simulation model for the evaluation of parameters of cargo delivery
in international traffic was developed. The model is identifying priority parameters for
alternative transport technology-based delivery systems, taking into account the
random timing of certain process operations.

Keywords: Simulation model, Delivery time, Transportation system, Cargo
terminal, Costs.

Br16op onTrManbHOM TEXHOIOTHUH TOCTABKH U3 MHOKECTBA allbTCPHATHB
JIOJDKEH OCYLIECTBIIATHCSA C MOMOILBIO ONTHUMM3ALMOHHBIX Mojened [1, 2],
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KOTOpBIE JIE)KAaT B OCHOBE WHTEPAKTHBHOIO HMHCTPYMEHTa OIepaTropa IpH
MIPUHATAH PENICHUH OTHOCHUTEIIEHO MaKCUMaldbHO J(P(HEKTHUBHOU pPaboOTHI
TpaHCIIOPTHOW cucTeMbl [3]. MHoOrogakTopHble MOJIENH, YYHTHIBAIOIIUE
0COOEHHOCTH OITMCHIBAEMOT0 Mpoliecca M HAJIUYHE OIPaHUYCHUH, O3BOJISIOT
OCYLIECTBIISITH ~ ONEpaTUBHOE YIIpaBIeHHE B peajJbHOM BpPEMEHH W
KOOPJMHAIMIO YYaCTHUKOB IIpoliecca JAOCTaBKM B paMKaX HHHOBAI[HIOHHOW
TpaHCTIOpTHOW cucteMbl [4, S5]. BblOpaHBl anbTepHAaTHBHBIE TPAHCIOPTHO-
TEXHOJIOTUYECKUE  CHCTEMBl  JOCTaBKM  MEJKHUX  MapTUil  IPy30B:
KOHTpEIJIepHast [OCTaBKa, MJOCTaBKa JKEIE3HOIOPOKHBIM TPAHCIIOPTOM,
JIOCTaBKa aBTOMOOMJIBHBIM TPAHCIIOPTOM MO NpSMOMY BapuaHTy. Ilpu sTom
TEXHOJIOTHYECKass CHUTyalMs JUId KakKAOM M3 CHUCTEM MpE/ACTaBICHa Kak
COBOKYMHOCTh TE€XHOJOTHYECKUX ONepanuii, HeOOXOIUMBIX AJISI BBITOTHEHHS
JIOCTAaBKH Tpy3a U3 IMyHKTa | B IyHKT A.

OOocHOBaHa  [ENEeCOOOpPa3HOCTh  NMPHUMEHEHHS  HWMHTAILMOHHOTO
MOJICIMPOBAHMs, KOTOPOE 3aHMMAaeT JOMHHAHTHYIO POJb IpPHU ONHCAHUH
CIIOKHBIX TPAHCIIOPTHBIX CHCTEM, II03BOJIIET BEPOSITHOCTHO PAaCCMOTPETh
MHOTooOpashe  pPBHIHOYHBIX  CHTyallMd W HCCIEeIOBaTh  IOBEACHUE
TePMHHAIBHOW cucTeMbl. McciemoBaHme mpomecca 0Oasupyercs Ha
MHOTOKPaTHOM DJKCIEPHUMEHTE C IIOMOINBI0 pa3pabOoTaHHONH MoOJAeIH C
MOCIIEAYIONEH CTaTHCTHYECKOH 00pabOTKOW MOJIyYEHHBIX AAHHBIX C IEJIBIO
ONpENENIEeHUs] YUCIAOBBIX XapaKTEPUCTUK HCCIETyeMOro Ipolecca U aHamus3a
CTaTUCTUYECKMX OIEHOK ero mapamerpoB. C memplo  pa3paboTKH
MMHTAIMOHHON MOJIEJIN OLICHKU TIapaMeTpoB Tpoliecca JIOCTaBKU — MEJKHX
napTuit Ipy30B  00OOCHOBaH KpuTepuil 3QPEeKTUBHOCTH, KOTOPBIH
npeAcTaBisieT  coboi  CyMMapHble  3aTpaThl  Ha  OpPraHHU3aLUIo
MEXTEPMHUHAIIBHOM JOCTaBKH. Pa3paboTaHHas WMHTAIMOHHAs MOJCIb
mporecca JOCTaBKH MENKHX HapTUil TPY30B B MEXIYHAPOAHOM COOOILICHUH
OpPHEHTHPOBaHA Ha BBIOOP PALMOHAIBHOW TPAaHCIOPTHO-TEXHOJIOTHYECKOH
CHCTEMbI [JOCTaBKM TIpy3a C Y4YeTOM CIIy4yalHOTO XapakTepa BpPEMEHH
BBIIIOJTHEHUA  OMNPEAEIEHHBIX TEXHOJOTHYECKUX  OIEpAIHi. Mogens
MpEeAroNaraeT OLEHKY HNPHOPHUTETHBIX IapaMeTpPOB  albTEPHATHBHBIX
TPAHCHIOPTHO-TEXHOJIOTHUECKUX CUCTEM JIOCTaBKH Ha OCHOBE TEOPUH PHCKOB.
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THE PROBLEM OF TWO-STAGE SERVICE OPTIMIZATION OF
THE OBJECTS FLOW IN THE MODEL OF THE PRODUCTION AND
TRANSPORT COMPLEX
1Ulyanov K.S. [0000-0002-0932-2319]
2Dr.Sci. Fedosenko Yu.S. [0000-0002-9434-4386]
3Ph.D. Sheyanov A.V. [0000-0003-3550-4068]

E-mail: 'kaf isut@vsuwt.ru, *fds1707@mail.ru, 3asheyanov@ya.ru

Abstract. A mathematical model of the distribution of the generated pairs of
various jobs between the performers is constructed, an optimization problem is
formulated and a decision synthesis algorithm based on the concept of dynamic
programming is described

Keywords: two-stage service, flow of objects, dynamic programming, water
transport logistics.

Introduction. The problem of optimizing the distribution between the
performers of the generated pairs of various jobs is considered.

As an example, let us mention the production and transport complex of
the Ufa river port, in which a group of cargo ships, loaded directly on the
riverbed deposit, is used to transport construction aggregate to consumers [1].

For the formation of operational plans for the functioning of the
production and transportation system, the development and regular use of a
specialized digital control support system, which includes both a mathematical
modeling module for the technological process and an algorithm for solving
the problem of synthesizing the schedule for supplying ships for loading and
their subsequent distribution at unloading points, is relevant.
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Service model and problem statement. Considered n-element flow of
objects, denoted as 1,2, ..., n, subject to a single one-stage service by a
stationary processor H [2].

The objects that have been serviced are then sent to the consumer
processors P = {pi, ps, ..., pa}. Only one object is sent to each consumer, only
one consumer is assigned to each object.

The (71 X 1 )-matrix E = {ejj} is known, where e; = 1 if object i is valid
for delivering to consumer p;; otherwise e; = 0.

For each object i are given: the duration t; of the service by the processor
H, the moment # of arrival in the service queue; it is assumed that
0=t <t<...<t, Processor H is ready to service objects from time ¢ = 0.

For each consumer pj, the individual penalty function Y/ Jj (f ) is known;

all functions Jj (%) are monotonically increasing. If the object maintenance

by the processor p; is completed at time ¢, then Y Jj (t ) is the amount of the

penalty for a given consumer.

There are (72 X 1) -matrices V= {v(i, j)} and W = {w(i, j)}, where v(i, j)
is the duration of the transition of the object i from the location of the
processor H to the location of consumer p;, and w(i, j) is the norm of the
duration of service by processor p; of object i that has arrived at consumer p;
in the case e; = 0, v(i, j) = w(i, j) = +oo is assumed. Servicing of the object

received by the consumer processor pj, j = 19 N begins immediately from the
moment of its arrival. We define the strategy for servicing objects of the

stream O, as a pair S=[p;r(),j= l,l’l ], where p = (i1, 2, ... , in) is the
permutation of the elements of the set {1, 2, ..., n}, and #(j) is the bijection of

the set {1, 2, ..., n} into itself.
When implementing the strategy S, the object ix is processed by the

processor H on the k-th turn, k = 1, N ; () is the consumer index to which
object j is assigned. For any strategy S, for each object (vehicle) the moment
of completion of its service by the processor H is calculated arithmetically
according to the permutation p.

Next, for each consumer p;, the moment of completion of the service

%S, ), j = 1,” is determined from the mapping r(k). Thus, with each
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strategy S, a quantity Zn s (S, j) is associated — the total penalty of all
J=

consumers. The corresponding scheduling optimization task [2] is written in
the form

min» " v, (S, /). )

Solving algorithm. The recurrent relations of dynamic programming for
(1) are:

B, tiy 5= V7 (E) max(s, 10) + ) + v ) + w6 ). ()

B(t, M, N) = (i,%lelﬁxN [V () (max(e, d0) + <) + v(i ) + (i) +

B(max(¢, «(7)) + (i), + M/{i}, N/{j})], 3)

where M is the set of objects that have not been serviced at time ¢, N is the set
of consumer indices to which the objects intended for them have not yet been
sent. Examples of the implementation of the algorithm are provided in the
report.
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MATHEMATICAL MODELING OF FORMATION PROCESSES OF
SEQUENCES WITH FRACTAL ELEMENTS OF PERIODICAL
CHAOTIC DYNAMICAL SYSTEM TRAJECTORIES
Ph.D. Vostroy G.!10000-0003-3856-5392] K hrinenko A.20000-0001-6000-2102]
E-mail: ! vostrov@gmail.com, ? khrinenko@stud.opu.ua

Abstract. This paper considers problems that arise during number sequence
generation based on nonlinear dynamical systems. Dependence of iterative fixed points
for nonlinear maps on the properties of functions and function domain numbers was
investigated. The properties and internal structure of sequences obtained on the basis of
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nonlinear maps were also examined in accordance to their influence on the degree of
randomness.

Keywords: chaos, pseudorandom sequences, nonlinear maps, prime
numbers.

The current state of development of information technology creates the
illusion that existing methods of its application give opportunity to humanity
to solve any problem of complex dynamical system managment for any level
of complexity. This is facilitated by the well-developed idea that problems and
solving technologies for them do not largely depend on the level of
development of the mathematical foundations of information theory, however
in reality the number of blind spots in the theory of application of novel
methods only increases, since current discoveries raise more and more new
questions. In this regard, the development of the theory of dynamical systems
is more relevant than ever [1]. The purpose of the submitted work is to create a
mathematical basis for information technology analysis of structures of cyclic
trajectories of complex dynamical systems, as a way to determine chaos in
nonlinear stochastic dynamical systems of varying complexity. It is especially
important to identify the structure of chaotic processes of trajectories of cyclic
fixed points over a large length, which are determined by numbers in form
1/p, where p is a large prime number. The analysis of such trajectories is
important for the reason that the structures of trajectories for n/m values for
fixed points can be analytically represented through the properties of
trajectories determined by prime numbers using functional maps formed on
the basis of group theory [2, 3]. In this way, it remains uncertain whether the
obtained trajectories have a deterministic structure and how it affects the
structure on the set of integers, rational or real numbers. The dynamical
properties of cyclic trajectories can be thoroughly investigated only by
transformation of mathematical models into a recursive form. The theory of
recursive functions allows to make the transition to representation of given
models in recursive form [4]. The results of the study of dynamical systems
depend on the properties of parameters that characterize these systems.
Systems can depend on many parameters, but the results of analysis and
research of dynamical systems based on one-dimensional maps can be applied
to a wide range of complex dynamical systems. The maps of the following
classes were considered: «Tent», «Asymmetric Tenty», «Discontinuous Tenty,
«Sawtooth», "Logistic map", «Square Root Logistic map», «Sine map»,
"Algebraic map". This choice of maps is subjected to the fact that some
classes of complex maps can be considered as functions of certain
combinations of these maps. In addition, there are relationships between these
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maps that are a source of important information about the relationships
between classes of primes [5].

Analysis of various approaches to the construction of pseudorandom
sequences revealed that choice of initial conditions affects the structure of
obtained sequence: if the length of the sequence length corresponds to the
dimension of the selected prime, then such a sequence is more similar to
chaotic.

It was found that under any circumstances, the existence of fixed points
in the selected nonlinear dynamical system does not lead to chaos and on the
contrary unambiguously determines the existence of a stable structure with a
fixed cycle length.
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COMPUTING ¥Y-CAPUTO FRACTIONAL DERIVATIVE VALUES
USING CUDA 10
Ph.D. Bohaienko V.O.

Abstract. The issues of efficient computation of y-Caputo fractional derivative
values are considered for the case of NVIDIA GPU’s with compute capability 7.5. The
paper presents performance analysis while solving a three-dimensional time-fractional
diffusion equation by a locally one-dimensional finite difference scheme using CUDA
and OpenCL algorithms’ implementations. Focus is made on the usage of different data
types as well as on the usage of tensor cores.
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Keywords: GPU algorithms, finite-difference method, diffusion equation,
y-Caputo fractional derivative, tensor cores, data types, CUDA, OpenCL.

Memory effects in diffusion processes can be efficiently simulated using
time-fractional differential equations. The need to numerically calculate
integrals while solving time-fractional differential equations increases
computational complexity compared to traditional models. Approaches that
are used in this case to lower computational complexity include parallel
computing techniques, particularly using GPUs, and approximation of integral
kernels. In such context, we consider the issues of efficient GPU-
implementation of y-Caputo fractional derivative [1] values computation on
NVIDIA GPU’s with compute capability 7.5 using CUDA 10 SDK on both
CUDA and OpenCL languages. In order to test the efficiency of GPU-
algorithms, a three-dimensional time-fractional diffusion equation is solved
using a locally one-dimensional finite difference scheme [2]. To compute non-
local part of the derivative, a rectangle rule quadrature is used and a
summation algorithm of linear computational complexity is considered along
with a constant complexity order approximating algorithm based on integral
kernel expansion into series [3]. For the approximating algorithm we present a
computational scheme that uses NVidia GPU’s tensor cores and is based on
the algorithms described in [4]. For all algorithms, the influence of the used
scalar and vector data types on performance and accuracy was analyzed.
Studying the summation algorithm, comparing to the usage of 64-bit double-
precision floating-point data type, the computations were ~2 times faster for
32-bit single-precision data type and ~3 times faster for 16-bit half-precision
data type without significant loss of accuracy. For the series approximation
algorithm that was up to 5-times faster than the summation algorithm, the
usage of low-precision data types slightly influence the performance reducing
the accuracy during long-term simulations. The usage of vectorized operations
in the series approximation algorithm allowed up to 6-19% speed-up
compared with non-vectorized implementations for a single-precision data
type. The usage of tensor cores that operate with a half-precision data type
allowed performing calculations 12% faster compared to the case when the
same data type was used.
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SAFETY MANAGEMENT TECHNOLOGY OF ELECTRIC POWER
NETWORKS
Dr.Sci. Burlov V.G., Mankov V.D., Polyukhovich M.A.

Annomauus. HccnenoBanne  MOCBAIIEHO — BompocaM  0e30macHOCTH
9NIEKTPHYECKUX ceTell. ABapHHHBIC OTKIFOYCHUSI B 3HAYUTEIBHON CTENICHH BBI3BAHBI
Mereoposiornueckumu  (akrtopamu.  Jis  NPOTHO3MPOBAHHS W JTHATHOCTHKH
METEOPOJIOTHYECKUX YCIOBHH IIEIeCO00pa3sHO HCIONB30BaTh TEPPUTOPUAIBHYIO
reonH(GopManMoOHHYI0 cHucTeMy. I[Iporeccsl ympaBieHHS O€30MacHOCTBIO TpPeOYIOT
CO3JaHMs Tpolecca C 3apaHee 3aJaHHBIMM  CBOWCTBaMM. [l  ynpaBieHUs
6€30IaCHOCTBIO PEKOMEH/YETCSl HCIIONB30BATh MOJECIM Ha OCHOBE CHHTE3a, YTO
MO3BOJISIET IPUMEHATH TOAXOJ, OCHOBAaHHBII Ha peuleHWH OOpaTHOH 3amauu
ynpasieHus. B pe3yibrare nccienoBanus Obluia pa3padoTaHa TEXHOJIOTHS YIIPaBICHUS
0E30IacCHOCTBI0  AJIEKTPUYECKHX  CeTel, OCHOBaHHas  HA  VCHOJB30BAaHUU
reoMH(POPMALIMOHHON CHCTEMBI.

Kniouesvie cnosa: snektpudeckas ceTb, CHCTEMa YNpaBIeHHS 0€30IaCHOCTBIO,
reonH(pOpPMAIMOHHAs CUCTEMA, MOJIEIIb PELICHNUS YeIOBEKa

Abstract. The study focuses on the safety of electric power networks. Emergency
shutdowns are largely caused by meteorological factors. For forecasting and
diagnosing meteorological conditions, it is advisable to use a territorial geo information
system. Safety management processes requires the process creation with predefined
properties. For safety management, it is recommended to use synthesis-based models,
which makes it possible to apply an approach based on solving the inverse
management problem. As a result of the study, the safety management technology of
electric power networks based on the use of geo information system was developed.
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Texnonorus ynpaBiaeHUs] 0€30MAaCHOCTBIO DIEKTPHIECKUX CETEH — 3TO
npeoOpa3oBaHre WH(OOPMALMOHHBIX M JIESITENBHOCTHBIX PECYpCOB JIHIA,
npuanMaromero pemenns (JI[IP), B wuHTEpecax JOCTHXECHHS —IICJIH
JESTSIILHOCTH (3mexTpocHa0KECHHE oTpeduTeneit). HanexxaocTh
JIEKTPOCHAOKEHHSI B OCHOBHOM XapaKTEPU3yeTCsl KOJIMYECTBOM OTKIIIOUEHHUH
anexTposnepruu [1]. lns ynpaBneHust 6e30macHOCTbIO (QyHKIMOHHUPOBAHUS
3IEKTPUYECKUX cereil B0 HE0OX0ANMO IIPOrHO3UPOBATh
METEOpOJIOTHYECKHE YCIIOBUS. B KadecTBe MHCTpYMEHTa IMPOTHO3UPOBAHUS
Lenecooopa3Ho NpuMeHsTh reonHpopmaronnsie cucremsl (I'UC) [2].

VYnpaBnenue mpoueccamMd  obecriedeHuss — Oe30macHOCTH — Tpedyer
(hopMHpOBaTh MPOLIECCHI ¢ HaIlepes 3alaHHbIMU cBolicTBaMu. [1pu paspadoTke
CHCTEMbI TPOTHO3UPOBAHMS BO3MOXKHBIX Yrpo3 ¢yHKIHoHHpoBaHMI0 OC
HEoOX0aUMO paccMmarpuBaTh clemyronme MO/ICIIH: TIpo1ecc
¢ynkronnpoBanust IC, mporecc NPOTHO3UPOBAHHS METEOPOJIOTHUYECKUX
¢axTopoB. OcHOBO MO00I NeITENFHOCTH SBISIETCS penienne yenoBeka. JITTP
nercTByer Ha ocHoBe Moxaenu [3]. s obecmeueHuss 06e30MacHOCTH
skcruryataruy OC HE0OXOIMMO UMETh a/IeKBaTHYI0 MaTEMaTHUECKYI0 MOJIETb
peleHus 4enoBeka. UelloBeK B CBOEH JESATEIBHOCTH PabOTAET C YEThIPbMs
MpoIeccamHu: IeJIeBOM rporecc (cHabOxeHue notpeduTenei
ANEKTPOIHEPTHEH), IPOIeCCHl 00pa30BaHUs YIPO3bl, HISHTH(OUKAIIUN YTPO3HI,
HeWTpanu3anuu yrposel. st ympaBieHUss 0€30IaCHOCTBIO PEKOMEHIyeTCs
UCIIONIb30BaTh MOJIENH, OCHOBaHHBIE Ha CHHTE3€, YTO IO3BOJIIET NMPUMEHSITH
MIOJIXO0J], OCHOBAHHBII Ha pEIICeHNH O00paTHOM 3ajauu ynpasieHws. Jlis
CUHTE3a MIPUMEHSETCSl €CTECTBEHHOHAYYHBIH MOAX0A, Oasupyromuiics Ha
3akOHE coxpaHeHHs uenocTHoctH oOwvekTa (3CLIO) [3]. B pesynbrate
NPOBEJICHHOTO  HWCCJEIOBaHMsl  pa3paboTaHa TEXHOJIOTHSl  YIpaBJICHHS
6e3onacuocthio JC Ha ocHoBe npumenenus ['MC.
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MATEMATHUYECKOE MOJEJIMPOBAHUE I'PY30IIOTOKOB B
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MATHEMATICAL MODELING OF CARGO FLOWS IN THE
INTERNATIONAL TRANSPORT NETWORK
Dr. Sci. Vasyanin V.A., Zaiats Y.V., Ushakova L.P.

Annomayua. B poxmage  OPUBOAWTCS — TPEMEP  MAaTEMAaTHYECKOTO
MOJICJIUPOBAHUS 3a7ad ONTUMU3ALUU UEPAPXUUYECKOM CTPYKTYpbl U paclpeliesIeHus
IIOTOKOB TI'PYy30B B pEalbHOM aBTOTPAHCIOPTHON CETU MEKAYHAPOAHBIX IIEPEBO3OK.
[MpuBenens! MareMaTndeckue (OPMYJIUPOBKHM OCHOBHBIX 3aJad  ONTHMHU3ALUH.
IToka3zaHo, 4TO B pe3yabTaTe PEeLICHUs] ONTUMU3AMOHHBIX 3a/ad yJaloch CHU3UTH
3aTpaTtel  Ha 00pabOTKY M TPAHCIIOPTUPOBKY 33/IaHHBIX IIOTOKOB Ipy30B Ha 21 %.

Knioueevle  cnoea: MareMaTH4ecKoe  MOJACIUPOBAHUE, HEPApXUUECKUE
aBTOTPAHCIIOPTHBIE CETH, ONTHMHU3ALUS CTPYKTYpPBl CETH M pacIpeeNeHUss MOTOKOB
TpY3UB.

Abstract. In the report provides an example of mathematical modeling of
optimization problems for the hierarchical structure and distribution of cargo flows in a
real road transport international network. Mathematical formulations of the main
optimization problems are given. It is shown that as a result of solving optimization
problems, it was possible to reduce the cost of processing and transportation of given
cargo flows by 21%.

Keywords: mathematical modeling, hierarchical road transport networks,
optimization of the network structure and distribution of cargo flows

B Hacrosmiee Bpemsl Ul CYIIECTBYIOIIMX aBTOTPAHCIIOPTHBIX CETEH B
Pa3NMYHBIX OTPACIAX XO3IHCTBA XapaKTEpPHO TO, YTO HA BCEX YPOBHSIX
YOpaBiIeHUSI YK€  BBEACHBl  pA3IMYHBIE  aBTOMATH3HPOBAaHHBIE U
nHdopmannonHslie cucteMsl. [IperycmarpuBaercs TajibHelIIee UX pa3BUTHE C
UCIIONIb30BAaHMEM HOBEHIIMX MH()OPMAIMOHHBIX TEXHOJIOTHH; COBPEMEHHOTO
METOJMYECKOT0, TEXHHYECKOTO M MaTeMaTHYeCKOro oOecHeueHHil; CHcTeM
MIOJIICPKKH TIPUHATHUS PEIICHUH, PalnoOHAIbHO COYETAONINX (HOpMaIBbHBIE U
HeopManbHBIE METOIBl NPUHATHS PELUICHUH W HHTEPAKTUBHBIN PEXKHM
aHaln3a ¥ BBIOOpAa ONTHMANBHBIX pemieHuit [1]. OnTuMu3anus CTpPyKTYphI U
pacipesneneHus Ipy30BbIX IIOTOKOB B TOCYJApCTBEHHBIX M KOPIOPATHBHBIX
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(yacTHBIX) AaBTOTPAHCIOPTHBIX CETAX W  aBTOMAaTH3alus IPOIECCOB
YOpaBiICHUS] B HUX SBIAIOTCS AKTYalIbHBIMH W II€PCHEKTHBHBIMH
HAMpaBICHUSIMU B JOCTIXKEHMUM KA4ECTBEHHO HOBOTO YPOBHS Ppa3BUTHS
TPAaHCIIOPTHOW OTPACIM W MHTEHCU(HUKALMH PHIHOYHBIX NpeoOpa3oBaHUi B
VYkpausne.

IIpakTHdyeckue uccaeIOBaHUSA MOKAa3blBAIOT, YTO Ha MPOTSHKCHUU
MIOCJIEIHUX JIET 00BbEMBI IIEPEBO30K I'PY30B B KOHTEHHEpax M Ha MOJIOHAX B
TPAHCHOPTHBIX CETSAX YKPAaWHBI YBEINYMBAIOTCS HENOCTATOYHO MHTEHCHBHO.
Tak, manpumep, B CIIA B roxm mepeBosutcs Oonee 15 MmumapaoB TOHH
MEJIKOTIapTHOHHBIX TPY30B Ha O0IIyI0 CyMMy Ooiee 9 TPHITHOHOB JI0JIIapoB,
a J0XOIbl OT TPAHCIHOPTHUPOBKHM TaKMX TPY30B COCTaBIAIOT okoyo 11% ot
BaJIOBOW HanMoHaiabHOU npoxykuuu CIHIA [2].

OCHOBHBIMH NIPHYMHAMHM 3TOTO SBJISIOTCS] OPraHU3alMOHHO-TEXHUYECKAas
HETIOJITOTOBJICHHOCTh ~ TOCYAApPCTBEHHBIX M YacTHBIX  TPAHCHOPTHBIX
NPEANPUATHH K BHEAPCHUIO COBPEMEHHBIX MH(pOPMAIMOHHO-aHATUTHYECKHUX
CHCTEM, TEXHOJIOTMA M HMHCTPYMEHTAJIBHBIX CPEACTB aBTOMATH3UPOBAHHOTO
MIPOEKTHPOBAHNUS, YIIPABICHUS U MOANCPKKH NPUHATHA PEIICHHH, B TOM
9ypciae W € HCIOJB30BAHMEM CHUTYaIllOHHBIX  LEHTPOB 00pabOTKH M
npencrasieHns nHpopmanuu. Kpome Toro, B OOJIBIIMHCTBE CYIIECTBYIOMINX
B HACTOSILEE BpeMs aBTOMATU3UPOBAHHBIX TPAHCIOPTHBIX CHUCTEMAaX He
peanM3oBaHBl ~ HAaydyHO  OOOCHOBaHHBIE  METOABI  MaTeMaTHYECKOTO
MOJIEIMPOBAHMS NEPEBO3KU MEJIKOINApTUOHHBIX I'PY30B B KOHTEHHepax M Ha
MOJI0HAX U OTCYTCTBYIOT HMHCTPYMEHTAJBHBIC CPEJACTBA AN YyNpaBJICHUS
TaKUMU NI€PEBO3KAMHU.

[ockonbKy (u3Myeckas MPOCTPAHCTBEHHAS CTPYKTypa OOJBIIMHCTBA
aBTOTPAHCHOPTHBIX CETEH yXe CIIOKMIACh, B IEPBYIO O4epeb, HANOOIBIINH
WHTEpEC TPEACTABISICT pPEIICHHE 3aJad TAaKTHYECKOTO IUIAHUPOBAHUS W
OTIEPaTHBHOTO YIPABJICHHNS, HAIIEIEHHbIX IJIABHBIM 00pa30M Ha ONTHMHU3ALHIO
uX (QYHKIIMOHUPOBAHUS NP UMEIOIUXCA pecypcax [3].

Lens uccienoBanust HacToAmeH pabOTHI 3aKIIOYAETCSI B TOM, YTOOBI
MOKa3aTh, KaK MOXHO TIOBBICUTH 3KOHOMHYECKYIO 3()(EKTHBHOCTD
(YHKIIMOHUPOBAHUS PeaibHON aBTOTPAaHCIIOPTHOW CETH MEPEBO30K 3a CYET
MaTeMaTHYeCKOTO0 MOJCTUPOBAHUA M ONTHMH3ALUU €€ CTPYKTYpbl |
MIPOIIECCOB 00PabOTKH U pacmpeaeieHus] TOTOKOB IPY30B.

MonenupoBaHHu€e BBITOJHSACTCA C TOMOIIBI0O KOMIBIOTEPHBIX MPOTPaMM
[4, 5], KOTOpBIE BXOIAT B COCTaB HHCTPYMEHTAJIBHBIX MPOTPAaMMHBIX CPEACTB
nH(pOpPMAMOHHO-aHAIUTHYECKOW CHCTEMBI ITOJUIEPXKKH TPHHSATHS PELIeHUH
(MAC TIIIIP), paspabareiBaeMoii B MHCTHTYTE TENIEKOMMYHHKAUH U
rinobanpHOr0 MH(popMaroHHoro npoctpanctea HAH Ykpaunst.
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QUALITY ASSESSMENT OF AIRCRAFT GLIDE PATH ENTRANCE
Ph.D. Hryshchenko Y.V., Ph.D. Romanenko V.G., Ph.D. Zaliskyi M.Yu.

Annomayua. B ctarbe mpeanaraeTcs METOJ aHAM3a M OLIEHKH KauecTBa BXoJa
B TJHCCaXy B TPEXMEPHBIX KOOpIHMHATAaX. PaccMOTpeH BOMpPOC HPOTHO3UPOBAHUS
TpaHMIl BXOJa B TIIMCCAIY IO aBTOKOPPEISIIMOHHOW (DYHKIWU NPU Pa3HOU CIIOKHOCTH
noJieta. KauecTBo mocaiku 3aBUCUT OT TOYHOCTH BBITNIOJIHGHHUS BCEX ITAIOB 3aX0ja Ha
nocanaky. IlodToMy  BHeApeHHE MNPEAJIOKEHHBIX  METOAOB C  JajbHEHIICH

248



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«IH@OPMAHPIHI VIIPABJISIOUI CUCTEMU I TEXHOJIOI Ti»
24-26 Bepecus 2020 p., m. Ozeca

aBTOMaTH3alMel NpegynpexaeHus: o0 yXyALIEHMM KadecTBa BXoJa B TIIHCCAmy
MIpe/roNaraeT MoBhIIIeHHE 6€30ITaCHOCTH TOJIETOB.

