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FULL SATURATED ZONE TRACKING NUMERICAL METHOD
FOR THE RICHARDS-KLUTE EQUATION

V.A. Kolesnykov and D.A. Klyushin

Taras Shevchenko National University of Kyiv, Ukraine

The Richards-Klute equation describes the liquid transfer in the po-
rous medium due to gravity and capillarity. The main instruments for solving
Richards-Klute equation are numerical methods. Among the applications, the
most common methods are finite elements method (FEM) and finite volume
method (FVM) in combination with backward Euler time step procedure.
There are a lot of modifications of these methods, which use adaptive spatial
discretization [1], adaptive time step [2] or special approximation of equation
for heterogeneous medium [3]. An overview of numerical methods can be
found in works [4, 5].

By its physical interpretation, the solution of Richards-Klute equation
divides the researched area into two non-intersecting parts: unsaturated zone
and zone of full saturation, which change in time. Works [6, 7] contains re-
sults of continuity and smoothness of boundary between these zones proved
in terms of general elliptic—parabolic equations. But when using numerical
methods, this area division is ignored, so for every step-in time procedure
calculates the numerical solution on the whole area.

The Richards-Klute equation is the equation of the form

o0 oK
— =V (KVh)+—+s, (1)
ot oz

where ¢ is time [s], @ € [Omin, Onax] 1S a coefficient of volumetric water content
[-1, & is a pressure head [m], K is the hydraulic conductivity [m/s] and s is the
source term [1/s]. z is the vertical coordinate, (x, y,z,7) € Qx[0,7].

Let Q (1) ={(x,y,2) e Q| 0(x,y,2z,t) <0 }andQ (1) =Q\Q (?)

for ¢ €[0,T] be the usnsaturated and saturated zones for the solution 6(x,y,z,?)
of (1), respectively. Assuming s = 0 and the fact that there is no negative
liquid flux through the border 0Q, from the physical interpretation of Rich-
ards-Klute equation we can conclude that 06/0r = 0 and we have

Q (1) = Q (¢,) for every ti<t>. (2) This means that if the solution & at the

point (x,y,z,t) equals to Guax, then for every #1 = to 0(x,y,z,t1) = Omar and we
may exclude full saturated points from the further consideration. For



numerical methods it means that space grid o divides into two parts w, and
ws on every step according to the same principle as Q divides into Q,(¢) and
Q,(f). And for these subgrids we have different rule for finding approximate
solution on the next step:

9" zgij’ei/ -0 .

iH max 2
Y @)

i

¢, otherwise,

where ¢ € Rl is the solution of linear algebraic system, which is con-
structed on the current time step.
In the general case s and flux through 0Q can be negative, so the con-

dition Q (#,) < Q (¢,) is untrue. Thus, for some i € w; we may have 6/ <

0/. It is obvious that rule (2) does not realize that changes in the nodes, so this
rule must be modified for correct approximation of the solution. To achieve
this goal, we will divide ® into the three subgrids:
1) wu={i € @ | 0<BOunax} (unsaturated nodes),
2) ws={i € o | 0=bOax, p(i, w,)>d}, (saturated nodes, which are dis-
tant from w, by at least a constant distance d),
3) wy=o\w,U ws) (buffer nodes between saturated and unsaturated
nodes).
Then we have the next algorithm for finding approximate solution on
the next step.
Algorithm 1.
Step 1. Calculate approximate solution 87*! according to the next rule.
0" =0 icw,
' ’ " ©)

j+1 .
0" =cico Vo,
i i u b

where ¢ € R!9vY9bl i the solution of linear algebraic system, which is con-
structed on the current time step.

Step 2. Modify sets w., @, and w according to their definition.

There are only two nodes needed to track the boundary between w,
and w, in one-dimensional case. Boundary of full saturated zone w; is calcu-
lated at every step using definition. There are a lot of nodes needed to track
the boundary between zones in the two-dimensional case. In order to optimize
the process of modifying w, and w; in the next step, we will combine the
boundary nodes into a special structure. To do this, we will construct a doubly
connected edge list (DCEL) structure on the grid w. Nodes of w will be the



vertices and connections between neighbour nodes will be edges of DCEL.
Let L be the list of adjacent nodes from w; and every node from w; € L is
lying left while traversing L.

Let

F — |Qu(t)|
(xX)=u tE[O’T“WSX /T. 4)

By its properties, /' may be interpreted as the distribution function of
some random variable ¢, i.e. F(x)=F«x). For every n = || let P, = (po, p1, ...,
pn) be a probability distribution, where p; equal to probability of |w.(f)| = k
for approximate solution on [0,7]. Then F, — F, as n—>+co.

Theorem 1. Let p = E(&) and let 700 and Tp be the average times for

calculations of one step of the modified and unmodified numerical methods,
respectively. Then

mod

— D, n — +o, ®)]

0

This article presents a modification for numerical methods for solving
the Richards-Klute equation by tracking the full saturation zone. For two-
dimensional form of Richards-Klute equation modified method uses a doubly
connected edge list structure for tracking the border between saturated and
unsaturated zones. Theorem that gives an estimation of efficiency increase of
the modeling process is proven. Further research may contain adaptation of
proposed modified methods for three-dimensional Richards-Klute equation
using special structures for tracking border between saturated and unsaturated
zones. Also, there is a problem that consists in choosing the value of the width
of buffer zone between full saturated and unsaturated zones using a priori
information about equation.
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AUTONOMOUS QUADRUPED ROBOTIC SYSTEMS
FOR RADIATION MAPPING
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3 Peter G. Martin
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INTRODUCTION

The University of Bristol and the Institute for Nuclear Power Plant Safety
Problems of the National Academy of Sciences of Ukraine continue research us-
ing robotic systems for radiation mapping of nuclear hazardous facilities.

Information technologies combined with modern robotic systems can
help reduce the risk of exposure of operational personnel by providing an accu-
rate assessment of the radiation background and identification of radiation
sources.
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One of the main technologies is radiation mapping, which allows the
creation of maps of radioactive contamination in the work area [1]. For this
purpose, radiometric devices are used that can detect various types of radia-
tion and measure their intensity. The obtained data is processed using special-
ized software that allows for visualization of the result and the creation of
contamination maps based on it.

1. DESCRIPTION OF THE EQUIPMENT

Radioactive threats are assessed using the latest technologies and ad-
vanced information systems. A prototype of an autonomous system devel-
oped because of the Gol four-legged robotic platform helps in radiation sur-
veys. This technology can replace human labour in the future, reduce the ra-
diation exposure of personnel and improve radiation safety by eliminating the
human factor.

The versatility of the system allows the use of different equipment de-
pending on the tasks at hand.

Picture 1 shows the general view of the Gol quadrupedal robotic plat-
form during tests at the Chornobyl NPP, in the city of Chornobyl and in the
city of Slavutych. This robotic system is equipped with a BDMG-96 detection
unit connected to a Raspberry Pi single-board computer for reading and stor-
ing data from the detector. It is also possible to connect the LIDAR to an
NVIDIA Jetson Nano to create 3D models and radiation mapping data.

Picture 1 - General view of the Gol robotic platform
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2. RESULTS OF EXPERIMENTAL RESEARCH

The search for low-activity sources requires complex manipulations
of the detector, each time it is necessary to perform manipulations along a
new trajectory that depends on the environment. Installing a multifunctional
manipulator on a robotic system leads to stability problems. The task of
adapting the manipulator's movement to the radiation environment is a com-
plex scientific task in itself [3].

Nevertheless, such difficulties can be solved at a qualitative level us-
ing spatial interpolation and evolutionary algorithms [4].

Determining the exact position of a robot in space remains a practi-
cally challenging task, as it requires expensive sensors such as LIDAR, stereo
cameras, etc.; as well as sufficient computing power to perform SLAM algo-
rithms. This also increases the cost of the end device.

Working on "large" fields is also currently problematic. This is due to
the fault tolerance of electronics and energy efficiency. An additional problem
to the above disadvantages is the difficulty of decontamination and safe
maintenance of the robotic platform, despite specially designed personal pro-
tective equipment.

At this stage, the robotic platform allows for remote surveys of radia-
tion characteristics of personnel movement routes and easily accessible areas.
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BUKOPUCTAHHSA HEMPOHHUX MEPEX JIJIsI
PO3III3HABAHHA 3B’A3KIB B UML JIAT'PAMAX

O. C. Posuuxk, M. C. lopom
Hayionanvnuii ynieepcumem « Yepnicigcoka nonimexixa»

Bixe 6araro pokiB UML-giarpaMu € HeBiI'€MHOIO YaCTHHOO TIPOLIECY
po3pobku mporpamuoro 3abesmedeHHs (I13). 3 iX momoMororw MoXHa
BiTOOpa3WTH CTPYKTYpy TIPOEKTy, KOMIOHEHTH, BiJHOIICHHS MiX
00’exTaMu, IIe TO3BOJISIE 3PO3YMITH iX B3a€EMOZII0 Ta 30epertu iH(opMmario
g mopaneimoi poborn. OxnHak, mpouec moOymoBun UML-miarpam moxe
OyTH CKIQIHAM Ta BHMAaraTH dYacy. 3HAYHWHA TOTEHI[ial y MOl
aBToMaTH3allii mporecy po3pobku I13, a came y mporieci po3mi3HaBaHHS
UML-niarpam, MaroTh HelpoHHI Mepexi [1].

IIpoTe, iCHYIOTh IEBHI MPOOJIEMH, 00 IX BUKOPUCTAHHS, MOB'A3aH1
3 HABYAHHSIM HEMPOHHUX Mepex Juisi po3nizHaBanHs UML-upiarpam.

OIHi€I0 3 TOJOBHUX MPOOJEM € HEIOCTATHS KUIbKICTh JaHUX IS
HaByaHHs Mozedi. Lle Moxxe yCKiIagHUTH TpeHyBaHHS MOJIEJ Ta MPU3BECTH
IO HEIOCTATHBOI TOYHOCTI posmizHaBaHHs. [y moOymoBH sKiCHOT MOJei
HEOOXiTHO MAaTH MAOCTaTHIO KimbkicTh UML-miarpam pi3HEX THOIB Ta
CKJIaTHOCTI, II0 MOXe OYTH MPOOIEMOIO.

[Ipobnemu Ta CKIAAHICTH PO3MITKH Ta Kiacudikamii maamx. Moxe
Oyt oOMexeHmi noctyn Ao nodpe po3midennx UML-giarpam. Po3miTka
JIaHUX ISl HeiipoHHoT Mepexi y cdepi UML moxke OyTH TpyAOMICTKOIO
3aja4yero. BusHaueHHsi 00'€KTiB, B3a€MO3B'A3KiB 1 IXHIX aTpuOyTiB Ha
Jiarpami BUMarae CremiaJbHUX 3HaHb Ta BEIUKOI KUIBKICTI pecypciB. Takoxk
B UML icHyIOTh pi3HI THIU B3aEMO3B'SI3KIB (HANMpPHKIA, acOIliais,
KOMITO3HLIIisl, y3araJbHeHHs Tomlo). Jleski 3B’ I3KH JIy’Ke CX0xki 3a rpadiyHuM
MIPECTABICHHAM Ta KOHTEKCTOM 1 PO3Mi3HABaHHS IMX PI3HUX THUIIB MOXKE
Oytu npodiemHuM. Hanpukian B giarpamax Kiacis JIy’Ke BaXKKO PO3Ii3HATH
peaizaliio i 3aJIe)KHICTb.

CkiagHicTh TEXHIYHOI peasizalii HaBYaHHS HEHPOHHOI Mepexi.
OpHi€ro 3 HAWCKJIQAHIIINX YaCTUH IIPU po3po01ii HEHPOHHOT Mepexi € BUOip
THITY, apXITEKTYpHU, MOJIENI Ta MapamMeTpiB HEHPOHHOI MepexKi.

BuGip HeiipoHHOT Mepeski Uil po3Mi3HaBaHHsS PYKOIHCHHX CTPUIOK B
Jliarpamax 3aJIe)KHUTh BiJ pi3HUX (DAKTOPIB, TAKUX SIK KiIIbKICTH 3aIPOTIOHOBAHUX
JUTSl HABYaHHSI TaHUX, CKJIIHICTD JTiarpaM Ta iHII OCOOIMBOCTI 3a1adi.

Hust  po3nizHaBaHHs 3B s3kiB B UML  giarpamax, HaWOinbmn
KOPUCHUMH MOXYTh OYTH TPU THUIIH HEHPOHHUX Mepex [2]:
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1. 3roprkosi HeiponHi Mepexi (Convolutional Neural Networks,
CNN):

— 3a3BMYail  BUKOPHCTOBYIOTbCS  JUId  3aBJaHb  Bi3yaJIbHOTO
pO3Mi3HaBaHHsI, TAKHX SIK PO3ITi3HABaHHS 300paKeHb;

— noOpe miaXoaATh U aHaNi3y CTPYKTYPHHX €JIEMEHTIB, TaKUX SIK
PYKOIIMCHI CTPJIKH B Jliarpamax;

— BHMAararTh BEJIHMKOI KUJIbKOCTI HABYAJIBHHUX AAHHUX JUIs YCIIIIHOTO
HaBYaHHS;

— MOXYTb BUKOPHCTOBYBATHCS SIK YACTHHA CKJIAJHNX apXITEKTyp JUIs
BUpIIICHHS 3aBJJaHb CErMEHTAIIi Ta Kiacudikaiii.

2. PexypentHi HelipoHHi Mepexi (Recurrent Neural Networks, RNN):

— BUKOPHCTOBYIOTBCS ISl POOOTH 3 TOCTiIOBHOCTSIMHU IaHHX;

— MOXYTb OyTH KOPUCHUMH, SIKIIIO BU MA€TE TOCIIIOBHOCTI CTPUIOK Y
Jiarpamax i XoueTe BpaxoByBaTH KOHTEKCT MPU pO3Ii3HaBaHHI;

— 3a3BMYaii BUMAaraloTh MEHIIe HaB4YalabHMX naHux, HiX CNN, aie
MOXYTb OyTHM MEHII TOYHMMHM Yy BH3HAuU€HHI IJTMOOKHX
3aJIeKHOCTEH.

3. Tpancdopmepu (Transformers):

— TOTYXHI MOJENi, SKi JEMOHCTPYIOTh BpaXkarodi pe3yibTaTH B
00poO11i MOCIiJOBHOCTEH Ta TEKCTY;

—  MOXYTb OyTH KOPHCHUMH JJIs1 pOOOTH 3 PYKOIIMCHUMHY CTPLITKaAMH B
niarpamax, SKIOI0 BOHH TIPENCTAaBIICHI Y BHUIIIALI IOCIiIOBHOCTEH
a00 TEeKCTOBHX OIHUCIB;

— TpaHchopMepr MOXKYTh OYTH BHMOTJIMBHMH J0 OOYHCITIOBATIBHUX
pecypciB ajie HaBUYaHHS MOXKE BIMaraTH BEJUKY KUIBKICTD JaHUX.

BpaxoByroun HasBHI BXiJHI JaHHI Ta OCOOJIMBOCTI apXiTEKTypH Ta
QITOPUTMIB Ui po3mi3HaBaHHs 3B’s3kiB B UML giarpam Oyio oOpaHo
3TOPTKOBY HEHPOHHY MeEpeXy, OCKUIbKM BOHAa BHMAara€ MiHIMaIbHOTO
pO3Mipy MakKeTy JJIs HABYaHHS PU BUPINICHHS 1€ 3a1aui.

Po3rnsiHeMo BXiHI JaHHI SKi HEOOXIIHI I MEPEKi:

1. 300pakeHHs PYKONMCHHUX CTPUIOK. BXimHi nami moBwHHI OyTH
MIpeCTaBICHI ¥ BUTIAAI 300pakeHs. KoxHe 300pakeHHs] TOBUHHO MICTHTH
PYKOIIMCHY CTPUIKY, SIKy HOTpPIOHO po3mi3HATH. 3a3BH4ai Ii 300pakeHHs
MaloTh IBOBUMIipHHHA (opMmaT (HAaNpHKIAA, IIHPHHA, BHCOTA, KiIBKICTH
KaHATIB), /I KITBKICTh KaHAJIB I 300payKeHb KOJILOPY 3a3BHYAil TOPiBHIOE
3 (4epBOHMH, 3elIeHMH, CHHIH). AJle 3BaKaroud Ha Te, IO B HALIOMY
ANTOPHUTMI IPUCYTHS ToTIepenHs 00poOKka 300paKeHb Ta KOHBEPTYBAaHHS B
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4YOpHO-OlMi  (opMaT, TO KUIBKICTh KaHAJIiB B HAaIIOMy BHUIAJAKY
nopisaioe 1 [3].

2. Mitku abo knacu. Jlys HaBYaHHS MOJENi MOTPIOHO 3HATH, SKi
CTpUIKH Ha 300pa)KEHHSX NpPEACTaBISIIOTH sAKi Kinacu abo kareropii. B
HAIIOMY BHITQAKY Ma€ Miciie OyTH JBOPiBHEBA CTPYKTypa 3 THUIIOM CTPUIKH
Ta HampsMKoM. Hanpukian, sKkmo y Bac € 300pakeHHsI 31 CTpUIKamu
acoriarii, siKi BKa3yloTb BJIiBO, BIPaBO, BIOPY, BHH3, TO [UIsl KOXKHOI CTPLIKK
BY TIOBUHHI MaTH BiMOBITHY MITKY.

3. HaHi ans HaBYaHHA Ta TECTyBaHHSI: Bam moTpiOHO MaTH 1Ba
HaOOpW JaHWUX — HaBUANBHUH 1 TectoBuil. Habip nmaHuxX sl HaBYaHHS
BUKOPUCTOBYETHCS JJIsI HAaBUAaHHA MOJENi, TOMI SK TECTOBHH Habip
BHKOPHUCTOBYETHCS IS OIIIHKH TOYHOCTI MOJIENI.

3. Tlomepemnst o0poOka naHux: BximHi 300pakeHHS MOXYTh
moTpe0yBaTH MOIEPETHIO 00pOOKY, TaKy sK 3MiHa po3Mipy, HOpMaizallis
TiKCeITiB, BUPiBHIOBAHHS KOHTPACTY TOIIIO.

4. Po3mip mnakera: BubGip MiHiManbHOrO po3Mmipy makera uist
HABYAHHS BXJIMBUH JUI ONTHUMI3AIlii MIBUIKOIT MOJEI Ta BUKOPUCTAHHS
pecypciB.

3ropTKoBi HEHPOHHI MEPEKi YaCTO BUKOPUCTOBYIOTHCS AJIsl pOOOTH 3
300pa)XEHHSIMH, BOHH MOXYTh €(DEKTHBHO BHJUIATH BaXJIUBI O3HAKH 3
PYKOITUCHHX CXEM, IO JOMOMarae B pO3Ii3HaBaHHI 00'€KTiB, BKIIOYAIOUH
PYKOITHCHI CTPUIKH. BaXTMBO HaleXHMM YHHOM WIiATOTYBAaTH JaHI Ta
pEeTeNIbHO HaJalITyBaTH apXiTEKTypy Mepexi /Ul JOCSITHEHHS HalKpalinx
pe3yIbTaTiB.

BuxopuctanHsg HEHpOHHUX Mepex Uit po3mnizHaBaHHs UML-niarpam
Ma€ NOTY)KHHH TOTEHIIiaJ1, 32 YMOBH IOJIOJIAaHHS BU3HAYEHUX pooaeM. /s
I[LOTO IPOIIOHY€MO BUKOPHCTOBYBATH 100p€ HAJIAIITOBaHI TilepIapaMeTpH.
Came Ha HHX 0a3ylOThCI MOJENb IIEPEXPECHOI MEPEBIPKM Ta MPOLEC
BU3HAYCHHS ONTUMAJbHUX NapaMmeTpiB HaOopy Uil HaBYAHHS, TECTOBOTO
HaOOpy MaHMX JUIS BaJiJaIlii Ta OMiHKYA TOYHOCTI Moei. JouimsHuM Oy e i
BUKOPHCTaHHS CXOXKHX TIONIEPEJHBO HABUCHWX MOZEIEH, fKi MaloTh
3[aTHICTh BU3HAYATH 00'€KTH Ha 300payKEHHSIX.

JlirepaTypa

1. MeromnuHi BKa3iBKH JO CaMOCTiHHOI pOOOTH CTYICHTIB 3
npoektyBanHs UML pgiarpaM B X0l BHMKOHaHHS KypCOBHUX pOOIT 3
muctauriad - "O0’€KTHO-Opi€EHTOBaHE MpOTrpaMyBaHHS" IS CTYICHTIB
cremianbHOCTI 121 - «lmKkeHepis mporpamMHOro 3a0e3medeHHS» / YKIa.
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YK 004.94:669.1

VJIIOCKOHAJEHHS MATEMATHUYHOI MOJIEJIT
TEIJIOBOT'O PEKMMY BEPXHBOI KOHBEPTEPHOI ®YPMHU

LI Xynbkosebka !, O.0. Xynbkoscbknii 2, C.I1. ITanTeiikos 2

! Vuieepcumem mummnoi cnpasu ma ginancis, Auinpo, Yxpaina
2 Tninposcokuti depacasnuil mexniunuii yuieepcumem, Yxpaina

VY cy4acHOMY KHCHEBO-KOHBEPTEPHOMY IIpOIieci BUPOOHHIITBA CTall
BepxHi ()ypMU BUKOPUCTOBYIOTHCS HE JIMIIC ISl IPOIYBaHHS PO3ILIABY, a 1
JUTSL IPOBENICHHS Tapsiu0Tro PEMOHTY (pyTepiBKU KOHBEpPTEpPa METOIOM OIILIa-
kyBaHHs [1]. IIpoTe CTIMKICTh BEpXHIX KOHBEPTEPHHUX (ypM JOCI 3aidIia-
€ThCSl HEBUPIMIECHOIO MPOOIEMOIO SIK Y BITYU3HSIHOMY, TaK 1 y CBITOBOMY BH-
poOHUIITBI cTaji. ®ypMu JOCTPOKOBO BUXOMATH 3 Jaay 3A€0iIbIIOTo uepe3
Mporapyd HaKOHEYHHKIB Ta 30BHIMIHLOI TpyOW (CcTOBOypa) mMpu HEAOCTaT-
HBOMY OXOJIOJDKEHHI a0o0 i3-3a HekBalli(hikoBaHOi OOPI3KH OXOJIOMI 31 CTOB-
Oypa.

VY 3B's13Ky 3 IIMM OYCBHIHUI IHTEPEC CTAHOBIATH JOCHIHKCHHS TEM-
MEPaTYPHOTO PEXKUMY CTOBOYpa BEPXHBOI KOHBEPTOPHOI (ypMH 3a Pi3HHX
yMoB ii ekcrutyaTanii (oneparii npoyBaHHsI BaHHH, OLUIAKyBaHHSA (QyTepi-
BKH TOIIO). [IpoBeIeHHs TaKUX NOCIHIIKEHb Y BUpOOHHYHX a0o j1abopaTop-
HUX YMOBAX € BaXKKO3IIMICHCHHUM 1 MOKJIMBHM JTUIIIC IIUISIXOM OL[IHKH Mapa-
METPIiB 0XO0JIODKYBaIbHOI BoU. OTXHE PO3pOOIECHHS MaTeMaTUIHOT MOJIEII
3 MOJAJIBLIMM KOMIT'FOTEPHUM MOJIETIOBAHHSIM TEIUIOBOTO PEXKHUMY BEPXHBOT
(GbypMH B yMOBaX Cy4acHOTO KHCHEBO-KOHBEPTEPHOI'O MPOLIECY € aKTyallb-
HOIO 3a/1a4ero.

Po3po0iieHHsT aIeKBaTHOrO MaTeMaTHYHOI'O OMKCY TEMJIOBOrO pe-
JKUMY cTOBOYpa QypMH I'PYHTY€ETHCS Ha IOBHOMY 1 KOPEKTHOMY OTIHICI CKJla-
JTHOTO pajianiiHO-KOHBEKTHBHOTO TEILIOOOMiHY pOOOYHX MOBEPXOHb KOHC-
TPYKLIT MiJl 9aC TEXHOJIOTIYHHUX OIEepaIriii.
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Tak, Ha IpoT#31 YChOTO MpOLieCy eKcIutyaTanii pypmMu Ha BHYTPILIHIH
noBepxHi i cToBOypa Mae Miclie KOHBEKTUBHUH TEIIIOOOMIH 3 HOTOKOM 0XO-
nomKyBada. [1in yac npoayBaHHs Ha 30BHIIIHII TOBEpXHI cToBOYpa Gypmu
3IIMCHIOETHCSI KOHBEKTUBHUHN TEIUIOOOMIH 3 BUCOKOTEMIIEPATYPHUMH MOTO-
KaMU BIAXIJTHAX KOHBEPTCPHUX ra3iB, BHIPOMIHIOBAIbHA 3IATHICTH SKHX
O0mu3pka g0 omuHUI. [IpoTsrom yciei omeparii onutakyBaHHS (PyTepiBKH
KOHBepTepa Ha 30BHINIHIA MOBEPXHI CTOBOYpa PypMu Mae Miclie CKIIa HIH
pamiamifHO-KOHBEKTUBHUH TETUTOOOMIH i3 BUITPOMIHIOIOUMMH BUCOKOTEMIIE-
paTypHUMH TIOBEpXHIMHU (DYTEpiBKU CTiH arperaTy i MUTaKy, a TaKoX i3 py-
XOMHMH TIOTOKaMH BiIXigHHUX ra3iB. [1ix 9ac MIKIIIIABOYHOTO MPOCTOIO IMO-
BepXHsI QypMH BUIIPOMIHIOE Ha KOHCTPYKIIii, IO i1 OTOYYIOTh, Ta OCTHTAE 32
paxyHOK BUIbHOT KOHBEKIIii.

B po0oTi BUKOHAHO YJOCKOHAJICHHS paHillle 3alponoHOBAaHOI MaTe-
MaTU4HOI MOJIEJi TEIUIOBOTO PEXHUMY BEpXHbOI KOHBepTepHOi Qypmu [2],
JIOTIOBHIOIOYY 11 MATeMaTHYHUM OIMCOM YMOB TEIUIOOOMIHY KOHCTPYKIIi mijg
yac onepaii onuIakyBaHHs GpyTepiBKH arperara.

3BaXkar04M Ha BiJJOMY CKIIQJHICTh YHCEIBHOT peaizallii 3a1a4 TeIio-
MIePEHECEHHs, PO3PaXyHKH CKIIATHOTO TEIIOOOMIHY TIPOBOIMIHMCS HAa OCHOBI
MIPUHIIMITY aJUTHBHOCTI — OKPEMO Ta HE3aJe)KHO OOYUCIIIOBAIINCS TETIOBI
MTOTOKH BHACTIZOK padialliiHOTO TEIUI0OOMiHY Ta KOHBEKIIil, a pe3yJbTaTh
migcyMoByBaucs [3].

BuxingHi piBHSHHS TETUIOBIIadi Ta iX PO3B’I3KH CTOCOBHO ITOCTABJIC-
HOT 3a7a4i MPECTABILUINCS SK 3aJCKHOCTI MiX OE3pO3MIPHUMH YHCIAMHU
noai6HocTi. Po3paxyHok paziamiifHoi cki1aoBo1 TemI000MiHy BUKOHAHO 30-
HaJIbHUM METO/IOM.

KoHcepBaTrBHa pi3HHUIIEBAa CXeMa PIBHSHHS TEIUIONPOBITHOCTI, IO
3B'A3y€ 4YacoBe Ta MPOCTOPOBE 3MIHEHHS TeMIEpaTypu cToBOypa (ypmu,
OTpHMaHa IHTErpo-1HTEPIOJIALIHHUM METOAOM Y HUJIIHAPUYHUX KOOpANHA-
tax. CucremMa piBHSHD TEILUIOBOTO OallaHCY BUpIIlIEHAa METOJOM IMPOTOHKH 3
po3mapanenoBaHHsIM aITOPUTMY PO3PaxyHKY Ha JIBa OOYHCIIOBANIBHI IM0O-
TOKH.

Komm'torepHa peanmizariiss po3po01eHoi MaTeMaTHIHOI MOIeIi BUKO-
myBanacs B IDE Microsoft Visual Studio C++ 2022, y TOMy 9uCITi 3 BUKOPH-
CTaHHAM TapajeIbHUX 009YNCIIeHh Ha CyYacHIH MyJbTHIPOIIECOPHi KoMIT'-
1oTepHiii apxitekrypi 1 SIMD-incrpykuiit CPU.

Otpumati pe3ynabratd OyIyTh BUKOPHUCTOBYBATHCS NPH NMPOEKTYBaHHI
Ta MOZIEpHi3allil BEpXHIX KOHBEPTEPHUX (YpM, Y TOMY YHCII i TAKHX, 1110 3aCTO-
COBYIOTBCS JJIs [ApsII0T0 PEMOHTY (DY TEpiBKH arperaris, a TAKOXK MU Po3poOii
Ta/abo onTHUMIzalil TEXHOJIOTIT eKCILTyaTallii MPOayBHHUX IIPUCTPOIB.

Ha ocHoBi npencraBieHOi MaTeMaTHYHOI MOJIEIl po3pO0JIeHO HOBY
iH(hOpPMaIIHHO-MOJICITIOI0YY CHUCTEMY TPOTHO3YBAaHHS CTIHKOCTI BEpXHiX
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(dbypM, 110 crpusie PO3BUTKY Ta BIOCKOHAJIICHHIO CHCTEM aBTOMATH30BaHOTO
VOPaBIIHHSA CYYaCHUM KHCHEBO-KOHBEPTCPHUM IPOIECOM BHPOOHHIITBA
cral.

JlitepaTypa
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VK 004.4°2
AHAJII3 BUMOTI 10 BEB-3ACTOCYHKIB JJIs1 IOINYKY
BE3BICTI 3HUKJIUX OCIB
Bopucona A.1O.

Hayionanvuuii ynieepcumem « Yepiciecoka nonimexmixay

Jlrony 3HMKAIOTH IIOJHS, 1 1€ Jy>Ke MOLIMPEHE SBUIIIE B HAILIOMY CYC-
ninbcTBi. MikHaponHui komiteT YepBoHOro Xpucra 3asBUB, IO IOHA[
100000 mronei y BChOMY CBiTi BBOKAIOTHCS 3HUKIIMMH O€3BICTi, IO CIIPAYH-
HIJIO TI00anbHY Kpu3y [1].

30KpeMa, NOCTIHO 3HUKAIOTh JITH, JIFOXH MOXHJIOTO BIKY Ta JIFOIH 3 Ba-
JIaMH TICHXOJIOTTIHOTO PO3BHUTKY. TaKOX JIIOIM CTHKAIOTHCS 3 OaraTbMa mpooite-
MaMH, KOJIM IXHi 3HaioMi a00 poandi 3HUKAIOTH OE3BICTi, HAIPUKIIA, IOTAHHS
3asB JI0 O], PO3MIIIECHH OTOJIOMICHD Ta B ILIIOMY HEPO3yMiHHI [T, SIKi TIO-
TpiOHO BUKOHATH JyIst po3iryKy [2]. Uepes 1ie BUHHMKAE TOTpeda y HOBHX Cydac-
HHX 3ac00ax, sIKi MatOTh CIIPOCTUTH Ta MPUCKOPUTH 3HAXOKEHHSI JIFOIEH, ajke
Ha paxyHKy JyXe 4acTo KO)KHA XBWJIMHA. Y 0arathox KpaiHax CBITY € BEJIHKa
KUTBKICTh BEO-OATKIB IS PO3LIYKY O€3CIiIHO 3HUKINX TPOMAaISH.
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J1J1s CTBOPEHHS TaKUX 3aCTOCYHKIB aHaJli3 BUMOT JI0 Be0O-/I0IaTKIB JJIst
MOIITYKY 3HUKIHMX 0€3BiCTi 0CI0 € BAXKIIMBOIO 33]]a4CH0, OCKIJIbKU BOHU CTaB-
JISITh Tepe]] COOOK0 3aBIaHHS 3HAWTH 1 JOTIOMOITH BiJTHAWTH JIFONCH, SKi MO-
IJIM OTIMHUTHCA Y HeOe3mer.