Kniouesvle cnoea: aMIumTyga mapaMeTpoB, TIHCCAja, TPAeKTOpHs IOJeTa,
4eoBedecKui (akTop.

Abstract. The article proposes a method for analyzing and assessment of aircraft
glide path in three-dimensional coordinates. The issues of prediction of glide path
boundaries by autocorrelation function at different flight complexity have been
considered. The landing quality depends on accuracy execution of all stages of land
approach. Therefore the proposed methods introduction with further warning
automation on deterioration of glide path entrance supposes flying safety benefits.

Keywords: flight trajectory, glide path, human factor, parameters amplitude.

CoBpeMEHHBIC CHUCTEMBI aBTOMATHYCCKOTO VIIPABJICHUS IO3BOJSIOT
pa3rpy3uTh OT PYTHUHHBIX JCHCTBUI O3KHIAX M KAYCCTBEHHO BBIMOJIHSAThH
MOJICTHI B YCIIOBHSAX IJIOXOH BHIUMOCTH.

OpHako, Ha ONpENETICHHBIX JdTalax IoJIeTa MPUXOTUTCS MMEePEeXOJUTh Ha
IUPEKTOPHBIA PEXUM YIPABICHHUS CAaMOJETOM. Takke JUPEKTOPHOMY
PEXUMY MIOTHPOBAHUS OTAAIOT MPEATIOYTEHHS TPH BOSHUKHOBEHUH OCOOBIX
CITy4aeB ToJIeTa.

Kak MIPaBHIIO, OHU XapaKTepU3yIOTCS TOBBIIIEHHOM
MICUXO(HU3HONIOTHICCKON HAMpPsDKCHHOCTRIO IMHJIOTAa, YTO B OONBIIMHCTBE
Clly4aeB HETaTHBHO CKa3bIBACTCS HA KA4eCTBE TEXHUKH MHIOTHPOBAHUS
BO3YIIHBIM CYTHOM.

C ToukM 3peHusi OE30MACHOCTH IOJIETOB OCOOBIN MHTEpEC MPEACTaBISET
9Tam 3ax0jia Ha TOCaJKy caMoJieTa, TaK KaK OH SIBJISIETCS HanOoJiee OMacHbBIM.
OH HayWHaeTCsl ¢ BXOJa caMoJieTa B PaioH a’dpoapoMa M MPEArocagouyHOro
MaHEBPUPOBAHUSI.

HMeHHO OT HUX 3aBHCUT JanbHEeHUIUi ycnex nojueta. [loaToMy kauecTBo
3axoJla Ha TOCAAKY (MpHU3EMIICHHE) 3aBUCHT OT CBOCBPEMCHHOIO BXOJa B
TIIICCATy U NANTBHEHINETO BRICPKUBAHMS €€ TPACKTOPHUH.

I'panunbl ramccaabl periaMEeHTHPOBAHBI OTPAHHYCHHUSMHU IO BHICOTE H
Kypcy, HO B OCOOBIX CIy4asX IIOJICTa MHJIOTHl MOTYT HE BBIICPKAThH
He0OX0oIMMBIE TpaeKTopHuH mosera [1].

BepostHOcTHBIE TpaHWIBI BXOJa B TJHCCANy MOJACIHPYIOTCS IO
KOPPENAHOHHBIM (PYHKITUSIM IapaMeTpOB IOJIETa.

HanpsokeHHOCTE  WelloBeKa-omepaTopa  MOXHO — ONPEICTUTh IO
aBTOKOPPEILIMUOHHON (PYHKIIMM yTiia KpeHa win TaHTaxa. LlemecoobOpasHo
9TO0 oToOpakaTb Ha WH()OPMAIIMOHHONH MOJAETH CEHCOMOTOPHOTO OIS
mutota. KoHeyHO, TYT He00X0AUMO YUYUTHIBATH BIMSIHUE [TOTOIHBIX YCIOBHIL.
KowMmIiekcHple  TpeHakepbl camojieTa TO3BOJSIIOT — YIOPOCTUTH — 3ajady
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AHTUCTPECCOBOM IMOJATOTOBKHM JKHIAXeH MPH BXOJAE B TJIHCCaay B OCOOBIX
ciyyasix mojiera. Kpome Toro, HeoOXoanma TeopeTHdecKas I0JroTOBKa
9KHUIIaXKa B JAHHOM HAIPaBJICHUU.

B mpencrasnenHo paboTe ObLIM ONpPEeIeHbl BEPOSITHOCTHBIC TPAHUIIBI
BXOJla caMolieTa B rimccany. OHHM MPEICTaBISIOT CO00H (YHKIMOHAIBHYIO
3aBHCHUMOCTbH B BHJIC djutuncouna (puc. 1).

Kak moka3pIBaeT ONBIT JICTHOW IKCILTyaTaIllH, BEPOSTHOCTHBIC TPAHUIIBI
BXOJla CaMoOJieTa B TJIMCCAJy MOTYT OBITh TOJIC3HBI JUIS OIICHKH KadecTBa
TEXHUKH MHJIOTHPOBAHHUS.

Jjist 3TOro OCTaTOYHO MMETh KOOPIUHATHI CAMOJIETa OMPEIelIsIOIIUe
€ro MOJIOKEHUE B TPEXMEPHOM MPOCTPAHCTRE.

Mo HUM, BO3MOXXHO, BBIYHCIHTH BEPOSITHOCTH HETOYHOTO BXOJa B
TIHCCay.

0 L X

Puc. 1 - I'paghux 3aeucumocmu f (x, y, z), 20e napamemst USMEHIIOMCS 8
npedenax y = 92-1450 m (6erununa coguea mpaekmopuu no KOOPOUHAMam),
x=y=-300+300 m, z=-46+46 m.
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reference, USA, 2019.—P. 372-403.
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VIIK 004

YUYET TEXHUYECKOI'O 1 YEJIOBEUECKOI'O ®PAKTOPOB B
MATEMATHUYECKOU MOJEJIU ITPUHSITUSA
YIPABJEHUYECKHUX PEIIEHUI
J.T.1H. Bypaio B.I. 1[0000-0001-7603-9786] payep M. 210000-0002-0338-3049]
E-mail: "burlovwg@mail.ru, > mig2500@mail.ru

ACCOUNTING OF TECHNICAL AND HUMAN FACTORS IN THE
MATHEMATICAL MODEL OF ADMINISTRATION OF
MANAGEMENT DECISIONS
Dr.Sci. Burlov, V. G., Grachev M. 1.

Annomayua. B pabote paccMaTpuBaeTCsl MaTeMaTH4ecKas MOJETb NPUHATHS
YIPaBIEHUECKOTO PEHICHHS JUIOM NPUHAMAIOLMINM PEIICHUs] C YyUeTOM CTEHEHH €ro
IIOJIrOTOBJICHHOCTY K BO3HUKAIOIIUM yrpo3aM U HUMEIOLIEroCcs y HEro TEXHUYECKOro
000py10BaHMST KOTOPOE MOYKHO 3aJIeHCTBOBATh I PEIICHUS JTAHHOH 3a/1a49u.

Knrwowuesvie cnoga: MateMaTuueckas MoOJeNb, YIPABIEHUECKOE PELICHUE, JHULO
NIPUHMAMAIOIIEE peIIeHHe, TEeXHWYeCKui QakTop, KBaIM(UKALWS, YeIOBEUECKUit

¢axTop.

Abstract. The paper considers a mathematical model of managerial decision-
making by the decision maker taking into account the degree of his preparedness for
emerging threats and his technical equipment that can be used to solve this problem.

Keywords: mathematical model, managerial decision, decision maker, technical
factor, qualification, human factor.

PaccmarpuBaemasi MaTeMaTHUYECKash MOJICIb MO3BOJIMT pa3padaThiBaTh U
NMPpUHUMATL YHOPaBJIICHYCCKUE PCUICHUA B CIOKHUBIIEHCS CUTyalluu ¢ Y4€TOM
HUCIIOJIB30BAaHUA KaK I[OCTI/I)KCHI/Iﬁ COBPEMECHHBIX TEXHUYCCKUX CPEACTB, TaK U
MepCoHaNa, 3aICHCTBOBAHHOTO B pemeHHH mpoOieMbl. COOTBETCTBEHHO,
BaXHBIM (DAaKTOPOM SIBIIICTCSI YPOBEHD TEXHHUYECKUX CPEICTB, UCIIOIB3YEMBIX
JUIS  PEUICHUS BO3HUKAFOIEH mpoOIeMbl, a TaKXe ypOBCHb
TOTOBHOCTH TIEPCOHAJNIA, & IMEHHO YPOBEHB €T0 MOJATOTOBKU B CIIOXKHBIICHCS
cutyarmu. CHHTE3WpOBaHA MaTeMaTHUYECKas MOJEIb YIPaBICHYCCKOTO
peIIeHNs pYKOBOAUTEIS OPTaHU3AIMH, TO3BOJISIOIIAS JOCTHYD TTOCTABICHHOMN
LIEJIA YOPABICHUS C YIETOM MMEIOIIUXCS JTIOJICKUX M TEXHHYECKUX PECYPCOB.
OOpamaeTcsi BHAUMaHHE Ha BO3MOXHOCTh PACIO3HABAHWUA W BBIPAOOTKH
YIIPaBIEHYECKOTO PpEIICHUs] B COOTBETCTBUU C JaJbHEHIIEW JOrukoit
MIPOTHBOACUCTBHS M, KaK CIEICTBHE, YCTPAHCHH BOSHUKAIOUINX TPYIHOCTEH.
[lepexoaHbIe COCTOSHHUA CUCTEMBI B YETHIPEX OCHOBHBIX 0a30BBIX COCTOSHHAX
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MOJy4aloTcsl TOJl BO3JCHCTBHEM pa3HOW WHTEHCHUBHOCTH BO3ICHCTBHUS B
JAHHBIH MOMEHT BpEMEHH. ['OTOBHOCTb NPOTHBOCTOSTH BO3HHKAIOLIUM
yIrpo3aM SKOHOMHT BPEMEHHBII pecypc U mepepaclpeiesiieT ero Ha Jpyrue
NOBCEAHEBHbIE 3anauyd. lloiydeHHbIE pe3ynbTaTbl IMO3BOJIAIOT IIPUMEHATH
NOJIyYCHHYI0 MaTEeMaTHUYECKyH0 MOJEIb B  COLUAIBHO-IKOHOMUYECKUX
CHUCTEMaX, a TaK)Ke penIaTth 0OpaTHyIo 3a/auy B yIpPaBICHUH.

[TosToMy TexHoOJOTHEH ympaBieHHUs sBisercs npeobpazosanue JIITP
MOJYyYEHHBIX HMH(OPMALMOHHBIX JAaHHBIX ¥ HMMEIOIIUXCS PECypcoB B
HHTEpECaxX MJOCTIKCHHS IIOCTABICHHOW LENM YNPaBICHUS B YCIOBHAX
HMEIOIIUXCA y HEro anmnapaTHO-NPOrpaMMHBIX CpPEACTB M IEpcoHaa
3a[€IICTBOBAHHOrO Il BBINOJNHEHUs 3anad. llodydeHHas aHalIuTH4YECKas
JMHaAMHUYecKas (MaTeMaTHYecKas) MOJIeIb yIIPaBIICHHUs TO3BOJISET:

1. YcraHaBnMBaTh B3aMMOJEHCTBHE MEXIY MOJIPA3IENECHUSIMH TPYIIIIBI
MOHHUTOPHHIA M IIOAPA3JCICHUSIMH TpPYyNIbl pa3paboTKH M peann3alin
IIPOrPaMM U IUIAHOB AEATEIbHOCTU CUCTEMBI YIIPaBICHHUS.

2. OuenuBath 3PPEKTUBHOCTD JEATEIHHOCTH IMOAPA3IEICHUN CHUCTEMBI
YIIPABJICHUS OPTaHU3ALMH.

3. [lpurumats ynpasiendeckue pemerus JIIIP mius moctmxeHus menei
YIIPaBJICHUS.
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VIIK 658.01

MOJEJIb I[BYX(I)A3HOI7'I CUCTEMBI YIIPABJIEHUA
MNPOU3BOACTBEHHbBIMHU
MHOI'OHOMEHKJIATYPHBIMMU 3AIIACAMHA
CO CJYYAMHBIM BXOJ10M
ﬂﬁ.H. IMocran M.S. [0000- 0003- 4891- 3063]

E-mail: postan@ukr.net

MODEL OF TWO-PHASE MULTI-NOMENCLATURE
PRODUCTION/STORAGE SYSTEM WITH RANDOM INPUT
Dr. (Econ.) Postan M.Ya.

Annomayusa. IlpuBeneHa MareMaTHUecKas MOJENb HPEANPUATHA,

MPOU3BOAALIETO HECKOJIBKO TUIIOB KOHEYHOU MPOAYKIMU U3 CBHIPbs OJHOTO BHUJA.
Takass TpPOHM3BOJCTBCHHAs CHCTEMa HHTEPIPETHPYETCS Kak JByX(asHas cucrema
XPaHCHUS 3aI1acoB CO CIIYYailHBIM BXOJHBIM IIOTOKOM CBIPbS, KOTOPBIH OMUCHIBACTCS
mporieccoM JIeBU ¢ HEYOBIBAIONIMMHU TPACKTOPHAMH U HYJICBBIM CHOCOM. [lepBas daza
CHUCTEMBl COCTOUT W3 CKIaga Ui XpaHEHWs ChIpbs, a Bropas (a3a — wu3
MIPOU3BOJCTBEHHOTO O0OpPYIOBaHHS M HECKOJBKHX MapajuIeNbHO PacIOOKEHHBIX
CKJIaJOB JJIsI XpaHEHUS TOTOBOW MPOMYKIWH KaxIoro Buaa. [Ipom3BOIUTENEHOCTH
nepepaboTKH CHIPhSl B TOTOBYIO MPOAYKIHIO TPEANOJIATAeTCs IMOCTOSHHOM I
KaXIIOTO BUAa TPONYKIWH, TaK K€ KaK W HMHTCHCUBHOCTh BBIBO3a T'OTOBOI
MPOIYKIMU cO ckiajga. HalineHo B 3aMKHyTOH (opMe COBMECTHOE pacipejeieHHe
YpOBHEH 3amacoB KaXXJOro BHAa TOTOBOM MPOAYKIHMH U CHIPbS Ha CKJIagax B
TepMHuHax npeobpazoBanus Jlamiaca-Ctuntbeca. ChopMmynupoBaHa 1 pelnieHa 3axada
OTIpENIeNICHHs] ONTUMAITBHBIX 3HAYCHHH MHTCHCHUBHOCTEH BBIBO3a FOTOBOM MPOIYKIIUH
KaXIOTO BUJIa CO CKJIaJa B YCTAHOBHMBIIEMCS PSIKUME PAOOTHI CHCTEMBI.

Knrwuesvie cnoea: nByxda3Has TIPOU3BOJICTBEHHAs CHCTEMa, CKJIaJbl,
CITydaifHBI Tpolece MOTOIHEHUE ChIPhs, mporecc JIeBH, HECKOIBKO BHIOB TOTOBOI
MPOAYKIMH, WHTCHCHBHOCTh NPOM3BOJACTBA, HMHTCHCUBHOCTH BBIBO3a T'OTOBOM
MIPOAYKIMH, YPOBHH 3aI1aCOB, BEPOSTHOCTHOE pacTpeieliCHHE.

Abstract. The mathematical model of a manufacturing system with several
kinds of final product and one kind of raw materials is under consideration. This
production system is interpreted as two-phase storage system with random input flow
of raw materials which is described by the Levy process with non-decreasing
sample paths and zero drift. The first phase consists of one warehouse for raw
materials storage and second one consists of industrial equipment and several
parallel warehouses for final products storage. The production rates and rates of
products removal from warehouses are constant. The joint distribution of storage
levels of raw materials and any kind of final product at warehouses is found in
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closed form (in the terms of Laplace-Stieltjes transform). The problem of optimal
values of products consumption rates is formulated and solved.

Keywords: Two-phase manufacturing system, random input of raw materials,
Levy process, several kinds of final products, set of warchouses, production
rates, rates of final product removal, storage levels, probabilistic distribution.

B noknane wucciaegyercs NpoU3BOACTBEHHAs] CUCTEMA, NPEACTaBICHHAS
B BHZE /ABYX(a3HOH CHCTEMBI XpaHEHUs 3al1acOB COOTBETCTBEHHO CHIPbS H
MIPOM3BOAMMOM M3 HEr0 TOTOBOM MHPOAYKIMH, pabOTAarOIIyl0 B YCIIOBHSIX
HEPaBHOMEPHOTO TIOTIOMHEHUS CBIPbS. OJTOT MOAXOZ OBUT MPEIJIOKEH B
paborax [1]-[4] mms MOINETUPOBaHWS W  HWCCICHOBAHHUA  CIOYKHBIX
JUHAMUYECKUX CHCTEM, paboTalomMX B YCIOBHAX HEOIPENCICHHOCTH H
pucka. IIpeamonaraercs, uyto mepBas (paza CHCTEMBI COCTOHT M3 OJHOTO
CKJIaJa I7sl XpaHEHHS CBIPbsl, IPUYEM ChIPbe MOCTYNAeT Ha M mHapasiebHbIX
TEXHOJIOTUYECKUX JIMHUM JJIs IPOU3BOJCTBA FOTOBOM NpoayKuuu M BUIOB.
Co cxJiazia CeIpbe Ha m-10 JIMHUIO TTOCTYTAeT C HHTEHCUBHOCTBIO W), U ¢ 3TOH
€ MHTEHCUBHOCTHIO MTPOU3BOAUTCSA TOTOBAs MPOAYKIHSA m-TO BUAA, KOTOpast
c  JTOH XKe MHTEHCUBHOCTBIO  TIOCTyNaeT Ha ckiaj (Bropas ¢asza

xpanenus). Ilpexnonaraercsi, uro ¢ unrencusHocrso Uy, Uy <Wy,
roToBas MPOAYKIHMsS M-TO BHAA BBIBOUTCS CO CKIaja, T.€. BHIBOSHTCA €€
norpeburenem. Bemnmumna Uy, Moxer ObITh MHTEPIPETHPOBAHA Kak

WHTEHCUBHOCTh JIOCTaBKU MOTPEOUTENIO MPOLYKIUU m-TO Buaa. Kak TOIbKO
3arachel CHIPhs Ha CKIIa/Ie 3aKaHIMBAIOTCS, IPOU3BOICTBO TOTOBOM MPOIYKIIUU
Ha BCEeX JIMHMAX OCTaHaBIHMBaeTCs. lIpearmomaraercst Takke, 9TO BCE CKIIAIbI
JOCTAaTOYHO BEJHKH, T.€. MpeHeOperacM BO3MOXKHOCTHIO  BO3HHKHOBEHHUS
nedunuTa CBOOOAHON CKIaACKOW BMECTHMOCTH. CUHMTaeM, YTO BXOISIIUI
IOTOK CBIPhsI OMHUCHIBACTCA CIy4alHBIM Tmporeccom JleBm X(f) ¢
HEOTPHUIATEIbHBIMH TPACKTOPUSAMHU U HyJIeBbIM cHOocoM [1], mpudem X(0) = 0.
B nanHoM ciydae X(f) MMeeT CMBICI CYMMapHOTO KOJIMYECTBAa ChIPHS,
mocTynuBIIero Ha ckiaja B uaTepnaie (0,f]. Kak n3sectHo [1],

EeSX () _ o~ q)(s)t,Re s>0, (1)

rae (D(S) — KyMynsHTa Tnpouecca X(f). Hampumep, mia cioxxHOro

ITyacCOHOBCKOTO Tporecca (compound Poisson process)

@(s) = A(1=f(s)),
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rac 2« €CTb MHTCHCUBHOCTHL ITYAaCCOHOBCKOI'O IMOTOKa OTACJIbHBIX HapTI/Iﬁ

o0
ChIpA; f3(s) = j e s t dB(x),B(x) ectb ¢dyukmus pacnpenenenus (§.p,)
0

CIy4yailHOro pasMepa MPOU3BOJBHOW MApTHUU MOCTABIISIEMOTO ChIpbi. B aTOM
ciydqae mpomecc X(f)  MOXET WMETh CIEAYIOMIYI0 (JIOTHCTHYECKYIO»
HMHTEPIIPETALMIO: YEPE3 CIIyUalHbIil HHTEpBaAJI BPEMEHHM, PACIIPEAEIECHHBIN 110
SKCHOHEHIMAIEHOMY 3aKOHY CO CpPEeIHNM 1/ ﬂ,, MPEANpUSITHE TOTydaeT
3aKa3 CO CTOPOHBI PHIHKA HAa MPOM3BOJCTBO CIyYaifHOrO 00BhEMa TOTOBOM
npoaykiuu ¢ ¢.p. B(x).

O603HaunM uepes3 cfl (¢) ypoBenb 3amaca ChIpbsl Ha CKJIajie B MOMEHT

BpEMEHH { , a uepe3 §2m () ypoBens 3amaca roTOBOH MPOXYKIMH 11-TO

BUIA Ha CKJIazie B MOMEHT t. Ilycth BEJIMYMUHEI

= HCOTPHULIATCIILHBI. CornacHo TMPUHATHIM
§1(O),§2m 0),m=12,...,.M, P p
JAOINYHICHUAM Cly4aiHbie IIPOLECCChI

YIOBJICTBOPSIIOT ~ CIEAYIOIICH CHCTeMe HMHTErpajbHBIX ypaBHEHHH (C
BEPOSATHOCTHIO 1)

£(0)=£,(0)+ X(O) - W (e~ 1, (1), @
£ O=5, O+W, (~1,)-U, (-1, @) ()
m=1LM,

rae

t t
L= (I)u(f(f))deZm ()= (I)u(cfl (@u(s,, (2)dr,m=1,M;

M
u(z)=0,eciu z>0,u(0)=LW= 3> Wm'
m=1
3aMeTI/IM, qTO = €CTh JJIMTCIIBHOCTH BPECMCHU, B
1.1, (,m=1,M, p

TEUYCHHUEC KOTOPOro CkKjIaabl OCTAOTCA IMMYCTbIMU B HMHTEPBAJIC BPCMCHU

(0,). Venosus Wy, >Up,m=1,M,  sensores neobXomnuMbiMu s

n30eraHus TPUBUAJIBHBIX CI/ITyaHI/II;‘I.
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C nomomipio cooTHOMIeHnH (2),(3) HaiieHo B SBHOM BHIE (B TEPMHUHAX
npeobpazoBanus  Jlammaca-Ctuntbeca) COBMECTHOE  pacmpe/elicHre

TIPOIECCOB ézl ®),¢ 71 (0),..., §2 M (¢) . ina ycranosuBIerocst peskuma

(mpu ¢ —> ©) chopMmyrupoBaHa H pelIeHa 3amgada  ONpPEHACICHHS

ONTHUMANbHBIX 3HAYEHUH BeMHYMH [/ mm= LM, MUHUMHU3HUPYIOIINX

CyYMMapHbI€ CPEIHHC 3aTpaTbl B €AUWHUIY BPEMCHHU I'a XpPaHCHHC TrOTOBOI
MPOAYKIIUU U €€ NJOCTABKY B IIYHKTBHI HA3HAYCHUA.
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STATISTICAL PROCESSING METHODS OF
RHYTHMOCARDIOSIGNAL WITH INCREASED RESOLUTION

Dr.Sci. Lytvynenko 1., Dr.Sci. Lupenko S., Sc.D. Kharchenko V.,
Ph.D. Horkunenko A., Zozulya A.
E-mail: iaroslav.lytvynenko@gmail.com, v.kharchenko@csn.khai.edu
horkunenkoab@tdmu.edu.ua

Abstract. The paper is devoted to statistical methods estimation of probabilistic
characteristics of rhythmocardiosignal with increased resolution on the basis of its
model in the form of a vector of stationary and stationary related random processes.
The hypothesis about the normality of the law of components distribution of the
rhythmocardiosignal with increased resolution is confirmed. It was made a
decomposition of the statistical estimates of autocorrelation and intercorrelation
functions allowed to obtain spectral and inter-spectral power density of vector
components, that allowed to reduce the space dimension of diagnostic features in heart
rate analysis systems based on rhythmocardiosignals with increased resolution.
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Keywords: methods of statistical estimation, probabilistic characteristics, vector
of stationary and stationary-related random sequences, electrocardiogram,
rhythmocardiosignal, heart rate.

Automated heart rhythm analysis systems make it possible to evaluate
both the state of the cardiovascular system and the state of the adaptive
capacity of the human body as a whole. Most modern heart rate analysis
systems are based on the use of stochastic mathematical models of
rhythmocardiosignal and methods of its statistical analysis by
rhythmocardiogram, which is an ordered set of durations of R-R intervals in a
registered electrocardiosignal [1,2]. However, this approach makes it
impossible to detect subtle, more detailed features of the heart rhythm, since
RR intervals reflect only the change in the duration of the cardiac cycles, and
not the whole totality of time intervals between single-phase values of the
electrocardiosignal, which makes it impossible to describe the rhythm of
hearts in full. In papers [3,4], the use of a random variable vector as a
mathematical model of rhythmocardiosignal with increased resolution is
substantiated. However, this model is a relatively poor mathematical model of
rhythmocardiosignal with increased resolution, since it does not allow to study
its time dynamics. To take into account the time dynamics of
rhythmocardiosignal with increased resolution, it is necessary to use a
mathematical apparatus of the theory of random processes, that is, to consider
it as a vector of discrete-time random processes. In this paper, we develop
methods for the statistical estimation of the probabilistic characteristics of a
rhythmocardiogram with high resolution based on its model in the form of a
vector of stationary and stationary related random sequences. The statistical
estimation methods of probabilistic characteristics of rhythmocardiosignal
with increased resolution on the basis of model in the form of a vector of
stationary and stationary related random sequences are developed in the paper.
Conducted statistical experiments confirmed the hypothesis for the normality
of distribution law of components of the vector rhythmocardiosignal. The
conducted decomposition of statistical estimates of autocorrelation and cross-
correlation functions made it possible to obtain spectral and cross-spectral
power densities of the vector components, which allowed reducing the
diagnostic features dimension space in cardiac rhythm analysis systems
according to the rhythmocardiosignals with increased resolution. The
developed statistical methods can be used in developing of specialized
software in automated cardio-diagnostic complexes, in particular, rhythm
analysis subsystems.
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KOMIIBIOTEPHOE MOJEJIMPOBAHUE OKCIIIYATAIIMOHHBIX
CBOUCTB MOAN®UIITUPOBAHHBIX PACTBOPOB.
K.T.H. Fpnumn C.I/I.[0000'0002'1933'9552]
n.17.0. HInakesny E.C.
E-mail: Grishin_si@ukr.net

COMPUTER SIMULATION OF OPERATIONAL PROPERTIES OF
MODIFIED SOLUTIONS.
Ph.D. Grishin S.I., Dr.Sci. Shinkevich E.S.

Annomauyusa. Pa3zpaboTaH apXWUTEKTYypHBIH MIA0IOH CHCTEMBI KOMITBIOTEPHOTO
MOJICIMPOBAHUSL  CBOMCTB  MEJKO3CPHHUCTBIX ~ OCTOHOB  MOJIM(YHKIHOHAIBHOTO
HazHa4yeHus. [IpakTHYeCKUue pe3ybTaThl, ONYyYCHHBIC aBTOPAMH, 00CCICYNBAIOT KaK
MOBBILICHHBIC 110 CPABHEHHIO C HOPMATHPOBAHHBIMH, TaK U BHICOKHE JONOJIHUTEIIHBIC
[OKa3aTeNy KauyecTBa.

Kniouesvie cnosa: TOHKOJIMCIIEPCHbIC HAIOJHUTEIH, aKTHUBALUS,
MAaTEMaTHYCCKHUE MOJCIIM, OTITUMHU3AlM, XpaHWINIIA JaHHBIX.

Abstract. The architectural pattern of the system for computer modeling the
properties of fine-grained multifunctional concrete has been developed. Practical
results obtained by the authors provide the required and additional quality indicators,
increase the physical and mechanical properties of fine-grained solutions, increase
productivity.
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Keywords: fine fillers, activation, mathematical models, optimization, data
warehouse.

BbrIcokas cTeneHp BIUSIHNS KOIWYECTBEHHOTO COCTaBa MEIKO3EPHUCTBIX
0eTOHOB  MONM(YHKIMOHAIBHOTO  HAa3HAUYCHWs HAa  HMX  CBOMWCTBa
MpeAoNpeesieT aKTyaJlbHOCTh KOMITBIOTEPHOTO MOJIETIMPOBAHUS C IIEJIBIO
IIOJIy4E€HHsl TIPOTHO3a CBOWMCTB 3aJaHHOM cMmecu. B Hacrosiee Bpems
npeoOyialaeT  AMIHMPUYECKUH  MOAXOJ K  MOJCIHMPOBAHHIO  (PH3HMKO-
MEXaHUYECKUX u CTPOUTEIBHO-IKCILITYaTal[HOHHBIX CBOWCTB c
MHUHEpaIbHBIMH J00aBKkaMu. OH XapaKTepH3yeTcsl CICAYIOIUMH dTallaMu:

- HakoruleHne WH(MoOpMamuu 00 HCCIeTyeMOM OOBeKTe myTeM
MIPOBEJICHUSI KCTIEPUMEHTOB;

- MNCpBHUYHAsA CUCTEMATU3alMsd MOaHHBIX B BHUJC Ta6J'II/IH u Fpa(bI/IKOB,
COCTaBIISIFOIIMX HHPOPMAIIMOHHO-3MINPHUYECKYIO MOJIENb 00BEKTa;

- 00paboTKa 3THX HAHHBIX METOJaMH MaTeMaTHYeCKOW CTAaTHCTHKH,
TIO3BOJISIOIIAST BBUSIBIISITH CKPBHITHIE B3aUMOCBS3M M 3aKOHOMEPHOCTH MEXIY
CTaTUCTUYECKUMU NTEPEMEHHBIMH.