Ha pucynky 1 3a3Ha4eHi KIIFOYOBi BUMOTH 10 TaKUX BeO-I10AaTKIB:

e [I00aNBHUI JOCTYII;

e (0a3a aHuX;

® TOIIYKOBHH (yHKIIOHAI;

® MOXJIMBICTh 3aBaHTa)XEHHs 1H(OpMaIlii;

e iHopMaIliiiHi TIOBIIOMJICHHS;

® CIIJIBHOTA;

® CTaTHCTHKA,;

e KOHQIIEHIIHHICTD TaHUX;

e  CHiBMpalls 3 MPaBOOXOPOHHUMH OPraHaMU;

¢ iHdopmariiiHa cTopiHKa.
\x O
Tnobanbhuia  TNOWYKOBUA
zoctyn dyHKLUioHaN

3aBaHTaxeHHa
iHdopmauii

7 |\

KondigeHuUiAHiCTb

NaHWX
- BumMoru go g

rik Be6-3aCTOCYHKY  Inbopmauiisi
NoBiAOMAEHHS
Basa AaHux ANA NOWyKy
Ei 6935|CT| SHUKIMTNX
noaen
’o‘n
Cnisnpaus 3

NpaBo0X0POHHHUMK

CI'IIJ'IbHOTa Ta opraHaMM
SBODOTHIM 3B'A30K

IHdopmMauiina

cTOpiHKa CTatucTnka

Pucynok 1 — AHani3 BUMOT 70 Be0-3aCTOCYHKIB IS MOITYKY O€3BicTi
3HUKJIMX JIIOAEH
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I'mobGanbuuit noctyn. Beb6-3acToCyHOK MOBHHEH OyTH TOCTYITHUM JUIS
KOPHCTYBauiB 3 Oy/b-sIKOT TOUKH CBITY, TOOTO BeO-10JaTOK Ma€ MiATpUMY-
BaTH pi3HI MOBM Ta perioHaJIbHI HaNaIITyBaHHS. Takox iHTepdelc 3acTocy-
HKY HOBHHEH OyTH POCTUM Ta JOCTYITHHM JJIsl KOPHCTYBadiB, 11100 BeO-110-
JIaTOK OyB OXOILTIOBAB OLIBIINY KATErOPito OCiO.

baza manux 3HMKIHX Jronei. BebO-momatok moBrHEH MaTH 100pe op-
rafizoBaHy 0a3y JaHUX, B sKiit Oyxe 30epiratucs indopmaris ta ¢pororpadii
3HHAKIUX Oe3BicTi 0cibd. Ls indopmaris mnoBuHHA Oy TH JIETKO TOCTYITHOO JJIS
TMOIIYKY Ta MEPEersy.

HapgarHs KoprcTyBayaM MOXKJIMBICTB 3aBaHTa)XeHHs iHpopmartii. Ko-
pHUCTyBavi MOBHHHI MaTH MOXJIUBICTh JOAABaTH iH(POPMALIIO PO 3HUKINX
nronei, BKrouarouu (oTorpadii, 0COOMCTI OMUCH, MICIsl 3HUKHCHHS, 4ac
3HUKHEHHS Ta 1HIIE.

[MomrykoBuii ¢yHkuionan. HasBHICTh MONIIYKOBOTO IHCTpYMEHTA JI0-
3BOJIUTH KOPUCTYyBaYaM IIBHKO 3HAXOAUTH 1H(OOPMAIIIO PO 3HUKIUX JIFO-
Jiell 3a pI3HUMHU NapaMeTpaMu, TAKUMU SIK iM’s, BIK (IMTHHA YU JIOPOCIH),
Miclie 3HUKHEHHS TOLIO.

[Hdopmariitai moBimoMieHHs. Beb-3acTOCYHOK MOXKe HaJICHIIATH TI0-
BIZIOMJICHHSI IIPO HOBI BUITAIKN 3HUKHEHHSI JIFOJIEH, 8 TAKOXX OHOBJIEHHS I0/10
B)K€ BIJIOMUX BUITAIKIB.

CrinbHOTa Ta 3BOPOTHIi 3B’ 5130K. CTBOPEHHSI MOXXIIMBOCTI KOPHCTY-
BadiB JimuTHCA iH(QOpMaIiero, 00rOBOPIOBATH BUIAIKHA 3HUKHCHHS Ta HaJa-
BaTH JIONIOMOT'Y B MOLIYKY € MEPCIEKTUBOIO ISl IPUCKOPEHHS 3HAXOKSHHS
3HUKIIHX Jrofiel. Moxke OyTH CTBOpEHa CIIJILHOTA BOJIOHTEPIB Ta mpodecio-
HaJIiB, SIKi TOTOBI JOTIOMAraTH B MOIIYKY.

Kondinenmiitaicts qaHux Ta 6e3neka. Baxxinpo 3a6e3nednTs KoHbi-
JIEHIIIHHICTH 1 0€3MeKy MepCOHANBHUX TaHUX KOPUCTYBadiB, a TAKOX 1HQOP-
MaIlii Mpo 3HUKIINX JIIOAEH. 3aXKCT NAaHUX Bijl HECAHKIIIOHOBAHOTO JOCTYITY
1 3JIOBXHMBAHHS TaHUMH € KPUTHIHO BAKIIUBUM.

HasBHICTD CTaTHCTHKH NMPO 3HUKINX Joneil. 3abe3nedeHHs cTaTuc-
TUYHUX JaHUX [P0 KUTBKICTh 3HUKJIMX OCI0 B KpaiHi Ta 00JacTsaX Ta 3Haue-
HHX 3 HUX € JJOCUTbH BXJIMBUM ISl IIBUKOTO OTPUMaHHA 3arajbHoi iHpop-
Marii PO 3HUKJIMX Ta PO3MOBCIOHKEHHIO IPOOJIEMHU 3HUKHEHHS JIFOIeH.

Indopmariiina cropinka npo 1ii npu 3HUKHEHHI ocobu. HanaHus iH-
(hopmaii mpo nii, sKi TOTPiOHO 3poOHUTH ONMU3EKIM 0CO0aM 3HUKIINX JIFOACH
MOXe OyTH KOPHCHOIO Ta Jye HEOOXiTHOO JUIs MBUAKOL Imofadgi 3asBu. Ta-
KOX € BOKIMBHAM HaJIaBaTH iH(pOpMAIliF0 KOPUCTyBadaM Mpo Te, sIK JOIoMa-
TaTH B MOIITYKY 3HUKIINX JIFOACH, K MPaBHILHO 30MpaTH Ta IoxaBaTu iHdop-
MaIlifo, 1 IK YHUKHYTH HaaMipHO] ImyOIikariii KoHiAeHIIIHHNX TaHHX.

ChiBnpans 3 NpaBOOXOPOHHHUMHM OpraHamMu. BeG-3acToCyHOK Moke
CHIBIIPAIIOBATH 3 TPAaBOOXOPOHHHMH OpPraHaMH Ta CIIyK0aMu pO3LIyKY, 11100
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BUKOPUCTOBYBaTH iH(popMallio, 310pany B cuctemi. Takox 1uisi eeKTHBHOT
iHTerpauii 3 6a3aMu JaHUX Ta pecypcamu, sKi BAKOPUCTOBYIOThCSI OpraHiza-
LiSIMHU, SAKi 3aMAIOTHCS TIONTYKOM JTFONCH.

Amnarni3 BUMOr J10 Be0-3aCTOCYHKIB JUIs TOLTYKY O€3BiCTI 3HUKIINX JIFO-
Jiel TIOBMHEH BPaxOBYBAaTH BCi 1l acMeKTH, m00 3abe3neuyBaTtu e(eKTUBHY
IHCTpYMEHTaJIBHY 0a3y JUIs MOLIYKY Ta JOIIOMOTH B TAKUX BAXKIUBHX CHTYa-
uisix. TexHomorii BUPIIICHHS JaHUX BAMOT 10 30epiraHHs JaHUX — II€ BHKO-
pucTaHHS cucTeM yrpapiiHag 6a3amu naHux (PostgreSQL, MySQL, Oracle,
Microsoft SQL Server), moBu 3ammtiB SQL (Structured Query Language),
XMapHi CHCTEeMH yTIpaBIiHHS 6a3amu naHux (Amazon RDS, Microsoft Azure
SQL Database) Ta perymspHe pe3epBHE KOIIIOBaHHA 0a3u maHux. s 3axu-
cTy 00JiKOBHX 3amuciB kopucTyBadiB BukopucroByBatn JWT (JSON Web To-
kens) nnst aBropmsauii Ta ayreHtudikamii. st po3poOku iHTYITHBHOTO Ta
JMHAMIYHOTO iHTepdeicy BeO-3aCTOCYHKY BHKOPHCTOBYBATH (peiiMBOpKH
React, Angular abo Vue.js.

BuxopucranHsi Be0-3aCTOCYHKIB JUIsl TIOIIYKY OCi0, sIKi O€3CIiHO 3HH-
KJIM, € TapHUM 3aC000M A7 €()eKTUBHOTO Ta 3PYYHOTO 3HAXOKEHHS TaKHX JIFO-
neit. Tak sk poandi Ta Apy3i He TUTBKK 3MOXKYTh IIBHUIIKO ITyOTiKyBaTH 3asBH, a
11 OyIb-sIKHii KOPHUCTYBaY JTONATKY, KU Ma€ KOPHUCHY iH(POPMAILFO PO 3HUKITY
0co0y, TACaTH BiITYKH [0 3asBH, IO 30UIBIINTE ITAHCH HA 3HAXODKCHHS Oe3Bi-
cti 3auKII0oro. Ha skanb, B YkpaiHi Majlo Takux BeO-3aCTOCYHKIB, TO MOAAJIBIII
JIOCIIIKEHHS OyIyTh TTOB’sI3aHi 3 MPOEKTYBaHHSM Ta CTBOPCHHIM Be0-3aCTOCY-
HKY JUTS TIOIIyKy O€3BiCTi 3HUKIINX JIofeH B YKpaiHi.
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REMOTE EDUCATION INFROMATION SYSTEM: SCALABILITY
AND RESILIENCE AMIDST VARIABLE LOAD AND CONFLICT
SCENARIOS

Demydenko M. B., Luhovskyi V. B, Bilous I. V.
Chernihiv Polytechnic National University, Ukraine

In the evolving landscape of global education, there is a growing
recognition of the utility and necessity of remote learning systems. Amidst
varied student-teacher ratios worldwide, with a highest ratio 26.9:1 [1], what
is shown on figure 1, the development of a course and assessment micro-
service system can provide a viable solution. This is particularly relevant in
the context of non-traditional students, working adults, and those living in
conflict zones such as Ukraine, where traditional classroom learning may not
always be feasible [2].
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Fig. 1 — How Student-Teacher Ratios Vary

Estimating system load is a crucial aspect of architectural planning for
such a system. Given the substantial number of students and teachers glob-
ally, and the significant daily interactions (e.g., uploading work, verifying
work, administering tests), the system is expected to handle a substantial and
variable load. This variability is influenced by factors such as school holidays
and vacations, as well as the ongoing war in Ukraine.
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To estimate the system load, we can use the average student-teacher
ratio and the frequency of interactions to calculate the total number of inter-
actions per day. For instance, assuming an average of 20 teachers and 270
students per school (based on the EU student-teacher ratio of 13.5 [3]) and as
for cap ratio (what is 26.9:1 ceiled to 30:1) 20 teachers and 660 students.
Considering one new school coming onboard every two days, we get approx-
imately 183 schools per year. This translates into around 3,660 teachers and
49,410 students per year for EU average ratio and around 3,660 teachers and
120,780 students for cap ratio. If each teacher verifies work five times a day
and each student uploads work or does tests three times a day, the system
should be able to handle around 148,230 for students and in total 296,460
interactions per day for student and teacher and 1,778,760 interactions per
day in total for cap ratio.

However, when considering holidays and vacations, particularly in
Ukraine where the school year typically runs from September 1 to June 1 with
several vacation periods, the number of school days in a year reduces to ap-
proximately 196 days, while minimum in case of Ukraine is 175 days. Con-
sequently, the total number of interactions per year for ratio 13.5:1 decreases
to around 58,106,160, and for ratio 30:1 to around 348,636,960.

The ongoing conflict in Ukraine introduces additional variability in the
system load. School operations may be disrupted due to conflict-related incidents,
leading to irregular attendance patterns and potentially a higher reliance on digital
learning platforms. This could result in higher system load during conflict peri-
ods, but the effect is difficult to quantify without specific data.

Given the significant and non-constant load, a microservices architec-
ture is a suitable choice for the system. This architectural style offers several
advantages, including scalability, resilience, and flexibility [5]. Each micro-
service can be independently scaled based on demand, allowing the system
to efficiently handle varying load. Furthermore, the independence of micro-
services enhances system resilience, as a failure in one service doesn't directly
impact the others. Also, worth to note that the flexibility of microservices
allows independent development and deployment using different technolo-
gies, thereby enabling the use of the most suitable technology for each ser-
vice, as for example Green Blue deployment technic can be used to deliver
new features without system downtime, which is critical. Green Blue deploy-
ment technic schema shown on figure 2.
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Fig. 2 — Green Blue deployment technic

This resilience is further augmented when the architecture is deployed
in a cloud environment. Cloud platforms offer high availability and durabil-
ity, which further ensure the uninterrupted operation of the system. For in-
stance, if a hardware failure or a service disruption occurs in one location, the
cloud platform can automatically reroute the traffic to another location, min-
imizing the downtime and the impact on the users [6].

The selection of the database is crucial to the system's performance
and scalability. There are several options available, such as NoSQL databases
(like Cassandra), database that scales using Read Write Replica (like Post-
greSQL), or PostgreSQL-compatible databases like YugabyteDB. Each of
these databases offers unique advantages. For example, NoSQL databases
like Cassandra are known for their scalability and distributed architecture.
PostgreSQL, on the other hand, is known for its robustness, support for a wide
range of SQL features and ACID compliance.

After considering these factors, the PostgreSQL-compatible Yugabyt-
eDB was selected for its unique advantages. YugabyteDB is a distributed
SQL database that combines the scalability of NoSQL databases like Cassan-
dra with the ACID transactions and SQL support of PostgreSQL [7]. It also
provides a high degree of resilience, which is crucial for handling the variable
load of the system.

In conclusion, given the significant and non-constant load on the sys-
tem, a microservices architecture, particularly when deployed in a cloud en-
vironment, offers a suitable solution. The scalability, resilience, and flexibil-
ity offered by this architecture can effectively handle the variable load and
ensure the smooth operation of the system.
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METO/I ONTUMI3AIII TAPAMETPIB ITAPAJIEJIbHUX
OBYHUCJIEHb HA OCHOBI HETPI-OB’€EKTHOI'O
MOJEJIIOBAHHSA

Hudyumaa O.10.

Hayionanvuuii mexniunuii ynigepcumem Yxpainu «Kuiscokuil
noaimexniynuil incmumym im. leopa Cikopcvkozoy, Yrpaina

Ha croromuinmHii geHb 0€3 BUKOPUCTAHHS MapasieIbHIX O00YHCICHD
BaXXKO YSBUTH PO3pOOKY HaBITh MPOCTHUX iHPOPMAIIHHIX CHCTEM. AJKE Cy-
YacHi iHQOpMAIIiifHi TEXHOJIOTIi BAMAraroTh BUCOKOT IIBUIAKOIIT AITOPUTMIB,
sika MOKe OyTH 3a0e3leueHa napajieIbHUM IporpaMyBaHHsM. Pa3om i3 mo-
MYJISIPHICTIO BUKOPUCTAHHS MapalieibHUX OOYHCIICHh BUHHKAIOTH MTUTAHHS
OB’ s13aHi 13 HAIIWHICTIO Ta KOPEKTHICTIO BUKOPUCTAHHS IHCTPYMEHTIB Mmapa-
JIeNi3My, 13 3pOCTaHHSAM CKJIaJHOCTI PO3POOKHU Ta TECTYBaHHS MpOrpaMm, i3
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BUOOPOM ONTHUMAJBHUX BapiaHTiB BUKOPUCTAHHS OOYHMCIIOBAJIBHUX pECyp-
ciB.

EdextuBHicTh QyHKUIIOHYBaHHS Napalie)IbHUX MIPOrpaM CyTTEBO 3a-
JIKUTH Bl 00YHMCITIOBAIIEHUX PECYPCIB, SIKi 3a010ThCS MTPH iX BUKOHAHHI. L[5
0COOMMBICTD 3HAYHO YCKIJIAIHIOE TPOIIEC TECTYyBAaHHS, BHACTIIOK YOTO CTa-
I0Th MiJ{ MUTaHHS T'apaHTii 111010 KOPEKTHOCTI Ta epeKTUBHOCTI pOOOTH MPO-
rpamu. OKpiM 1IbOT0, HEJETEPMIHOBaHUI MOPSAJAOK BUKOHAHHS IHCTPYKIIN
HOTOKAaMH, [0 XapaKTepHUH Ui 6araTOIOTOKOBHX IIPOTpaM, TaKOX CIPH-
YUHAE P MPOOJIeM Ta TOMIIIOK. J[0 TOTO K, IMBUAKOIS alTOPUTMIB 3ajie-
JKUTH Bl TAaKUX MapaMeTpiB SK KiJIbKICTh TOTOKIB 1 po3Mip min3anad, BUKO-
HyBaHUX MoTokamu. He ciix 3a0yBatu #f Ipo CHHXPOHI30BaHi MPOIECH Ta
BapTICTh MATPUMKH 0araToImOTOKOBOCTI, SIKi BU3HAYAIOTh JIOPEUHICTH BHKO-
pUCTaHHS HapajelbHUX 00YHCIICHb B TOMY YH 1HIIOMY BHNaaKy. OTxe, ma-
pameTpiB, IO BIUIMBAIOTH Ha €PEKTUBHICTh ApAJIEIBHOI IPOTPaMy HEMAJIOo
1 HaJAIITyBaHHS 1X BPYYHY € JOCHTH PECYPCOBHTPATHHM IpoliecoM. Po3po-
OHUKM NapaJielIbHUX MPOrpaM MOBUHHI ITYKaTH 0ajaHC MiX PO3NOAIIOM pe-
CYpCiB, CKJIaJ{HICTIO PO3POOKH, Ta BUTPaTaMH Ha B3a€MO/II0 MK TIOTOKaMH.
I mpu npomy iM HeoOXimHO OyTH BIEBHEHHUMH, IO TIEpEBard BiJ OaraTomo-
TOKOBOCTI O1JTbIII 32 BUTpaTH Ha Hel [1]. BinblicTs icHyr0unX 3aco0iB Hasa-
TOJDKEHHSI, Ha XKallb, OPIEHTOBAHI JIMIIIE HA OJHOMOTOKOBI mporpamu. 1o x
CTOCYETBCS 0araTOIOTOKOBHX IIPOrpaM, Y JOCIIDKEHHSX Ta PO3poOKax po3-
TIIJAI0Th HalvacTilre Juie mpobiaeMy B3aeMoOIoKyBaHb [2, 3] y Toif yac,
AK 6arato IHIIUX NPOOJIeM NMapalieIbHOTO MPOrpaMyBaHHs 3aJIMIIAIOTHCS HE
po3rIIHYTHMH. TOX, CTBOPEHHS METOAYy CIpPSMOBAHOTO Ha IiJABUINCHHS
e(QeKTHBHOCTI BUKOPHCTAHHS ITapalieIbHUX OOYHCIICHb Ta NPUIIBHALICHHS
MPOLIECY TECTyBaHHs MapaJieIbHUX MPOTPaM € aKTyaJbHUM 3aBJaHHSIM.

Y nmaHOMY JOCHIKEHHI MPOMOHYETHCS BUKOPUCTAHHS IMITallifHOTO
MOJICITIOBaHHS JUISl BIATBOPEHHS CKJIQIHOT B3a€EMOJIi MK MOTOKAMHU y TIPO-
rpami. [leTpi-00’eKTHE MOJCIIOBAHHS TO3BOJISE JOCHTh TOYHO BiITBOPHUTU
po0OTYy MmporpamMmu 3 ypaxyBaHHSIM 4acy BUKOHAHHS /il IOTOKaMH Ta CIIPOC-
TUTH TIpolleC TMOOYOOBH Ta IOCTiKEeHHsS Moxenmi. PospoOmena Ilerpi-
00’€eKTHa MOJIENb 0araToNOTOKOBOT IIPOrpaMy Ma€ MOSKJIMBICTh BapiroBaHH:
napameTpiB, 10 B CBOKO Yepry HajJae MOXKJIMBICTb POBOAUTH TOIIYK Ta JI0-
CITIJUKEHHS ONITUMAIIbHAX IapaMeTPiB apalieIbHOTO aJrOpUTMY, L0 3a0e3-
MEYYIOTh HOTO BHCOKY €()eKTHBHICTb.

Meroj onTumizanii mapameTpiB mapajelbHUX OOYHCIEeHb CKIIaJa-
€ThCs 3 HU3KHU eramniB. Ha nepuwomy emani BinOyBaeThcs moOyqoBa MOIEII
HapaJeNIbHOrO aIrOPUTMY 3a JOIOMOror Meroxy Ilerpi-o6’ekTHOTO MoJe-
JIIOBaHHS MapajielbHuX o0uucieHs [4] Ta mporpamMHoro 3abe3medeHHs
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Parallel Program Simulation (PPS). Ha dpyeomy emani BUKOpPHUCTOBY€ETHCS
MeTo 300py IaHMX Ui MOAENI Ta BCTAHOBIIIOIOTHCSA MapaMeTPH YacOBHX
3aTpUMOK. Tpemiti eman NoOJNATa€e y NPOBE/ICHHI EKCIIEPUMEHTIB JIJIsl BU3HA-
YeHHs Habopy MapameTpiB, 10 BIUIMBAIOTH HAa epeKTUBHICTH aroputmy. Lle
Moke OyTH 00cAT 0OYMCITIOBATBHUX PECYpPCiB, PO3MIp Tia3anad, KiNbKiCTh
noTokiB Tomo. Ha nacmynnomy emani npoBOANTHCS MIATOTOBKA 10 €KCIIe-
puMeHTiB. CrienianbHUH KJIac HaJalITOBY€EThCS ITiJ] KOHKPETHY CEpilo eKcIie-
PUMCHTIB, BHACTIIOK SKHX OymyroThcs Tpadiku pe3ynbTati. [licims mporo,
Ha n’amomy emani BinOyBaeThCs Oe3MOCepeIHBO MPOBEICHHS EKCIIEPUMEH-
TiB Ha Mozieli. Y pe3ynbTaTi OTPUMY€EMO Ipadiku 3aJeXKHOCTI CIIOCTEPExKY-
BaHOI BEJIMIWHU BiJl TapaMeTpa, o 3MIiHIOETheA. [[locmum emanom € aHami3
pe3yNbTaTiB eKCIIepUMEHTIB. TyT MpUIIMaeThCs PIMIeHHS PO 3aBEPIICHHS
M TPOJIOBKCHHSI CKCIICPUMCHTIB B 3aJICKHOCTI Bifl TOTO YH BiACIIIKOBY-
€THCSl MiHIMaJIbHE 3HAUEHHS CIIOCTEpEKyBaHOI BeqnunHu. Ha ocmannvomy
emani TIPOBOJINTHCS aHATI3 TpadikiB, MOOYTOBAaHHUX 3a PEe3yIbTaTAMH SKCIIC-
PUMEHTIB Ha IIONIEPEHIX eTanax, Ta BU3HAYAEThCS ONTHMalIbHE 3HAUCHHS
napameTpy (MiHIMaabHE 3HAYEHHS CIIOCTEPEKYBAHOT BETMYMHH).

EdexTuBHICT ONHICaHOTO METOAy Oyila eKCIIepHIMEHTAIBHO JIOBE-
JIeHa Ha NPUKIA/Al NapaliesIbHOTO alrOpUTMY IMiTalii AUCKPETHO-NOMIHHOT
cuctemi [5]. Posrisaanack cucreMa 3 KiTbKICTIO TIOCIIIOBHMX Mo i Big 200
1o 2000. s po3mapanentoBaHHs Bech 00car poboTH po30nBaBCs Ha OJHA-
KOBI YaCTHHM, SKi OKPEMO BUKOHYIOThCS TIoTOKaMu. Crieprry Oyia moOymo-
BaHa [lerpi-00’€KTHA MOJIENb JAHOTO AITOPUTMY. JlJIst JOCIIIKEHHSI BILTUBY
CKJIQIHOCTI Ai¥ BUKOHYBAaHUX MOTOKOM HA 4aC BUKOHAHHS alTOPUTMY IPO-
BE/ICHO EKCIICPUMEHT i3 BCTAHOBJIICHHSM IapaMeTpiB MOAENi, OJIM3bKHX 10
CIIOCTEPEKYBAHUX B EKCIIEPUMEHTI 3 Komm'rorepoM. Ha pucynky 1 (a) npes-
CTaBJIEHI PE3yNbTaTH MOJEIIOBAHHS IS MOUIYKY ONTHMAaIbHOI CKIIaTHOCTI
Y BUITAJKy BHKOPHCTaHHA 2 sIepHOTO mporiecopy. Ha pucynky 1 (6) 300pa-
JKCHI Pe3yJIbTaTH OTPUMAaHI CKCIICPUMECHTAILHUM HUITXOM.

HaiiMeHImii yac BUKOHAHHS TOCATAETHCS, IKIIO KiNbKICTh MO, 110
00pOOIIAIOTECS OTHUM TTOTOKOM, AOpiBHIOE 10 Ui CKIAAHOCTI MOJENI, 10
30inbiyeThes 3 200 go 1000 nogaiii (mocnimoaicte CMO). OTpumanuii pe-
3yJIBTAT 30ira€Thesl 3 TUM, 10 OYJIO OTPUMAHO NPH peajlbHOMY 3aIlyCKy Ha
KOMIT'IOTEpHUX pecypcax. Takum 4nHOM, MOAENb Oyila BHKOpHCTaHa IS 10-
IIyKy HAHKpaIInuX HapaMeTpiB Ul MapajeIbHOTO alrOPUTMY.

27



Peromance e

(a) (6)
Puc.1 BrumB ckiaHOCTI 00UMCITIOBATIBHUX AiH Y MTOTOLI HAa YaC BUKOHAHHS
ITOPUTMY: &) Pe3yJIbTaTH MOJICIIOBAaHH,0) pe3yIbTaTH BUKOHAHHS Mapa-
JIEIBHOTO alnroputmy [5].

OTxe, 3aIPOIIOHOBAHO METOJ ONTHMI3alii mapaMeTpiB mapaieIbHIX
oburcieHs Ha ocHOBI [1eTpi-00’€KTHOTO MOJEIOBaHHs. 3aCTOCYBaHHS Me-
TOIy TPOJEMOHCTPOBAHO HA MPHUKIAJI MapajelbHOrO alTOpUTMY iMiTarii
JHCKPETHO-NIOJIHHOT ccTeMU. 3HaiileHi ONTUMaNbHI 3HAYCHHS JOCTaTHBO
TOYHO BiAIIOBIIAIOTH TaKWM, 10 OyJTM BHUSBJICHI IPH €KCIIEPUMEHTYBaHHI 3
napajeinbHUM alrOPUTMOM B peallbHUX yMoBax. OTpHMaHi pe3ynbTaTH CBi-
JIUaTh PO KOPEKTHICTh MOIIYKY ONTHMAIbHUX MapaMeTpiB Ha mozeni. Tox
JAHUH METOJI CIIPUSE MiIBUIICHHIO ¢EKTHBHOCTI BUKOPUCTAHHS Tapaieib-
HHUX 00YKCIIeHb B iH(QOpMaLiifHIl TEXHOJIOTI].
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TEKCTIB TA HOI'O METOIH
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CeMaHTHYHHIA aHAII3 TEKCTY — I1€ TPOIIEC BCTAHOBIICHHS 3B’ I3KiB MK
CHHTaKCHYHUMH  CTPYKTypHHUMH  €JIIEMEHTaMH  TEKCTy  (CIIOBaMH,
CJIOBOCIIONYYCHHAMH, pEUCHHAMH, ab3amamu) 3 IXHIMH HE3ale)KHUMH Bill
MOBHU 3HAUCHHSMH 3 METOI0 BCTAHOBJICHHS 3arajlbHOIO CEHCY TEKCTy Ha
OCHOBI #oro 3micty Ta KoHTekcTy. CeMaHTHYHUWI aHaui3 mojiirae y
BCTAaHOBJICHHI 0€3110Cepe/IHIX CMUCIIOBUX 3B'SI3KIB MK CJIOBAaMH, PEYSHHSIMU
i ab3alamMu B TEKCTi, a TAKOX y BHABJIEHHI iH(opMallil, sKa He BHpa)KeHa
Oe3mocepeiHbO, aje MOKe OyTH BHBEIACHA 13 3BSI3KIB MK PI3HUMH
YaCTHHAMHU TeKCTy [1].

CeMaHTHYHHI aHaJli3 TEKCTY BKIIIOYAE B ceOe HACTYIHI aCIeKTH:

* Po3ymiHHS 3Ha4YeHHS CIiB — BU3HAYCHHS CMHCIIOBOTO 3HAYCHHS
KO’KHOTO CJIOBAa B TEKCTi, BKIIOYAIOUM YPaxXyBaHHS MOXIMBHX
CHHOHIMIB, aHTOHIMIB 1 IHIIUX JEKCUYHUX BlJIHOIIEHD;

* Po3yMiHHS CHHTaKCHCy — BCTAHOBJICHHS CHHTaKCHYHHX 3B'S3KiB
MDK CJIOBaMHM y PEYEHHSAX, a TaKOX BH3HAUYEHHS 3arajibHOI
CTPYKTYPH TEKCTY;

* BusBneHHS KOHTEKCTy — aHaji3 BHYTPIIIHBOI'O 1 30BHIITHBOTO
KOHTEKCTY TEKCTY Ul PO3yMIHHS TOTO, Ha IO caM€ BKa3ylOTh
CJIOBa Ta BUPA3U B JTaHOMY KOHTEKCTI;

* Bussnenns iHpopMariiiHux 3B'13KiB — BCTAHOBJICHHS 3B'SI3KiB MK
PI3HUMH YaCTHHAMH TEKCTY, BKIIOYAIOYX NMPHYUHHO-HACIIIKOBI
3B'SI3KH, MMOPIBHSIIbHI BiTHOIICHHS Ta 1HIII THITA B3a€MOJIIH;

* BwusHaueHHS 3arajbHOTO CEHCY — 3JaTHICTh PO3YMITH 3arajabHUi
CEHC TEKCTy, 30KpeMa BHUIUIATH HOro HaMip, OCHOBHI imei Ta
TOJIOBHI apI'yMEHTH.

CeMaHTHYHMH aHaNli3 TEKCTY € BaXKIMBUM €TanoM oOpoOKku
NPUPOJTHOT MOBH, BIH 3aCTOCOBYETHCSI NOIIYKOBUMH CHCTEMaMH, Yy
MaIllMHHOMY HaBYaHHI, IS aHali3y JaHUX, aBTOMAaTH30BaHOi 0OpOOKH
TekcToBO1 iH(popMmariii Ta y 6aratpox iHmmMX chepax [1].

30kpemMa, CeMaHTHYHHHA aHalli3 Mae€ BaXJIMBE 3HAYCHHSA Y
topucnipyaeHiii. CeMaHTHYHUHA aHaji3 IOPUAWNYHUX TEKCTIB Iependavae
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BUJIUIEHHSI 3HAYEHHS, KOHTEKCTY Ta Hamipy 3 IOPHAMYHHX JOKYMEHTIB.
Takuii aHai3 Mae cBOT 0COOIUBOCTI [2]:

* Po3snizHaBaHHSA CyTHOCTEH — 11eHTU(IKALIS Ta BUUICHHS 3 TEKCTY
CYTHOCTEH, TakuX sK 3aJlydyeHi CTOPOHHM, HOPMATHBHI aKTH Ta
MIPABOBI KOHIIETIIIIT;

* BunminenHs 3B’s3KiB — BH3HAUYCHHS 3B S3KIB MK CYTHOCTSIMH,
30KpeMa IUTYyBaHb a00 MOCHIIaHh HA HOPMaTHUBHI aKTH;

* PosmizHaBaHHA TepMiHONOTII — pO3Mi3HABaHHA Ta KOPEKTHE
PO3yMiHHS crienu(igHOT IOPUIMIHOT TePMiHOJIOTIT;

* AmHaii3 HacCTpOiB — OIiHKa HACTPOIB Ta HaMipiB, BUCJIOBICHUX y
IOPUANIHOMY TEKCTi, HAIPUKJIAJ CTaBJICHHS CYJOBOTO PIllICHHS
JIO CIIPaBHy;

* IneHtudikamis TeM — BH3HAYCHHS OCHOBHHMX TEeM JUIf
KaTeropu3auii Ta BIOPsIKYBaHHS iH(popMmarii;

* AHaji3 IOpPUAMYHUX MPELENSHTIB — PO3Mi3HABAHHS INPABOBHX
MPELEICHTIB 1 aHAJIOTIH, IUTOBAHKX Y JTOKYMEHTI, JJIs1 PO3YMIHHS
TXHBOT aKTYaJILHOCTI 1 3aCTOCOBHOCTI y JIaHiil cuTyauii;

* KoHTeKkcTyanbHMI aHadi3 — aHaji3 ICTOPUYHOIO KOHTEKCTY,
aKTyaJbHHX 3aKOHOJABYMX HOPM 1 CYCHUTBHHX (aKTOpiB, sKi
BIUIMBAIOTh HA IOPUINYHI JOKYMEHTH Ta PillIEHHS TOTO 4acy;

* Po3mi3HaBaHHS MeETaJaHUX — pO3II3HABAHHS METaJaHUX ¥y
IOPUANYHNX JIOKYMEHTaX, TaKuX SK Ha3BH CIIpaB, HOMEpH
PEECTPIB 1 HA3BH CY/IiB,;

* CeMiOTHYHHH aHAJI3 — aHANI3 BUKOPUCTAHHS CHMBOJIB, 3HAKIB 1
Bi3yaJIbHUX €JIEMEHTIB y IOPUAWYHUX [OKYMEHTaX, TaKuX SIK
IOPHINYHI JiarpamMu Ta rpadikm.

i ocobmuBOCTI € BaKIIMBUMH JJIsi PO3YMIHHS Ta BCTAaHOBJICHHS
3MICTY IOPUANYHOTO TEKCTY. Pe3ynbTaTu KOPEKTHOTO CEMaHTUYHOTO aHATI3Y
MOJKHa BUKOPHCTOBYBATH JJIs TIOAANBIINX PI3HOMaHITHHX 3aBJaHb y cdepi
IpaBoBOi iH(POPMATHKH, BKIIIOYAIOUH aHANI3 KOHTPAKTIB, MOUIYK ITOB’I3aHOT
CyZIOBOI IPaKTUKU TOILO [2].