B KkawyecTBe CpencTB peanM3alMM  MOJENM OOBIYHO HCIONB3YIOT
MaTEMAaTHYECKHE JTNOO0 CTATUCTHUYECKHUE MpOTrpaMMHBIC ITAKCThI. B otinune ot
nHPOPMALMOHHBIX CHCTEM OSTH NPOTPAMMHBIE CPEICTBAa OTPAHHUYEHBl B
BO3MOXXHOCTAX XpaHCHUA UCXOOHBIX JAaHHBIX U PE3YJIbTATOB MOACINPOBAHUA.
Opranuzanus HHGOPMAITMOHHOTO O0ecTiedeHusT Ipu paboTe ¢ HUMH TpedyeT
JIOTIOTHUTENBHBIX YCHIMH M0 MHTETPALUK ¢ XPAaHWIHIIEM JAHHBIX — HMIIOPTa
JAHHBIX B TIPOTPAMMHBIM MaKeT, aHali3a MaHHBIX CPEJCTBAMH MaKeTa,
9KCIIOpTa PE3yJIbTaTOB aHaiu3a B XpaHwmume. C Apyroil CTOPOHSI,
MONYJIAPHBIE cepBepbl 0a3 JaHHBIX JIABHO MMEIOT B CBOEM COCTaBE CIY KOBI
aHaJgM3a JaHHBIX M THUIOBBIC AITOPUTMBI CTaTUCTUYECKOH 0OpabOTKH H
HEHpOCETEeBOr0 MOJIETMPOBAHMSI.

Wndopmannonnas MOJIENTh OLAP-cucremsl KOMITBIOTEPHOTO
MaTeprualoOBCACHUSA C O,HHOﬁ CTOPOHBI OTJIMYACTCA O6HeF‘IeHHblM COCTaBOM
AHHBIX, @ C JAPYTOH CTOPOHBI HETHUIHYHOH JUII THUIEPKyOa CTPYKTYpOH.
ITosToMy mcnonb30BaHue OoJiee THOKOH PENSIIMOHHON 0a3bl JaHHBIX SABISIETCS
MIPEATIOYTUTEBHBIM.

B BBIOpaHOli HAMM MOJIENIM B Ka4eCTBE M3MEPEHUM IPHHATH MaTEpPHaIIbI
100aBOK, COCTaB PacTBOPHOH CMECH, BECOBOE COJICp KaHMs T00aBKH B CMECH,
IIPUMEHEHNE BBICOKOCKOPOCTHBIX CMECHTENeH-aKTUBAaTOpoB. B kauecTBe mMep
wi  (GaKTOB HCIIOJNBb30BAaHBI CBOMCTBA KOMIIO3HTOB —  IIPOYHOCTS,
WHTEHCUBHOCTh HAIPSDKCHUH, TEIUIONPOBOJHOCTb, BOJOCTOHKOCTH. Jliis
TIOBBIIICHUsT WH(MOPMATHBHOCTH IIPWIOKEHHS B CTPYKTYPY XpaHMJIHIIA
BKIIIOUCHBI TIepedyeHb (YHKIMH MaTrepHasoB J00aBOK W CCHUIKM Ha
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OnyOJIMKOBAaHHBIE dKCIIEpUMEHTaJIbHBIE pPe3yabTaThl. Ha OCHOBE pe3ysbTaToB
SKCIIEPUMEHTOB u KOMIIBIOTEPHOTO MOJICTUPOBAHUS MPOBECH
CpaBHUTENbHBIM aHajdM3 W3MEHEHHUS CBOMICTB aKTHUBUPOBAaHHBIX U HE
AKTUBHPOBAHHBIX CMECEH W MEIIKO3EPHUCTHIX OCTOHOB HAa WX OCHOBE B
3aBUCUMOCTH OT pa3HOM YJNIEIbHOM TOBEPXHOCTH: TOHKOJUCIECPHBIX
HaMoJIHUTENICH: Tpenena WK Mecka, OT COAEepX aHHs MHUKPOHAIOJHUTENEH:
BBICOKOAKTUBHOI'O METaKaoJIMHA, BOJUIACTOHUTA M BOAOPENYLMpYIOLIEH
nobaeku-cynepmiactupukatopa C-3 wmun Melflux. Tlokaszano, uyto mpu
IepexoAe Ha Jpyrod BHJ HANOJHUTENSA, JaXE TAaKOro € XUMUYECKOTO
COCTaBa ONTHUMAJIbHbIE JO3UPOBKM BCEX KOMIIOHEHTOB M HX COOTHOILIECHHE
HE00X0AUMO KOppekTupoBath. [Ipu mepexoe Ha Ipyroil BUI MPUTOTOBICHHS
cMecel COOTHOIIICHHE KOMIIOHEHTOB TakK)Ke N3MCHSIETCS.

Teopernueckn 00OCHOBaHa W  HKCHCPUMEHTANBFHO ITOATBEPKACHA
3¢ PEKTHBHOCTD COBMECTHOT'O HCIIOJIb30BaHUS TOHKOJAHUCTIEPCHBIX
HAIOJIHUTENICH 3aMaHHOW TUCIEPCHOCTH, cymnepiuiacTudukaropa C-3 wiu
Melflux, BBICOKOAKTHBHOTO METaKaOJHWHA COBMECTHO C BOJJIACTOHHTOM B
cocTaBe  cMecedl  JuIs  MEJKO3EPHHCTHIX  OETOHOB B KavecTBe
oM YHKIIMOHAIBHBIX MOAU(HUKATOPOB.

YK 004.67:517.547

NPOEKTUPOBAHUE B UHAE®OUHUTHO-METPUYECKOM
IMPOCTPAHCTBE B 3AJJAYAX OBPABOTKHA YNCJIEHHIX
JAHHBIX.

K.¢.-m.1., Kocenxo C.H. [0000-0002-7082-5644]

E-mail: skosenko218@gmail.com

PROJECTION IN UNDEFINED-METRIC SPACE WHEN
PROCESSING NUMERICAL DATA TASKS.
Ph.D. Kosenko S.I.

Annomayus. B Hambonee  BaXHBIX i1 NPWIOKEHUH  CIOydasx
(HEBBIPOXKIICHHOCTh WJIM IIOJIHAS HEOMPEJCICHHOCTh) PpE30JbBEHTHAS MaTpula
MHOKECTBA BCEX PEIICHHUIA MOXET ObITh BBIPAXKEHA UepPE3 OMepaTop NPOCKTHUPOBAHHKS B
UHIC(QUHUTHO-METPUYECKOM MHPOCTPAHCTBE HA MOANPOCTPAHCTBO, OIpEAeIsieMOe
3aaHHBIMH [IAPAMETPAMH 3a/1a4H.

Knwoueevle cnoea: mnpuwiansbie 3agaud  00pabOTKH YHCIICHHBIX JIaHHBIX;
JIUCKPETHAS 33a/1a4a TPOIOIDKCHUSL.

Annotation. In the most important cases for applications (nondegeneracy or total
uncertainty), the resolvent matrix of the set of all solutions can be expressed in terms of
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the projection operator in the indefinite-metric space onto the subspace determined by
the given problem parameters.

Keywords: applied problems of numerical data processing; discrete continuation
problem.

B HEKOTOpBIX MPHUKIAAHBIX 3aJa4ax OOpaOOTKH YHCICHHBIX JaHHBIX
(3amaum ympaBieHus, Teopus HHOOPMAIMH) W3ydaeMBIi  OOBEKT MOXKET
OBITH OmMCaH KaK CKallsipHasi, MaTpUYHAs WM OINepaTOpHas aHATUTHICCKAs
GyHKIHS.

Huckpernas 3amada mpopoimkeHus (3[1) cocTomT B BOCCTAaHOBICHUH
AHATTUTHICCKON (QYHKITUH IO OTPe3Ky psiga MakiiopeHa Win 1o ee 3HAYCHUIM
B HEKOTOPBIX TOYKAX — y3J1aX HHTESPIOIIAIIHH.

Marematnueckn 3II craHOBUTCS coaep)KaTelbHOM, eClM yKazaHa
001acTh aHAJMTUYHOCTH MCKOMOW (YHKIMH (Hanpumep, €AWHUYHBIH KpYT,
MOJYIUIOCKOCTh M T.I.) ¥ OHA YJIOBJIETBOPSIET HEKOTOPHIM JIOTIOIHUTEIbHBIM
YCIOBHAM (C)KMMAeMOCTh, HEOTPHUIATEIbHOCTh BEIIECTBEHHOHN YacTH U T.II.).
Krnaccuueckne muckpernsie 3I1 st ckamspHelx — QyHKUMi:  3aja4u
Heannmuunel-Iluka 11 GyHKOUU ¢ HEOTPHUIATEIFHOW MHHMOH YacThIO B
BepxHel momymmockoctw, llypa miss cxuMaromed QyHKINU B €OHHUIHOM
kpyre, Kapareomopm mms ¢(yHKIMH ¢ HEOTPHIATCIHFHOW BEIICCTBCHHOM
YacThI0 B MPABOH MONYIUIOCKOCTH. KOHTHHYalIbHBIM aHAJIOTOM JHUCKPETHBIX
31 sBisgercs 3agada MPOJOIDKCHHE HENPEPHIBHOH  MOJOXKHUTEIBHO-
onpeneneHHor (yHKIMH ¢ oTpe3ka. JanpHeimee o6oomenue 311 cocrout B
MIPOJIOJKCHAH  00OOIIEHHONW TOJIOKUTENBHO-ONPEACIICHHOW (YHKIIUU ¢
oTpeska [1].

B ciygae maTpuuHBIX U omepaTopHBIX 00o0meHni 311 BO3HMKAIOT T.H.
kacatenbHble 31, B KOTOPHIX 3alaHHBIE HapaMeTpsl ONpeeNeHBl YaCTUIHO
(HampuMep, B OTIEPAaTOPHOM CiIydae — Ha HEKOTOPBIX MOANPOCTPAHCTBAX), a
taxoke 311 s map GyHKIMH.

®dyHIaMeHTaIbHBIC Pe3yIbTaThl HccieqoBanus 311 moaydeHsl B paboTax
Kpeitna M.I'. u ero yueHHUKOB.

B HauboJsee BaXXHBIX Ul NPUIOKEHUH ciydasx (HEBBIPOXKICHHOCTh WM
MOJHAsl HEONPE/ICICHHOCTh) PEe30JIbBEHTHAsT MaTpHlla MHOXECTBa BcCeX
pemennii paccMoTpeHHBIX Bbiie 311 MoxkeT OBITh BhIpaKEHa Uepe3 ornepaTop
NPOCKTUPOBaHUS B  WHJAS(PUHUTHO-METPUYECKOM  IPOCTPAHCTBE  Ha
MOIPOCTPAHCTBO,  OMpeAesieMOoe  3aJaHHBIMH  ITapaMeTpaMd  3aJadu.
AHaNOTHYHBIe Pe3yibTaThl MoxydeHs! s 311 i map MaTpuil- ¥ omeparop-
GyHKIHH.
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JlutepaTtypa
1. S. Kosenko. Extensions of positive-definite distributions of special form. -
International Conference «Modern Analysis and Applicationsy (MAA—2007)
dedicated to the centenary of Mark Krein, Odessa, Ukraine, April 9-14, 2007, Book of
Abstract.— 74 p.

CHARACTERISTIC ANALYSIS OF DC AND AC FRACTIONAL
ORDER RL3Ca CIRCUITS FOR STABILITY CONTROL AND
PERFORMANCE OPTIMIZATION
Zhengmao Y ¢110000-0001-8897-574X]* Hang Yin1[0000-0002-4600-5881]
Wanjun Wang2[0000-0001-5605-8218], Shuju Baj!l0000-0002-2463-0328]
Habib Mohamadian[0000-0002-2099-2202] Fang Sup?10000-0002-0813-2046]
Adrian Qing Meng4[0000-0001-5419-710X]’ Yongmao Y &5[0000-0002-0925-4678]

E-mail: zhengmao_ye@subr.edu”, hang_yin@subr.edu,
shuju_bai@subr.edu, habib_mohamadian@subr.edu

Abstract. Fractional order calculus has traditionally been applied to the chaotic
theory and fractal analysis, which has also been gradually expanded to various
engineering fields such as mechatronics, dynamic control and secure communication.
Fractional order models provide extra degrees of freedom and flexible
parameterization.

Keywords: fractional differential, simulations.

The idea could be directly imposed on the fundamental RLC circuit
design. The fractional differential equation will be formulated for both
series and parallel fractional order RLgC, circuits. The behaviors of the DC
fractional order RLgC, circuits can be examined through the step responses for
stability analysis. [-V characteristics at the resonant frequency are critical in
analysis of AC fractional order RLC circuits, which has numerous applications
such as fractional-order filters and electromagnetics. Numerical simulations of
the fractional order RLgC, systems have been conducted. Various performance
comparisons are made to solve potential parametric optimization problems
among diverse combinations of the fractional orders a and . It shows that the
fractional order p has greater impact than fractional order a on characteristics
of series fractional order RLsC, circuits in general, no matter if the DC or AC
circuit is applied. The large pair of the fractional order a and P takes the
leading role in system stability, while the small pair of the fractional order o
and P has negative influence in the instantaneous input surge current at the
starting stage.
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BUBEJIEHHSI MATPHUIII )KOPCTKOCTI JIJISI TETPAITAJIBHOT'O
CKIHYEHOI'O EJIEMEHTA METOAOM MCCE
JlaBpuk B.B.! [0000-0002-6448-24701 1y 1y Tontenttor C.1.2 [0000-0001-7340-5947]
A.T.H. Mekyes B.L3 [0000-0002-9335-6131]
E-mail: 'w_lavrik@bdpu.org.ua, *vitaliy. serega@znu.edu.ua, Smezhuyev@yh-
Jjoanneum.at

A DERIVATION OF THE STIFFNESS MATRIX FOR A
TETRAHEDRAL FINITE ELEMENT BY THE METHOD OF
MOMENT SCHEMES
Lavrik V., Dr.Sci. Homenyuk S., Dr.Sci. Mezhuyev V.

Anomauyia. OCHOBHUM €TarioM pPO3paxyHKY KOHCTPYKIH 3 eJacTOMEpHHX
MarepianiB MetonoM ckiHueHnx eneMeHTiB (MCE) B mepeMmillleHHSX € BHBEICHHS
MaTpHIb JKOpCTKOCTi. BiactmBocTi emacromepiB ©Oarato B YOMy BH3HAUYarOTh
iCHyBaHHs, CTiHKIiCTb i 30DkHicTE pimens MCE, a Takox epekTHBHICTH METOAIB 1X
BUpIICHHS B HiJoMy. baratopiuHumil OOCBiA BUpINIEHHS PI3HUX 33/a4 MEXaHIKH
nedopmoBaHuX TBepAux Til Ha ocHoBI MCE mokasas, mo Tpaauuiiiauii Bapiant MCE
HEPIKO Ma€ MOPiBHIHO MOBUIBHY 301KHICTB, 0COOIMBO Uit 0OOIOHOK i Ta MaCHBHHUX
TiJ CKIagHUX KpHUBOMiHIMHUX (hopMm. HaykoBO mOBeneHO, IO yNMOBUIbHEHA 301KHICTH
XapakTepHa JUId THX BHIIAJKIB, KOJIM MPUIHATHI BapiaHT anmpoKcuManii IepeMilieHb
He no3Boyisie ToyHo omucat 3mimeHHs CE. [lnsg Bupimenus wiei npoOnemu Oynu
po3po0OJieHi Ha MiACTaBi MOMEHTHOI CXEMH CKiHUCHHHX €JIEMCHTIB BapialliifHi
CHIBBIHOIICHHS JI1 TETPAiNalbHOTO CKIHYEHHOTO EJIEMEHTa, SIKi BUPILIYIOTh
repepaxoBaHi BUILE MPOOIEeMU MEXaHIKU eTTacCTOMEPIB.

Knrwuosi cnosa: meron ckinuennx enementiB (MCE), emacromepn, MOMEHTHa
cxeMa, TeTpaifanbHUN CKIHICHUH eIIeMEHT.

Abstract. The main stage in the computation of structures made of elastomers by
the displacement-based finite element method (FEM) is a derivation of the stiffness
matrices. Their properties define the existence, stability and convergence of the FEM
solutions, as well as the effectiveness of the method. At the same time, based on the
FEM displacement-based methods for modelling elastomers often have a slow
convergence, especially for massive bodies having complex curvilinear forms. The
slow convergence is typical for the cases, where the approximation of shifts cannot be
accurately modelled by considering displacements of the finite elements as a rigid
whole. To solve this problem, the paper proposes variational relations for the
tetrahedral finite element, which are developed on the base of the moment scheme of
the FEM.

Keywords: finite-element method (FEM), elastomers, moment scheme,
tetrahedral finite element.
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T'ymu 1 rymo-momiOHI MaTepiamm — eJacTOMepH —  IIUPOKO
3aCTOCOBYIOTECS B PI3HUX TaITy34X IPOMHUCIOBOCTI 1 TEXHIKH.

Y 3BS3KYy 3 iX pO3NOBCIOJUKEHMM BHUKOPUCTAHHSIM B HapoOJHOMY
rOCIOJIapCTBI ~ BHHMKAE TNOTpeba y  palioHaJbHOMY  IIPOEKTYBaHHI
KOHCTPYKIIiH, BUTOTOBJIEHUX Ha iX OCHOBI, 3 ypaxyBaHHSIM €()EeKTHBHOCTI Ta
BHCOKOI sIKOCTi podoTw [1].

[Ipu BupilIeHH] 3a/1a4 MEXaHIKH €1acTOMEpiB BUHHUKAE MPodieMa BHOOpY
HaWOLTBII B1aIOT (110 MOXKIIMBOCTI ONTUMAIILHOT) OOUUCITIOBAIILHOT CXEMH, 1110
0a3yeTbcss Ha MUIOMY psili  KOHKPETHHX METOMIB  OOYHCIIOBAIEHOL
MaTeMaTHKH [2].

Ha »anp, Ha 1aHOMYy eTarli, B CHJIIy HEAOCTaTHIX HayKOBHX JOCIIKEHb,
TOBOPHTH TIPO ONTHMAJIBHICTh Ti€i UM iHIIOI 00YMCIIIOBAILHOT CXEMH  BaXKKO,
i o1  oOcraBmHA gacTo  3MyOIye  TpocTo  OydayBaTH  pi3Hi
00YHCITIOBAIEHI aTOPUTMH 1 TTOTIM TOPIBHIOBATH X IMO3UTHBHI Ta HETATHBHI
cropon# [3].

B nmocmimkxeHHI OTpUMaHO 3HAYeHHS MATPHII JKOPCTKOCTI s
TETPaigaTbHOTO CKIHYEHOTO €JeMEHTa BHKOPHCTOBYS TUIBKHM IapaMeTpH
JIsme Ta koopamHATH 00’ €KTA.

Jlitepatypa
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2. M.R.Javanmardi, Mahmoud R. Maheri Extended finite element method and
anisotropic damage plasticity for crack propagation modeling in concrete, Finite
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elastomers properties using FORTU-FEM CAD system. ARPN Journal of Engineering
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BEPOSITHOCTHOE ITPOTHO3UPOBAHUE YPOBHEWM BO/IbI B
KPYIHBIX O3EPAX EBPOIIBI C HEJIBIO YYETA UX B
HNPOU3BOACTBEHHBIX @ YHKIUAX
J.r.u. Makumena H.B., k.1.1. I'aiinykoBa E.B., k.r.u. lllanoukun C.B.,
Bbarma3zoBa A.A.

E-mail: natalia. myakisheva@yandex.ru, oderiut@mail.ru, shasv@mail.ru,
batmazovaa@mail.ru

PROBABILISTIC FORECASTING OF WATER LEVELS IN LARGE
LAKES IN EUROPE IN ORDER TO TAKE THEM INTO ACCOUNT
IN PRODUCTION FUNCTIONS
Doctor of Geography Myakisheva N.V., Ph.D. E.V. Gaidukova,
Ph.D. Shanochkin S.V., A.A. Batmazova

AHHO”lal{u}l. Mmnorue OTpaciii 5KOHOMHUKH, JACATCIBHOCTE KOTOPBIX TECHO
CBs3aHa C UCIIOJIb30BAHUEM BOJHBIX PECYpPCOB, HYXJaloTCs B
TUAPOJIOTHYCCKUX MPOTHO3ax.

Knrwouesvie cnosa: BEPOATHOCTHOC IPOTHO3MPOBAHUE YPOBHS BOJIbI.

Annotation. Many sectors of the economy, whose activities are closely related to
the use of water resources, require hydrological forecasts.
Keywords: probabilistic forecasting of water level.

HanexxHplii TpOrHO3 IO3BOJIICT ONTHMH3HMPOBATh XO3SHCTBEHHYIO
JEATENPHOCTh C YY4ETOM MOTPeOHOCTEH Mpom3BoAcTBa (cM., Hampumep, [1]).
Wnrtepec dwenoBeka B IMOTPEOJICHHHM BOABI MOXKHO OO0OOMIMTH Ha SI3BIKE
SKOHOMHKH. Ecim Boma paccmarpuBaeTcsi Kak IPUPOAHBIA pecypce, TO
TUAPOJOTHYCCKUE MEPEMECHHBIC B OKOHOMHWYCCKUX MOJICJIAX MOTYT BBICTYIIATh
nubo B KadecTBE IapaMeTpoB (TOTJa THIPOJIOTHS SIBISETCS BHEIIHEH
peaJbHOCTBIO UIi DKOHOMHMKH), JIMOO, HA0OOpOT, HA HUX MOTYT BIIHATH
SKOHOMHYECKHE IepeMEHHbIe (TOrJa WMeeM [el0 C PaCHIMPeHHOH
MpeIMETHON 0071acThio, 00BbE MUHSIONICH THIPOJIOTHIO H YKOHOMUKY). Llemsb
UCCIIEIOBaHMs 3aKII0YaeTCsl B PACCMOTPEHUU METOJOB U MaTEMaTUYECKHX
MoJenell BEpOSITHOCTHOTO MHPOTHO3HPOBAHUS, C YUYETOM BO3MOXKHBIX
KJIMMaTH4eCKUX W3MEHEHHH, YpOBHS BOABI B KPYHHBIX o3epax EBpormsl, Ha
npumepe Jlagokckoro o3epa, Kak INPHUPOAHOTrO (akropa, BXOISIIETO B
MIPOM3BOJICTBEHHbIC (DYHKIIMU. YPOBHEHHBIH PeXHUM 03ep (HOpMHUPYETCS HOA
BO3/ICfiCTBMEM aKTHBHBIX M aJalTHUBHBIX (DAKTOPOB, KOTOpbIE, B CBOIO
o4epe/b, OABEPKEHBI BIUSHHAIO COBPEMEHHOTO KIMMaTa M aHTPOIIOTCHHOU
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Harpy3kd. KinumMaTtmdeckne ¢axkTopsl OOBIYHO —paccMaTpHBAIOTCA — Kak
aKTHBHBIE, a  (AKTOpPBl  TOACTHIAIOMIEH  IOBEPXHOCTH  SIBIIAIOTCA
aJanTUBHBIMU. B 4acTHOCTH, pa3nuyHble CLEHApUU KJIMMaTa U U3MEHEHUs
MOJCTUIAIONIE]l MOBEPXHOCTU ONPEAENISIOT OMNpEJeNCHHbIE pa3IHuus B
XapakTepe CE30HHBIX M MHOTOJIETHHX KOJIeOaHMH YPOBHS BOJBI B 03€pax.
Jlagoxkckoe 03epo paccMaTpHBaeTCs Kak NpHMep OOJBLIOro €BpONEHCKOTo
o3epa. Ce30HHBIN IUKII €r0 YPOBHSI BOABI OTHOCUTEIHHO IUIaBHBIM, B TO BpeMs
KaKk ero MHOTOJIeTHHE KojJe0aHWss B  OCHOBHOM  IIPEJCTaBJICHEI
HU3KOYACTOTHBIMU KOJICOAHMSAMH C HAJIOKCHHBIMH HA HHUX H3MCHCHHSIMH,
XapaKTepU3yIOIINMHCS CE30HHBIMHU LUKJIAMH. [Tpumenenne
HHTETPUPOBAHHON MOJIEIH aBTOPErPECCHU — CKONB3SIIEro cpeanero (ARIMA)
[2] mms amamm3a BpEeMEHHBIX pSAOOB HAONIONECHUH OTKpPHIBACT IMHPOKUE
MIEPCIIEKTHBBl U1 BEPOSITHOCTHOTO TIPOTHO3WPOBAHUSI BOJHOTO PEXHMA
KPYHHBIX o3ep. It MoJenupoBaHMS CE30HHBIX KoJieOaHWH ypOBHEH BOJIBI
HCTIONB30BAJHCh Pa3HbIe 110 BOAHOCTH ronel B mepuon ¢ 1881 mo 2004 rr.
CpenneMecsuHble HaOMIO/CHHBIE 3HAUYEHUs YPOBHEH BOABI Opaiuch IO
ruaponocty 1. Csceckue Psaku. KBaHTWIBHBIN aHaIW3 CpeIHETOJO0BBIX
3HAYEeHMH mokaszaj, 4Tto B 1923-1925, 1986, 1990, 1993 u 1995 romax
ypoBHH BojbI JIamoskcKoro o3epa ObUTH BbINIE MHOTOJIETHEH HOpMBL. B 1924
roxy ObLT 3aduKcHUpoBaH KcTopuyeckuii MakcumyMm (609 cm). B 1998, 1999 n
2003 romax cpemHHE YPOBHU BOJIBI ObUTH HWXE cpemHero; B 2003 romy ObLT
3a()MKCHpOBaH CaMbli HU3KHH ypOBEHb 3a paccMaTpuBaeMblii nepuon (381
CM), KOTOpbIH 3aHMMaeT BTopoe Mmecto mocie 1940 roma (361 cwm).
CrarucTuyeckasi TeHepanusi NPOTrHO30B OCYIIECTBISUIACH JIBYMSI CIIOCOOaMH.
[TepBrIit ciocod ocHoBaH Ha ce30HHOW ARIMA-monenn.  Bropoit  cnocob
OCHOBaH Ha MPEACTABICHUHM CPEAHEMECSYHBIX 3HAUCHMIH 4Yepe3 BEKTOP,
KOMITOHEHTBl ~KOTOpOTO OBUIM  OMNpEIETICHBl TOAOBBIMH  3HAYCHUSIMH,
pPAcCUNTAHHBIMH JUI KaXIOTO Mecsna roga. MareMaTHIeCKHE BBIPAKCHHS
CMOZIETMPOBAHHBIX CTPYKTYp Ka)KAOTO KOMIIOHEHTa BEKTOPa 4Yepe3 IIPOIecc
aBTOperpeccun mepBoro mopsaka (AR(1)) wmmm mpomecc CKOJNB3AIIETO
cpemHero  mepBoro  mopsaka  (MA(l))  TO3BONSIOT  BEPOSTHOCTHO
IIPOTHO3UPOBATh YPOBHEHHBINH PEXHUM 03€pa ¢ 3abJaroBpeMEHHOCTHIO OJUH
rof. MecsyHBIE TPOTHO3HBIE 3HAYCHHUS, B3SATHIC B TEUCHHE OTHOJETHETO
Ieprosia B TEYCHHE MHOTHUX JIET, TIO3BOJIIOT MOMYYUTh HPOTHO3 KOJieOaHUit
YpPOBHEH BOJBl B OIpEIENCHHBIM ce30H roxa. Ilpumep nporaosos
mpeacraBieH Ha puc. 1. JII  OINEHKM OTHENBHBIX TPOTHO30B U
3¢ PEKTUBHOCTH MPOTHO3HOM METOAMKH B IIEJIOM HMCHOJIBb30BAIMCH KPUTEPUH
pexomenayemsie BMO [3].
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B pesynprare ImpoBENEHHOTO HCCIENOBaHMSA Ha mpumMepe Jlamoxckoro
03epa, XapaKTEPHU3YIOMIETOCsS MEUICHHBIM BOJOOOMEHHOM, IOIYyY€HO, 4YTO
ce3oHHBle Momenmun ARIMA ™oryT OBITh YCICIIHO TPUMEHEHBI I
BEPOSITHOCTHOTO MPOTHO3UPOBAHMS yPOBHEH BOJBI KPYHHBIX 03€p, @ MOJEIH
AR (1) u MA (1) MOXHO HCIIONB30BATh A MOACITHUPOBAHNS MHOTOJIETHHX
MECSIYHBIX 3HA4YeHHH YpOBHA BOIBL. B MEpCIeKTUBHBIX HCCIEIOBAHUAX
ClIeyeT YUUTHIBAaTh U APyTrHe KOMIOHEHTHI BOAHOTO OanaHca [4].
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THE METHOD OF RECONSTRUCTING DISCONTINUOUS
FUNCTIONS USING PROJECTIONS DATA AND FINITE FOURIER
SUMS
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Abstract. Product quality control is one of the important areas of the production
management process. In particular, when designing and manufacturing some
particularly important objects, there is a need to check their internal structure for
defects in them.

Keywords: computer tomography, reconstruction, image, discontinuous
functions, discontinuous splines, sum Fourier.

The methods of computed tomography are by far the leading among the
methods of flaw detection. Therefore, developing and researching methods for
verifying the internal structure of multilayered objects using tomographic
methods is an urgent task. This work is dedicated to this task.

This paper investigates the method of approximation of discontinuous
functions of two variables by discontinuous splines.

These functions describe the internal structure of the 2D body. The
unknown parameters are found in them using projections coming from a
computer tomograph. It is proposed to use discontinuous splines for the
automatic representation of these functions, with known lines of discontinuity
of a special form, in the form of a single analytical expression. It is also
proposed to use the O.M. Lytvyn method for calculating the Fourier
coefficients of two variables using periodic discontinuous splines of one
variable and projections.