CeMaHTHYHUH aHai3 TEKCTy € CKIaJHUM 3aBJaHHSAM, IS
3IIMCHEHHS SIKOTO BHKOPHUCTOBYETHCS PI3HOMA@HITHI METOJAW: BEKTOPHE
npeacraBnenHss ciuiB (Word2Vee, GloVe ta FastText), wmarpuuni
¢axropmsamii (Latent Semantic Analysis (LSA) i Latent Dirichlet Allocation
(LDA)), posmizHaBanHa iMeHOBaHUX 00’ekTiB (Named Entity Recognition,
NER) Ta MapKyBaHHS CEMaHTHYHHUX poJieit (Semantic role labeling, SRL) [1].
Bennky momysspHiCT 1 yBary JOCHIAHWKIB Hapasi OTPUMYIOTH
HelipoMepekeBi MeTonu (pekypeHTHI HedipoHHi Mepexi (RNN), 30xpema
noera koporkodacHa mam'ste (LSTM, Long short-term memory), a6o
tpanchopmepu, ssik BERT (Bidirectional Encoder Representations from

30



Transformers, JIBOCIIPSIMOBaHi KOJlyBaJIbHI NpEACTaBICHHST 3
tpaHcdopmepiB) i GPT (Generative pre-trained transformer).

OpHUM 13 TPOMDKHUX pE3yJIbTAaTiB CEMaHTHYHOIO aHajizy €
noOysoBa CEMaHTHYHOI Mepexi TEKCTYy — CTPYKTypH JaHHX, sKa
MIPE/ICTABIISIE CEMAaHTUYHI 3B'I3KH MK IIOHSATTSIMH, CJIOBaMH 200 TEpMiHAMH.
BoHa BHKOPHCTOBYETBCS IUISl MOJETIOBAHHS CEMaHTHYHUX BiIHOIICHb MDXK
eleMeHTaMHd MOBH a0o KoHIentamMu. CeMaHTH4YHI Mepexi JOomoMararoTh
BHU3HAYHTH, K TOHATTA a00 ClIoBa MOB'A3aHI MK CO00I0 3 TOYKH 30py
iXHBOTO CEMaHTUIHOTO 3HaYeHH: [3].

OCHOBHMMH  €JIEMEHTAMH CEMaHTHYHOI Mepexi € BepIIHHH
(IpencTaBIAIOTE KOKHE TOHSATTS, CIOBO abo TepMiH), pedpa (IOKa3yloTh
CEMaHTHYHI BiJHOIIEHHS MIX MOHATTAMH, TaKi SIK CHHOHIMisl, aHTOHIMIis,
rinepoHimisi) i Baru (BKa3yloTh Ha CHITy a00 THII CEMaHTUYHOTO 3B's13Ky) [3].
TakuM 4YMHOM, CEMaHTHYHY MEPEXKY MOJXKHA MPEACTABUTH Y BUTJIANI rpady
(Pucynok 1).
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Pucynox 1 — IIpuknan ceMaHTHYHOT MEPEXi AJIsl JOTOBOPY OPEHIH

CeMaHTHYHI MEpEXi I0ITOMararoTh MOJEIIOBATH CEMaHTHYHI 3B'SI3KU
B TEKCTax, 0a3zax MaHWX, TOKYMEHTalii Ta iHINX pKeperax iHpopMarii ams
TIOJIETIIICHHS TIONTYKY, PO3YMIHHS Ta aHaJli3y JaHux [3].

Po3mairTs migxomiB i MeTOHiB, SIKi BHUKOPHUCTOBYIOTHCSA MpHU
CEMaHTUYHOMY aHaNi3l TEKCTIB, JHIIE MiATBEPIKY€ KOMIUIEKCHICTH i€l
3amadi. Bubip Haii0iinpmI Branoro ta eeKTUBHOTO METOAY [UIS BUPILICHHS
KOHKPETHOI ~ 3ajayi  3aJeXuTh Bi  0COONMBOCTEH  TEKCTIB, WIO
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JOCIIKYIOThCS. 30KpeMa, IOpUANYHI TEKCTH MICTATH crienngiuHi CyTHOCTI
Ta 3B’S3KM MDK HUMH, SKi HE BJIACTHMBI TEKCTaM 3 IHIIMX Tramyseid. Lle
noTpedye BiJ JOCIHiHUKA NpU BUOOPI METOAY CEMaHTUYHOTO aHaii3y (abo
ix komOiHalil) 3BepHYTH 0COOJIUBY yBary Ha e€(peKTHBHICTH 3aCTOCOBAHOI'O
MiIX0/y y BUSIBJICHI [IUX CyTHOCTEH Ta 3B’S3KIB.

OxpiM TOrO, BaXIMBHM (aKTOPOM IIPH BUOOPI METOAy € Horo
Cy4JacHICTh Ta aKTyaJbHICTh. 3a3BHYail Taki MeTOAW € HaHOiIbIm
e(QeKTHBHUMH, a X JOCHIJDKEHHS € BKpail BOXKIMBUMH JUISl MTOJAJBIIOTO
BIOCKOHAJICHHA. J[1s CceMaHTHYHOTO aHami3y TEKCTiB  HaHOinmbII
aKTyaIbHHMH 1 JOCHTIIDKYBaHUMH 3ac00aMH CHOTOACHHS € HeHpoMepexeBi
MIXOH.
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AHAJII3 TOPOKHBOI'O PYXY HA OCHOBI 3IBPAHUX JAHUX
PO TPA®IK Y PEI'IOHI 3A TOITOMOI'OIO GPS

3eruenxo B.C., 3amopoxHiit A.O.
Hayionanvnuti ynisepcumem « Yepriziecbka nonimexmikay

3i 3pocTaHHAM ypOaHizarii Ta aBTOMOOLTI3aIIi, IO IPU3BOANUTE IO
3aTopiB i 3a0pyIHEHHS, TOCTOBIPHI JaHi PO AOPOXKHIA PyX MOXKYTh MaTH
BUpIIIATbHE 3HAUYCHHS 1151 MOHITOPUHTY Ta YIPABIIHHS JOPOKHIM PYyXOM.

GPS-TexHooris BXXe TaBHO 3aCTOCOBYETHCS ISl BU3HAUEHHS Miclie-
3HaXOJ/DKEHHSI aBTOMOOUTIB Ta 1HIMBIyalbHUX KopucTyBayiB. CydacHi aB-
ToMoOuIi ocHameni GPS- npuiiMauamu, siki MOCTIHHO IEepenaoTh AaHi Ipo
pyx aBro. Lli nani BKII049a0Th iH(OpMAIiI0 PO MBUAKICTb, MAPLIPYT PYXY,
gac i 0araro iHIIOT KOPUCHOT iH(GOpMAIIil.
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3i0pani gani GPS MarOTh BEIMKHMiT MOTSHINAN IS OITHMI3aIlil TOPOXK-
HBOTO PyXY 1 3MEHILIEHHS TPAHCIIOPTHHUX 3aTOPIB y perionax. Bukopucranus
LUX JaHUX JJIsI peryJIroBanHs Tpadiky 1 MOKpalleHHs iHppacTpyKTypH a0-
MIOMOYKE 3MEHIINTH Yac MOJOPOXKi, CIPUATUME 3MEHIIEHHIO BUKUIIB CO2
Ta TOJINIIKNTE SIKICTh JKUTTS MEIIKaHLIB MicTa. 3pOCTaHHs IOCTYIHOCTI
GPS-TexHoI0TiH Ta PO3BUTOK aHANITHIHUX IMIIXOAIB 0OIIAIOTH HOBI MOX-
JUBOCTI UIA €(pEKTHBHOTO YIPABIIHHA TPAHCIIOPTHHM PYyXOM B MaitOyT-
HBOMY.

Hanpukian, Taki xomma#ii sk: Google, Mapbox, Microsoft, Uber B
OCHOBHOMY BHSBJIIIOTH MOI3JKM TPAHCIIOPTHUX 3ac00IB 3a IOIOMOTOO
GPS-miary nogatkiB s cMapTQOHIB.

Kaptu Google marots API mist noctymy mo mux manux. Kaptu Google
TaKoX poOJATH Li NaHi npo Tpadik 3aralbHOAOCTYITHUMHU 4Yepe3 CBiil BeO-
inTepdeiic, ane 3 oOMexeHUMH QYHKIISIMU Ta MOTPEOYIOTh MOJabIIOT 00-
pobxu [1].

IIpo6nemy Bi3yamizailii gaHuX OyJI0 BUPIMICHO 3a JOMOMOTO0 IHCTPY-
MEHTA 3 BIIKPUTUM JOCTYIOM (aJjie /it pOOOTH 3 HUM HEOOXIIHI KIIFOUl Bif
Google) googletraffic R — me 6i0mioTeka, sxa m03BoJsiE 0OpOOIATH maHi
Google Maps 3 BUKOpHCTaHHSIM MOBH nporpamyBanHs R [2]. Tlicast po3mmu-
PEHHS HOTO MOXKIIMBOCTEH Ta KiHIIEBOTO HAJIAIITYBaHHS OYyJI0 OTPHMAHO IIe-
pIIi pe3yabpTaTi (PUCYHOK 1).
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Puc. 1. Bizyamizamis tpadiky (12,475; 41,935)

Ha nanomy pucyHky BimoOpaxeni nani Tpadiky ogHoro 3 paiioHnis Ita-
nii (Ponte Flaminio — Corso di Francia). Jlanuii HaOip manux mae 4 OCHOBHI
3HAauYEHHSI, M0 BKa3yIOTh Ha piBeHb 3aTopiB (1 = BiACYTHICTH 3aTOPiB, TIO3HA-
Ya€eThCSl 3EJICHUM KOJIbOPOM, J0 4 = BEJIMKI 3aTOpH, MO3HAYAETHCS TEMHO-
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4yepBOHMM). Boke Ha TaHOMY eTarii MOKHa 3 JIETKICTIO [TpOaHalli3yBaTH OTPH-
MaHi JIaHi i JaTH MepPIIni BUCHOBOK CTOCOBHO MPOOJIEMHUX MiCIIb.

Ha manux ninsgHKax peKOMEHIY€ETHCS TPOBECTH 3aXO0/IU 110 YCYHEHHIO
JIAHUX MPOOJIEMHUX IISTHOK [3]:

e [HBecTHIlii y TOKpaIIeHHs] MEPEXi TPOMAJICHKOTO TPAHCIOPTY,
BKJIFOYAIOYH PO3LIMPEHHS MapIlpyTiB, IOKPAICHHS PO3KJIaJIiB Ta
3HIKCHHS BapTOCTI IPOi3/1y, MOXKYTh 30TBIIATH HOTO TPUBAOITH-
BiCTh JUISI TACAXKHUPIB.

e BcTaHOBIEHHS CYYaCHUX CUCTEM YIPaBIiHHSA TpadikoM, BKITIOYA-
F0YH CBITIO(GOPH 3 CHHXPOHI3AIIEI, CHCTEMH PO3Ii3HABAaHHS HO-
MEpHHX 3HaKiB Ta CUCTEMH 1HTEJIEKTYaJIbHOTO KepyBaHHs Tpadi-
KOM, MO>KE TTOKPAIIUTH MPOIYCKHY 3/1aTHICTb [4].

¢ bByaiBHUIITBO HOBHX JOPIT, 00'I3HMX NMUIAXiB Ta JOJATKOBUX CMYT
PYXY MO>KE CHPHSITH IOJIMIIEHHIO MPOITyCKHOT 37[aTHOCTI Ta 3Me-
HIICHHIO 3aTOPiB. [IpiopuTeTHUMH CITiJT BBAXKATH PO3IIUPEHHS Ii-
JISTHOK 31 301JIBIICHOIO KIJIBKICTIO CMYT PyXy Ha OCHOBHHUX MaricT-
paysix Ta MiJSTHOK 31 3HAYHUMH MPOOKaMH.

e CrpusHHA BUKOPHUCTAHHIO AIBTCPHATHBHUX BHIIB TPAHCIIOPTY,
TaKUX K BEJIOCHIEAN Ta EJICKTPOTPAHCIOPT, MOXKE JOTOMOTTH
3MCHIIIUTH HAaBaHTAKCHHS.

Takosk, CJtijJy 3BEpHYTH Ha YBary Ha Ie OJJHY OCOOJIUBICTh OTPHUMAHUX

JTAaHUX — BOHU JIIHCHI y MOMCHT Yacy (hOpMYyBaHHS 3alUTy HA X OTPUMAaHHS,
TOOTO 1€ «CBIXWiI» aHami3 Tpadiky 3a OCTaHHIO TOAWHY. TakMM YUHOM
MOJKHa HE TiJTbKH BHABISATH NMPOOJEMHI 30HM, a B OTPUMYBATH JETAIBHY
KapTHHY PO 3MiHH y 3aTOpax.

3 ormsmy Ha Benuue3HWH oOcsar maHux, ski Google oOpobmse, i
IIUPOKY JOCTYIHICTH iH(opMamii Tmpo AOPOXKHIA pyX, MOKA3aHO JIHIIE
OJTHHM 13 0araThb0X MOXIIMBHX 3acTOCyBaHb JaHuX Google npo Tpadik. Lli
JaHi 3a0e3MevYyloTh HEJIOPOTHH CHOCIO BIACTE)KCHHS BIUIMBY MOJITHK 1
BTpY4aHb Ha IIEPEBAHTAKEHHS Maike B pealbHOMY Yaci.
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MODELING THE USE OF BLOCKCHAIN SYSTEMS BASED ON
THE DISTRIBUTED LEDGER PLATFORM HYPERLEDGER
FABRIC FOR PUBLIC DATA REGISTRIES

A. Iskryzhytskyi, A. Zadorozhnii
Chernihiv Polytechnic National University, Ukraine

Abstract. This article explores and presents the research of the mod-
eling of blockchain systems based on the distributed ledger platform Hy-
perledger Fabric for enhancing the management and accessibility of public
data registries. Highlighting the Modular Architecture, which allows for tai-
lored solutions, Privacy and Permission features ensuring authorized data ac-
cess, and Extendability and Flexibility for system adaptability to evolving
requirements. The proposed model, grounded in these principles, aspires to
furnish a scalable, reliable solution for accurate and timely public data dis-
semination. Through a meticulous examination of the modeling approach,
and a discourse on the significance of these attributes in the realm of public
data registries, this article augments the burgeoning dialogue on blockchain's
potential in public sector data management.

Keywords: Blockchain, Hyperledger Fabric, Public Data Registries,
Privacy and Permission

Introduction

A blockchain is an electronic ledger that records transactions in dis-
crete chunks referred to as blocks [1]. This technology has been growing in
popularity due to its ability to offer transparency, security, and immutability.
Amidst various blockchain platforms, Hyperledger Fabric stands out as an
open-source enterprise-grade permissioned distributed ledger technology
(DLT) platform [2], designed to provide these blockchain benefits with addi-
tional features suited for enterprise use such as privacy and permissioned ac-
cess control. Public data registries, crucial for government transparency and
accountability, have already embraced blockchain technology in countries
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like Estonia, showcasing the practical utility and enhanced security of such
decentralized solutions for public data management [3].

Downside of centralized classic systems for public data registries

In conventional setups for public data registries, a centralized archi-
tectural paradigm prevails, engendering single points of failure and engen-
dering data silos. The access control mechanisms are often rigid, showcasing
a lack of adaptability to diverse requirements. Transparency is typically cir-
cumscribed, with the possibility of retrospective data alterations, where rec-
ord A can be replaced with record B, a phenomenon not permitted in block-
chain systems but prevalent in traditional data systems, with inadequate audit
trails further missing the tractability of such alterations. The integrity of data
is susceptible to human errors or system vulnerabilities, potentially leading
to data tampering or inaccuracies.

Blockchain based system as alternative for public data registries

In the quest for enhanced data management within public data regis-
tries, blockchain technology emerges as a potent alternative. By its inherent
design, blockchain decentralized data storage and management, mitigating
single points of failure and data silos emblematic of traditional systems. The
immutable nature of blockchain forestalls retrospective data alterations,
thereby bolstering data integrity. Additionally, the technology engenders ver-
ifiable audit trails, promoting transparency and accountability. These attrib-
utes, coupled with automated processes via smart contracts, herald a trans-
formative approach to public data registry management, addressing the inef-
ficiencies and vulnerabilities prevalent in centralized systems.