This allows you to submit discontinuous functions in the form of a
discontinuous spline sum and a finite Fourier sum. Thus, the proposed method
does not require the decomposition of a discontinuous component into a
Fourier series. This allows the approximation to be obtained using tomography
data without the Gibbs phenomenon.

As is known, the approximation of discontinuous functions of one and
many variables by finite Fourier sums leads to the Gibbs phenomenon. This
phenomenon also occurs in computer tomography [1, 2].
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For this case, in the works of Gottlieb and Gustafsson [1, 2], various
methods of constructing finite Fourier sums are given; Fourier coefficients are
multiplied by the factors determined in a proper way in order to reduce the
influence of the Gibbs phenomenon on the final result. Also the finite sums of
Fejer [3] are used, which has a smoothing effect, but not an increase in the
accuracy of the result.

In this paper, it is proposed to generalize the method introduced in [4] to
the case of approximating discontinuous functions of two variables using
projections coming from a computer tomograph and finite Fourier sums [5] for
one important class of discontinuous functions. We propose in first time
explicit formulas for the construction of discontinuous splines of two variables
with first kind discontinuities on the boundary of a system of embedded two-
dimensional domains.

This corresponds to a new approach to the problem of research, which
does not lead to the Gibbs phenomenon.
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BUKOPUCTAHHSA MATEMATHYHOI'O MOJAEJTIOBAHHA ITPU
BUBOPI EOEKTUBHOI'O BAPIAHTY JOCTABKH TOBAPIB 3
KHUTAIO B YKPAIHY
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USING MATHEMATICAL MODELING DURING CHOOSING
EFFICIENCIES OPTION OF GOODS DELIVERY FROM CHINA TO
UKRAINE
Ph.D. Pavlenko O., Ph.D. Muzylyov D., Dr.Sci.Shramenko N.,
Dr.Sci. Ivanov V., Ph.D. Caganova D.

Anomauia. IIpencraBneni  pe3yibTaTH  YCHIIMIHOTO  MAaTEeMAaTHYHOTO
MOJICIIIOBaHHs JIOCTaBKU TOBapiB 3 Kuraio B YkpaiHy st BU3HAau4eHHS €()EKTHBHHX
BapiaHTIB.

Knwwuosi cnosa: ™onenn, BapiaHT, JIOTICTUKA, TOBapH, JaHi, TPaHCIOPT,
JIOCTaBKa, MOJICITIOBAHHS.

Abstract. Presented results of successful mathematical modeling of goods
delivery from China to Ukraine to determine effective options.
Keywords: model, option, logistics, goods, data, transport, delivery, simulation.

B Vkpaini icHye 0araTo KOMIIaHili, SKi HE MAalOTh CBOIO PO3TAIYKCHY
Mepexy B YKpaiHi, aje 3aifMaloThcsl MOCTaYaHHIM TOBapiB i3-32 KOPAOHY, B
tomy umcai 3 Kwurato. Ilpn mpoMy BHKOPHCTOBYIOTBCS aBTOMOOUIBHMH,
3aJI3HUYHUHA, MOPCHKUI Ta MOBITpAHUI TpaHcrmopT. Cxemu OyAyrOThCS 3
ypaxyBaHHSIM MOXJIMBHX BapiaHTIB JOCTABKM 3a MiHIMaJIbHOI BapTICTIO Ta
gacoM, BpaxoByoud crenudixky pobotu moptiB Kwuraro, VYkpainm,
3aJI3HUYHUX CHOIYYEHb Ta CKIaCHKUX KOMITJICKCIB.

Jnst pimieHHs 3ajad 1O ONTHUMI3amii  JocTaBkH ToBapiB 3 Kwuraro
BUKOPHCTOBYETHCS  IMiTallifHE MOJENIIOBAHHS JIOTICTUYHHX CHCTEM 32
JIOTIOMOT0I0 HelpoHHUX Mepex [1], mepex Iletpi [2], a Takox HEOOXiTHOIO
YMOBOIO € BHMKOPHCTaHHS MAaTeMaTHYHOTO MOJICNIIOBAaHHS IIPOIECIB Ha
TpaHcnopTi [3].
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IToOGynoBaHO CTPYKTYpY TpoIlecy AocTaBkH ToBapiB 3 Kurtaro B Ykpainy
Yy BUIUBAI YOTHPHOX aJbTEPHATUBHUX MapIIpyTiB (BapiaHTIB), B SKHX
BpPaxOBaHO  y4YacThb  3aJli3HUYHOTO, MOPCBKOTO, aBTOMOOIJIBHOIO  Ta
MOBITPSTHOTO TPAHCIIOPTY Ta BiJIMOBIIHUX 00 €KTIB iHPPACTPYKTYpH (CTaHLii,
NOpPTiB, CKJIAJiB, MalJaHYMKIB, MUTHUIB). Mapupytu mnoOynoBaHi 3
ypaxyBaHHAM icHyrodoro «llloBkoro mnuwisixy» — 3a eJIeMEHTaMH SKOTO
BpaxoBaHi MOJIIMBOCTI IEpPEBE3€Hb 10 3aJi3HHLI: MapumpyT YyHIUHb —
Bapmaga; mo mMopcekiii minii: mopt ['yanwkoy — nopt Opeca (mopt Komep);
T10 TIOBITPSIHOMY CIIOJTyY€HHIO: aeponopT [ 'yaHwkoy — aepornopT bopuctins.

Ha minmcraBi aHamizy mapameTpiB IOTOKY 3aMOBJICHB MiANIPHEMCTB
TOpriBimi Micta XapkoBa 3’ICOBaHO, IO 3HAYCHHA OOCATY 3aMOBIICHHS
JIOCTaBKH BiJIIIOBiTHOTO BHIy TOBapiB, 00CATY MepeBE3C¢HH BAaHTAXY B TaHii
maprii, Koe(imi€eHTy ONIHKA PH3UKY TWpPH yd4acTi BiJNOBITHHX BHJIB
TPAHCIIOPTY Ta Yacy JOCTaBKH TOBapy MO KOXXHOMY BapiaHTy PO3IOALICHI 3a
HOpMaJIbHHM 3aKOHOM PpO3MOJUTy BHIIQAKOBUX BeIMYHH. Po3pobieHo
MMOBHOGAKTOPHUN TIJIaH  iMITalliHHOTO  EKCIIEPUMEHTY M  YOTHPBOX
rapameTpiB BIUIUBY, SIKUW CKIIAMAETbes 3 INICTHAIIATH — Ccepili  TOCHifiB.
B pe3ynbraTi NpOBENCHHS €KCHEPHUMEHTY OTPUMAlM 3HAueHHs NPHOYTKY
MiIIPUEMCTBA TSI BCTAHOBJIEHOI HAdaidbHOI Ta KiHIEBOI BapTOCTI OJWHMUII
TOBapYy 3a 3alIPOIIOHOBAHUMHU BapiaHTaAMH.

Ha ocHOBI perpeciiiHOro aHaii3y pe3yibTaTiB €KCIIEpUMEHTY BH3HauCHA
perpeciiina Mojenb y JiHIHHIA GopMi, y SKiH KOXKHUH KoedillieHT BKazye Ha
CTYIIHb BIUIMBY BiJNOBiIHOTO (hakTopa HAa pe3yJIbTaTUBHUN IOKa3HHK.
BcTaHoBIIEHO, 1O 11 MOJIENb € HAWOUIBII aJeKBaTHOI, OCKUIBKU 3HAUYCHHS
MOKa3HUKa «R-KBajpaT» JUIsl MEPIINX TPHOX BapiaHTy OJM3BKI 0 OJMHUI, a
JUTs 9eTBepToro AopieHioe 0,795.
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LABORATORY WORK SIMULATION OF ALCOHOL
DEHYDRATION PROCESS
Ph.D. Chaikivskyi T.V.], Shevchenko D.S, Ph.D. Noskova M.V.,
Dr.Sci. Yakovyna V.S.

Abstract. The simulation of laboratory work of the alcohol dehydration
process, written in JavaScript, is created. By modeling, students can carry out
additional experiments. Through setting process conditions, students receive simulated
values. The obtained results can be used to plot the dependences graphs of the process
parameters on the conditions. Students can further improve their knowledge of the
conditions influence on the chemical process.

Keywords: Modeling, JavaScript, Chemical Technologies.

Carrying out experiments by students at the Department of Organic
Products Technology are aimed for understanding the chemical process
depending on the set conditions such as temperature or concentration of the
reagent. As it takes some time to create certain process conditions, only a few
experimental values are obtained. It is advisable to use chemical processes
modeling, encouraging students to be independent and to conduct additional
experiments by setting their own conditions.

Creating a web-based modeling program is promising implementation of
the educational process as each student has access to the Internet via
smartphone and laptop [1,2]. For this purpose, we have developed web-based
laboratory work to carry out virtual experiments, where students set their own
parameters values that influence the chemical process.

Virtual laboratory work is developed using HTML, CSS and JavaScript
and based on a real installation on which students study the alcohol
dehydration process. Dehydration is the cleavage of a water molecule from an
alcohol molecule under certain conditions with the formation of the
corresponding alkene in the gas phase. A gas meter in installation is used to
determine the amount of formed gas. The aim is to study the dependence of
the dehydration reaction on different temperatures and alcohol feed rate.
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Based on the obtained data, the values of reagent conversion and product yield
are calculated and then dependence graphs are plotted. Virtual laboratory
work, as well as real, takes place in real time without pauses, so the student
must monitor the time and record formed gas amount. There is only one button
to start the virtual process.

Lab No 2 ) )
Investigation reaction of dehydration |Etanol 3|

Enter process paramseters: Progress af the pracess!
3
Temperature, *C Process time, sec
Start
-
-
Feed rate, mimin Volume of gas generated, I
1 0.3

= Dima Shewchenko, Taras Chalkivskyi

Fig. 1 — Program interface.

(@) | Lab No 2
reaction of [Etanol D]
Enter process parameters: Progress of the process:
Temperature, °C Process time, sec
Start
Feed rate, mimin Volume of gas generated, |
& Dima Shevenenko, Taras Chalkivsiyi

Fig. 2 — Dehydration process simulation.
Fig. 1 shows the interface of the program, which includes selection of

alcohol (in the name of laboratory work), parameter input area, block with
"START" button and stopwatch to record time and values of formed gas.
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Fig. 3 — Dependency graphs based on simulation values.

When the initial data is selected, the process begins by pressing the
"START" button. Over the process time, as shown in Fig. 2, both the real lab
and the simulation are accompanied by the accumulation of formed gas during
the reaction. The created program allows to receive additional experimental
results by simulation. It is possible to calculate more conversion and product
yields values for plotting dependencies graphs (Fig. 3).
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RESEARCH ON THE CONCEPT OF A 4D SHIP MODEL
Ph.D. Yahlytskyi Y.

Anomauia. OOTOBOpIOETBCS TpoOiieMa cTBOpeHHs 4D-momeni cynmHa, IO
o0'emnye mapamerpuyny 3D-momens 3 TpadikaMu  KaJeHOapHO-MEPEKEBOTO
IUIaHYBaHHSI.
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Kniouosi  cnosa. IndopmaniiiHe MOJENIOBaHHA,  KaJleHIapHO-MEPEKEBE
IUIaHYBaHHs, eleKTpoHHa 3D-Mozenb cyaHa, BipTyaibHa 4D-Monens cyaHa.

Annotation. The problem of creating a 4D-model of a ship that combines a
parametric 3D-model with schedules for calendar and network planning is discussed.

Keyword. Information modeling, calendar and network planning, electronic 3D-
model of the vessel, virtual 4D-model of the vessel.

Pearnizanist cy4acHUX BEJMKHX IPOEKTIB HEMOJXJIMBA 0Oe3 €(EeKTHBHOI'O
IUIAaHYBaHHS, KOHTPOJIIO 1 YNPaBIiHHA IIPOLIECOM CTBOPEHHS 00'€KTa,
o nepeabayae HasBHICTb  BEJIMKOrO 00csary iHpopMamiiHUX  JaHuX
1 BUKOPHCTaHHS KalleHJapHO-MepexeBuX rpadikis. [yis BUpieHHs npobiem,
SKi BHHHMKAIOTh IIPH CTBOPCHHS OO0 €KTIB, BHKOPHUCTOBYIOTHCS TEXHOJOTIi
iH(pOpMaifHOTO MOJETIOBAHHS Ta YIPAaBIiHHA MPOCKTaMH. [l cKilamaHHS
KaJICHOApHO-MEPEXKEeBUX TpadikiB IUaHyBaHHS, OE3yMOBHO € TOTYXKHi
nporpamui komruiekcu (Microsoft Project, Oracle Primavera Ta iH.), sKki
BUKOPHCTOBYIOTh KJIACHYHI IHCTPYMEHTH YIIPABIiHHS HPOEKTaMH: METOJ]
KPUTUYHOTO ULUISIXy, MoOynoBa niarpamu ['aHTa, I[OCTaHOBKY 3aBllaHb,
BiZICTE)KEHHS €()eKTUBHOCTI BUKOHAHHA POOIT Ta iH. OJHaK ONMHCYIOYH CKIaJ
po0iT, X HOCIIIOBHICTH 1 B3aEMO3B'SI30K, & TAKOXK PECYPCH, IKi HEOOXIIHI st
X BUKOHaHHS, i MPOTrpaMHi NPOJYKTH HE AAI0Th MOXJIHMBOCTI nobauumu, siK
OyIyTh BUKOHYBAaTHCS pOOOTH 1 AKkuil OyJe oTpuMaHui pe3ynsTar. Came mist
BHpIMIEHHA LUX TMPOOJeM 1 CTBOPIOIOTBCA KOMII'IOTEPHI MpOrpamMu, sKi
30IMCHIOIOTE B3aeMHY YB'S3Ky 3D-rpadiyHoi mMozmeni 3 4acoBOIO IIKAJIOHO
noOymoBu 00'ekTa 1 JO3BOJISIIOTH Habarato edekTHBHINIE 3AiHCHIOBATH
NPOLIECH TUIAaHYyBaHHS 1 MPOTHO3yBaHHS, BECTH KOHTPOJIb TEPMIHIB 1 BUTpaTH
pecypciB, BUSBISATH 1 3armo0iraTd MO>KJIMBI IPOCTOPOBO-4acOBi KOJI3ii HpHu
cTBopeHHi o0'ekta (cynua) [1]. g ycmimHOT peasnizauii mpoekty cynHa 3
oOrpyHTOBaHMM rpadikoM 1 ONTHMAJBHMM pIBHEM BHUTpPAaT HEOOXiaHI
oTiepaTUBHA KOOPAWMHAIIISA Jili BUKOHABIIB 1 €EKTHBHHUI PO3MOIIT 3aBIaHb 3
MPOEKTyBaHHA 1 OyaiBHUITBAa. B maHWii 4ac roOIOBHUM iHCTPYMEHTAIIbHUM
3acoboM, 1m0 3a0e3medye BHpIMICHHA TNWTaHb Ha PI3HAX CTamisax
MIPOEKTYBaHH:, KOHCTPYKTOPCHKO-TEXHOJIOTI9HOI ITITOTOBKH Ta OyAiBHAIITBA
cymHa € einektpoHHa 3D-mozens cymHa. Xoda TPHBHMIpPHI KOMI'TOTEpHi
MOJIETI 10Ci BUKOPHUCTOBYIOTHCS NIEPEBAYKHO AJISI BUITYCKY POOOYMX KPECIIEHb,
LJIKOM O4YeBUIHO, 10 3D-MonentoBaHHS TNOBHHHO 3aCTOCOBYBATHCS
BIJIMIOBITHO JI0 peabHOI TEXHOJOTII MPOCKTYBaHHS BKE IMOYHHAKOUU 3
MIAMKCAaHHS KOHTPAKTY Ha IMPOEKTYBaHHs 1 OY/[IBHUITBO cyaHa. Ta 5k MOJesb
MOTIM TOBMHHA OyTH iH(OpMauiiHO po3MIMpeHa 10 MaciTabiB peajbHOro
CyJIHa TIPH BUIYCKY TEXIIPOEKTY, a 3r0/IOM BUKOPHCTAaHA Ha 3aBOAI-OYAiBHUKY
IMpH  KOHCTPYKTOPCHKO-TEXHOJIOTIYHIA  MiArOTOBII  BHUPOOHWITBA 1
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OyIiBHUIITBI, BKJIIOYAIOUM NIBAPTOBHI i X0J0BI BUNIpoOyBaHHs [2]. ®DakTop
Yyacy B 3arajJbHOMY IPOLECI CTBOPEHHS CyJHA TaKOX I'PA€ CBOIO POJb - 4ac
Mae OyTH BpaxoOBaHO 1 BKJIIOYEHO Y CTBOPIOBAHY MOJIEINb SIK OJMH 3 1CTOTHHX
eJieMeHTiB. TakuM 4YMHOM, MU OTPUMYEMO Kouyenyiio 4D-modeni npodykmy
(cyona), sixa o0'enHye napamerpuuHy 3D-mozens 3 rpadikamu KaneHaapHO-
MEpEeKEBOr0 IUIAaHYyBaHHS. [7ef0 BBEJIGHHS BIpTyalbHOI MoOjeli CyJqHa B
YOTHPUBUMIPHOMY TIPOCTOPI, JIe YETBEPTHM BUMIPOM € 4ac KUTTEBOTO LIUKITY,
HEOOXITHO peasli3oByBaTH Ha IOYATKOBHX CTaisX, 1100 yNpaBiiHHS BCiMa
3aBIaHHAMH Ha e€Tamlax IUIaHyBaHH:, IPOSKTYBaHH:, OpraHi3allii mocTa4anHs i
OymiBHHIITBA, EKCIUTyaTalii, pPEMOHTY Ta yTHJIi3amii 3BOJIIIOCSA 0
nependavyBaHuX 1 3pO3YMUINX JJIS BCIX yYacHHKIB Aif. CTBOpEHI BipTyasbHi
MOJIENI Cy/IeH MOXKYTh OyTH BUKOPHCTaHI B SIKOCTI OCHOBH JUISI MOZETIOBAHHS
PI3HUX TEXHOJIOTIYHHMX TMPOIECIB, a TaKoK 0araThOX IHIIMNX BHIIB
MOJICITIOBAaHHS, SKi BHUKOPHUCTOBYIOTBCS MpPH MPOCKTYBaHHI 1 OymiBHUITBI
PI3HUX THIIIB CyJICH.
JlitepaTypa
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EJJEMEHTHU IHOOPMAIIMHOI TEXHOJIOT'TI TIPOTHO3YBAHHS
PU3UKIB ®ITHAHCOBOI AIAJBHOCTI
Jl.r.1. Kysnenosa H.B, 10000-0002-1662-1974] oy pypgpyy 3,C.,10000-0002-5589-0018]
natalia-kpi@ukr.net, zlata.chernysh@gmail.com

ELEMENTS OF THE INFORMATION TECHNOLOGY FOR
FINANCIAL RISK FORECASTING
Dr.Sci. Kuznietsova N. V., Chernysh Z. S.

Anomauia. Jlns anamizy ¢iHaHCOBOI CTaOUILHOCTI KOMIIaHii PO3pPOOICHO
iHpopMaLiiiHy cHuCTeMy, SiKa 03BOJISIE BUKOHYBATH MOIEPEIHI0 OOpOOKYy JaHHX:
¢GurbTpamito Ta 3riamKyBaHHS, MOOYJOBY perpeciiiHux Mojesnei, MpOrHO3yBaHH:I
BOJIATHJIBHOCTI Ta (popMyBaHHs MPOrHO3Yy (iHAHCOBHX IOKa3HHKIB. [H(opMmariiiHa
TEXHOJIOTIsI 3a0e3Iedye 3acTOCYyBaHHS pPI3HHUX METOIIB I1HTENEKTYalbHOTO aHaJi3y
JIaHMX, 30KpeMa: HEfpoHHI Mepexi, METOJ] TIPYNOBOrO ypaxyBaHHs apryMCHTIB,
perpeciiiHe MOJIEIIOBaHHS, SIKi JO3BOJISIFOTH IIPOTHO3YBATH IIOKa3HHMKA (DiHAaHCOBOT
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CTIHKOCTI 1 HaJalOTh MOXJIMBICTH IOPIBHIOBATH 1 OOHMpaTH Kpally 3i CTBOPEHHX
MOJIeJIEH.

KirouoBi ciioBa: iHTENEKTyalnbHUM aHami3 [aHUX, MPOTHO3 (HiHAHCOBHX
TTOKA3HHKIB.

Abstract. The information system for the company financial stability analysis has
been developed, which gives the possibility for preliminary data processing: data
filtering and smoothing, construction of regression models, volatility forecasting and
making forecast of financial indicators. The information technology provides using of
various data mining methods, in particular: neural networks, Group Method of Data
Handling, regression modeling, which allow predicting the financial stability and gives
the possibility to compare and choose the best of the created models.

Keyword: data mining, forecast of financial indicators.

®dopmyBaHHs ()iHAHCOBUX MPOTHO3IB € KOMIUIEKCHUM TPOLECOM, il 4ac
SIKOTO HEOOXIZHO PO3B’s3aTH IIMPOKUH CHEKTP COLIaJbHO-EKOHOMIYHHX Ta
HAYKOBO-TEXHIUYHHUX 3a/1a4 1 BUKOHATH BEJMKY KUIBKICTh €CTIEPUMEHTAIbHIX
JOCTI/DKEHb 13 3aCTOCYBaHHSM pI3HOMAHITHHX METOJIB IPOTHO3YBaHHS.
SIKicHI METOIM MpPOTHO3YBaHHS 0a3ylOThCA Ha CyO’€KTHBHHX OIliHKaX Ta
IHTYITHBHO-JIOTIYHOMY MHCJICHHI, KiJIBKICHI TPYHTYIOThCSI HAa MaTeMaTHIHUX
METOJ[aX Ta MiIXOAaxX i 3aJeKHO BiA (aKTOpiB, IO BIUIMBAIOTH HA KOHKPETHI
Ha (iHAHCOBI MOKA3HUKH, MOKYTh MOIUIATUCS Ha ACKIIbKa MATPYI. 3BIT PO
(diHaHCOBI pe3yJbTaTH Ta pO3paxoBaHi Ha HOro ocHOBI (hiHAHCOBI
KOeQiIieHTH BiTOOpaXaloTh pPe3yabTaTH MISUTBHOCTI KOMIAHIl IMPOTITOM
MIEBHOTO 3BITHOTO NEPiOAy Ta BUKOPUCTOBYIOTHCS JUISL OI[IHKH JOXOIHOCTI Ta
3/IaTHOCTI KOMIIaHii MOKPUBATH CBOI BUTpAaTH. Y poOoTi Oyl0 BHKOPHUCTaHO
¢inancoBi pesynpTaTté mismmbHOCTI KoMmmaHii Intel Corporation 3a 1975-2019
pp. Byso 3acrocoBano MoBy mporpamyBaHHs R Juis craTHCTHYHOI 0OpOOKH
JaHux Ta mporpamHe cepenosuimie R Studio mis po3poOknm  OCHOBHHX
elleMeHTiB  iH(opMariitHoi  TexHoiorii. OCHOBHUMH  MOMICISIMH IS
IIPOTHO3yBaHHs (IHAHCOBHMX MOKa3HHKIB Oys0 0OpaHO perpeciiini moaemi [1—
3]. [ocninoBHICTE BUKIMKY OCHOBHHX 0i0mioTeK y iH(pOpMAaIiiHiil TexHOIOoTiT
HaBeJIeHO Ha puc. 1.

tseries forecast 1ugarch DescTools,
+ PoGorais + Pospodka + CTBOPEHHA Metrics, Imtest
TaCOBIIMIL . MoOZeTen » MOZETIEH 3 ’ » TIpoBemeHHsS
PsIaaMII Ty AP, VMOBHOIO CTATHCTHYHITX
APKC, reTepockena TecTiB
APIKC CTIMHICTIO

Puc. 1 - Ilocniooguicmyv suxauxy 6ionriomex 8 inpopmayitiHitl mexHono2ii
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KirrouoBumu Oy HaCTYyTHI OKa3HUKH: Net revenue (BUpydka); Earning
per Share (anctuii mpuOYTOK, PO3MIIEHHUA Ha CEpEeAHBbO3BAXEHY KiJIBKICTH
BHITYIICHUX aKIIii IPOTATOM 00JIIKOBOTO Tiepiony); Gross margin (KoeQillieHT
BaJIOBOTO NPHOYTKY ab0 MapxuHanbHOCTI); EBIT Margin (Map>KUHAIBHICTS);
Interest coverage ratio (xoe®illieHT ITOKPUTTS NPOLEHTIB); Return on Assets
(peHrabenbHiCTh aKTHBIB); Return on Equity (peHTa0ENbHICTb BJIACHOTO
Kamitany); Asset Turnover Ratio (000pOTHICTh aKTHBIB).

Y BXiIHUX JaHHX € TPOIYLIEHI 3HAYeHHs, TOMYy OyJO BHKOPHUCTAaHO
METOIH TIOTepPeNIHBOI OOpOOKHM, 30KpeMa METOJA HAHOMMKIMX CYCimiB IS
3aITOBHEHHS IIPOITYCKiB.

HasBHiCTh aBTOpErpeciiHOi yMOBHOI T'€TEPOCKEHACTHYHOCTI Y MOJeNi
Oyno mepeBipeHo 3a momoMmororo TecTiB bokca Ta Jlptonra-bokca, sxi
MOKasany, M0 JUI 3aJMIIKIB XapakTepHa B3a€MHa KOPEIbOBaHICTh. byio
NMoOyZOBaHO TETepOCKEAACTHYHI MOAENI U TIPOTHO3YBaHHS AWCTIEpCii
3JTUTIIKIB.

3acToCOBaHO  METOOM  IHTENEeKTYaJbHOTO  aHalizy  JaHuX s
IIPOTHO3YBaHHS INOKa3HMKa noxoxHocTi kommanii Intel Corporation 3a 2019
pik, 30kpema mozeni Ha ocHOBI MI'YA Ta HEeHpOHHUX Mepex, MHOXKXHHHOI
perpecii, APIKC; inTerpoBanoi aBTOperpeciiinoi Moxem KOB3HOTO
CepeHbOr0 3 YMOBHOIO TI'€TepOCKEJIACTUYHICTIO, 1 BUSBHIIOCH, IIO0 KPAIOIO
JUIL TIPOTHO3YBaHHS (DIHAHCOBHMX JIaHMX BHSBWJIACh CE30HHA MOJEIb
aBroperpecii 3  iHTerpoBaHuMM  KOB3HMM  cepenHiM  (SARIMA
SARIMA(0,2,1)(2,0,1)[4], a s mporHO3yBaHHS BOJIATHIIEHOCTI — MOJIENb
ARCH(2).

3acTocyBaHHS 3IJIaJPKyBaHHS MeTojoM XoubTa-BinTepca 1 dinbrpa
Kanmana m03BONMIO TOKPAIIUTH SKICTH MOJENEH 1 OTPUMATH TOYHIMIL
OIIiHKH.

OCKiNBKM BCi MOJelNi IMOKa3alM BHCOKI TOKa3HWKA TOYHOCTI, TO y
KOpHCTYBa4a  po3pobOneHoi  iHpopMamiiHOI CHCTEMH €  MOXIHUBICTD
CaMOCTIHHO 00MpaTH MOAEINb I OOy IOBH IIPOTHO3Y .
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VIIK 004.02

ABTOMATMU3AIIUS CUHTE3A KOHCTPYKIIA HOBBIX
OBBEKTOB HA OCHOBE TPEFOBAHUI K UX
OYHKIIMOHAJIBHOCTHU
J.1.H. TapacoB A.®@., k.T.H. Bacuasena JI.B.,

K.T.H. A1TyX0B A.B., AHOCOB B.JI.

AUTOMATION OF SYNTHESIS OF DESIGNS OF NEW OBJECTS
BASED ON THE REQUIREMENTS FOR THEIR FUNCTIONALITY
Dr.Sci. Tarasov O., Ph.D. Vasylieva L.,

Ph.D. Altukhov O., Anosov V.

Annomayua. B cratee mpeanaraercss MoauduKanus MeTona (opMmamu3anuu
“HPOpPMAIlMM O COCTaBe M CTPYKType MPOEKTHPYEMOro OOBEeKTa Ha JTarme
KOHIIENTYaJIbHOTO NpoeKTUpoBaHus. CyTh MOAH(UIIMPOBAHHOTO METOA 3aKII0YAETCS
B MPHMEHCHWH TEXHMYCCKUX PpEIICHUN [T OJHOBPEMEHHON pealu3aiuy psijia
GbyHKIUHA, 9TO OOECreYnuBaeT PACIIMPEHHE BO3MOXHOCTEH NI M3MEHCHUS Ju3aiiHa
WM co3laHusi HoBoro wuszaenus. IlpemioxkeHo ynpaBisTh CHHTE30M KOHCTPYKIUI
HOBBIX M3JICNUH C 3aIaHHBIM ()YHKIIMOHAIOM Ha OCHOBE 3aJIaHHs CTCTICHU BBHITIOJTHCHHUS
pAna GYHKIHHA KaKIbIM KOHCTPYKTHBHBIM 3JIEMEHTOM B U3EIHU.

Kniouegvle cnoea: KOHIENTyanbHBIM  JU3ailH, TEXHUYECKHE pELIEHHUS,
KOHCTPYKTHBHBIE 3JIEMEHTBI, 3TAIIBI IPOSKTHPOBAHMS.

Abstract. The article proposes a modification of the method of formalizing
information on the composition and structure of the designed object at the stage of
conceptual design. The essence of the modified method is the application of technical
solutions for the simultaneous implementation of several functions, which provides
enhanced opportunities for changing the design of an object or creating a new product.
It is proposed to control the synthesis of the design of new products with a given
function based on setting the degree of fulfillment of several functions by each
structural element in the product.

Keywords: conceptual design, technical solutions, structural elements, design
stages.

[Iporiecc MPOEKTHPOBAHMSI COCTOUT U3 HECKOJIBKHUX JTAllOB, KOTOPbHIE
BBITIONHSIOTCA TPU  TMOAJNEPKKE PpasIUYHbIX CHCTEM aBTOMATHU3AIUU
npoektupoBanus. Kak mpaBuio, mpoiecc NpOeKTHPOBAHUS BKIIFOYAET JTaIlbI
KOHIIENTYaJTbHOTO MPOCKTUPOBAHMS, CO3JAHHUSI TEOMETPUYECKOW MOJIENH,
BEITIOJTHCHUSI CHJIOBBIX, KMHEMATHYCCKHUX, NUHAMUYCCKAX W CIICIUAIBHBIX
pacueToB, aHanm3a TexXHOJNOTHYHOCTH [1]. CTemeHp aBTOMATH3AIMU 3THX
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3TaNoOB U MOJJICPKKH pa3INuHa, B 3aBUCHMOCTH OT BHUJIa 3Tara U TpedyemMoro
MHTEJJIEKTYalbHOTO BKJIa/la TU3aiiHepa B paboTy.

Ha navampHOM 9JTame NpPOEKTHPOBaHMS  (QOPMYJIMPYIOTCS — LIENb
pa3pabotkn W TpeboBaHMS K co3laBacMoMy o00BekTy [2]. 3arem
OTIPEJIETISIIOTCSl CUCTeMHbIe (pyHKIMH, oOecrieunBarone I0CTIKEHHE eI ,
JUIL BBIIIOJHEHUS KOTOpOW BBIMONHsEeTCA MpoekT [3]. OTo HaumMeHee
(dopMannu3oBaHHbIE JTanbl pa3pabOTKH HM3JENuid, TpeOyolmue OmbITa,
WHTYHMIMM M TBOPYECKOTO BKJIaga CO CTOPOHBI IPOEKTHPOBIIMKOB. OmuOKH
Ha 3TUX 3Tarnax MOTYT NPHUBECTH K 3HAYUTENIBHBIM 3aTpaTaM Ha HCIIPaBICHHE
CUTyaIlll WJIN JaXe K 3aKkpeIThio mpoekta [4, 5]. IloaTomy HEoOXOIMMBI
3¢ QEeKTUBHBIE MPOLEAYPbl OLEHKM KauyecTBa IIPOEKTHOTro pemreHus. Kpowme
TOrO, BaKHO YINPABIATH HPOLECCOM IIOMCKA 3JIEMEHTOB KOHCTPYKIMH B
MIPOCTPAHCTBE KOHCTPYKTUBHBIX BAPHAHTOB.

W3 Bcell COBOKYITHOCTH 33ja4, peHIaeMbIX HpH pa3paboTKe HOBOTO
u3genus, HauOosee (HOPMAIM3OBAHHBIMU  SIBJISIOTCS  OTalbl, KOTOpPbIE
peanu3yroTcs Tocie pa3paboTKH €ero TeoMeTpHYecKod Moaenu. Mozensb
CO3/aeT OCHOBY JUIA NAJBHEHIINX pPacyeToB, MOJCIHPOBAHUS ITOBEACHU
00BEKTa B pa3IMYHBIX yCHOBHAX. [lJIi CO3MaHUS T€OMETPUYECKHX Mojeneit
pa3paboTaHBl CHCTEMBI aBTOMATH3MPOBAHHOTO TPOEKTHPOBAHMS, KOTOPHIE
pelaroT 3aJadd IMOCTPOEHHUS TIeOMETpUU JeTaledl U Y3IO0B, CO3JaHUs
MapaMeTPUIECKUX MOJIENEH, OCYIIECTBIECHUSI KOHTPOJS TEXHOJIOTUYHOCTU U
JpyTUX BOIPOCOB NEpe] U3roTOBIEHUEM u3aenus [2, 3].

B nanHoii paboTe BapuaHTBl TEXHHMYECKHUX PEIICHUH NpEICTaBICHBI B
BU/Ie KOMOMHALMK PAa3IMYHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB UISl pean3aliu
(byHKIMHA, HEOOXOAUMBIX JJIsl pabOTHl 0OBEKTA.

ABTopamu MOIMUGHUIMPOBaH MeTox (opMaNM3alK MpoIlecca CHHTE3a
HOBBIX KOHCTPYKLMM U3ENNUNA, KOTOPBIN MO3BOJSET KOHCTPYKTOpaM Ha dTare
KOHLIETNTYyaJbHOTO MPOEKTUPOBAHUA CTPYKTypHpPOBaTh HH(OPMAIHIO O
Iu3aiiHe OOBEKTa, BBIMOJIHATH IO3TAMHOE pEIIeHHe HpPOOJIEMbl, YYWTHIBAs
KOMOMHMPOBAHHOE HCIIOIb30BAaHWE TEXHWUYECKUX PELICHUH Ui pasIddHBIX
nogcucteM. [locnenoBaTenbHas peanu3anys 3TanoB oOecredmBaeT Oosee
rIy0OKOe TMOHMMaHHWe MpoOJeM, BO3HHMKAIOMIMX MPH CO3JaHUU HOBOTO
00beKTa, TOBBIINIAET TBOPYECKYID AKTHBHOCTh WHXKCHEPOB. AHanu3
pe3yIbTaTOB TECTOBOTO CHHTE3a KOHCTPYKIMM HA OCHOBE MAaTPHIIBI
«(QYHKUUH-TEXHUYECKHE DPEIICHHSD) " MIPUBEICHHBIX OIICHOK
MTOJTyYeHHOH KOHCTPYKIMH O psAAy (YHKIIHHA, MMO3BOJSET MOCTETIEHHO
HaKaruMBaTh MH(POPMAIMIO O HENPHEMJIEMbIX BapuaHTax HaOOpOB W CBs3eH
KOHCTPYKTHUBHBIX 3JIEMEHTOB B W37IEIHN. Hcnons3oBanue
MOJU(UIMPOBAHHOTO METOA KOHIETITYaJIbHOTO MPOEKTUPOBAHHS MO3BOJISIET
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Bobrovskyi O.S., Marshak O.1., Revzon N.D., Fedorov D.S.

Anomauyia. 3anponOHOBAHO MUTOTHUH TIPOEKT CTBOPEHHS HayKOBO-
nociigaunbekoi naboparopii IT-miaTpuMmku Ui HaBYAIBHOTO 3akiany (axoBoi
MepEeBUINO]  OCBITH, TOJIOBHUMH 3aBJAHHSIMH SIKOTO € BHKOHAHHS HAayKOBHX
JOCJTI/PKEHb Ta PO3p00Ka TEXHOJIOTIH PO3MOIIICHUX CUCTEM.

Knwuoei cnosa: ounaitH-mnardpopma, IMCTaHIIHE HAaBYaHHS, HAyKOBI
JOCIIiDKeHHS, iHpopMaliiiHa miITpHUMKa, KOMI IOTePHI HayKu.

Annotation. For an institution of professional prehigher education a project of

creating a IT-supportive scientific-research laboratory is proposed. The main goals of
laboratory are performing scientific researches and developing distributed systems.

281



Marepianu IX MixkHapogHOi HayKOBO-TIPAKTHYHOT KOH(pepeHLil
«IHQDOPMALIPIHI VIPABJISIOUI CUCTEMMU I TEXHOJIOT Tin
24-26 Bepecus 2020 p., M. Ozeca

Keywords: online platform, remote education, scientific researches, information
support, computer science.

HaykoBo-nmocmigaa poboTa € HEBiJ €EMHOIO CKJIQJOBOIO ITiJATOTOBKH
(axoBUX MONOAIIHMX OakamaBpiB, fKka BH3HAYATHME KOHKYPEHCIPOMOXKHICTD
HaBYAJIBHHUX 3aKJIa/iB TepeaBHIIOi (axoBoi OCBITHM Ha Cy4acHOMY PHHKY
OCBITHIX TOCHYT. Mema Ta pe3yibTaTH POOOTH MOJATAIOTH Yy CTBOPEHHI
MUJIOTHOTO MPOEKTY HayKOBO-AOCTITHHUIBKOI Jlaboparopii [T-minTpumkn s
BiJUIIICHHS 1H(GOPMAIIHAX TEXHOJIOTIH BimoOKpeMIIEHOTO CTPYKTYPHOTO
migpo3niny «®PaxoBuil konmemk KopabeniB HamioHansHOTO yHIBEpcHUTETY
KopaOeOynyBaHHs iMeHi anmipana Makaposay (nani «Koiemky»).

Tab6uuus 1 — [TopiBHsUTbHMI aHAJII3 BUKOHAHHS MPOEKTHHX 3a]1a4

CTpox BUKOHAHHA 3aJa4i,
po6oumx aAHiB
HaiimenyBanHs
NPOEKTHOI 3a1a4i
be3 Bukopucranus 3 BUKOPHCTAHHSIM
«bitpikc 24» «bitpikc24»
Po3po0ka mosoxeHHs Ipo 14 10
J1a00paTopiro
Onwc MaTepiaibHO- 5 3
TEXHIYHOT0 3a0e3MeUeHHs
3aTBepaKEeHHS KEPiBHUKIB 3 |
HallpsAMKIB JIAJIBHOCT1
3aTBepKCHHS IUIaHy 3 1
pobotu

Jocmimanmbka misubHICTE «Koemky» momsratumMe y y4acTi CTYICHTIB
pa3oM 3 BHKJIQAadaMH B Tporeci po3poOri HoBux IT-TexHOMNOTIH 1 HOBHX
MPOTpaMHAX TPOMYKTIiB, aHaNi3l OJIEpKaHWX pe3yJibTaTiB Ta CKJIaJaHHI
NMOJAJBIINX ~ PEKOMEHJAalid [I0J0 JOUUIBHOCTI IX  3aCTOCYBaHHS Y
MIPOMHCIIOBOCTI.

OCHOBHUMH HampsiMKaMH poOOTH J1abopaTopii € HayKOBi JOCITIKEHHS
Ta po3poOKa TEXHOJIOTIH PO3MOAIICHUX CUCTEM Ta MapaielbHUX 00UHCIICHb, a
came MoOimpbHHX Android-momatkiB, 4aTOOTiB, iHTerpamiss iX 3 calTammu
yHiBepcurety Ta «Konemxy», Kk eanHOi iHpOpManiiHOI CHCTEMH.
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bazoBum ememeHTOM J1abopaTopii € OHIAHH-TIaTdopMa, CTPYKTYpPOIO
SKOi TepegbadeHo IHTETpyBaHHS i3 caliToM YHIBEpCHUTETy, Ha SKOMY
PO3MIIIYIOTECS] HABYaJIbHI MaTepianu Ta jiteparypa [1].

Po3poOka mpoexTy CTBOpeHHs Jsaboparopii BigOyBamacsi B yMoOBax
JMCTAHIIMHOIO peXHuMy Ta ampoOoBaHa IIiJj 4Yac KapaHTHUHY (miacrasa
ITocranoBa KMV Big 11.03.2020 p. Ne 211).

CucteMOI0 yNpaBIiHHS IPOEKTOM OOpPaHO KOMIUIEKT 1HCTPYMEHTIB
cepBicy aBromarm3auii «biTpikc24», MOUINBHICTE SKOTO MHPH IOCTAHOBII
HAYKOBHUX JOCTIKEHb OOTpYHTOBAHO y poboTi [2]. Pesynpratn mokasanu, mo
aBTOMAaTH3allisl TMPOIECiB TPOEKTHOI  MiSUIBHOCTI 3HAYHO  CIPOCTHIA
KOMYHIKaI[iI0 Ta JOKyMeHTO000ir (Taba. 1).

Takum 9rHOM, BIIPOBaKEHHS po3poOok "IT-On" B OCBITHIO HisIIBHICTH
«Konemxy» Ta VYHIBepcHUTETy CHpHATAME KOMepIliamizamii HayKOBUX
JOCITIKeHb, TOKPAIICHHIO SIKOCTI OCBITHIX TOCIYT Ta IIiIBUIICHHS
KOHKYPEHTOCTIPOMO>KHOCTI.

[lepcriekTHBY MOJANBIINX AOCIHIIHKEHB OB’ A3aHi 31 CTBOPEHHS IPOEKTIB
BIpTYaJIbHUX €KCKypciif Ta ToOyZoBOIO HaBYaHHA y (opMi AIJIOBUX irop,
CIOPSAMOBAHMX HAa PO3BUTOK HABWYOK 3 YIPABIIHCHKOI Ta mpodeciiHoi
ISITBHOCTI.

Jlitepatypa

1. Mapmak O.l.,, Ilaparok JI.B., Bobposcekuiti O.C. Po3pobka 3aco06iB
iHdopmaniifHOi MATPUKK NPH MIATOTOBLI MOJOMIINX CHENialicTiB B ramysi 12 —
Indopmariiini TexHomorii // Tndopmaniiini TexHONOrI: Mo, AITOPUTMHU, CUCTEMHU
2019: Marepiann HayKoBO-TexXHiYHOI iHTepHeT-KoHdepenuii. — Muxomnais: HVYK,
2019: pexxum pocryna: htpp // itconf.edu.ua.

2. KmoukoBa A.B., bebskuna A.A. CRM-cuctema Kak HHHOBAIMOHHBII
MHCTPYMEHT NOBBIILICHHSI KOHKYPEHTOCIIOCOOHOCTH opranusanuy / HayuHslit sxypHa
HUYUTMO. Cepus DKOHOMHKA U 3KOHOMHYECKHI MeHemkMeHT, 2019. — Ne 4. — C.
177-184.
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VJIK 004.89: 004.942

KOHOEIIIA ITTATPUMKHA MPUNHSTTA PILLIEHD Hoa0
IUBIJIBHO-ITPABOBUX IIIJICTAB YKJIAJAHHS JOT'"OBOPIB
IMPO HAJAHHSI TEPAITIEBTUYHUX MMOCJIYT
J.1.1. ToBopymenko T. Q. 110000-0002-7942-1857)
n10.0. Tepr A. A. [0000-0002-3310-3159] g 1 gy Inatuyk €. I.10000-0003-2989-3183]
E-mail: tat yana@ukr.net, liza_veta@ukr.net, agerc@ukr.net

CONCEPT OF THE DECISION MAKING ON CIVIL LAW
REGULATION OF CONTRACTS FOR THE PROVISION OF
THERAPEUTIC SERVICES
Dr.Sci. Hovorushchenko T., Herts A., Ph.D. Hnatchuk Ye.

Anomauyia. Hapasi B YkpaiHi icHye moTrpeba B MPOEKTyBaHHI Ta PO3poOIeHHI
cucteMH HinTpuMku npuiHsATTS pimens (CIIIIP) mono nuBinbHO-NPaBOBUX MiACTaB
YKJIQaHHS JOTOBOPIB TIPO HAJAHHS TEPANEBTHYHUX ITOCIYT (OO0 KOPEKTHOCTI 4M
HEKOPEKTHOCTI CTPYKTYpH aorosopy). s npoekryBanus Takoi CIIIIP cnovatky ciin
PO3pPOOUTH KOHLEINII0 MIATPUMKH TPHHHATTS PIlIeHb IOJO0 LUBIIBHO-TIPABOBUX
TTi/ICTaB yKJIaJaHHs JOrOBOPIB MPO HaJaHHSA TEPANEBTHYHUX TTOCTYT.

Kniouogi cnoga: noroBip Mpo HaJaHHS TEPANeBTUYHUX IOCIYT, IMBLIBHO-
MpaBOBl MiJCTaBH, CHCTEeMa MATPUMKH OpuiHATTS pimens (CIIIIP), xopexTHicTh
CTPYKTYpPH JJOTOBODY.

Abstract. Currently, in Ukraine, there is a need to design and develop a decision
support system (DSS) on the civil law regulation for concluding contracts for the
provision of therapeutic services (on the correctness or incorrectness of the contract
structure). In order to design such a DSS, it is first necessary to develop a concept of
the decision making on civil law regulation of contracts for the provision of therapeutic
services.

Keywords: contract for the provision of therapeutic services, civil law regulation,
decision support system (DSS), correctness of the contract structure.

CyuacHuil TepaneBT NMpUIMaE PIlICHHS, IHTETPYIOYN KUTbKa MEANYHUX
cneniasbHOCTe. Take pilIeHHS TpencTaBisie MpodJeMy, IO TOCTAE INepej
TepaneBTaMH IIOAHSA 1 HEOJHOPAa30BO, OCOONMBO TPH BHKOPHCTAHHI
IHHOBAI[ITHUX MEIMYHUX TeXHOJOorii [1]. BpaxoByroun BUILEBUKIA/ICHE, BCE
0i7pIIOT yBarm Ha ChOTOJHI MOTpeOye NMHMTaHHS YKJIAJaHHS JIOTOBOPY IO
HAQ/IaHHS TEPANeBTUYHHUX MOCIYT. 3HAYHO 30UTBIINTH MPOAYKTHUBHICTH Ipari
TEpaIeBTiB MOXKE YCIIIIHO BIIPOBAKEHE MEIWYHE IPOTpaMHe 3a0e3MedyeHHs
Ta CHCTeMH IMIATPUMKH NpUHHATTA pimens [2]. Otxke, Ha CHOTOMHI
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aKTyaJIbHOIO 3aJaueio € po3poOneHHs iHtenekryanbHoi CIIIP  1momo
[UBUTGHO-TIPABOBUX  MIACTaB  yKJIQJaHHSA  JOTOBOPIB TPO  HaJaHHI
TEpaneBTUYHHX MOCIIYT, JUIsl YOTO CIIOYATKY CJIiJl PO3POOUTH KOHIIEIIIIIO TaKoT
CIIITP. KoHuentis miaTPUMKH MPUHAHSTTS PIillIeHb 100 HUBUILHO-TIPABOBHX
MiJICTaB YKJIAJAaHHS JIOTOBOPIB IIPO HAJAHHS TEPAINCBTUYHUX IOCIYT.
Konyenyis niompumku  npuiinamms  piwieHb w000 YUBLIbHO-NPABOGUX
niocmae  YKuaoamusi 002080pi6 NpPO  HAOAHHSA  MeEPANeGmMUYHUX  NOCTY2
IpeJcTaBiIeHa Ha puc. .

Jozoeip npo nadanns
mepanesmuunux
nociye

TlopiBHAHHS

Peasibua oHTOMIOTISK IneasnbHa oHTOJIOTIS

AP — MHOXHHA

TPOIYIIEHUX TyHKTIB y
JIOrOBOPI TPO HaJ[AHHS

TEPaneBTUYHUX MOCIYT

(CtpykTypa norosopy mp (CtpykTypa orosopy np
HaJIaHHA TEPaneBTHYHUX HaJIaHHA TEPaneBTHYHUX
TOCITYT HEKOPEKTHA TOCIYT KOPEKTHA

Tlinnucanns 1oroBopy

Bisyaizauis
MPOIYILIEHAX
MyHKTIB Y
JI0rOBODI

%
JloonpanroBanns
JIOTOBOPY

Puc. 1 — Konyenyis niompumxu nputiHamms pitileHb wooo YusiibHO-npasosux
niocmas ykaiadaums 002080pie npo HAOAHHA MEPANesmuYHUX NOCLye

Brepmie po3po6ieH0 KOHIENIio MATPUMKH MPUHHATTS PIilIeHb L1070

LIUBUIBHO-TIPABOBUX ~ TIJICTaB  YKJIAQZaHHSA  JIOTOBOPIB NP0  HAIaHHSI
TEpaleBTUYHHUX IOCHYT, $Ka IPYHTYETHCS Ha TMOPIBHAJIBHOMY aHaii3l
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oHTOJIOTiH. Po3poliieHa KoHIENIis BimoOpakae OCOONMBOCTI TPHHHSATTS
PIIIIEHHS KOPEKTHOCTiI 400 HEKOPEKTHOCTI CTPYKTYPH AOTOBOpPY. Taka Mojelb
€ TCOPETHYHUM IMIJAIPYHTSAM JUIi PO3POOJICHHS METOJIB Ta MPOCKTYBAaHHS
CIIIIP oo NMBiIBHO-PABOBHX MiJICTAB YKJIAJaHHS JJOTOBOPIB MMPO HAJIAHHS
TEPANEeBTUYHUX TTOCITYT.

Jlitepatypa

1. Khrustalev Y. Therapy is the Basis for Strengthening the Health of the Nation /
Y. Khrustalev. — Therapeutic archive, 2018. — Vol. 8. — P. 78-80.

2. Syerov Y. Method of the Data Adequacy Determination of Personal Medical
Profiles / Y. Syerov, N. Shakhovska, S. Fedushko. — Advances in Intelligent Systems
and Computing, 2020. — Vol. 902. — P. 333-343.

VIIK 005:8

SWOT-AHAJII3 IK EOEKTUBHUI CIIOCIE OTPUMAHHSI
HNEPBUHHUX JAHUX JJISI MATEMATHYHOTI'O
MOJAEJIIOBAHHS B YITPABJIIHHI TIPOEKTHUMH PUSUKAMU
K.r.1. JIyk’stHoB JI.B.[0000-0001-8305-2217] Vaukejica MLII, 9000-0002-0646-5576]
A.T.H. Foryncbkuii B, ]I, [0000-0002-9115-2346]
.T.H. Konecuikoa K.B.[0000-0002-9160-5982]
E-mail: lukianov@live.com, mikes-m@yandex.by, vgog@i.ua
amberk4@gmail.com

SWOT ANALYSIS AS AN EFFECTIVE WAY TO OBTAIN
PRIMARY DATA FOR MATHEMATICAL MODELING IN PROJECT
RISK MANAGEMENT
Ph.D. Lukianov D., Dr.Sci. Mazeika M., Dr.Sci. Gogunskii V.,

Kolesnikova K.

Anomauia. Y cTaTTi NPOIOHYETHCS PO3TISIHYTH BUKOPHUCTAHHS KJIACHYHOTO
iHCTpyMeHTy aHamizy pusukiB SWOT-aHani3 y moegHaHHI 3 MOOYIOBOK MOZENi
MapkoBa [t mopansiioro anamizy ememeHtiB Martpumi SWOT. Ilokazano BapiaHT
mo0yJOBH MAaTpHIli CyMDKHOCTI Ha OCHOBI MOBHOTO Habopy ¢akropiB SWOT 3 ii
MO/IAIBLINM aHaJTi30M.

Kniouogi cnosa: ynpasniHHs NpoeKTaMu, yrpaeiinHs pusukamu, SWOT-anaiis,
TEJIECKOIIYHI 0OMEKEHHS, MAPKIBCbKHIl JIAaHIIIOT.

Abstract. The article proposes to consider the use of the classical risk analysis
tool SWOT-analysis in combination with the construction of the Markov model for
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further analysis of the elements of the SWOT matrix. The variant of construction of a
matrix of adjacency on the basis of full is shown

Keywords: project management, risk management, SWOT-analysis, telescopic
observations, Markov decision process.

B nanuit wac Bce wacrilie AOBOJAUTHCS UYTH IIPO «CMEPTH» TUX UM
IHIINX KJIACHYHUX IHCTPYMEHTIB 1 MeToXiB ympamiinHsi. Ha xanp, OyBae
Ba)KKO HE IMOTOAUTHUCA 3 JOBOJAMH JSSIKHX KPUTHKIB, TOMY 110 HaBEIeHI HUMH
MPUKIIAAA BUKOPUCTAHHS KIIACHYHUX IHCTPYMEHTIB i METOMIB 3MYIIYIOTh
BHU3HATH, SK MIHIMyM Te, IO MPHUKIAAW, SKI PO3TIITHYTO HE € BIAIHMH.
Haii0inpm sckpaBUM TPUKIIAI0M, TaKO1 KPUTHKH, € TAKUHA KIACHIHUH, TaBHO
BHKOPUCTOBYBaHHN iHCTpyMeHT, sk SWOT-amamiz [1]. MoyxHa Ha3BaTH
Oe3miu obnacreit 3actocyBanHsi meroay SWOT, mpu 1bOMY YHUKHYTH
3arajibHOBIOMUX cep (TaKuX SK MApKETHHT): MOCIIKCHHS TUHAMIYHHUX
3MiH B oto4eHHi ¢ipmu; SWOT-anani3 B OLiHII Ta yrpaBiiHHI puzukamu [2];
SWOT anani3z dakropiB KoHKypeHTHOTO otoueHHs [3]; SWOT-anami3z mis
BUBUEHHA (akTopiB BHOOpY cTparerii po3BuTKy (cxema Telescopic
observations) [4]; 3acTocyBanns SWOT-aHamni3y a1 BUBUCHHS KOHQIIIKTHHUX
curyaniif; 3acrocyBanus SWOT-anamizy B kpu3ax Ta Oarato iHmmx. Sk
npuKiIan BUKopuctaHas Metoaukn SWOT B mpakTHIli ynpaBiliHHS peatbHOIO
OpraHi3alli€l0 MOXHA pO3MIIAHYTH aHalli3, BUKOHAHWHA JUIA YIPaBIiHHSI
pu3uKamMu. AHaii3 OyB npoBeaeHHi Ha OCHOBI «po3mmmperHoi SWOT mozeni».
ToOro mpoBOAWBCS aHali3 B3a€EMHHUX BIUIMBIB BCIX E€JIEMEHTIB KOXHOTO 3
OJIOKIB Ta BCiX OJIOKiB OJMH Ha OXHOTO. Y pa3i HasBHOCTI BIUIMBY OJHOTO
¢dakTopy Ha IHIMHA y BiANOBIAHINA KINITHHII 3'SBISETHCA ONWHHIA, B pasi
BiCYTHOCTI - Hynb. T

akuM dYnHOM Oyma cdopMoOBaHa «MAaTPHUISI CYMIKHOCTI» Ui BCiel
CHCTEMH eJIeMEHTIB. Y HaBeAeHill orini BUmHO, mo Oymo chopMoBaHO
gotupu «migmarpuni» - SOxSO, SOxTW, TWxSO i TWxTW. Koxna 3 gKuX,
B CBOI0 4epry, CKIAJAETbCS 3 YOTHPHOX «IiA-NAMATPHIb» (HAIpUKIAA
SOxSO0 3 SxS, SxO, OxS i Ox0). [Toxanemiuii aHasi3 MoOyI0BaHOT 32 TAKUMHU
MPUHIUIIAMYA MATPHII CYMIDKHOCTI BHKOHYEThCS 3a JOMOMOTOK) METO/IIB,
omucaHux pasime [5].

HacrynHum KpokoMm y mpoBelieHHI «po3mupeHoro» SWOT-ananizy
Moxe OyTH Bisyawmizauis cucteMu (GaKTOpiB Uil BUSIBICHHS HaHOiIbLI
«CHJIBHHX» (aKTOPIB, IO BIUIMBAIOTH HA BCIO CHCTEMY Y BUIJIS/II CHCTEMHOTO
nmarmmadTy abo mepexigHUX MPOIECiB.

B minomy, mogens SWOT momomarae mpuiiMati OUTBII SIKiCHI PIlICHHS
a0o omiHIOBaTH e()eKTUBHICTD il - Bi 3aIlyCKy HOBOTO TOBapy abo MOCIYTH
IO 3TUTTA 3 1HIIOKO OpraHi3amieo abo mpuadaHH JOYIPHBOTO MiAPHEMCTBA.
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MANAGEMENT OF CROWDSOURCING PROJECTS IN SPATIAL
DEVELOPMENT OF UKRAINE
Bezverkhniuk T., Ph.D. Azarova 1.

Anomauia. IIponoHYyeTbCS MOZAENb YNPaBIiHHA MPOEKTaMH IMPOCTOPOBOTO
PO3BHTKY 13 3aCTOCYBaHHSM KpayACOPCIHIOBOI IIaT(hopMH, 3a JIOTIOMOTO0 SIKOi
3MIHCHIOETBCS TIOCTAHOBKA MPOOJIEMH PpO3BUTKY, IMOAAHHA MPOMO3UMIA MIomo ii
BUpILICHHS, TOJIOCYBaHHS 3a MPOIO3HUILI, IJIAHyBaHHS MPOCKTHUX [iii Ta 3BITHICTH
II0JI0 peatizallii BiAMOBIMHOTO MPOeKTy. Taka MOJIeb T03BOJIsIE BUKOPUCTATH MIHMPOKI
MOXKJIMBOCTI KPayZCOPCIHTY JUIsl MiJABUILECHHS €(pEeKTHBHOCTI CHCTEMH IPOCTOPOBOIO
PO3BHUTKY YKpaiHH.

Knrouosi cnosa: xpaypacopciur, kpayzdaHIiHI, NPOCTOPOBHH PO3BUTOK B
VkpaiHi, mpo6JIeMH IPOCTOPOBOTO PO3BUTKY.

Abstract. A spatial development project management model is proposed based on

a crowdsourcing platform, which is used to set the development problem, submit a
proposal for its solution, vote on proposals, plan project actions and report on the
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project implementation. This model allows using a wide range of crowdsourcing tools
to increase the efficiency of the spatial development system of Ukraine.

Keywords: crowdsourcing, crowdfunding, spatial development in Ukraine,
problems of spatial development.