Modeling Approach

In the modeling approach, the consensus mechanism within Hy-
perledger Fabric is crucial as it ensures transaction validity and system co-
herence. Utilizing a pluggable consensus protocol, it allows for flexibility in
choosing the consensus algorithm that best suits the public data registry's op-
erational context. The deployment of services is streamlined through com-
prehensive documentation and a rich set of deployment tools provided by
Hyperledger Fabric, facilitating a straightforward deployment process. More-
over, containerization technologies like Docker can be employed to encapsu-
late the Hyperledger Fabric services, promoting a scalable and manageable
deployment model. The nodes of the system may be run in different data cen-
ters or cloud providers like AWS and GCP. This setup promotes decentrali-
zation and resilience by ensuring that the system remains operational even if
one data center experiences issues. Hyperledger Fabric's design allows for
such distributed deployments, facilitating a blockchain network that spans
across various geographical and infrastructural environments. This structured
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approach aims to harness the full potential of Hyperledger Fabric's modular
architecture for optimizing public data registry management.
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Conclusion

This article illuminates the potential of leveraging Hyperledger Fabric
for redefining public data registry management. By transcending the tradi-
tional centralized model, blockchain technology addresses prevalent chal-
lenges while introducing enhanced transparency, integrity, and accessibility.
The modular architecture, alongside robust privacy and permission features
of Hyperledger Fabric, augments the scalability and adaptability, crucial for
evolving public data requirements. The discourse evinced here not only con-
tributes to the burgeoning narrative on blockchain's applicability in the public
sector but also beckons further explorations and pragmatic implementations
to fully harness the benefits delineated herein.
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BUMOT'H 1O ObPOBKH TA 35EPITAHHA 1YYTJIMBAX JAHUX
B IHOOPMANIMHUX CUCTEMAX

Jlemino O.€.
Hayionanvuuii ynieepcumem « Yepniciecoka nonimexmixa

YV Hamr gac, Koiu nudpoBi TEXHOJIOTIT Ha0y M BETMKOTO 3HAYSHHS, 3a-
XHUCT KoH(DineHiHHOT iHpOopMaTIIii cTae 3aBIaHHAM IEPIIOYEPrOBOTO IUIAHY,
OCKUIbKH Cy4acHI IporpaMHi CUCTEMH pO3paxoBaHi Ha 30epiraHHs Ta o0po-
OKy JaHuX y elekTpoHHoMY (Gopmari. OOO0B’ 30K 3aXHUIIATH Yy TIUBY iHPOP-
MAIIiFO0 CTaB a0COFOTHOI HEOOXITHICTIO, OXOIUTIOIOUHN CJICMECHTH, TaKi SIK ay-
JUT Oe3IeKH, TECTYBaHHs Ha NMPOHMUKHEHHS, IOTPUMAaHHs PEryJsiiii o0
JIaHUX, KOHTPOJIb AOCTYITy Ta Kareropusatisi. L{i m'siTb KII040BHX CKIaJ0OBUX
pa3oM yTBOPIOIOTH 1IM(POBI 000POHHI CTPYKTYPH, SIKi 30€piratoTh i 3aXuina-
FOTh BKJIMBI JaHi, Ki € KpUTHIHUMH JJIS MIJIPHEMCTB Ta OpTraHi3amiil.

1. IIudpysanas

JlaHi MOXYTP iCHYBaTH B Pi3HHX CTaHAaX, KOXKCH 13 SKUX BimoOpaxkae
pi3Hi cnocodu 30epiranHs, 00poOku abo mepenadi naHux. J[Ba Haltmommpe-
HIIlll CTaHU JaHUX:

e Jlani B cniokoi: /laHi B CIIOKOT BKa3yIOTb Ha JiaHi, sKi 30epiraroThCst
B IIOCTIHHOMY (HETlepepBHOMY) BUIJISI, TAKi SIK HA KOPCTKUX U~
cKax, B 0azax jaHux abo iHIIMX HOCisx 30epiranHs. L{i nauni He
BHUKOPUCTOBYIOThCSI aKTUBHO 200 HE IEpelaloThes, ajlie 3ajHiia-
I0ThCS IOCTYITHUMHU JUIsl OTPUMaHHS.

e Jlani B pyci: Jlani B pyci BKa3yloTh Ha JiaHi, IKi aKTUBHO TepeMi-
IIYIOTBCS 3 OHOTO MicId B iHIIE, 3a3BUYall IO Mepexi abo KoMy-
HikamiitHoMy kaHairy. L{i qani 3HaX0mATHCS B pyci Mif 9ac mpoIie-
CiB, TaKMX SIK BiANPaBICHHS CJICKTPOHHOI MOIITH, 3aBAHTAXKCHHS
¢aitmy abo TpaHCIAIIA Bixeo.

udpysanHs maHUX B CIOKOI 3a0e3medye Te, MO0 HaBITh SKIIO 3J10-

YUHHI €JIEMEHTH OTPUMAIOTh MOCTYII A0 HOCisA 30epiraHHs, daHi 3ajdIia-
IOThCSI 3aU(PPOBAHUMU Ta HE3YUTYBAHUMH, 3MIITHIOIOUN KOH(IICHI[IHHICTh
Ta LUTICHICTh Yy THBOI iHpopMauii. TuM yacoM mudpyBaHHs JaHUX I1i]] Yac
PYXy 3aXuILae qaHi MiJ 4ac MepeTHHAHHS MEepeXi Ta KOMyHIKaliiHUX KaHa-
JB 1 YHEMOXKJIMBIIIOE TX MOTPAIUISIHHS 10 CTOPOHHIX CJIyXadiB Ta 3JI0BMHUC-
HUKIB. Be3neuni mporokou 3B's13Ky, Taki sik Transport Layer Security (TLS)
gn Secure Sockets Layer (SSL), mudpyrots aaxi nepen nepenaycto [1], 3po-
OWMBIIM iX HEBIIIUIFHOIO YACTHHOIO OHJIAWH-TpaH3aKIlil, eNEeKTPOHHOI TMO-
IITH Ta Pi3HUX OU(POBUX B3aEMOIIH.
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2. Konrtpons poctymy

Kontpons noctyny B iHdopmaiitniii 6e3rneri BU3HaYae, XTO Mae J10-
CTYI JI0 SIKMX JITaHHUX, CUCTeM abo pecypciB B IM(POBOMY cCepeOBHILI Opra-
Hi3auii, peryJaror4H, XT0 Ma€ NpaBO OTPUMATH JOCTYII i Ha SIKOMY piBHI, Ha
OCHOBI IXHIX posied Ta BimnoBiganbHOCTed. OCHOBHI MPUHITUIHA KOHTPOIO
JOCTYITy BKITIOUAIOTh ayTeHTU(IKAIIII0, aBTOPU3aIif0, 00K Ta CIIMCKA KOHT-
pomro noctymy (ACL), sIKi CIITIBHO TapaHTYIOTh, IO JOCTYII Ta MOJKJIMBICTH
MaHIIyaIOBaHHA 1H(QOpPMAIi€l0 AOCTYIHI JIMIIE aBTOPHU30BAHUM OCOOAM.
[MpuHOMT MiHIMAIBHAX MPUBLIEIB € BAYKIMBOIO OCHOBOIO B CHCTEMax KOHT-
POJIFO AOCTYILY, i BiH HarOJIOITy€ HAa HEOOX1THOCTI HaJaBaTH iHAMBIIaM Ta CH-
cTeMaM JIIIe OOMEXCHUH piBeHb AOCTYITY, SIKUi MOTpiOCH Ui BUKOHAHHS
ix 3aBmaHb. Lle qomoMarae 0OMEXHUTH MOTEHITIHI PU3HUKH 115 OS3MEKH 1 MO-
KITUBICTh BUTOKY JaHUX.

3. IlpoBeneHHs ayauTiB OE3MEKH Ta TECTYBaHb Ha IPOHUKHEHHS

Aynuty O€3MeKH — Ie CKIATHUIA MPOIEC, KK OXOIUTIOE TTHOOKHIA
aHaTi3 1HQPACTPYKTYpH, TPABMWI OC3MEKH Ta CIOCOO0IB, SIKHMH OpraHi3allis
3axuIae cBoro iHpopmailiro. OCHOBHA METa ayIUTIB — [1€ BUSIBUTH MOXITUBI
CITaOKOCTI Ta pU3HKH B iHPOpMaITiiiHii Oe3merni [2], a Takoxk IMepeKOHATHCS,
110 OpTaHi3alis JOTPUMY€ETHCS BCTAHOBICHUX CTAHIApTIB Ta MONITHK. Tec-
TYBaHHS Ha NIPOHUKHEHHS, BiJIOME SIK STHYHE B3JIaMyBaHHS, — L€ TIPaKTHKa,
KOJIH €KCIICPTH 3 O€3TEeKH MPOBOIATH KOHTPOJIbOBAaHI aTaku Ha iIHPOpMAITiitHy
iH(ppacTpyKTypy oprasizamii. BoHH HaMararoThCs BHKOPHUCTATH MOXIIUBI
C1abKOCTi Ta BPa3IHBOCTI, 00 OMIHUTH, HACKUIBKH BEJUKI 3arpo3u iH op-
MarliifHii 6e3merni MoXXyTh BUHHKHYTH B peasibHOMY CBiTi. OOnaBa BUIN OIIi-
HOK CHPSIMOBaHi Ha BUSBJICHHS CIa0KUX Micllb B iH(opmamiiHil Oe3meri,
OIIIHKY MOKJINBHX PHU3HKIB Ta MEPEBIPKy BIAOBIAHOCTI HOPMATHBAM Ta CTa-
HAapTaMm Oe3rneku. B pe3ynbrari ux OIiHOK HAJAAIThCs pEeKOMEHAINIT 3 Mo-
KpallleHHsI 3aXKCTy Bif Kibep3arpo3. Lli mporiecu € moCTIHHUMH, OCKUTBKH
BOHU BiJJOOpa’karoTh AMHAMIYHY NPUPOAY Kibep3arpos i TEXHOIIOTH.

4. JloTpMaHHS pEryssLii Ta MiCIIEBUX 3aKOHIB

JloTpuMaHHs peryisiiiil Ta MicrieBHuX 3aKkoHiB [3] nependauae BUpiB-
HIOBAaHHS 3 IOPHIMYHHUMH Ta PETYJISITOPHHUMH BHMOTI'aMH, IIO CTOCYIOTHCS
300py, 00poOKH, 30epiraHHs Ta mepeiadi JaHUX, BKIIOYAIOUYH TaKi BaXIJIUBI
JIOKyMEHTH, SIK 3arajbHui pertaMeHT rpo 3axuct nanux (GDPR), 3akon npo
MOOLTBHICTh Ta MiA3BITHICTH cTpaxyBaHHs 310poB'st (HIPAA) ta Crammapr
6e3nexn mannx rwiarikHoi KapTku (PCI DSS) (Tabmums 1). Jotpumanss cTaH-
JTApTIiB Ta PETYJSIIINA Bilirpae HEe JIHIIE POJb IOPUINIHOTO 000B'SI3KY, ale i €
(GyHIaMEHTOM peryTalii Ta CTIKOCTI opraHi3amii, MiAKPeCIIOI0YN BayKIIH-
BiCTh IPUBATHOCTI TAaHUX Ta 3apOOJIIOYH JOBIpY KITIE€HTIB i CTEHKXONIEPIB.
Opranizamii, o0 HaJAIOTH MEpeBary MOTPUMAHHIO IIUX BUMOT, MOKa3yIOTh
CBOIO TOTOBHICTB 3aXHIIATH U(POBI AKTUBH Ta Yy T/IMBI JaHi.
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Tabnuug 1 — HaltnmonmynsipHiti peryasii

Perymsimii

Omnmc

GDPR

Bcebiune peryaoBaHHS 3 TUTaHb 3aXUCTy JaHWUX, IPHHHS-
TAM €BporneiicbkuM Co1030M s 3a0e31eUeHHsT KOH(1IeH-
IHHOCTI Ta 0cOOMCTHX MaHuXx rpomasH €C. Bin Hakamae
CTpOT'l BUMOTH Ha OpraHizaii, BKJII04alouu Oi3Hec Ta 1my0-
JIYHI YCTAHOBH, 3 METOKO 3a0€3MCUCHHS 3aKOHHOT Ta MP030-
poi 00pOOKHU 0COOMCTHX JaHUX, HAIAIOUYU 0c00aM OibIIuit
KOHTPOJIb HaJ] IXHIMU TaHHUMH Ta Tepe10avarodn CyBOpi mo-
KapaHHs 32 HEBUKOHAHHSI BUMOT.

HIPAA

O®enepanbuuii 3akoH CIIA, kUil BCTaHOBIIOE CTaHIAPTH
KOH(]1ICHIITHOCTI Ta Oe3MeKH IS 3aXHUCTY Yy TIHUBOI iH(O-
pMartii mpo cTaH 370pOB's MAIli€HTIB.

PCI DSS

HaGip cranmapTiB Ta BUMOT, TPU3HAYEHUX IS 3aXHUCTY Uy-
TIIMBHX JAHUX IUIATHKHUX KAPTOK Ta 3a0e3MeueHHs, 10 Op-
ragizamii, ki 00poOIAIOTE Taki JaHi, 3a0e31edyoTh Oe3e-
YHe cepe/oBuIle. BOHU BU3HAYAIOTh CTPYKTYpY st Oe3re-
9HO{ OOpOOKHM TUIATOKHHMX KapTOK, OXOIUTIOIOYM 00acTi,
Taki sIK mrPyBaHHS JAHUX, KOHTPOIb JOCTYILy Ta PeryJis-
PHI OLIIHKH O€3MeKHU 3 METOIO 3al00iraHHs OPYLIICHHSM Jla-
HUX 1 IIaXpanCTBY.

5. Kareropu3zanis

Knacuikanis nanux - e npouec kareropusatii iHpopmariii 3 ypaxy-
BaHHSM 11 4y TJINBOCTI Ta BAXJIMBOCTI. BoHa cTBOPIOE CTPYKTYpOBaHy OCHOBY
JUISL pO3YMIHHSI PI3HUX BHJIB JIaHMX, SIKI OpraHizaris oopoomnse. Knacudika-
1S 3a3BUYall BKJIIOYAE TpU piBHi [4]:

e nyOmiyni gani (iM’s, mpi3Buie, MyONiYHI KOHTAaKTH, aapecH
TOILIO);

e BHyTpilHI JMaHi (iqeHTU]IKALIHNI HOMEp KOpHCTyBada CauTy,

3apIuiata CriBpoOiTHHKA, BHYTPIMIHI TOKYMEHTH TOIIO);

e koH(igeHNiWHI AaHi (MEIWYHI 3aIUCH, PEKBI3UTH OaHKIBCHKHX pa-

XyHKIB, COIiaJbHI HOMEPH, TACTIOPTHI AaHi TOIIO).

BaxxnuBicTs knacugikarlii JaHHX TPOSBISAETHCS B KiITBKOX 00NACTsX,
BKJIIOYAIOYM 3MEHIICHHS PU3UKY Ta JOTPUMaHHS BUMOT LIOJO 3aXHCTY Ja-
HHX, @ TAKOX €()EKTUBHUI PO3IIOAII PECYPCIB 1 ONEpaTUBHY peaKiiilo Ha Mo-
nii. HaBiTh npu BHKIHMKAX, sIKi CYyHNPOBODKYIOTh BIIPOBA/DKEHHS CHCTEMH
Ki1acudikanii JaHuX, Taki SK BU3HAYEHHS KPUTEPiiB Kiacudikauii, HaB4aHHs
MepCoHaJTy Ta MiATPUMKA IHBEHTapH3alil JaHuX, 11i TPoOJIeMH MOXKHA 1100~
JIaTH 3aBJISKA BUKOPHCTAHHIO HAJIE)KHUX CTPATETIH.
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B cydacHOMYy cBiTi, e iH(pOpMAIiS € KIIOYOBUM aKTHBOM, 3/1aTHICTh
IIBHIKO Ta €PEKTHBHO aHAJI3yBaTH TOHAIBHICTH TEKCTY MOKe OyTH BUpimIa-
JIbHOIO Yy TIPUHHSATTI OOTPYHTOBAaHUX pillleHb, 0cOONMBO B cdepi (iHaHCIB.
diHaHCOBI CTATTI, SIKI YacTO BiJOOpaXKarOTh AYMKH aHAJITHKIB, MOXYTb Mi-
CTHTH Ba)XKJIMBI HIOAHCH CTOCOBHO PMHKOBHX HEPCIEKTHB, 1[0 MOXXE BILIH-
HYTH Ha cTparerii ¢opmyBaHHs noptdento akuiid. [IpuiHsTTS pieHs y Ta-
KOMY KOHTEKCTI CTa€ IIe OLIBII CKJIATHUM, KOJH BPaXOBY€ETHCS TEOPIs irop,
sIKa JIOCIIKY€E B3a€MOJIT MK palioHaIbHUMHU 0CO0aMH B CUTYaMisiX KOHp-
JiKTy abo cmiBmpari. BukoprcTaHHS MOBHHUX MOJENEH IS aHaJIi3y TOHAJb-
HOCTI (PiHAHCOBHX CTATTEH MOXE HAJATH iHBECTOPaM MOIIUBICTB JIIIIIE PO-
3YMITH Ta aHTHIMITYBaTH PUHKOBI PyXH, ONITUMI3yI0UH CBOT TOpT(her akmii
Ta MIHIMI3YIOUH PH3HUKH.
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CyuacHUii aHai3 TOHAJIBHOCTI 0a3yeThCs HA Psi/li TEXHIYHHUX IMTiAXO0-
JIB Ta MOJEJICH, sIKi po3po0JIeH] I BUBYCHHS i PO3yMiHHS TEKCTOBHX Ja-
HUX:

e CraructuuHi Mozeni: Halmpocrimi migxoau 1o aHaji3y TOHAb-

HOCTI BUKOPHCTOBYIOTh CTATHCTHYHI ajaroputMu Ha ocHoBi TF-
IDF, n-rpamiB Ta inmux. L{i MeToau BUMIpIOIOTE 9aCTOTY BUKOPH-
CTaHHS NEBHUX CIIiB UM (h)pa3 y TEKCTi, CIIUPAIOYNCH Ha CIIOBHUKHU
3 HO3UTHBHUMH Ta HETATHBHUMH CIIOBaMH.

e Moneni Ha OCHOBI MaIIMHHOTO HaBYaHHS: TaKi sk 1epeBa pilieHs,
OTIOPHI BEKTOPH, JIOTICTUYHA PETPECis Ta iHII, SKi BAKOPHCTOBY-
IOTBCS JUTS KiTacu(ikarlii TeKCTiB 3a iXHbOIO TOHAJIBHICTIO Ha OC-
HOBI HABYAJIHHOT'O HA0OPY JaHUX.

e [mboKi HelipoHHI Mepexi: 30KpeMa KOHBOJIOLINHHI Ta peKypeH-
THI HEWPOHHI MEPEXKi, a TAKOXK MOJICIIi Ha OCHOBI TpaHC(HOPMATO-
piB (manpuxiaa, BERT, GPT Ta in.), siki BUB4alOTh KOHTEKCTYya-
JIbHI 3aJICKHOCTI Y TEKCTI Ta J03BOJISIOTH 31HCHIOBATH OLIBII TO-
YHHUW aHaJi3 TOHAIBHOCTI [1].

I'muboxi HeHPOHHI Mepeki BUKOPUCTOBYIOTh 0AaraTomapoBi apXiTek-
TYPH UIS MOJICIIIOBaHHS CKJIAJHUX BIIHOCHH 1 KOHTEKCTY B JaHHMX. BoHnm
0co0IMMBO eeKTHBHI A1 OOpOOKH MOCITIJOBHOCTEH, TAaKUX SK TEKCT, 3a-
BISIKM CBOTH CIIPOMOKHOCTI BHBYATH JOBrOTpUBAJI 3anexHocti. KoHBosro-
uiitai HefiponHi Mepesxi (CNN) 4acTo BUKOPHCTOBYIOThCS JUIS aHAITI3y JIOKa-
JBHUX MATTEPHIB Y TEKCTi, TAKHX SIK N-TPaMH, 1 MalOTh YCIiX B 3a7a4ax Kia-
cudikamii ToransHOCTI. PexypenTHi Heifponni mepesxi (RNN) 3xaTai 06p06-
JSITH TIOCITIZIOBHOCTI JTaHMX, BPaXOBYIOYH iCTOPIiI0 MOMEpPENHIX €JIEeMEHTIB.
LSTM (Long Short-Term Memory) Ta GRU (Gated Recurrent Unit) — e 1Ba
ocHoBHUX THIH RNN, siki Oyu crienianbHO po3po0IIeHi A1 MO I0JIaHHS IPO-
OsieM 3 "3a0yBaHHAM" JOBrOTpUBAIHX 3alexkHOCTeH B manux [1]. Tpaucdo-
pmaropu, 30kpema monenb GPT (Generative Pre-trained Transformer), BBa-
JKAFOTHCS Ha CHOTOJIHI OJTHIEIO 3 HAHOIIBII MEPEIOBUX apXITEKTyp I 00po-
OKH TEKCTY.

AHaJi3 TOHAILHOCTI ()IHAHCOBHX CTAaTEeH 3 METOIO MPUHHSTTS PillICHb
CTOCOBHO IHBECTYBAHHS UM YIIPABJIiHHS aKTHBAMH BUMarae 0CoOJIMBOTO Mijl-
xoxy 3a gonomoror GPT moneneii. @iHaHCOBUH TEKCT YacTO HAMIOBHCHUMN
cnenn(iTHOI0 TEPMIHOJIOTIEI0, TOMY BHILIO HACTYITHI KPOKH [2]:

ITiocomoska oanux. Ilepmt 3a Bce, MOTPiOHO 310paT pejeBaHTHHA Ha-
6ip narnx. ONTHMAaIbHO MaTH BEIMKY KUTBKICT (DiHAHCOBUX CTaTeH, sIKi BXKE
Oynu OIliHEHi 3a TOHANBHICTIO (HAIIPHUKIIAM, TO3UTHBHUH, HEUTpAIbHUH, He-
raruBHUH). L{i MiTkH OyayTh ciyryBatu "mpaBaoio" Ijisi TpEHyBaHHS Ta Ba-
nimanii Mozgeni. 3pa3ok JaHUX HaBedeHO y Ta0mwii 1.
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Tabauus 1 - [pukiag nanux

Tekct ToHaJIbHICTE

Axuii komnanii XYZ nokasanu craduibHuid pict npotsirom | [TozuruBHuiA
POKYy.

®dinancosuii 38iT KommaHii ABC BUsIBUB 3HaYHMI 30UTOK. Heratusuuii

Punok ouikye my6umikanii 3Bity komnanii DEF Ha Hactyn- Heilirpanbuuit
HHH THXKICHD.

Ilepeompenysanns GPT na ¢pinancosux mexcmax. Xoua GPT Bxe mie-
peATpeHOBaHa Ha BETMKUX 00’€Max TEKCTiB, ii MTOTpeHyBaHHS HA crienugii
(iHAHCOBUX AAHWUX MOKE MOKPAIIUTH ii MPOAYKTHBHICTE. Lle o3Hauae, mo
MOJIeNb CIIOYaTKy aJIalTYEThCS 0 CTIITIO Ta JISKCUKHU (DiHAHCOBUX TEKCTIB.
{06 Mozens crana cnenudivyHoo it piHAHCOBHX TEKCTIB, MOXKHA BUKOPH-
croByBatH QyHKIio BTpaT (loss function) L [2]. Posrnspatoun dopmymy
BTpPaTH:

[L=-XLyilog®)+ U =) log(l =9I,

ne N — KinbKicTh TIPUKIAiB y 1aTaceTi, y — iCTHHHI MiTKH, a Y — mepen6a-
yeHi MiTkd. L{g popmyna BUKOpHUCTOBY€ETHCS A ONTUMI3aIlil mapamMeTpiB
MOJIeIi i 9ac mepeATpeHyBaHHS.
Dinmionine modeni. Ilicns mepeaTpeHyBaHHSI MOJENb alanTyIOTh
JI0 KOHKPETHO1 3a7a4i (y HalmoMy BUTaKy, BA3HAUEHHs TOHAIBHOCTI) 3a J10-
moMororo (iHTIOHIHTY. MaTeMaTHIHO, Iporiec (piHTIOHIHTY aHAJIOTIYHUH Tie-
penTpeHyBaHHIO, ajleé BUKOPHCTOBY€E MEHIIHMH AaTaceT 3 BiIOMUMH MiTKaMH
TOHAJIBHOCTI. Jl0aTKOBO, i Yac (iHTIOHIHTY MOXke OyTH 3aCTOCOBaHA pe-
TyJISIpU3alist Ui 3ano0iraHHs nepeHaB4aHHio MoJielti. OJMH 3 MOIYJISIPHUX
MetoniB peryssipusanii — L2-perynspuzanis, ne no ¢yskuii Brpatu noxaa-
eTbes Tpad 3a BEJIMKI Baru:
L=L+A3%, 0},

ne (L) — opurinanbaa QyHKIist BTpaTd, (w;) — Baru Moedi, (1) — mapamerp
peryssipuzanii.

Oyinka modeni. BaXxnuBo BUKOPHCTOBYBATH BIJCYTHIH y HaBdYalb-
HOMY HaOopi JaHWX HaOip [UIA TECTyBaHHSA MPOAYKTHUBHOCTI Momemi. Met-
PHIKH, TaKi K TOUHICTH (accuracy), F1-mipa, ROC-kpuBa MoxyTh OyTH BH-
KOPHCTaHi IS IIi€i MEeTH.
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Iumepnpemayis pesyromamis. 3 ypaxyBaHHAM crieliudiku GpiHAHCO-
BUX CTaTei, HE 3aBXJU JIOCTATHBO JIMIIE Kiacuikaiii ToHaIbHOCTI. Bax-
JIMBO TAaKOX 3BEPTaTH yBary Ha KOHTEKCT. Hampukian, cnoBo "30uTok" Moxe
MaTy HeraTHBHE 3HAUCHHS, aJle y KOHTEKCTI "3MEeHIIeHHsI 30MTKIB" BOHO Mae
MO3UTHBHUH BIUIMB. TOMY PO3YMIHHSI KOHTEKCTY € KIIOYOBUM IPH iHTEpII-
perartlii pe3yIbTariB.

Buxopucmanns pesynomamis. BusHaueHHS TOHaTBHOCTI (piHAHCOBUX
cTateil Moke OyTH BHKOPHCTAHO U Pi3SHOMAHITHUX IIiJIeH: mmependadeHHs
PUHKOBUX TPEHiB, aBTOMAaTHYHOTO CTBOPEHHS 3BE/ICHUX 3BiTiB a00 MiATpH-
MKH IPUHAHATTS PIilIeHb y TOPTPETHHOMY yIIPaBIIiHHI.

OTtxe, MOBHI Mogemi, Taki sk GPT, BusBmImch epeKTUBHUMHE ISt
aHaJIi3y TOHAJIBHOCTI (hiHAaHCOBHX TeKCTIB. [lepeaTpeHyBaHHS 1IUX MOeneit
Ha cnenugiyHux (iHAHCOBUX NaHHUX 3a0e3Meuye Kpalie po3yMiHHS raiyse-
BUX HIOaHCIB. DIHTIOHIHT Ta peryJusipu3alis € BUPIMIATbHUMHU JUIS ITiJABH-
HICHHS TOYHOCTI MOJIEII, 1 BipHA OLlIHKA MO/ rapaHTye il HaiiHICTh y pe-
anpHOMY cBiTi. Lli mixxonu BiKpUBAIOTh MEPCHEKTUBH AJs €(EKTUBHOTO
NPUAHSTTS PIlIEHs B IHBECTUIIITHOMY CEKTOpI, 30KpeMa y (HopMyBaHHI OII-
TUMI30BaHUX MOPTQEIIB aKIiii.
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Language Models [Enextponnuii pecypc] / Arac Dogu. —2019. — Pesxum no-
cTymy 10 pecypcy: https://arxiv.org/pdf/1908.10063.pdf.
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VK 004.8

CYUACHUI CTAH TA MAWBYTHI BUKJIUKHA
MO/JEJIFOBAHHS JAHUX

IIpumena B.O, ctyx. rp. MIII-221
Haykosuii kepiBHUK: AKMeHKO A.M., K.(i3.-MaT..H., TOUEHT

Hayionanvuuii ynieepcumem « Yepuiziecoka noaimexuixay», Yrxpaina

VY cydacHOMY CBiTi MOJICITFOBaHHS JAHHX, SIKE BKITIOUAE B ce0e mpotiec
CTBOPEHHS KOHIIENTYaJIIHOTO TIIPEACTABICHHS, CTPYKTYypH, 3B’SI3KIB 1
oOMexxeHb, € (yHOAMECHTANBHUM AacleKTOM YIPaBIiHHS JaHUMH Ta
aHANITHKU. TakoX BOHO Bifirpae >KUTTEBO BaXKJIMBY POJIb y MPOEKTYBaHHI
0a3 1aHux, po3po0IIi MPOrPaMHOT0 3a0e3MeUYCHHS Ta 013HEC-aHATI THKH, 1 THM
CcaMMM JI03BOJIsIE PI3HOMaHITHUM OpraHi3auisM e(eKTHBHO CTPYKTYpYBaTH,
30epiraT Ta BAKOPUCTOBYBATH CBOT JIaHi.

Jlo toro x e(peKTHBHE MOJETIOBaHHS MJaHMX Mae BHpIlIAIbHE
3HAYCHHS JJIA X KepyBaHHs. MOKHA BUIUTUTH JCSIKI OCHOBHI MIEpEBar, siki
BOHO HAJIa€:

— TlokpameHHs SKOCTI JaHUX, sKe 3a0e3nedye IiX TOYHICTS,

MMOCJIIMOBHICTE TA IJIICHICTD.

— TlokpamenHs iHTerpamii [gaHux, sKe 3a0e3lnedye IUIABHY
IHTETpalilo NaHUX i3 pi3HUX mKeper. OCKUTBKH B CyYacHHX
YMOBaXx OpTraHi3aIlil 4acTo MaloTh JaHi, I0 30epiraloThcs B Pi3HUX
cucremMax i1 ¢opmarax, TO B TaKOMy BHUIAJKy MOJENi ITaHUX
BUCTYNAalOTh MOCTAaMH MDK IIMMH PO3PIZHEHUMH JDKEpeIaMu
JIaHUX, 3a0€3MeYyI0un X IHTETpaIlito Mix co00I0.

— CopomeHHst 00CTyroBYBaHHS JaHHWX, IO HATAE MOXKIHUBICTH
e(peKTHBHINIE KepyBaTH 3MIHHUMH CTPYKTypaMH JIaHHX.
OCKUTbKH JJaH1 HE € CTATUYHUM 1 BOHU PO3BUBAIOTHLCS 3 4aCOM, TO
BUKOPHCTAaHHS Mojiesiell jaHux 3a0e3mnedye CTPYKTYpOBaHHH i
OpraHi30BaHMI MiIXi/ AJS BUPIMICHHS IIOTO 3aBJIaHHS.

— Ipuitaarts oOrpyHroBaHux pimens. JloOpe cTpykTypoBaHi
MOJIeNIi JaHUX 3a0e3MeuyoTh OCHOBY JUIsl 1X aHaji3y 1 3BITHOCTI,
110 JI03BOJISIE IPUIIMaTH OOTPYHTOBAHI Ta POAyMaHi pilICHHS.

Ha cyuacHoMy erami pO3BUTKY MOJENIOBAHHS JaHUX MOXHA
BHIUTATH HACTYIHI BUKIIMKH:

— KonopinenmiitHictp 1 0e3rneka naHux. OCKUTBKH MOAENI JTaHUX
CTAalOTh BCE OUIBIN CKJIAIHMMH, 3a0e3ledeHHs ix Oe3lmeKn Ta
KOH(}iAeHIiITHOCTI TaHUX BUKJINKAE nenaii OlIBIIIE
3aHETIOKOEHHSI.
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— MogentoBaHHs AaHUX y peanbHOMY yaci. [lormur Ha aHamiTHKY B
peaJbHOMY 4Yaci BUMarae HIBHJKOI ajanTanii Mojeseil JaHux 10
3MIHHHX JDKEepell TaHHX.

— Inrerpauis 31 wty4Hum inrenekroMm ta I[urepHerom peueit (IoT).
CydacHi TeXHOJIOTII JaHMX MAalOTh MependayaTh iHTErparii 3
JDKEpeNaMy JaHNX IITyYHOTO iHTeJIEKTy Ta IHTepHeTy pedeH, mob
Ha/IaTH 3MOTY TIOBHICTIO BUKOPHUCTOBYBATH IXHIN TIOTCHITia.

— Tamy3eBi cranmaptu. BcTaHOBIGHHS yHIBEpCallbHUX CTAaHIAPTIB
MOJICTIFOBAHHS JAHUX MOTJIO O MOKPAIIUTH 3arajibHy B3a€MOJII0
Ta OOMIH JaHUMHU MK Pi3HUMH CHCTEMaMH.