OCHOBHOIO iJIC€F0 KPAYICOPCIHTY € BIAKPUTE MIPOTOJIOIICHHS MPOOIIEMH 3
MOJANBIINM 3aJyYCHHSIM IHTEIEKTyaJdbHUX MOXKIMBOCTEH HATOBIy JUIs
MONIYKY HAHOINBII ONTHMAIBHOTO CIOCOOY BHPIMIEHHS ITOCTaBICHOT
npoOeMu. 3BaXKaloyd Ha TMOKHW 10 HEe3HaYHE TONIMPEHHS B YKpaiHi IOTro
IHCTpYMEHTy, 3acaad peajizamii 3a IOIOMOTOI0 KpayJCOPCIHTY esKHX
(GYHKIOIA yOpaBIiHHS NPOEKTaMH IPOCTOPOBOTO PO3BHUTKY - € aKTyaIbHUM
HaNpsIMKOM JTOCTI/DKEHHA. SIK BHSBMIIO IPOBEACHE JOCIIUKEHHS, B YKpaiHi 3
3aCTOCYBaHHSM  KpayJICOPCIHIOBUX IUIaTGOPM  OUTBII  YCIINIHO, HIXK
ICHYIOUMMH METOJIaMHM, MOXYTh OYTH BHpILlICHI 3a7a4dl MPOCTOPOBOTO
PO3BUTKY 3 momyKy Ta ¢opmanizauii mnpoOiieM pO3BHTKY B paMKax
MICTOOYJIBHOTO ~ MOHITOPUHTY;  ifeHTH(diKamii ONTHMalbHUX  IUISAXIB
BUPIIIEHHS MPOOJIEM PO3BUTKY B paMKax po3poOKM CTpaTeriyHnX HaIpsMKIB,
MIPOrpaM Ta MPOEKTIiB MPOCTOPOBOTO PO3BHUTKY, MiCTOOYAIBHOI JOKYMEHTAITIT;
oprasizailii CHiJIBHOTO 3 TPOMAJICHKICTIO IUTAHYBaHHS, (iHAHCYBaHHA Ta
peaiizamii 3axoJiB 3 PO3BHTKY; 3a0€3MEUYCHHS T'POMAJICHKOTO KOHTPOJIO 32
pe3ympTaTOM peamizamii 3aXOomiB 3 PO3BUTKY. /I IBOTO TIPOTIOHYETHCS
MOJENb  YHPaBIiHHA  KPAayACOPCIHTOBUMH  IIPOEKTaMH  IPOCTOPOBOTO
PO3BHTKY, pealizoBaHa 3a JONOMOIOI0 KpayACOpciHroBoi mmiaTdopmu
npoctopoBoro po3BuTKy (xani — KIIIIP). 3rizHo 1o 3anmporioHoBaHOT Moz,
3a nonomoroto KIIIP 1 kopucryBauamu 3IiHCHIOETBCST (OPMYJFOBaHHS
mpobJieMH TPOCTOPOBOTO PO3BUTKY, TOAAIOTHCSA MPOIO3MIT 3 BHUPIMICHHS
npoOeMHu, 3IHCHIOETHCS BUOIp HAWOIIBII ONTHMAIBHOT MPOMO3KLIT HIIXOM
rOJIOCYBaHHs, BHUKOHYETHCSI ITUIAHYBaHHS NPOEKTHHUX Jiil 11010 peaizarii
MPOMO3MLIT Ta HANAETHCS MyOJIIUYHUNA JTOCTYI O 3BITHOCTI 3 X0y BUKOHaHHS
BignosigHoro npoekry. Ckmagosi KIIIIP Ta cxema ix B3aeMofil mpencTaBicHi
Ha puc. 1. IlpomonoBana wmomens KIIIIP Bigpi3HA€TbCA Bill ICHYIOUHX
aHAJIOTIB TUM, IO Tependavyae I Cy0’€KTiB-KOPUCTYBAYiB Ta MOJABAHHUX
npobiem 4itky reorpadiuHy Jokamio. lle 3abesneuye ¢dopMmyBaHHS
JIOKIBHUX CIUIBHOT, SIKI MalOTh CIHIJbHI 32 TEPUTOPIaJIbHOI O3HAKOIO
iHTepecH 100 BupinieHHs npobiem. Takoxx KIIIIP nosBossie 3amydat Bin
KOPHCTYBa4iB Ha BHWKOHAHHS MPOMO3WIIH TpH BUAM PECypCiB: TPYHOBI,
(iHaHCOBI Ta MaTepiaibHi, Ta 3MIHCHIOBATH YIIPABIiHHSI HAMH.

Takum uwmnoMm, KIITIP mo3Bomsie He JwIie 3ady4ddTH OIMPOKI KoJa
3aI[iKaBJICHUX CTOPIH JO MPOCTOPOBOTO DPO3BUTKY, BKJIIOYAIOYM IIPOLECH
CTpPATETIYHOTO IUIAHYBaHHA, (PiHAHCYBaHHA Ta 3AIMCHEHHS 3aXO0/IiB 3 PO3BHTKY
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PI3HOMAHITHUX TEPUTOPIH, ajie i AeleryBaTH KiHIEBHM OeHedimiapaMm Heski
YOpaBIiHCHKI (QYHKIIi Ta TOBHOBa)XEHHS 3 NMUTAHb IIPOCTOPOBOTO PO3BUTKY,
1110 LJIKOM BiJITIOBI/Ia€ NPOBITHUM CBITOBUM TEHJCHIIISIM B I1iH cdepi.

BAYEHHA BA’KAHOI'O CTAHY OB’€EKTY
§ 8§ %8 38 % %8 % 8 % 1%
CYB’€EKTH YIIPABJIIHHA:
i3uyni Ta topHAHYHI 0c00H BIACHHKH/0peHIapi 3eMeIbHUX
TISIHOK/ANTIOBHX/TPOMAICHKHX NIPHMIllieHb, TPOMA/IChKI opranizamis Ta
00’€IHAHHS, OPraHy MicueBoi BIAIN Ta iH.

= KPAYJICOPCIHI'OBA ILTAT®OPMA ITPOCTOPOBOI'O PO3BUTKY nE
. —— : 52
3 oz | [1eE| [«E & |8z |naz 2w %E.a
E EEN R 253 |2%8 2288 ||<85
Tz = C=2 o= | |o¢8 k%1 g8 SEZR ==
Y& s=E||2FE| |32 =g |2=F =2 8=l (585
0 MOIVIb 1 ) T T 3 ) ) z2%

2 Apropusauii ta ] . , =

E peccrpari = MO/IYJIb 2 Buip aiif koprcryBaya § ;

& | U ) 2=

OB’€EKTH YIIPABJIIHHA:
MPOCTOPOBA CHCTEMA AK C)'I\"}'ﬂHiCTb KOHKPETHHX OCHOBOIOIO/KHHX YMOB,
CTBOPEHUX JIOHHOIO | IPHPOI0I0 B MeAKAX [eBHOT TepUTOPi
Puc. 1 — Cxnaoosi KIITIP ma cxema ix 63aemo0ii
VJIK 004.932

NPUMEHEHUE JU®PEPEHIIUAJIA ECTECTBEHHOI'O
OCBEILIEHMUSI 1J15s1 BOCCTAHOBJIEHUSA U ITOBBILIEHUSA
KAYECTBA U30BPAKEHUSA
J.1.H. Boray:xanun B.B, 10000-0002-6302-18321 " echoii JII1.
E-mail: vint532@yandex.ru, dmitry.lesnoyy@gmail.com

IMAGE RESTORATION AND QUALITY IMPROVEMENT USING
AMBIENT LIGHT DIFFERENTIAL
Dr.Sci.Vychuzhanin V., Lesnoy D.

Annomayusn. CHUMKY TTOJIyYeHHBIE TTPU TIeCUaHoH Oype, TyMaHe WM MOJ BOJOH
HUMEIOT HCKaXeHHe H300pakeHHsi CBETOM. J[Isi BOCCTAHOBIECHHMS U TOBBIIICHHS
KauyecTBa HM300paKEHHMsT HCKAKEHHBIM  pacCeMBaHHEM M JIyYEHOIJIOIICHUEM
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ucnosb3oBaics JuddepeHInan ecTeCTBEHHOTO OCBEILCHUsS CHUMKA, IMyTeM pacyera
pa3sHUIIBI MEXIy €CTECTBEHHBIM OCBEUIEHHMEM M 3KCIEPUMEHTAIbHO H3MEPEHHOU
WHTEHCHBHOCTBIO B HCKa)KEHHOM KajJpe. BoccTaHOBIEeHHE M TOBBIIIEHHE KadyecTBa
N300paKeHUsI IPOUCXOANUT HA OCHOBE NPEATIOKCHHOTO U3MEPEHNS POITYyCKaHNs CBETa
C TIOMOIIBI0 MOJenH (OPMHUPOBAHUS HN300PaKEHUs, a 3aT€M HCIIOJIB3YEeTCSl METOJ
aJalTHBHON KOPPEKTHPOBKH IIBETA JJIS €T0 YITyUIIeHUs.

Kniouesvie cnosa: BOCCTaHOBIEGHHME HW300paKeHHs, IOBBIIICHHE KauecTBa
N300pakeHUsI, H3MEPEHUE MPOIYCKaHHs CBETA.

Abstract. Snapshot in conditions of light distortion have images other quality.
Snapshot ambient light differential was used for image restoration and quality
improvement degraded by scattering of light and absorbing. It formed by calculating
the difference between the observed intensity and the ambient light in a degraded
image scene. Image restoration and quality improvement based on the proposed
transmission estimation using the image formation model, and then use an adaptive
color correction method to improve color.

Keywords: 1image restoration, image quality improvement, transmission
estimation.

Y  u300pakeHUil, CHATHIX IMPH HCKWKCHHOM CBeTe HaOI0aaeTcs
yXy[IIIEHHE [IBETA M KOHTPACTa, I[OTOMY YTO HAKAIUIMBAEMbI CBET
paccerBaeTCs U TMOMJIONIACTCST HA PACCTOSHUU OT Kamepbl CKBO3b MYTHYIO
cpeny. OTO HEraTUBHO BIMSET Ha pPE3yJbTaTHBHOCTh IPWJIOXKEHUS IO
KOMIIBIOTEPHOMY  pacHo3HaBaHHIO o00pa3oB. Heobxomuma paspaboTka
3¢ QEKTUBHOTO MeToJa BOCCTAHOBJCHHWS I[[BeTa M KOHTpacrta. bosblioe
KOJINYECTBO HccienoBanuii [1—4] 0bu10 caeaHo B 007aCTH OCBOOOXKICHUS OT
MYTH C HCIIOJIb30BaHMEM Mojenu (HOpMHUpOBaHHS H300pakeHus [S5] depes
BBIYKCIICHUE €CTECTBEHHOTO OCBEICHHS M IIPOITyCKaHUE CBETA.

Ha nepBoM aTare paboThl METO/a MPEACTABISACTCS YIPOIIEHHAS MOJCTb
(hopMUpOBaHUS H300paKCHUS:

I‘(x)=J(x)t(x)+ A1 —t(x)),ce{r,g,b}, 1)
rae IC(X) - OKCIICPUMCHTAJIbBHO U3MCEPCHHAA MHTCHCHUBHOCTL B IIBETOBOM

c c
KaHane C Ipu nukceine X, J° - HA3IIy4YEeHHUE Kazpa, A" - ecrectsennoe

oceemienue, [ - npoIryckaHue cseta, C - oaHo u3 3HadeHuil RGB. 3arem st
KaKJI0To MHUKcelss X HU300pakeHHss He0OXOAUMO BOCTIOIB30BATHCS METOJOM
MOJIy9eHHUsT TEMHOTO KaHaja Uil HaxOXICHUS MHUHUMAIBHOTO Cpeau
3HaueHuit RGB Bokpyr X .

Ha BTOpOoM »Tame HYXHO OILECHHBATH NPOIyCKaHWE CBETa IIyTEM
HU3MEpeHUs aOCOTIOTHOM Pa3sHOCTH MEXIY IKCIIEPUMEHTAIEHO U3MEPECHHBIMU
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WHTEHCUBHOCTAMHM TOYEK KaJpa M ECTECTBCHHOTO OCBEICHUS IS
BOCCTAHOBJIICHUS! HMCK)XEHHBIX M300paXECHUH C pa3HBIMH I[BETOBBIMH
orreHkamu. Torna ypasuenue (1) umeer Bun;

| 1°(x)— 4 |[=1(x0)| T (x) - 4°| @).

TpeTI/Iﬁ OTall 3aKIYacTCa B OCYUICCTBJICHUU KOPPCKIWKU LBETA Ha

BOCCTAaHOBJICHHOM J . YTOOBI BOCITOJIHUTH IOIBCTOBBIC OTTCHKH.
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COMPARATIVE ANALYSIS OF USING RECURRENT
AUTOENCODERS FOR USER BIOMETRIC VERIFICATION WITH
WEARABLE ACCELEROMETER
Havrylovych M.! [0000-:0002:9797-2863] [y Scj. Danylov V. ! [0000-0003-3389-3661)
Dr.Sci. Gozhyj A. ? 10000-0002-3517-580X]

E-mail: 'mariia.havrylovych@gmail.com 'danilovl950@ukr.net,
2alex.gozhyj@gmail.com

Abstract. A comparative analysis of recurrent auto-encoders as a component of
the proposed automated decision support system for biometric verification of the
behavioral type user from the indicators of the chest accelerometer sensor is carried
out. The goal of research is to build a continuous-based user biometric verification
system based on accelerometer data using unsupervised deep learning recurrent
algorithms. We compared three types of recurrent auto-encoders with recurrent units of
long-short term memory type with two methods of classical machine learning (one-
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class support vector machines and “isolation” forest) which required manual feature
generation.

Keywords: Biometric Verification, Recurrent Auto-encoder, Anomaly Detection,
Variational Auto-encoder.

An object of the study is the user biometric verification based on
behavioral patterns. The accurate and speed behavioral-based verification
allows making it continuous and implicit, which is very important to create
secure and protected services for different purposes.

Dataset was taken from UCI repository - archive of public datasets for
machine learning purposes.

The dataset contains accelerometer data from 15 volunteers. Data
contains from X, y, z axis values [1,2]. As in [3] user verification goes after
solving human activity recognition (HAR) tasks on walking patterns, we also
use the user verification algorithm only on some particular motion pattern. For
deep learning models, we split data in overlapping on 50 percent windows
with a length of 52.

We compare three types of autoencoders: variational long-short term
memory (LSTM) autoencoder; contractive LSTM autoencoder; undercomplete
LSTM autoencoder. As loss was used mean absolute error.

The threshold formula:

N
B MAE/
T = Zl / +std(MAE,)

where MAE is mean absolute error between a sample and predicted sample,
std - standard deviation and n is the number of samples in the train dataset.

As model evaluation metric “recall” for positive (“self”’) class were
chosen and also area under curve (AUC) value. Also, equal error rate was
calculated.

Autoencoder-based models were compared with one-class support vector
machines (SVM) and isolation forest algorithms. For one-class SVM and
isolation forest, different types of features were extracted (in time and
frequency domain). The examples of features were taken as in [4].

Table 1 — “Recall” score for the positive class
LSTM AE | LSTM VAE | LSTM CAE | SVM IF
Average 0.814 0.81 0.82 0.47 0.77
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Table 2 — Average equal error rate (EER) for autoencoder-based models
LSTM AE LSTM VAE LSTM CAE
EER 0.125 0.111 0.106

In tab. 1 we can see that the best result showed recurrent contractional
autoencoder with 0.82 average recall score for positive class. Based on EER
value in tab.2 contractive and variational autoencoder show almost the same
performance. Our research shows that using deep unsupervised learning can
be successfully used as part of biometric continuous personalization decision
support system.
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THE POLYHEDRAL-SURFACE CUTTING-PLANE METHOD FOR
LINEAR COMBINATORIAL OPTIMIZATION
Pichugina O.S., Muravyova N.V.

Abstract. For linear optimization on combinatorial sets inscribed into a convex
surface, a Polyhedral-Surface Cutting-Plane Method (PSCM) is offered. It essentially
uses representability of such sets as an intersection of a polytope with a circumsurface.
Three versions of PSCM are formulated depending on the choice of surface involved.
A justification of applicability of PSCM for linear permutation-based and Boolean
optimization problems is given, which opens perspectives to solve in a reasonable time
a significantly wider class of real-world tasks modelled as combinatorial optimization
problems.
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Keywords: Linear Optimization, Combinatorial Optimization, vertex-located set,
surface-located set, cutting-plane method, polyhedral relaxation.

In Combinatorial and Convex Optimization, cutting-plane methods
(CPMs) play a special role in illustrating how discrete optimization problems
can be solved by continuous optimization methods. The effectiveness of
CPMs substantially depends on the depth of the cutting planes and the
computational complexity of their construction. In Combinatorial
Optimization, when developing optimization methods, the most important
component is the study and utilizing of the specifics of a feasible domain of
optimization problems under consideration. This study is dedicated to
developing a cutting-plane method for a specific class of combinatorial
problems. Consider a linear optimization problem over a finite point

configuration (FPC) [11] E' in R":

CX — min, (1)
Ax <D, )
xeFE/, 3)
E'=P' NS, )

where A € R™" ,b S Rm, C.X e R" s P' is a full-dimensional
polytope, S is a convex hypersurface, E' isan FPC, i.e.,
dimP’ =n, (5)
n<|/E'|< o, (6)
If:R" > R'—convex:S={xeR":f(x)=0}. (7)

A statement of this problem (further referred to as Problem 1) is as
follows: it is necessary to find a solution X to the problem (1)-(4), which is
the problem of minimizing the linear function (1) with linear constraints (2)
over a finite set of points R" formed as an intersection of a convex surface
S and the full-dimensional polytope P expressed in the constraint (4). This
means that the conditions (5)-(7) are also satisfied, in particular, there exists a
convex function f(X) defining the surface S

Special attention will be paid to polyhedral-spherical sets (PSSs), for

whom S is a hypersphere, due to their specificity in solving linear
combinatorial optimization problems and a variety of practical tasks modelled
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as optimization problems on PSSs. Among such sets is a set of I-
multipermutations induced by a numerical multiset G containing k

different elements Enk (G) = {X eR": {X} = {Xl,...,Xn} = G}
induced by a multiset

— 1. : .
G= {gi}ieJn={1,...,Il} cR ‘g < g1 Jn—l’ with a ground set

S(G) = {ei}iejk €, < e.+1,i EJk—l- Another one is a set of signed

1

N -multipermutations whre signs are added to the elements of the

permutation: E (G) = {x eR" :{|x [} ={| X, |,....| x,, [} = G}.

Finally, it is a Boolean set Bn = {0,1 }n on which numerous

Boolean problems are modelled. Polyhedral-Surface Cutting-Plane Method
(PSCM) is an exact optimization approach designed for solving Problem 1. It
essentially uses a peculiarity of a feasible domain to coincide with a vertex set
of its convex hull. PSCM utilizes two relaxations of Problem 1 — polyhedral
and surfaced building deep cutting plane in several ways. It is justified
theoretical and practical applicability of PSCM for linear Boolean and
permutation-based problems known by numerous real-world applications.

CROWDSOURCING ASPECTS WHEN ASSESSING THE
CREDIBILITY OF ONLINE INFORMATION
Gorea A. 0000-0002-2912-4686]

E-mail: adela.gorea@usarb.md

Abstract. The importance of information credibility in society cannot be
underestimated given that it is at the heart of all decision-making. Generally, more
information is better, however, knowing the value of this information is essential for
the decision-making processes. Assessing the credibility of a source of information is
important in combating with misinformation. In this work we present an algorithm for
evaluating the credibility of information.

Keywords: credibility, crowdsourcing, algorithm, browser extension, NewsGuard,
WOT.

Introduction. The Web has been never that big than it is now. It contains
tremendous amount of information such as standard web documents, videos,
images, blog and social media posts and many other entries. One of the reason
of this massive growth is that it is not anymore shaped by only few experts or

296



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«HOOPMAILIMHI YITPABJISAIOUI CUCTEMU I TEXHOJIOT Iix»
24-26 Bepecus 2020 p., m. Ozeca

dedicated people or institutions but by everyone who has access to it.
Although this has led to immense information richness, alternative views and
diversity however, it has also brought new challenges. It has stripped out the
traditional information providers from their gate-keeping role and has left the
public in a jungle of web content with varying quality from reliable and true
information to misinformation, facts that are not true [1]. Virtually many
countries have data validation platforms, which consist of the groups of
independent journalists and the association of independent journalists such as
WebMii, FactCheck, Media Bias/Fact Check, International Fact Checking
Network, StopFals, etc. The purpose of the paper is to analyze the existing
Web tools for assessing the credibility of information and develop an
algorithm that takes the best features'. In order to investigate, there is a variety
of tools that can help, by providing indicators of credibility on different levels.
Instruments for credibility evaluation. Here we present the existing
instruments that provide credibility-related assessments, focusing mainly on
human-generated evaluations that come from experts in journalism. We can
identify two main levels of evaluations: source-level and document-level.
NewsGuard has manually and methodically reviewed thousands of news
sources which are mostly based in the USA. NewsGuard is available as a
Chrome extension which can show this information when such news sources
are opened in the browser or appear in some web searches. These criteria are
divided into two groups: credibility (does not repeatedly publish false content,
regularly corrects or clarifies errors, gathers and presents information
responsibly, avoids deceptive headlines, handles the difference between news
and opinion responsibly) and transparency (website discloses ownership and
financing, reveals who’s in charge, clearly labels advertising, the site provides
the names of content creators, along with either contact information, or
biographical information) [2]. The websites also receive an overall score (sum
of points for each criteria) and a label, that can be Trustworthy, Negative,
Satire or Platform (blogs, user-generated contents or social networks or). The
total of credibility and transparency scores is 100 at maximum, and a news
website is considered “safe” if it has at least 60 points. My Web of Trust
(WOT), is a crowdsourced reputation service that provides assessments of
websites through a browser extension. It provides two components of
trustworthiness (“How much do you trust this site?”) and safety (“How
suitable is this site for children?”), in terms of a score and a confidence
measure. Users can see the overall ratings and comments coming from the
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community and can provide their own rating. The user can also rate it and
leave a review based on their personal impressions. WOT has two modes:
real-time Protection and manual mode. Real-time protection automatically
notifies you of online threats. If you find a site that doesn't have a reputation
score yet, you can ask the WOT community to rate it. For ratings and reviews,
WOT uses intelligent algorithms and manual verification to detect and remove
fake reviews, and we can also use blog and social networks (Twitter,
Facebook, Google+) for verification [3]. From our point of view in the
NewGuard we can highlight the following: easy to install, can be used by
anyone, sites from the other languages can be sent for the analysis, but it is not
clear when they will be evaluated, users cannot contribute an opinion on a site,
there are no computational intelligence algorithms which evaluate the news,
an advantage is that the plugin shows which sites are evaluated and which are
not. The second, WOT crowdsourced reputation service is a more open tool
for assessing credibility by enabling users to assess the credibility of
information. This Web tool allows the user to add a review. These reviews
will be evaluated by the groups of experts as well as by intelligent algorithms.
Voting and/or leaving a user review is an efficient method for establishing
credibility at the user level, where we can rank users/accounts by their
credibility scores for a given piece of information. Generalized algorithm.
Taking into account all the advantages of existing credibility assessment tools
described above, we propose the following algorithm.

Input: Browser with information;

Output: Browser with the information about credibility score for
information.

Display the existing evaluation of the information;

Open an interface for evaluating information;

Record the data of the user who will evaluate the information;

Determine data about the information in the browser: Link to
information;

Current date; The language in which the material is written; The actual
information; Fill in data-sheet for assessing the credibility of the information;

The preventive saving of the form in the database;

Assess the credibility form saving preventive by the user;

If the evaluation in the form is accepted, it is permanently entered in the
credibility evaluation database; Recalculation of the score for the credibility of
the post. The algorithm can be applied to different types of information not
only textual but also multimedia (video, audio and graphic). Algorithm
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implementation requires the development of user-friendly interfaces for the
assessment to be accessible to the reader.

Conclusions. There are many efforts by journalists, fact checkers and
communities that annotate the relationship between the sources and
misinformation. Various tools exist that rely on such annotations to notify
users of the validity (or invalidity) of the information they are looking at. In
the above mentioned Web tools we can see sustained efforts in assessing the
credibility of online information. Based on the Web tools analyzed in the
paper, we have developed an algorithm that we believe takes over their best
features and can be useful for assessing the credibility of information for
various websites.
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NEW BOUNDS IN LINEAR COMBINATORIAL OPTIMIZATION
Pichugina O.S.

Abstract.  The paper is dedicated to the important issue of developing new
approaches to obtain bounds of the objective function in linear constrained
combinatorial optimization. Two general schemes have been developed for finding
these bounds, which are based on solving polyhedral and semi-definite relaxations of
the original problem. These schemes are adapted for three classes of combinatorial
optimization problems, known by numerous practical applications. These are linear
Boolean, permutation-based and signed permutation-based problems. For these
classes, the polynomiality of obtaining the bounds is justified, for which purpose
analytical representations of admissible domains in the form of systems of nonlinear
equations are constructed, and separating oracles for their convex hulls are found.
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Keywords: linear constrained combinatorial optimization, polyhedral relaxation,
semi-definite relaxation, Boolean set, permutation matrix set,  multipermutation,
signed multipermutation.

Numerous real-world problems are modelled as a linear combinatorial
optimization problem. Most of them are np-complete, which attracts the
interest of researches in studying peculiarities of this class, in particular, single
outing special subclasses solvable in polynomial time. This feature concerns
deriving ways to find bounds of the objective function in the general
optimization problems and in its subclasses like combinatorial ones.
Therefore, we formulate a goal to find new ways to assess the accuracy of
solutions of linear combinatorial optimization problems. Mathematically, it
can be formulated as a task of constructing a new upper bound for the
objective function in a constrained linear minimization problem over a

combinatorial set E embedded into Euclidean space:

Z = CX —> max, (1)
Ax <D, )
xe EcCR", 3)

where A € Rmxn, ce Rn, be Rm, and the number 1M of additional
constraints (2) is fixed.
We offer a general method for constructing an upper bound for the

L. . 1. .
objective function (the bound z" ) in the problem (1)-(3) on sets for which
there exists a polynomial separating oracle for a polytope

P'= {X eP:Ax < b}, where P=convE is a combinatorial
polytope corresponding to E . This oracle determines whether the given point
X' of the space belongs to P' and if not, induces a cutting plane for the point
x' using the hyperface equation of the combinatorial polytope P . The bound

1. .. . . .
Z" s the value of the objective function obtained by solving the polyhedral
relaxation of the original problem, which is effectively solvable in this case. A
method is also proposed for constructing another upper bound for the

T . 2
objective function (a bound z" ) for three classes of the class of
combinatorial sets:

B, ={0,1}"; 4)
E (G)={xeR":{x}=G}; (5)
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E(G)=E,(G)-B,, (6)
where (4) is a Boolean set embedded into Euclidean space R" ; (5) is the set
of  multipermutations embedded into R" ; (6) is a set of signed
multipermutations embedded into R".

The approach to obtain Zuz is based on solving a semi-definite
relaxation of (1)-(3), where continuous functional representations of these sets
or their images in the space of higher dimension are utilized.

It is justified that, for the sets (4)-(6), we apply both the first and second
approaches to solving the problem. In this study, two innovative approaches of
mathematical modeling Boolean, general permutation-based, and signed
permutation-based optimization problems as problems of polynomial
optimization with equality constraints are presented and applied to justify a
polynomial solvability of evaluating semi-definite bounds of the objective
function. These results can be generalized into other classes of optimization
problems and utilized in many other problems arising in combinatorial and
continuous nonlinear optimization.

VK 656.212:004.73
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a.T.0. Kazumupenko 10, Q2 [0000-0002-7120-8226]

K.T.H. JIpo3a O. B.3 0000-0002-0135-8639]
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E-mail: "V havryliuk@gmail.com, *u.a.kazimirenko@gmail.com,
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PROCESSES OF INFORMATION EXCHANGE DURING
MAINTENANCE OF PRIVATE RAILWAY AUTOMATION MEANS
Dr.Sci. Havryliuk V., , Dr.Sci. Kazymyrenko Y.O.,

Ph.D. Drozd O.V., Yeholnikov O.0O.

Anomauia. Po3poOieHo HOBY iH(opMamiiHy cHCTeMy, SKa BCTaHOBIIIOE
B32€MO3B 530K MDK ITOKa3HMKAMM 3aJi3HUYHOI aBTOMAaTHKHA Ta aBTOMAaTH30BaHUM
MicIieM TeXHOJIOora.
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Kniouogi cnosa: npunopToBi 3ali3HUI, CUCTEMH TEXHIYHOTO JiarHOCTYBaHHS i
MOHITOPHHIY, 3aJli3HAYHA aBTOMaTHKa, iHdopMalliliHa cucrema.

Abstract. A new information system has been developed: it reflects the
connection between the indicators of railway automation and the automated workplace
of the technologist.

Keywords: port railways, systems of technical diagnostics and monitoring,
railway automation, information system.

Opranizauis 3axoaiB 3 o0OMiHy iH(popMmali€eo mpu 00CIyroByBaHHI
3ac00iB aBTOMATHKM Ha INPHUIIOPTOBHMX 3aJi3HHUIX € BaXIMBOIO HAYKOBO-
TEXHIYHOIO 3aJ[ayel0o, BHPILICHHS SKOi HE MOXJMBE 03 3acTOCyBaHHS
CIeIiai30BaHOr0 mporpaMuoro 3abdesmedeHus [1]. Tomy MeTor poboTH €
po3pobka HoBOi iHpopmauiiinoi cuctemu (IC) mns  oOciyroByBaHHS
MIPUIIOPTOBUX 3aTi3HUIG, TEXHIYHI BUMOTH Ta (YHKIIOHAIHHE NMpPU3HAYCHHSI
SIKOi HaBeIleHi y Taom. 1.

Tab6auus 1 — TexHiuHi BUMOTH Ta QyHKIIOHATBHE Mpu3HadeHHs [C
TexHiuHi BUMOTH 3aBHaHHA Ta X XapaKTePUCTHKA
OO6cnyroByBaHHS IPUIIOPTOBUX
3aJIi3HUIG; YIIPaBIIiHHS MPOILECAMA
JIiarHOCTYBaHHS 1 MOHITOPUHTY 3ac00iB
ABTOMATHKH.

Iporecu 06poOKH i cucTeMaTH3artii
JJAHUX TPUCTPOIB 3aJII3HUYHOT
ABTOMATHKH y Mepexax 3ai3HHYHO-
BOJIHOTO CIIOJIyYEeHHS
MexaHi3MH Ta MOJIeJTi IPOEKTYBAaHHS
iHpopManiiHOT CHCTEMH IJIsl TEXHIYHOTO
00CITyroBYBaHHS MEpex 3aJli3HUYIHO-
BOJIHOTO CIOJIYYEHHSI.
ABTOMAaTH3aLis Ta HOKPALCHHS
ExcrutyaTaniiiHe Ipu3HadeHHs | OOCIyroBYBaHHS Bilily aBTOMATHKH Ta
poOOTH TUCTIETYEPIB.
AyTtenTudikaris; 3ade3neueHHL
iH(pOpMAIIHOTO 3B'SI3KY 3
JMCIIETYEPCHKOI0 CUCTEMOIO; 00poOKa
Bumoru 10 hyHKIIOHYBaHHS iHdopMarlii; BAKOHaHHS PO3PaxyHKIB;
(hopmyBaHHs 3BiTiB; rpadiuHe
300pakeHHs cTaHy pPoOOTH IPUCTPOIB
ABTOMATHKH.

Merta po3poOKu

OO0’ €eKT JOCTiIKEHHS

[Ipeamer mociimKeHHS
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Jnst peamizamii  3amadi  3acTOCOBaHO  KJACHYHI  TEXHOJOTil
MIPOEKTYBAaHHS 0a3 TaHUX: B3a€MOJis KOPHCTyBaya 3 0a3aMy JaHUX y BUTIISAMIL
3anuTiB omucana 3a gornomoror Mo SQL (Stucturend Query Language) [2].
IHdopmaniiiHi MOBIAOMIICHHS MO0 BIAXWICHb Yy TOKAa3HUKAX 3aJli3HUYHOL
aBTOMAaTHUKM IIOKAa3HUKIB BiJl HOPMAaTUBHHX (OPMYIOTBCS TEXHOJIOTOM.
OpepxaHi pe3yJibTaTH 3a3HAIOTh 00poOneHHs 3aHOCSTHCS 10
iHpopMaliiHOi  cuctemH, a moTiM QopMari3yloThcs y BUIIIAIL
CJICKTPOHHOTO XypHaly. Sk BUXiJHI TAKOX 3aCTOCOBYIOTHCS aHATITHYHI JaHI
pobotn matumkiB (puc.l), ekcnepTHa OIliHKa iH(popMaIii y BUIIIAAl BiIXUICHb
BiJl HOpMaTHUBHHX. [ 0JIOBHE MEHIO 0OPOOKH 3aMUTIB 1a€ 3MOTY KOPHCTYBa4YeBi
BBOJIMTH, KOPETyBaTH, MOHOBIIIOBATH MOKa3HUKU MPUCTPOIB, MOPIBHIOIOUH iX
naHi 3 rpaHUYHUMH. KepiBHHK OOCIYyroBYBaHHS LIEHTPY aABTOMATHKH
Meperiisiaae MOTOYHMIA cTaH poOOTH MPUIAIIB B peallbHOMY Yaci, popMye 3BiT
Ta pa3oM 3 KEpIBHHKOM 3alli3HUYHOI MJUISHKY MpUHAMAae pIlIeHHS MI0I0
BUKOHAHHSI PEMOHTHHX POOIT.

BumiptoBaHHA po6oTu npucTois: BumMiptoBaHHA e
e ~
Hata BumiptoBaHb: 07.12.2019 15:22:00
MpucTpin: VPeVIKOB! Kona > |2
Noanatu 4+ 3 e -~
TokasHuK 3Ha4YeHHA MpaHuyHe 3HaYeHHA

Hanpyra Ha KoniiHoMy pene

Hanpyra Ha JXUBWUMBHOMY KiHLi PiKOBOro Kona
Hanpyra Ha BMXOAi KOMNiMHOro reHepartopa
Hanpyra Ha Buxoai ginsTpa B TOHaNbHUX PEniiiH...
Buxigna Hanpyra Ha reHepaTopi

3anuiikoBa Hanpyra Ha BXO/i KOMifHOro npuima. ..

TexHik: |MeTpoB A H.

Puc. 1 - @opma 6600y nokasHuKie UMIp08ans [cKkpuHuiom 3 npozpamu]

3actocyBanns HoBoi IC Moke OyTe 3acTOocOBaHE IS TECTyBaHHS
MIPUCTPOIB 3aJi3HUYHOI aBTOMATHKH (PEeHKOBHX Kill, CTPIJIOK, CBITIIOPOPIB), a
TAaKOX TIPpH TIOCTAHOBLI Ta TPOBEACHHI HAYKOBHX JIOCHIDKCHb Yy
71a00paTOPHUX YMOBAX.
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MODELLING A SWARM OF DELIVERY DRONES FOR
DISASTER RELIEF UTILIZING AN ORGANIZATION APPROACH
Dr. Sci. Kolesnikov V.A, [0000-0002-1991-3614]
E-mail:v.kolesnikov@cs.sumdu.edu.ua

Abstract. This paper describes an organization-based approach to modelling an
autonomous distributed system. We demonstrate it for a swarm system of autonomous
drones used for disaster relief aid delivery.

Keywords: autonomous distributed systems, swarms, modelling, organization
model, software engineering

Robust, flexible and fault tolerant autonomous distributed systems are
difficult to develop and maintain. This paper describes an organization-based
approach to modelling an autonomous distributed system. This approach
simplifies design of such systems and allows for a better understanding of the
system overall. Such an approach is applicable for modelling a variety of
distributed systems. We demonstrated it for a swarm system of autonomous
drones used for disaster relief aid delivery.

The approach to design autonomous distributed systems using
organization model presented here is based on an organization as a social
construct that provides a framework for defining goals that the organization
tries to achieve, entities to achieve these goals and relationships among the
entities. More specifically, we draw from the Multiagent Systems Engineering
methodology (MaSE) [1,2] to derive goals from the system description, and
then design roles, capabilities and agents to achieve the organization goals.

Research into an organization-based approach to modelling distributed
systems shows that: 1) organizational design is easier to understand as it is
close to human organizations [3], 2) organization-based systems tend to be
efficient and can efficiently adapt to changing conditions [3,4], 3)
organizations are flexible [3,4], and 4) best designs utilizing organization-
based approach are application and situation dependent [5].

304



Martepianu IX MixkHapoqHOi HayKOBO-IIPAKTHYHOI KOH(EpeHLil
«HOOPMAILIMHI YITPABJISAIOUI CUCTEMU I TEXHOJIOT Iix»
24-26 Bepecus 2020 p., m. Ozeca

References

1. DeLoach S. A., Wood M. F., Sparkman C. H. Multiagent Systems Engineering
/' S. A. DeLoach, M. F. Wood, C. H. Sparkman // The International Journal of Software
Engineering and Knowledge Engineering, 2001. — 11(3). — P.231 — 258.

2. DeLoach S. A., Wood M. F. Developing Multiagent Systems with agentTool /
S. A. DeLoach, M. F. Wood // Agent Theories Architectures and Languages, 7th
International Workshop, LNCS, 2001. — Vol.1986.

3. Carley K. M. Computational and Mathematical Organization Theory:
Perspective and Directions / K. M. Carley // Computational and Mathematical
Organization Theory, 1995. — 1(1). — P.39 — 56.

4. Carley K. M. Organizational Adaptation. / K. M. Carley // Annals of
Operations Research, 1998. — 75. — P.25 — 47.

5. Lawrence P. R., Lorsch J. W. Organization and Environment: Managing
Differentiation and Integration / P. R. Lawrence, J. W. Lorsch // Journal of Artificial
Intelligence Research, 1997. — 7. — P.83 — 124.

YK 004.652

IHTEJEKTYAJBbHA THOOPMAIIMHA CUCTEMA
MOHITOPUHI'Y TEPMIHY IIPUJATHOCTI IPOAYKTIB
XAPYYBAHHA
Minzenko A.T. [0000-0002:8972-4739] yo v 5 Bacrok T.M. [0000-0003-0813-0785]
E-mail:mishenko971110@gmail.com, Taras.M.Basyuk@lpnu.ua

INTELLECTUAL INFORMATION SYSTEM FOR MONITORING
THE EXPIRY DATE OF FOODSTUFFS
Mishenko A. T., Ph.D. Basyuk T. M.

Anomauyia. B naHiii cTaTTi pO3MISAHYTO MiAXiA J0 BHPIMICHHS EKOJOTIYHOT
mpo0JeMu, siKa HEMOKOiTh BECh CBIT — HepaliOHaJbHE BUKOPUCTAHHSA XapUYOBHX
npoaykTiB. Po3poOiieHa KOHIENIis iHTENEeKTYabHOI CHCTEMH 3 BHKOPHCTaHHSIM
MpoIleCy PO3Mi3HABAHHA, IO JO3BOJHUTH 3MEHIINTH BiJICOTOK XapyOBHX TOBApiB, SKi
WIOyTh HA CMITHUK.

Kniouogi cnoea: iHTENEKTYyalbHA CUCTEMA, NPOAYKTH Xap4yBaHHs, MOHITOPHHT,
TEpMiH IPHUIATHOCTI.

Abstract. This article discusses the approach to solving an environmental problem
that worries the whole world — the irrational use of food. The concept of an intelligent
system using a recognition process has been developed, which will reduce the
percentage of food that goes to landfill.

Keywords: intelligent system, food, monitoring, expiration date.
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B cygacHOMy CycHibCcTBi BikK€ HIKOTO HE 3JUBYENT CUCTEMaMH MITYIHOTO
IHTETIeKTY, SIKi 3HAXOAATh CBO€ MOUIMPEHHS BiJ JAOMAIIHIX 3aCTOCYBaHb IO
npoMuciioBux MexaHi3miB [1]. J[o Takux nmpHCTPOiB HAJIC)KUTH XOJIOMWIBHHK,
SIKMH He JIMIIE OXOJIOJDKY€E MPOIYKTH XapyyBaHHs, a il 30epirae ix, i yacom
JIOCTaTHBO JIOBTO, IO MPHU3BOJUTH 10 1X NcyBaHHs [2]. 3riHO 3 NIPOBEAECHUM
JIOCIIJKCHHSIM, TPOTEPMIHYBAaHHS € OJHIEI0 3 EKOJIOTIYHHX MPOOJeM, IO
cnpusie yruiizanii 61au3pko 40% Bcix npoaykTiB xapuyBanss [3]. ITinxoxis 1o
il BupimeHHs icHye nekiuipka. OAWH 3 HUX MPOJEMOHCTPYBAJIM TaKi BigoMi
kommadii, sk Samsung, LG, Huawei konu mpencTaBmid CBOIO HPOTYKINIO 3
BOYZIOBAaHOIO IHTEJIEKTYaJIbHOIO CHCTEMOI0. BoHa ckiagaeThes 3 1BOX YaCTHH:
KaMepH, SKa NPUKPIIUIEHA O BHYTPIIIHBOI CTOPOHU CTIHKH XOJIOJMIbHUKA Ta
BJIACHE IHTEJEKTYAJIbHOI CHCTEMH, Ha SIKYy NEpPElacThCsl 300paKeHHs BMICTY
XOJIONMIIbHNKA Ta K2 BUKOHYE MOHITOPHHI TEPMiHY MPUAATHOCTI IIPOIYKTIiB
xapuyBaHHA. [IpoTe, maHWi mWinxXinm, sSKuUi mpenctaBieHUi B mozxeni Family
Hub 2.0, € nan3suuaiino Baptichum (Onm3eko $4000) Ta xapakTepusyeTbes
pyYHHM cHocoOOM JOJaBaHHA NpUAOAHMX TOBapiB, IO € CYTTEBUM
HENIOJIKOM, SIKMH BIUIMBAE€ Ha MOIMIMPEHICTh CHCTEM JAHOro Kiacy. [HIIuM
IMiIX0ZI0M, € 3aCTOCYBaHHS CIIEIialli30BaHUX Kamep, 10 KPITUIATHCS J0 ABEpei
xomoguinpHMKa  (Smarter  SFCOI FridgeCam), Tta  3m;ilicHIOIOTH
¢dororpadyBaHHS BMICTy OCTAaHHBOTO TICNIAI KOXHOTO 3aKpuTTsa. [lana
peaizamisi, XapaKkTepH3yeThCS MHOKHHOIO HENOJIKIB, cepel] SKMX MOKHa
BUJIIJIUTH «IEPEKPUTTSD MPOJYKTIB MK COO0I0 Ta pydHY CHCTEMY J10JaBaHHs
HOBUX TO3UIIIH 3 METOIO0 CTBOPEHHSI CIIOBIIIEHb.

AHamni3yloun HaBeleHI Niaxoau, OyJ0 MNPUHHATO pIlIEHHS IOJ0
BUKOPHCTAaHHS JIeKUIBKOX MiHI Kamep, sIKi OyAyTh 3acTOCOBYBATHUCH JUIs
TOYHOTO 3HAXO/DKEHHS KUTBKOCTI NMPHUIO0AHWX HPOMYKTIB XapdyBaHHSA Tak i
BU3HAYATUMYTh IX 3aJHMIIOK. BHUKOPHCTOBYIOUM OTpHUMaHi 300paKEHHS
IHTeJIeKTyalbHa CHCTEeMA 3MIIHCHIOBAaTHME IIPOIEypPy pO3Mi3HABaHHS 00'€KTiB
[4,5], micas doro oTpmMaHi JaHi HAACWIATHMYTHCS KOPHCTYBady Ha
MOOLTBHUH TIPUCTPIiA.

Oco0ImMBICTIO KOHCTPYHOBaHOI cUCTeMH Oyae po3mIupeHa 0a3a JaHUX,
sKa MicTUTUME 1H(GOpPMAIil0 NpPO HEMapKOBaHI MpPOAYKTH, IX TEpMiHH
MIPUIATHOCTI Ta, 32 HEoOXimHOCTI, yMOBH 30epiranHsa. Kpim Toro, B Hiif Oyze
HasBHUM Mepelik HaiJacTilie BXXMBAHMUX TPOAYKTIB 3  MOXKIHUBOCTSIMH
HOro pO3MMPEHHS B 3aJISKHOCTI Bil PErioHy BHKOPHCTAaHHI. 3 METOI0
3armo0iraHHs BBEACHHS HEKOpeKTHOoi iHpopmarii Oyae 3acTOCOBYBATHCH
MOJyJb BepHikarii.

B pesynbrati, 3ampornoHoBaHa cucTeMa OyAe 3MiHCHIOBATH MOHITOPHHT
HassBHUX TMPOJAYKTIB XapuyBaHHS Ta BHBOAWUTHME CHOBIIIEHHS MI0J0
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3aKiHYeHHS TEpMiHy ix BUKOpHCcTaHHSA. Po3poOka maHOi cHCTEMH Mae
HaOJIM3WTH JIOACH Ha KPOK JO0 BHPIMICHHS €KOJIOTiYHOI TpodieMu —
HEPAI[iOHAEHOTO BUKOPUCTAHHS XapYOBHX MPOIYKTIB.
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CLASSIFICATION SOFTWARE USING MACHINE LEARNING
METHODS
Ph.D. Rudnichenko N.D., Dr Sci. Vychuzhanin V.V., Ph.D. Shibaeva
N.O., Geza N.I.

Annomayusn. B pabore mnpuBedeHBI pe3yabTaThl pPa3pabOTKH MPOrPaMHOIO
MPWIOXKEHHsT JJs PEIIeHHUs 3a1a4  Kiaccupukanuu Ha 6ase.
Knrwouesvie cnosa: xnaccudukanus, MalmHHOS 00yUCHUE, aHATN3 JaHHBIX

Abstract. The paper presents the results of developing a software application for
solving classification problems based on the use of machine learning algorithms. The
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concept of the key stages of data processing and their use for training the classifier
model is proposed.
Keywords: classification, machine learning, data analysis

Teopus MO mosiBUIIach OJHOBPEMEHHO C BO3HHKHOBEHHEM OJHHUX W3
MepBEIX MepcoHambHBIX KommbioTepoB (I1IK) m ¢ Tex mop sBIseTcs aKTHBHO
Pa3BUBAIOIINMCS HallpaBJICHWEM HayKH [1].

AKTyaTbHOCTh JAHHOTO HAIPaBJICHUS BO MHOTO CBSI3aHO C MOCTOSHHBIM
pOCTOM  BBIYHCIHMTENBHBIX  BO3MOXKHOCTEH W MPOW3BOAUTEIHFHOCTHIO
coBpemenHblX [IK, a Takxke €O CTpPEMHTENbHBIM YyBEJIMYEHHEM OO0HEMOB
coOupaeMbIX U 00pabaThiBaeMbIX JAaHHBIX, MCIOJIB3YEMBIX JUISl IIPOBEICHHUS
nporieccoB ananusa [2,3].

JlomonHUTEIBHON MPUYHHON nomyssipHocTH MO sBisSieTcs HMOCTOSHHOE
pacimIMpeHre MPUKIaJHBIX O00JacTel HCIOIB30BAHUSA CYLIECTBYIOIIUX U
COBEPIICHCTBYEMBIX METOJOB IS aBTOMAaTHM3allMM 3a/4ad aHajlu3a |
00paboTKH HaHHBIX [4].

Henpro  maHHOW paboThl  sABIseTcs  pa3paboTka  IPOTPaMMHOTO
MPWIOKCHUS TIOMJCPKKA pEIIeHus 3afad KiIacCH(QHUKAMd Ha OCHOBE
HCTIOJIB30BaHUS METOIOB MAIIMHHOTO O0YYICHUSI.

KonnenryanpHass cxeMa mpoIiecca peHIeHHS 3aJadyd KIacCH(pHUKAINN
meronamu MO npuseznena Ha puc. 1.

B kauectBe omgHOoro m3 meromoB MO B paMKax IpOEKTa MPHIOKECHUS
ucnonp3yercs caydaiusii ec (CJI).

Bcee nepespss B CJI opMupyioTcst myTeM TPOBEICHHS CIIETyFOIINX
nercTui [5]:

— BBIOMpaeTcs OTAeNbHAs IMOABBIOOPKA M3 BCEeW oOydaromiel BEIOOPKH
pa3mepa size, KOTopast sSBJISIETCS OCHOBHOM JUIsl OCTPOSHMSI MOJENH JIepeBa,
MIPUYEM JUISl KaXKI0To AepeBa GopMUpYeTCst OTAENbHAsK OBBIOOpKA JaHHBIX;

— JUI1 CO3JaHMS KaXXIOro IOCIEXYyIOIEro pacLienieHus B JAepeBe
IIPOCMATPHUBAETCSI MAKCUMAJIBHOE YHCIIO BCEX CIIydallHBIX MPU3HAKOB, IPHUEM
Ka)k[J0€ paclielUIeHHe MOJIENIHN ONlepHpyeT COOCTBEHHBIM HA0OPOM CITy4YaiHBIX
MIPU3HAKOB;

— TPOUCXOOUT BHIOOpP HAWIYYIIErO TPU3HAKA, IOCIE YEeTr0 M0 HeMY
MIPOU3BOIUTCS PACHICIIICHHAE COTIIACHO 3aJaHHOMY KPUTEPHIO.

Yame Bcero Ha MpakTHKE MOJIENb JaepeBa (OPMHPYETCsS NO MOMEHTa
HCYepIIaHus TOJaHHOW BHIOOPKH JAaHHBIX, OJHAKO HEKOTOPBIE MPOrpaMMHEIE
peamu3ali  TOMJICPKUBAIOT ~ BO3MOXKHOCTH  YKa3aHHsA  IapaMeTpOB
OTPaHUYCHUS BBICOTHI AEPEBa, YHCIO OOBEKTOB B €r0 JIMCTHAX U KOJIHYECTBO
00BEKTOB B TIOABBIOOPKE IS PACIIEIUICHHS.
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ITepBeIM 3Tamom mocie 3arpy3KH MPHUIOKEHUS MOJIB30BATEIICM SBIIACTCS
HMIOPT JaHHBIX, HA OCHOBE YEeT0 OCYIIECTBIIIETCS MX 3arpy3ka, oopaboTka u
HHTEPIIPETALINS.

Jis mpocMoTpa JTaHHBIX HEOOXOIUMO MEPEHTH B TAOJUILy, IMOCIE YEero
TpeOyeTcs mepexo K TPeTheMy 3Tanmy — KOH(GUTYypaIluu MOJIeIH, T.€. BEIOopa
BBIXOJTHOTO MPH3HAKA, YCTAHOBKU THIICPIIAPAMETPOB U BHIOOP COOTHOIICHUS
MEXIy 00yJaromieil 1 TeCTOBOW BRIOOPKAMU JJAHHBIX.

Bbigenenme
# MaCLLTa0MPOBaKHE NPH3HAKOB
Orfop npisnakos

CHItKEHHE PAsMEPHOCTH
Basrme ebi0pok

/' \ / \ [ Mer F'") ( \
o
\ : i
o | 1ln] Anrophrm |_LIN| Orowarenshas |1 Hop
Merin Tnp:;:pp:::::(" H'p obyenna v Mogens E i
N i : 0
Em Tw;opm a wssveves - i e
Qpeusapmnwaﬂ oﬁpaﬁomy \ Oyuenve Y, \_ Ouexka ) K )

Qrtiop Mogent

Mepexpectian nposepka
M Kavecrea

eTpHKH
[HnepnapaMerphyeckas
OnTHMHIAMA

Puc. 1 — Konyenmyanvhas cxema npoyecca peuteHus 3a0a4u Kiaccugurkayuu
memoodamu MO

CJICZ[yIOH.II/IM 9TaIlOM ABJIACTCA O6y‘ICHI/Ie MOJCIH, KOTOPOC 3aBCpIIACTCA
I/IH(l)OpMaLII/IOHHLIM COOGH.IeHI/IeM 0 PE3yJIbTaTC MOCTPOCHUSA MOACIIH.
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[IaTBIM 3TammoM SIBIISETCS OLICHKA PE3yNbTaTOB pabOTHI MOJenu Ha 0aze
(hopMHUpPOBaHUSA M MPOCMOTPAa MATPHUIBI OMIMOOK, HAANNCEH CO 3HAYCHUIMHU
TOYHOCTM Ha oOyvaromed M TecTOBOW BBIOOpPKAax JaHHBIX, 3HAYEHUH
BBIXOZHOTO IIPH3HaKa B TaOJIMYHOM BUIE u 0TOOPAKEHHIO
CTPYKTYpBI JlepeBa B BUJE rpada.

3aKIIOYUTENBHBIM ~ 3TAllOM  SIBJSIETCSl  TE€Hepauuss W COXpaHECHHUe
pe3ysbTaToB 0OydYeHHUs B JIOT (hailyl 1Mo BHIOPAHHBIM MOJIEIISIM JIEPEBHEB HIIH
TI0 BCEM cpasy.

BrBompr.  PaszpaGoranHoe mporpaMMHOE TPHIOXKEHHE TOANEPKKU
pemeHust 3amad  KiIacCH(UKAIMH Ha OCHOBE FCIIONB30BAaHHUS METO/IOB
MAaIIMHHOTO OOYYEHUs SBISCTCS HHTEPAKTUBHBIM, 00Ja/laeT APYKECTBEHHBIM
MOJTb30BATEIBCKIM HWHTEPPEHCOM W MOXKET OBITh JOIONHEHO JPYyTUMHU
ATOPUTMAMH W METOJAMH MAIIMHHOTO OOYYEHHUS U1 HCIIOJIB30BaHUS B
mpoIieccax aHaiW3a NAaHHBIX B paMKaX Y4YeOHBIX IUCIHMIUINH, CBS3aHHBIX C
HCKYCCTBEHHBIM MHTEIIEKTOM.
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CTATUCTUYHE OUNIHIOBAHHSA METPUKHU 3B'A3KY MIXK
OB'€EKTAMMU IS 3BACTOCYHKIB 3 BIAKPUTUM BUXIIHUM
KOJIOM HA JAVA
J.1.1. TIpnxoabko C.B.1, [0000-0002-2325-018X|
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A STATISTICAL ESTIMATION OF THE COUPLING BETWEEN
OBJECTS METRIC FOR OPEN-SOURCE APPLICATIONS
DEVELOPED IN JAVA
Dr.Sci. Prykhodko S., Ph.D. Prykhodko N.,

Smykodub T., Ph.D. Prykhodko K.

Anomauia. 3B'130xk Mk o0'ektamu (CBO) pasoMm 3 iHOIIMMH MeTpHKaMHU
BUKOPHCTOBYETBCS JUIA OLIHIOBAaHHS SKOCTi IIPOIPAMHUX CHCTEM, BKIIFOYAIOUH
3aCTOCYHKM 3 BIIKPUTHM BHUXIIHAM KogoM Ha Java. Mu  IpOIOHYEMO
BUKOPHUCTOBYBATH JIOBIpYi IHTEpPBAIN Ta IHTEPBAIN Iepef0AaYeHHs CEpEeIHBOr0 PIBHS
CBO g OIiHIOBaHHS SIKOCTI IPOTPaMHHX 3aCTOCYHKiB. MM BH3HA4WJIM JIOBipdYi
iHTEepBaJIM Ta iHTepBaIX nependadeHHs cepeqHboro 3HaueHHs: CBO BHKOPHCTOBYIOYN
HOpMaJIi3yto4i MepeTBOPeHHs i BUOIpku naHux i3 100 3aCTOCYHKIB 3 BIAKPHUTHM
KOJIOM, po3po0IieHHX Ha Java.

Kntouosi  cnosa:  craTMCTHYHE — OI[HIOBAaHHS, METPUKAa  MPOIPAMHOTO
3a0e3MmedYeHHs, 3B'I30K MiXK 00'€KTaMH, 3aCTOCYHOK 3 BIIKPUTHM KOZIOM, Java.

Abstract. The Coupling Between Objects (CBO), along with other metrics, is
used for evaluating the quality of software systems, including open-source ones in
Java. We have proposed to use the confidence and prediction intervals of the CBO
mean for estimating the quality of software apps. We have estimated the confidence,
and prediction intervals of the CBO mean using normalizing transformations for the
data from 100 open-source apps developed in Java.

Keywords: statistical estimation, software metric, coupling between objects,
open-source application, Java.

VY Ham yac 3B'130K (36's3yBanHHA) MK oO'ekramu (Coupling Between
Objects, CBO) pasom 3 IHIIMMH METPHUKaMH, 3alpPOIOHOBAaHUMH
S.R.Chidamber ta C.F.Kemerer [l], BHKOpPHCTOBYTBCS IJIsi OI[IHFOBAaHHS
SKOCTi IPOrPaMHUX CHUCTEM, BKIIOYAIOYHM 3aCTOCYHKH 3 BiIKPUTHM BUXITHHM
kogoM Ha Java. Ha piBHi wimacy merpuka CBO — 1ie KiUTBKICTh KIaciB,
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3'eMHaHUX 13 3aJaHUM KjacoM. Ha piBHI 3aCTOCYHKY Il METpHKa BH3HAYA€E
CepeIHIO KiJTBbKICTh KJIaciB, [0 BUKOPHCTOBYIOTHCS B OgHOMY Kiaci. Ha piBHi
KJjacy Bigomo, o 3HadeHHss CBO mix 1 i 4 € 1o0puM, OCKITBKU MOKa3ye, 110
Kinac cinabko moB's3aHuil. Ha piBHI 3acTocyHKy NOAIOHI pEeKOMEHJOBaHi
3HaueHHs Jist mokazHuka CBO He Bigomi. My poroHyeMo BUKOPUCTOBYBATH
JIOBIpYl IHTEpBaJIM Ta iHTEpBaIM mependadeHHs cepeqHboro piBHi CBO sk
MOKa3HUKHM SKOCTI mporpamMHuX 3actocyHkiB. Cepenne 3nHauenns CBO
3aCTOCYHKY MIDX MeKaMH JIOBIpYOrO IHTepBally € TrapHuM. lle 3HaveHH:
BKa3y€ Ha Te, IO KIACH B CEPETHHOMY CIA0KO IOETHYIOTHCS BiAMIOBIIHO IO
MPAaKTUKA PO3pOOKH IPOTPaAMHOTO 3a0E3MEUYeHHsS 3aCTOCYHKIB, CEepemHi
3HaueHHs CBO sKMX BHKOPHCTOBYIOTHCS [UIS OIIHIOBAaHHSA JOBIPYOTO
inTepBairy. Cepenne 3aadeHHss CBO, 110 mepeBHITye BepXHIO MEXY iHTepBaIry
niepe10aYeHHsI, MOKEe O3HAYaTH, IO JEsIKi KJIACH 3aHaATO IIUIBHO MOEAHAH] 3
IHIDUMHU y 3aCTOCYHKY. MU BH3HAYWMJIM MIOBIpYi IHTEPBalM Ta IHTCPBAIH
nependadeHHs cepenHporo 3HaueHHss CBO BUKOPHUCTOBYIOYM HOpMali3yrodi
niepeTBopeHHs [2] mist Bubipku qanux i3 100 3aCTOCYHKIB 3 BITKPUTHM KOJIOM,
po3pobienux Ha Java, posmimiennx Ha GitHub. Bubipka manux Oyia
oTpuMaHa 3a mpomnomMororo inctpyMeHnty CK. Orminka acumeTpii po3momimy
cepennix 3HaueHb CBO pgopiBHioe 1,07, mo mpu3BOAMTH 10 HEOOXiTHOCTI
BUKOPHUCTaHHS HOPMAII3yIOUMX MepeTBOPeHb. MH 3HAWIUIM HACTYIHI
iHTepBaJM cepeanboro 3HaueHHs CBO 1 3acTOCYHKIB 13 BIIKPUTHUM KOZOM,
po3pobienux Ha Java, mist piBHs 3Hauymocti 0,05. Cepenne 3nauenuss CBO
Bix 3,15 mo 9,81 € nobpum.

Cepenue 3nauennss CBO Bix 9,81 no 25,94 takox € mpuiHATHUM. Mu
MOPIBHSUIM 1 pe3yJIbTaTH i3 cepepHiMu 3HaueHHIMU CBO TpbhoX momyssipHUX
Iporpam 3 BIIKPUTHM KOAOM, po3pobnenux Ha Java: FreeMind, TuxGuitar Ta
jEdit, mms sxux cepemni 3HadeHHs CBO pmopiBioroTs 5,36, 7,32 Ta 4,67
BIIIOBITHO.

Ili 3HaveHHS BKAa3yOTh Ha [OCTOBIPHICTH 3allpOIIOHOBAHWUX TPAHHIb
iHTepBasiB cepenHix 3HadeHb CBO $K TOKa3HWKIB SKOCTI MpPOTPaMHUX
3aCTOCYHKIB 3 BIIKPUTHM KOZOM, PO3poOJIeHNX Ha Java.

JlitepaTypa
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CYYACHE PO3YMIHHS BI3BHEC-AHAJII3Y TA HOI'O
CKJIIAJOBHUX B IT-IIPOEKTAX
E-mail: d.gobov@kpi.ua

MODERN UNDERSTANDING OF BUSINESS ANALYSIS AND ITS
COMPONENTS
Ph.D. Gobov D.

Anomauia. TliIBUIEHHS CKIIQJHOCTI TMPOEKTIB 3 pPO3poOKM iH(pOpMaIiiHO-
aHAITHYHAX CHCTEM MPH3BEJIO JI0 MOSIBH HOBOI POJIi — «0i3Hec-aHAMITHKY. JlaHa poib
€ HMOJAJBIINX PO3BUTKOM Hpodecii «imkeHep 3 BUMOr» 1 nmependadae poboTy 3 GizHec
BAMOTaMH, BUMOTaMH 3alliKaBJICHUX OCi0 Ta BUMOramu a0 pimeHHs. Jlana poGota
MPUCBSYEHA BU3HAUCHHS TPAHUIb BiANOBINAIBFHOCTI Oi3HEC-aHATNITHKA 3 TOYKU 30PY
IT-npoexris.

Knrwuoei cnosa: 6i3uec-ananis, [IBA, PMI, ramysi 3HaHb 6i3Hec-aHaizy.

Abstract. Increasing the complexity of projects for the development of
information and analytical systems has led to the emergence of a new role - "business
analyst". This role is a further development of the profession of '"requirements
engineer" and involves working with business requirements, stakeholder requirements
and decision requirements. This work is devoted to defining the limits of responsibility
of a business analyst in terms of IT projects.

Keywords: business analysis, [IBA, PMI, business analysis knowledge are.

CyTTeBuil BIUIMB Oi3HEC-aHai3y Ha MPOCKTH 3 PO3POOKH MPOTpaMHOTO
3a0e3NeueH s IATBEPDKYEThCS JOCTI[DKCHHAMH B Tally3l KepyBaHHS
npoektamu [1], [2], 3rigHO 3 SKUMH HaWOITBII BaroMUMH (aKTOpPaMH, IO
MOXYTbh TPHBECTH JO IOPYLICHHS TEpPMiHIB MPOEKTY € HEesKiCHEe
BU3HAYCHHS I[lJIed NPOEKTy, BIICYTHICTh Y3TO/KEHOTrOo OaueHHs IPOEKTY,
HESIKICHHI MpoIleC KepyBaHHS BUMOraMu. Bci BulllenepepaxoBaHi 3amadi
BiZIHOCATBCA cepi Oi3Hec-aHaizy.

BusnaueHHs pamok Oi3Hec-aHami3y MOXHA IIPOBECTH, BUXOASYH 3
Tepertiky 3a1ad, Mo BiMHOCITHCS A0 Oi3HEeC-aHATITUYIHOI MisTbHOCTI. AHai3
3BO/IIB 3HAaHb IO Oi3HEC-aHaTi3y BIX JBOX NPOBITHUX MDKHApOJHUX
opranizauiii Mixnaponauuii Incruryr bismec Amnanizy (IIBA) ta Incruryr
Vnpasninns [Ipoekramu (PMI) nos3Bonsie copMyBaTH HAaCTYIHHUH Nepeiik
TpyII 3a/1a4:
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- IlnanyBanHs Oi3Hec-aHaNi3y: BUOIp MiOXOAy Ta IUIAHYBaHHS pOOIT,
IUTaHyBaHHSA KOMYHIKaIliii i3 3amikaBIeHMMHU 0co0aMu, y3ro/pKeHHsS Oi3Hec-
AQHAJITUYHUX MPOILECIB, MOHITOPUHT epeKTUBHOCTI Oi3HEC-aHaTi3Yy.

- BusiBiieHHs BUMOT: HiIrOTOBKA ITPOBEJICHHS BUSIBJICHHS, Y3TO/PKEHHS Ta
00roBOpEHHS pe3yJIbTaTiB BUSBIICHHS.

- AHami3 cTparerii: aHaji3 IOTOYHOTO CTaHy, BH3HAueHHs O0a)KaHOTO
ctany, (OpMYBaHHS BHCOKOPIBHEBOTO OaucHHsS pIllICHHS Ta CTpaTeril
nepexony.

- AHami3 BUMOT Ta AW3aifHy pillIeHHs: JOKyMEHTYBaHHS Ta MOACITIOBAHHSA
BUMOT, BepuQiKkallis Ta Balifamis BUMOT, BU3HAUYEHHS BapiaHTIB peamizamii
pilIeHHS Ta OIiHKA TX MiHHOCTI.

- KepyBaHHA JKUTTEBMM IMKJIOM BHMOI: TIPIOPUTH3ALIS BUMOT,
MATPUIMKA TOKYMEHTAIIIi 110 PillICHHIO, aHaJli3 3alUTIB Ha 3MiHU, Y3TOKEHHS
BUMOT..

- OuiHka pilleHHs: BUMIPIOBaHHS Ta aHali3 e(eKTHBHOCTI pillleHHS,
OIliHKa OOMEKeHb PillleHHs Ta MiJIpHEMCTBA, BUPOOJICHHS PEKOMEHIAIlH Mo
301TBIICHHIO €(heKTHBHOCTI PIlICHHS.

ITpu boMy MOKHA BUAITUTH 0a30BHiA TUKI: AHAIII3 cTparerii —

Amnaniz Bumor ta Busnauenns [umsaitny — OmiHka pillleHHS, SKHH
BiAmoBimae TproM (azam mpoekty: IlepennpoexkTHe JOCTIKEHHI —
Bukonanss npoekty — OLliHKa pe3yNbTaTiB MPOEKTY.

Merto/10510Tisl BUKOHAHHS NPOEKTY Oy/e BIUIMBAaTH HA 4acOBI PaMKH Ta
IHTEHCHBHICTb BUKOHaHHS POOIT 3 KOXKHOT rajy3i, aje B IIMPOKOMY PO3yMiHHI
3allpONIOHOBAHA MOJENIb BHKOHYEThCS JUIsl KOxkHOI 3 HMX. IBA Ta PMI
pO3yMiIOTh «Oi3Hec-aHaNi3» SK INPOLEC 13 YITKUMH paMKaMM, LUIIMH Ta
KPUTEPisIMH YCHIITHOCTI poOOTH Oi3Hec-aHamiTHKa. PoboTH 3 Gi3Hec-aHAIizy
MOJKHa PO30MTH Ha 2 TPYNH: KOPEHEBHH NMHKII «AHANI3 cTpaTerii — AHami3
BUMOT Ta BH3HAaYeHHA nu3aiiHy -  OmiHKa pimieHHEsS» Ta  CYMyTHI
«[InanyBaHHS Ta MOHITOpPHHT», «BusBnenns Ta cmiBnpars» it «KepyBanas
JKUTTEBUM LIUKJIOM BHMOTY.
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DETECTING MULTIVARIATE OUTLIERS IN NONLINEAR
REGRESSION MODELS BASED ON THE SQUARED
MAHALANOBIS DISTANCE OF THE NORMALIZED PREDICTORS
Dr.Sci. Prykhodko S., Ph.D. Prykhodko N.

Anomauyia. 3ampoNOHOBAHO METOJ BHABJICHHS OaraTOBHUMIPHUX BHUKHAIB Yy
HENHIMHUX perpeciiHuX MOAESIX Ha OCHOBI KBajpaty Bifctani Maxananobica (KBM)
Bil HOPMAJIi30BaHUX NPEAUKTOPIB. 3aCTOCYBaHHSI METOAY PO3MIIATAETHCA IS
BUSIBJICHHS BUKHIIB Y YOTHPHUBUMIPHUX HETayCOBHX JaHHX (3HAYCHHSX NMPEIUKTOPIB),
SIKI BHKOPUCTOBYIOTBCS Uil TOOymoBH dYoTHpH(akTOpHOI HemiHiitHOI perpeciitHOl
MOJETi Ha OCHOBI HOPMAJi3yIOUMX II€PETBOPEHb, SK OaraTOBHUMIpPHHUX, Tak 1
OJTHOBHMIpHHX. 3alpOIIOHOBAaHMI METOJ BH3HAua€ MEHIIE JaHUX SK OaraToBUMipHI
BUKHIH, KOJM BHKOPHUCTOBYEThCS OaraTOBUMIpHE II€PETBOPEHHS IIOPIBHSIHO 3
OJTHOBHMIpHHM Ta 0e3 3aCTOCYBaHHS HOpMati3arlii.

Knrwwuoei cnosa: BusBIeHHs 0araTOBUMIpHUX BHKHIIB, HEJiHIMHA perpeciiiHa
MOJIeITb, KBaJpaT BificTani MaxanaHo0ica, HOpMaJi3ylode IepeTBOPEHHS.

Abstract. A method for detecting multivariate outliers in nonlinear regression
models based on the squared Mahalanobis distance of the normalized predictors is
proposed. The application of the method is considered for detecting outliers in four-
variate non-Gaussian data (predictor values), which used for constructing the four-
factor nonlinear regression model based on the normalizing transformations, both
multivariate and univariate. The proposed method defines less data as multivariate
outliers when a multivariate transformation is used compared with a univariate one and
without applying normalization.

Keywords: multivariate outlier detection, nonlinear regression model, squared
Mahalanobis distance, normalizing transformation.

Pesynpratnt moOymoBHM perpeciiHoi Mopeni, K JiHIAHOI, Tak 1
HENiHIHHOI, MOXYTh OYyTH IOCHUTh YyTJMBHUMH IO BHKHIIB (K CTOCOBHO
3aJIeKHOI 3MIHHOI, TaK 1 B MPOCTOpPiI HMPEAWKTOPiB). TOMYy BaXIIMBO BMITH
BUSBJITH TaKi TOYKH. [CHYFOUI METOMM BHUSBISIOTH BUKUAU Y perpeciiiHiit
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MOJIEIi 3aJIeKHO Bif ii peakiiii 4u 3aimumiKiB, abo B MPOCTOPi MPEIUKTOPIB.
Opnak moOpe BiloMi METONM BHSIBICHHS BUKHIIIB B PETPECiiHUX MOJENIX
3aCTOCOBYIOThCS JJIsl BUSIBJICHHSI BUKHIB Y Ha0Opax JaHUX 3a NPHITYIICHHSIM,
10 PO3MOALT JIaHHUX € rayCiBCbKUM. AJie 11 NPUITYIEHHS CIPaBeUIMBO JIHIIE
B NOOJMHOKMX Bumnankax. ll{o npusBoauTh 10 HEOOXITHOCTI PO3POOKH
METOJIB BHUSBJCHHSA BHKHIIB B HENIHIMHUX pErpecifHuX MOJensaX, sKi
BPaxOBYIOTh HETrayCiBCbKMI po3mojin naHuX. Panimie My 3anpornoHyBaju
METOJ BJOCKOHAJICHHS HEJIHIHHUX perpeciiiHuX Mojeneldl Ha OCHOBI
0araTOBUMIpHUX HOPMAIi3YIOUHX MEPETBOPEHBb Ta IHTEPBANIB Tepern0adyeHHS
[1]. Left mMeTon TpyHTYeThCS HA BHSBICHHI BUKHUIIB B 3aJIGKHUX 3MIHHHAX
HeNiHIHHUX perpeciiHux Moxened. OIHAK TPAIULIIOTBCS BHIAJKH, KOIHU
BUKHU/IN BUSBILIFOTECS B IPOCTOPI MPETUKTOPIB, CyMICHUH PO3IIOAIN SKUX HE €
rayciBCbKUM. MU TIPOIIOHYEMO METOJI BUSIBJIEHHS 0araTOBUMIPHUX BUKHIIB Y
HENIHIHHUX perpeciifHux Mojnenssx Ha ocHoBi KBM Bixm HopmamizoBaHHX
MpeauKTOpiB. MeToM CKIaaeThCs 3 TPHOX KPOKIB.

Sk 1 B [2], MH BHKOPHUCTOBYeMO OaraTOBHMIpHI HOpMalli3ylodi
nepeTBopeHHd. Ha mepmomy Kpoii 0araToBuUMipHI HETaycoBi JaHi
MPEIUKTOPIB ~ HOPMANI3yIOThCA 32  JIOIOMOTOI0  0araTOBHMipHOTO
HOPMaJTi3yI040T0 MePEeTBOPEHHS.

Ha npyromy kpomi o6uncimoerscst KBM Ta #oro TectoBa craTHCTHKA IS
KOXKHOT 0araTOBUMIpHOI TOYKM JaHWX HOPMaNli30BaHUX  MpPeIuKTOpiB. I,
Hapemri, Ha TPeTbOMY KpOIli 3HAU€HHsS HOTro TECTOBOi CTAaTHCTHKH
MOPIBHIOIOTHCS 3 KBAaHTLJIEM PO3IMOJUTY HOTro TecToBOi craTucTuku. JlaHi, s
SKAX 3HAYEHHS MOr0 TECTOBOI CTATHUCTHUKHM OLUIbINE, HIX BiANOBIIHHI
KBaHT1JIb, BBOKAIOTHCSI BUKUAAMH. SIKIO BUSIBICHO BHKHAHM, 1X BHIIy4YaroTh, i
MH MOBTOPIOEMO BCi KPOKH, NMOYMHAIOYM 3 IEPIIOro, sl HOBUX JaHHX 0e3
BHKHIIIB.

PosrnsHyTi mpuKIagu BUSABICHHS BUKWIIB y HENIHIHHUX perpeciiHux
MOJIEIISIX MIATBEPKYIOTh MPALE3AaTHICTh 3aIIPOIIOHOBAHOTO METOY.
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CUCTEMHA OPTAHIBALIA TEXHOJOTI'TYHUX MPOLECIB
HOBYAOBI KOMITIO3UTHHUX IIJIABYUUX JOKIB
JI.T.H. leapoaoces O. B, [0000-0001-7972-3882)
Kupuuenxo K. B, [0000-0002:0974-6904]
E-mail: aleksandr.schedrolosev@nuos.edu.ua, kostiantynkyrychenko@nuos.edu.ua

SYSTEM ORGANIZATION OF TECHNOLOGICAL PROCESSES
CONSTRUCTION OF COMPOSITE FLOATING DOCKS
Shchedrolosiev O., Kyrychenko K.

Anomauia. OOroBoproeTbCcsi TNHUTAHHSA CHUCTEMHOI OpraHisamii yIpaBIiHHS
JIOKOOY/IIBHUM TIIIPUEMCTBOM JIJIsi 3a0€3MEUYCHHS KOMIUIEKCHOTO DIllICHHS 3ajadi
e(eKTHBHOTO BUKOPHCTAHHS BUPOOHUYHX MOTYKHOCTCH.

Knwuosi cnoea: KOMIO3WUTHUI TUIABYyYHH JIOK, 3ali300€TOHHUN MOHTOH,
KOHCTPYIOBaHHS JIOKiB.

Annotation. The issue of system organization of pre-construction enterprise
management to ensure a comprehensive solution to the problem of efficient use of
production capacity is discussed.

Keyword. Composite floating dock, reinforced concrete pontoon, dock
construction.

J1n1st cTBOpEHHsI KOHKYPEHTOCIIPOMOXKHHX IUIaByYHX KOMIIO3UTHHUX JOKIB,
IO BiJNOBINAIOTH CBITOBUM BHMOTaM SKOCTI HEOOXIZHO NPUHHATTS
OpraHi3aliifHO-CKOHOMIYHHUX pIllleHh II[OJ0 BJOCKOHAJICHHS OpraHizamii
BUPOOHHMIITBA 1 po3po0li Ha iX OCHOBI CydYacHOi CHCTEMH YIpaBIiHHS
JIOKOOYIBHUM IIANPUEMCTBOM 3 BHUKOPHUCTAHHSM IEPEAOBHX JOCSITHEHb B
obunacrti iHdopmaniiiHux TexHoorii [1].

Cucrema ymnpapiiHHS ITIOBHHHA 3a0€3I€YUTH KOMIUICKCHE PIlCHHS
3a1a4i ©(EKTUBHOTO BHUKOPUCTaHHS BHPOOHHWYMX MOTY)XXHOCTEH, TPYIOBHX,
MaTepialbHUX, CHePreTHYHUX 1 (DIHAHCOBUX PECypCiB MpU MOOYIOBi JOKIB.
[HCTpyMeHTapiif cUCTeMH yIpaBIiHHA TOBHHEH 3a0C3MEYUTH peali3alliio
cTparerii IUIlaHyBaHHS Ta ONEPATHBHICTH KOHTPOJIO BCIX BHIIB pecypciB, a
TaKOX pallioHaJTbHE IX BUKOPHCTaHHS II0 LHKIY BHUPOOHHYOTO TIIPOLECY
mo0yT0BH AOKIB HEOOXiTHOI SIKOCTI BiATIOBIAHO IO IPOEKTHOT TOKYMEHTAITi.

IIpr moOynoBi HOKIB BaxJMBUM (PaKTOpOM € 3aBIAaHHS BH3HAYCHHS
TPYIOMICTKOCTI BUKOHAHUX POOIT.

ITo-meprie, 1st cucTeMa MOBUHHA Oy TyBaTHCS Ha €IUHIA METOMONOTTUHIN
OCHOBI JUISI KOYKHOTO PiBHS YIPaBIiHHSA BUPOOHUIITBOM.
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ITo-npyre, cuctemMa po3paxyHKY TPYAOMICTKOCTI BHKOHAHHUX POOIT TIO
IJJAHOBO-OOJIIKOBOi  OJMHUIII TMOBMHHA OyTH TICHO B3a€EMOINOB'A3aHa 3
CHUCTEMOIO OIUIaTH mparti [2].

OmiHKa MO CBO€YACHOMY, SIKICHOMY 1 KOMIUIEKCHOMY 3aBEpLICHHS
poOOTH TOBMHHA E€KOHOMIYHO CTHUMYJIIOBaTH BCIX YYAaCHHKIB BHPOOHHYOTO
mpoIiecy, a B pas3i OyIb-IKHX BIIXHJICHb - JU(EPCHIIOBATU IIeH MOKA3HUK,
BUKIIIOYaI04YH (aKTop CyO'eKTHBIZMY.

EdekTuBHicTh poOIT 3 BUKOHAHHS BUPOOHMYOI MPOrpaMy Ta 3HIKCHHS
co0iBapTOCTI MPOIYKIIl iICTOTHO 3aJIS)KUTH Bl CHCTEMH, SIKa 3aCTOCOBYETHCS
IpU BpaxyBaHHI IUIAHOBO-OONIKOBMX oOfuHMIE poOiT. Ilimx mraHOBO-
OOJIKOBHM OJIWHHISIM PO3YMIETBCA KOHKPETHHHA 00csAr poOiT 3 moOymoBU
JIOKY Ha TICBHOMY PiBHI yIIpaBIIiHHS.

Icayroua meromuka (opMyBaHHS IIAHOBO-OOJTIKOBHX OIWHHIE POOIT
mpu 1moOymoBi JOKIB BH3HA4Ya€ OCHOBHI TIOJOKGHHS CHCTEMH, sKa
BUKOPHCTOBYETHCSl Ha JOKOOYIIBHMX IMIANPUEMTBaX i GOpMye iX CKIai: JOK
(3aMOBJICHHS1); TEXHOJOTIYHHM €Tam;, EeXO-eTal;, TeXHOJOTIYHUN KOMIIJIEKT;
OpUTaIOKOMILIEKT.

AHaNi3yl04 CUCTEMY IUIAaHOBO-OOJIKOBUX OIWHUIL poOOIT, CIiix
BII3BHAYUTH, MO0 OPHUTaIOKOMIUIEKT € MOYATKOBHM €JIEeMEHTOM B TOOYAOBI
JIOKY.

Ha OpuragokOMIUIEKT BHIHCY€TbCS BIAPSAHWUM Hapsn, 3a SKUM
3MIMCHIOETBCS OIUIaTa mpall 3a BUKOHAHY pOOOTY i BiH CIYXHTh ITiJICTABOIO
Juist popMyBaHHS 3BITHOT iH(pOpMAILil.

Y 3B'i3ky 3 muM poOOTH IO OpHUrajloOKOMIIEKTYy IpH 3BITI He
NPOLEHTYIOTBCS, a IPUHAMAIOTBCA IIJIKOM B CKJIaAI TEXHOJOTTYHOTO
KOMIIIEKTY.

3aBepiIeHHAM poOIT MO0 TEXHOIOTIYHOMY KOMIUICKTY € BUKOHAHHS pOOIT
110 OpPHUraOKOMIUIEKTaM, IO BXOISTh B HBOTO.

PoGoTr 1o TEXHOJOTIYHMM KOMIDIEKTaM TpH IUIAHYBaHHI Ta 3BITHOCTI
MOXYTb HPOLICHTYBaTHCS.

3a aHANOTIYHOIO CXEMOI0 3IIHCHIOETHCA OOJIIK BHKOHAHHX POOIT TO
LIEX0-eTanaM 1 TEXHOJIOTIYHUX eTaram.

JlitepaTypa
1. IlpoekTHpoBaHHe, TEXHOJOTUS U OPTaHU3ALUs CTPOHUTEIBCTBA KOMIIO3UTHBIX
mwraByunx nokoB / A. C. Pamkosckmii, H. I'. Cnyunxmii, B. H. Konnos, A. B.
enpornoces, A. H. Y3moB. — Hukomnaes: PAJI-nomurpadus, 2008. — 614 c.
2. Kupnuenko K. B. Illenponoces A. B. YcoBepuieHCTBOBaHUE TEXHOJOTHH
CTPOMTENILCTBA KOMIIO3UTHBIX IIIaByYUX MOKOB OOJIBIION MOJBEMHOM CHibI. Science
and Education a New Dimension. — Byaamemr, , 2018. — Ne158. — C. 63—68.
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JIATHOCUTKA HEIH®EKIIIHHUX 3AXBOPIOBAHb HA OCHOBI
METOAY I'A30OPO3PAJHOI'O BUITPOMIHIOBAHHS
J.m.u. HMiconmbka JI.A,10000-0003-3425-65091 'ye 1+ g ['iryxopa H.B. 1000-0003-0817-5465]
TlemuenKo T.I0000-0001-9835-5448]
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DIAGNOSIS OF NON-INFECTIOUS DISEASES ON THE BASIS OF
GAS DISCHARGE RADIATION METHOD
Dr.Sc.Pesotskaja L., Ph.D. Glukhova N., Demchenko T.

AHHoTaums. ITokazaHa aKTyalbHICTh 3aCTOCYBaHHS METOJY TIa30pO3PSAHOTO
BUIIPOMIHIOBaHHS I JAIarHOCTUKM  HEIH(EKIIHHMX 3aXBOPIOBAHb  JIIOAWMHH.
Bukonanwii aHani3z B3a€M03B’SI3Ky €JIEKTPOMArHiTHOI CKJIa0BOI OpraHi3My JIFOJHHU Ta
BUHUKHEHHSM 3axBOpIOBaHb. [IpoBeieHO HOCHIUKEHHS 1 CTaTHCTHYHUH aHaii3
300pakeHb Ta30pO3PsITHOT0 BUNIPOMIHIOBAHHS JUII KOHTPOJILHOT TPYTIH.

KorodoBi ciioBa: MeuHa 1iarHOCTHKa, ra30pO3psJHE BUIIPOMIHIOBaHHS.

Abstract. The relevance of the method of gas-discharge radiation for the diagnosis
of non-communicable human diseases is shown. An analysis of the relationship
between the electromagnetic component of the human body and the occurrence of
diseases. A study and statistical analysis of images of gas-discharge radiation for the
control group.

Keywords: medical diagnostics, gas-discharge radiation.

OCHOBOIO NPUIHATTS IIarHOCTUYHUX pIMIEHb NpU  HelH(EKIIHHUX
3aXBOPIOBAHHAX YacTO CIYTYIOTh Pi3HOMaHITHI OioximiuHi aHamizu. Bimomo,
10 HeiH(EKIiifHI XBOPOOU CKIAIaf0Th OCHOBHY YacCTKy NMPHYUH CMEPTHOCTI
JMOAWHU B yeboMy cBiTi [1]. Kpim Toro, HeiH(eKIiiiHI 3aXBOpIOBaHHS CYTTEBO
MOTIPIIYIOTh TOKa3HUKH SKOCTI JKUTTA Ta MOXYTh MPH3BOIAUTH [0
igBamigHOoCcTi. CamMe TOMy, BHSBICHHSA Ha paHHIX CTauifX HeiH(EKmiHHUX
3aXBOPIOBAaHb € BAXIMBUM 3aBJAHHAM CHUCTEMH OXOPOHH 3JI0POB’S KOXKHOI
KpaiHu.

[TepcieKTHBHUM METOJIOM TiarHOCTHKH HEiH(EKIIHHIX 3aXBOpPIOBaHb Ha
paHHIX CTamifX € METOJ Ta30pO3psSIHOr0 BUMNpOMiHIOBaHHA [2]. MeTton,
3aCHOBaHWH Ha OTPUMaHHI 300pa)K€Hb Ta30pO3PSIHOTO BUIIPOMIHIOBAHHS,
JIO3BOJISIE BIKOHYBATH aHANI3 €IeKTPOMArHITHOI ckiafoBoi mronuHH. Came
Takuii  maxin —3abesmedye  MOXIIHMBICTE  BHUSIBICHHS — HeiH(EKIiHHIX
3aXBOPIOBAaHb HAa PaHHIX CTaMisIX, HPH [BOMY MIarHOCTHYHI JOCIIKECHHS

319



Marepianu IX MixkHapogHOi HayKOBO-TIPAKTHYHOT KOH(pepeHLil
«IHQDOPMALIPIHI VIPABJISIOUI CUCTEMMU I TEXHOJIOT Tin
24-26 Bepecus 2020 p., M. Ozeca

MOXYTh TIPOBOJIUTHUCS Yy CKPHUHIHTOBOMY pEKHMI Ta HE TOTpPeOyIOTh
CKJIAJTHOTO CITEIIAJIBHOTO 00IaIHAHHS.

JocnijpkeHHsT €JIeKTPOMAarHiTHOT CKJIAJ0BOI JIIOJMHU TPYHTYIOTHCS Ha
ToMy (akTi, IO yciMa >KUBHUMH KJIITHHAMH BHIPOMIHIOIOTECS (oToHH. Lle
SIBUILIE OTPUMAJIO Ha3By Hajcnabkoi emicii GoToHIB. AHaii3y iHTEHCHBHOCTI
Ta CHEKTPY eMicii pOTOHIB IPUCBIYEHO PsiJ HAYKOBUX AOCIIKEHb [3].

[pomecu, 10 CYNPOBOKYHOTH HAACTa0Ky eMicito ()OTOHIB, HAMPAMY
MOB’sI3aHi 3 MPOTIKaHHSIM (I3MYHMUX SBHI y MeMOpaHaX >KUBHX KIITHH.
TakuM 4YMHOM, TATOTE€HE3 3aXBOPIOBAHHS TPHU3BOAWTH O MOPYIICHHS
HOpPMAJILHOTO MPOTiKaHHS MPOIIECiB y MeMOpaHax, 10, y CBOIO Yepry, MOXKeE
OyTH BHSBJIICHO 32 paXyHOK JOCIIKEHHSI HaIcTa0Ko1 eMicii (OTOHIB.

Merto Ta30pO3psITHOTO BHITPOMIHIOBaHHS, WO MOJATae y 30y/DKeHHI
JIOCITIIKYBAHOTO 00’ €KTY 32 paXyHOK CTBOPEHHSI HABKOJIO HbOTO 30BHIIIHHOTO
IMITyJIb,CHOTO ~ €JIEKTPOMAarHiTHOrO IOJIsI, J/IO3BOJIAE BHKOHATH HENPsAMIi
BHUMIPIOBaHHS MapaMeTpiB eMicii (OTOHIB, IPYHTYIOUNCh Ha KOpEIALifHOMY
3B’SI3Ky MIDK T€OMETPUYHUMH Ta (DOTOMETPUYHMMH O3HAKaMH 300pakeHb
ra3opo3psAHOTO BUIIPOMIHIOBAHHS Ta MPOLECaMy pyXy (OTOHIB.

[IpoBeneHi excrepuMEHTANbHI JOCTIUKSHHS I PI3HUX TPYI JIOAEH, SIK
MIPAKTUYHO 370POBUX (KOHTPOJBbHA TPyTa), TaK i 3 HAABHICTIO 3aXBOPIOBAHb,
MIATBEPAWIH MOXJIMBICT KIUJIBKICHOI OLIHKA CTaHy €JICKTPOMArHiTHOI
CKJIaZ0BOi opraHizmy. [yl KOHTPOJBHOI TPYNH NPaKTUYHO 370POBHX OCI0
OyJI0 BCTAHOBJIEHO CTATHCTHYHI MTapaMeTPH BUIPOMIHIOBAHHSI, IO J03BOJIHUTH
y HOAAIBIIOMY NPUIMAaTH JiarHOCTHYHI PIllIEHHs, CIMPAlOYUCh Ha 30ir abo
pi3HMLI Yy JOCHIIKYBaHMX 300paKEHHAX 3 OTPUMAHOK «HOPMOIO»
XapaKTEePUCTUK BUITPOMIHIOBaHHSI.
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