TakuM 4YHHOM, TEXHOJOTii MOJETIOBAHHS MAAaHUX IPOJOBXKYIOTH
3aJIMIIATHCS HAapDKHAM KaMEHEeM Y CEpelOBHIIl yNpaBIiHHS NaHUMH Ta
AQHANITUKK. | OCKNBKM Oprasizamii MpOJOBXKYIOTh OOPOTHCS 3 TOCTiHHO
3pOCTalOYMMU 00CSATaMH Ta CKJIAIHICTIO JaHUX, NOTpeda B e)EeKTUBHOMY iX
MO/ICJTFOBaHHI HIKOJIM HE OyJjIa TAKO FOCTPOIO K 3apas3. 3arajoM TEXHOJOTIT
MOJICTIOBaHHs JTAHUX YTBOPIOIOTH (DyHOaMEHT, Ha SIKOMY CTBOPIOIOTHCS
HaJliiiHi, y3ro/pKeHi Ta 100pe CTPYKTYpOBaHi JiaHi, Ta THM CAMHUM CIIyTYIOTh
BJIMBUM KaTaji3aTOPOM JUIS IHHOBAalill 1 NPHUHATTS OOTPYHTOBaHHX
PpIIICHB.

Cnucox BUKOPHUCTAHUX JIFKepeJI

1. Data modeling. [EnmextponHuit pecypc] — Pexum mocrtymy:
https://en.wikipedia.org/wiki/Data_modeling

2. Agile/Evolutionary Data Modeling: From Domain Modeling to
Physical Modeling. [Enextponnuii pecypc] — Pexum pocrymy:
https://agiledata.org/essays/agileDataModeling.html

3. What is Data Modelling? Overview, Basic Concepts, and Types in
Detail. [Enextponnuii pecypc] / Simplilearn — 2023. — Pexum nocrymy:
https://www.simplilearn.com/what-is-data-modeling-article

4. What is Data Modeling? Types, Steps and Tools. [EnexrponHmii
pecypc] — Pexum poctymy: https://www.xenonstack.com/insights/data-

modelling
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YK 004.5

MOJEJIOBAHHS IHHOBALIMHOI
MYHILUIIAJIBHOI TEOIH®OPMAILIMHOI CHCTEMHA
M. YEPHIT'OBA

C. O. Konosanenko, A. O. Kpacenxko, C. C. Ce3onuuk, 1. B. binoyc,
O. B. TpyHoBa

Hayionanvuuii ynieepcumem “Uepniziecoka nosimexwixa’”

[HdopManiiiHi TEXHOIOTI{ cTanu HeBiJ' €MHOIO YaCTHHOIO CYy4acHOTO
JKHUTTS 1 3MIHIOIOTh CBIT SIK MMO3UTHBHO, TaK i HeratuHO [1]. IHdopmariiiHi
CHCTEMH BIIITparoTh BaXUINBY pOIb y 3a0e3neueHHi epekTuBHOI poOoTH pi-
3HHAX HiIMPUEMCTB Ta OpTraHi3amiid, OCKIIEKA BOHH 3IaTHI ONPaIbOBYBAaTH
BeJMKi 00CsTH 1aHuX eeKTHBHIIIe, HiXK TpaIuLiliHI JItoAckKi pecypcu. Kpim
TOTO, HOIIUPEHHSI MOOUIBHUX TEXHOJIOTIH 1 MOOIIBHUX 3aCTOCYHKIB POOUTH
iH(pOpMAIIif0 Ta TOCIYTH JOCTYITHUMH y OyIb-sIKUii yac i 3 0y 1b-SKOTO MicLis,
1110 103BOJISIE JIIOJSIM KEPYBaTH CBOIMH (hiHaHCAMH, OTPHUMYBATH HOBHHH, PO-
3BMBaTH HaBMYKH, IUIAHYBAaTH TOI3JKM Ta BHKOHYBaTH Oe3iiy IHIIMX 3a-
BJlaHb, BUKOPUCTOBYIOYH BJIACHI MPUCTPOI.

VY mporieci BipoBapKeHHS iHPOPMALiHHIX TEXHOJOTIH B )KHUTTS MicTa
Ba)XJIMBO BPaxOBYBATH PO3BUTOK HOBUX C(ep Ta COLiaNbHi 3MiHH Y MYHIITH-
MATEHOMY YTIpaBIIiHHI. 301bIICHHS KUTBKOCT] He3aJeKHUX Cy0'eKTiB Ta co-
HiaTbHUX KOHQIIKTIB TOTPeOYIOTh HOBHX aJITOPUTMIB pearyBaHHs. Bakiu-
BHM CTa€ CTBOPEHHS Te0iH(pOpMAaifHOTO NOPTaTy, IO MOJIETIIHTh (HYHKIIi-
OHYBaHHs MYHIIMIIAIITETY Ta AOIIOMOXE 3/IHCHIOBAaTH ONEpaTUBHE peary-
BaHHS HAa HAJI3BUYAMHI CUTYyaIlii.

[TiarpyHTsSM A1 JOCHIIKEHHS CIIyTyBaJd OCTaHHI pOOOTH 3 I[OTO
HanpsiMKy. 3okpema aBropu H. Lyu, L. Miao, D. Jiao, Ta Q. Zhong nporo-
HyIOTb HOBHMH minmxin ams macmrabyBanHs Be6-I'IC, BukopucToByroun
RESTful API, PostGIS ta JavaScript [2]. P. Lisowski, A. Piorkowski, A.
Lesniak — po3risiiaroTe XapakTepUCTHKH BEIMKUX MPOCTOPOBUX JaHHUX Ta
ingekcyBanss [3]. B. Sadoun, O. Al-Bayari, S. Al-Tawara [4] — aHani3yooTh
6e3komToBHY BeO-I'IC-utatdopmy 3 BiIKPUTHM KOJIOM, JOBOJSYH ii mepe-
Baru Haj KoMepuiitaumu incrpymentamu ['1C.

3 ypaxyBaHHSIM IOIEPETHBOrO I0CBiAY PO3p0o0OK 1 iCHYI0UNX Ha ChO-
TO/IHI MPOOJIeM Ta PO3MIIAAAIOYN aKTyalbHI MOTPeOU MyHIIMNAIbHOTO YII-
paBmiHHS MicTa YepHiriB, OyJI0 3alporoHOBaHO pO3pOOKY IHHOBAIIHHOT My-
HinumnanpHOI reoindopmariitaoi cuctemu (IMI'C). s cuctema mae Ha MeTi
BHPIIMIUTH KIIOYOBI MPOOIEeMH, IKi BHHUKAIOTh Y TPOIECi PO3BUTKY MICTa,
3a0e3nedyBaTi MBUAKY Ta e(DEeKTUBHY POOOTY MyHIIMIIaJbHUX OPTaHiB Ta
MOJIETIITYBaTH B3a€MOZIIO 3 TPOMa0t0. Takoro pe3yipraTy MOXKHA TOCATTH
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BUKOPHCTAHHSIM NepeIOBUX Te0iH(OPMAIIfHUX TEXHOJIOTIH Ta IHTerpamiero
CY4YacHMX IHCTPYMEHTIB JUIsl 0OpOOKH Ta aHai3y POCTOPOBUX AaHUX [5].

Pospo6ioBana IMI'C BKiItO4a€e HACTYIHI KJIFOYOBI KOMITOHEHTH.

Be6-T'IC intepdeiic: ne Be0-3aCTOCYHOK, KU HaJae KOPUCTyBadaM
JOCTYII JI0 Te0iHpOpMaIiHHIX MOXKINBOCTEH CHCTEMH, TAKOX JT03BOJISIE TIe-
perismaTH i aHa’i3yBaTH T'€OIPOCTOPOBI NaHI Ta BHKOHYBATH Iii 3TiTHO 3
IIpaBaMH JIOCTYITy KOPHCTyBaya.

baza manmx (BJl): MICTHTB TeompOCTOPOBi JaHi, SKi BUKOPHUCTOBY-
FOTHCS 1711 BiTOOpaXKeHHS Ta aHaNi3y MiCBKOI iIHPPaCTPyKTYpH.

Telegram-0oT: maanii 60T JO3BOIIAE KOPUCTYBAaYaM B3aEMOJIATH 3 CH-
CTEMOI0 depe3 nomyisipanii Mecenmkep Telegram. Bin Moxe OyTn BUKOpH-
CTaHWH JUIsl HaJICHJIaHHs [TOBIIOMJICHb Ta HAaJIaHHS JaHUX NpalliBHUKaM KO-
MYHaJIbHUX CITYXkO.

Jo 6azo0Bux ¢yukmii IMI'C MoXHa BIIHECTH:

- Bi3yasi3alfito reoJlaHuX: CHCTeMa J03BOJIsIE KOPUCTYBavaM BiooOpa-
XaTH FeONPOCTOPOBI AaHI HA KapTax Ta aHANI3yBaTH iX.

- ympaeniaas goctymnom: IMI'C perynroe noctym no iHopMmaii Bia-
HOBIIHO JI0 PiBHIB KOPUCTYBAayiB Ta iXHIX IpaB.

- aHaJli3 JaHUX: CUCTEMa HaJia€ IHCTPYMEHTH JUIsl aHaJIi3y Ie0npoCTo-
POBHUX JaHMX, IO JONIOMAarae BUPINIyBaTH 3aBAAHHS MICHKOTO yIPaBIiHHSL.

IMI'C otpumye BXigHi maHi Bia PI3HHUX [DKEPEN, TAKHX SK TCOJaHi,
MOBIJIOMJICHHSI BiJl KOPHCTYBayiB Ta 30BHIIIHI cepBicH, Taki sik B/] Ta daiinm.
BXiaHi 1aHi BUKOPHCTOBYIOTHCS ISl OHOBJICHHS Ta momnoBHeHHst BJI cuc-
Temu. J10 BUXIAHUX JaHUX BXOJTh BiIOOpakeHHS reoJlaHuX Ha KapTax, siKi
BUKOPHUCTOBYETHCSI MYHILUNAIbHUMU OpraHaMM JJIsi NPUHHATTS pillleHb Ta
B3a€MOJIi 3 TPOMaJIoIo.

Ha pucynky 1 HaBenena niarpama iHTepakTHBHOI CHCTEMH KOHTPOITIO
3a CTAaHOM MiCEKO1 iH(ppacTpyKTypH.

Cucrema Mae 4 OCHOBHI I'pYITH KOPHCTYBaUiB:

1. KopucryBau — akTop, 1110 HE Ma€ CIielialbHO BUIUICHHUX IIPaB J10C-
tymy. KoprucryBauamu € 3BnyaiiHi MiCTSHH, 110 KOPUCTYIOThCS BEO-CATOM.

2. KopucryBau-Telegram — kopucTyBad, 10 BUKOPHCTOBYIOYH Hat-
00T 3aNMIae MOBiAOMIICHHS, HAAAIOUH TIEBHI JIaHi, ISl MPAI[iBHUKIB KOMY-
HAJIBHHX CITYKO.

3. [IpamiBHUK KOMYHQJIBHHX CITY’KO — KOPUCTYBad, 110 Ma€ JOCTYII 10
Habopy mapiB, TOCTYMHUX JIUIIE HOTO TPYTIi.

4. AnmiHiCTpaTOp — KOPHUCTYBaY, IO Ma€ JOCTYII 10 YChOTO (DYHKIIi-
OHaJTy 3aCTOCYHKY.
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Pucynox 1 — Jliarpama BUKOpHCTaHHS IHTEPaKTUBHOT CUCTEMH KOHTPOIIIO

3a CTaHOM MICBKOi iH(QPACTPYKTYpH

JliarpamMa HABOJUTH 3B’SI30K CHCTEMHU 3 30BHIIIHIMU CepBicaMu, Ta-
KUMHU sIK 0a3a nmaHuWxX, 0a3a CcTaTW4HUX (HaillliB, CUCTCMHUN TOJUHHUK,

PostGis ta Telegram.
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Ha upomy erami Hamoro JOCHIPKEHHS Ta pO3poOKu OyJio yCIIIIHO
CTBOpEHO TmepmMii MiHiManbHuE mpoaykTr (MVP) wmyHinunamsHOl
reoindopmaniitnoi cucremu. MVP cTaHOBUTH Ba)XXJIMBUI KPOK Yy BHPIILICHH]
KIIIOYOBUX MPOOJIEM Ta MOJMIIMBOCTEH, MOB'I3aHUX i3 PO3BUTKOM MicTa
YepHiris. [lana cucrema JA03BOJMTH BUPILIMTH MUTAHHS 3 MyHIIWTAIbHAM
YIOPaBITiHHSAM Ta PO3POOHUTH CTPATETii BUPIMICHHS BaXXIMBUX IPOOIIEM MicTa.

[opmampmi mocmimxkeHHs OyAyTh MOB’s3aHI 3: (YHKIIOHATHHUM
PO3IIUPEHHSIM CHCTEMH, 30KpeMa IHCTPYMEHTIB YIpPaBIiHHA JAOCTYIOM Ta
npaBaMU KOPHUCTYBadiB; IMOKPAMICHHSAM IHCTPYMEHTIB aHaJI3y NaHUX IS
TNPUAHATTA pillleHb; IHTETPaIli€ro 3 T0JaTKOBIMH 30BHIIIHIMHU CepBicaMH Ta
JDKepeTlaMy TaHKUX T OTPIMAaHHS O1TBII IOBHOI iH(OpMaIlii; ONTHMi3aIi€o
MIBUIKOMII CHCTEMH JJisi 3a0e3nedeHHs OUIbIn e(eKTUBHOIO YIIPABIIHHS
MICTOM.

JlitepaTypa

1. Wolff J. How Is Technology Changing the World, and How Should
the World Change Technology? Global Perspectives. 2021. Vol. 2, no. 1.
URL: https://doi.org/10.1525/gp.2021.27353

2. Lyu H., Miao L., Jiao D., and Zhong Q. The Design of Scalable
Web Gis Microservice Framework for Undergraduate Education, ISPRS
Ann. Photogramm. Remote Sens. Spatial Inf. Sci., X-5/W1-2023, 45-49,
URL: https://doi.org/10.5194/isprs-annals-X-5-W1-2023-45-2023, 2023.

3. Lisowski P., Piorkowski A., Lesniak A. Tools for the Storage and
Analysis of Spatial Big Data. Environmental Engineering, Vilnius Gediminas
Technical University, Lithuania, 27-28 April 2017. 2017. URL:
https://doi.org/10.3846/enviro.2017.216

4. Sadoun B., Al-Bayari O., Al-Tawara S. Open Source GIS Solution:
An Overview of the Architecture of Free Open Source Web GIS. Jordan Jour-
nal of Earth and Environmental Sciences (JJEES). 2022. Vol. 13, no. 2.
P. 74-81. URL:http://www.jjees.hu.edu.jo/files/Vol13No2/JJEES Vol 13_
No_2 Pl.pdf

5. Kpacenko A.O. Telegram gaT-60T MyHIIUTIAIFHOI Te0iH(pOpMAITiii-
HOi cuctemMu micta. HOBITHI TeXHOJOTI] Yy HAYKOBiH MiSUTBHOCTI 1 HaBYAIb-
HOMY Tiporieci : BeeykpaiHChka HayKOBO NMpakTHIHA KOH(EPEeHIis CTyICH-
TIiB, acmipaHTiB Ta MOJIOJHUX ydeHux (M. YepHiris, 19- 20 xBitHs 2023 p.) :
30ipHUK Te3 romnosigel. — YepHiris : HY «Yepniriscpka nomitexnikay 2023.
C. 103-105. URL: http://ir.stu.cn.ua/handle/123456789/27776
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VJK: 004.65

MOJEJIOBAHHSA CEPBICY BIBHEC-TPEKEPY
JJIA MEJUYHUX KJITHIK

Bb.T'. Aunpycenko, O. B. TpyHoBa
Hayionanvnuii ynigepcumem « Yepuiciscoka nonimexixka»

VY cydacHOMY IIBHIKOIUTMHHOMY Oi3HEC-CepeIOBHIII BMIHHS YIIpaB-
JSTH Ta ONTHUMIi3yBaTH (iHAHCH € KPUTUIHO BAXKIUBOIO CKJIAJIOBOIO YCIIXY
KOMIIaHii.

Le mependavae GaraTorpaHHUN ITiIXi, SKAH OXOIUTIOE Pi3HI KIFOYOBI
TPUHIHIIH:

— IIPOTHO3YBaHHS I'POLIOBHX HAJXOKEHb 1 IUIATEXKIB;

— KepiBHUK (iHaHCaMM Mae BCTAHOBUTH JIiHII (iHAHCYBaHHS 3

iHBECTOpaMH Ta OaHKaMM;

— e(deKTHBHE YNpaBIiHHS TOBCSAKICHHUMH OIEpallisiIMU  UIS
MiHiMi3aIlil BUTpAT, HEOOXIAHUX JUIA MIATPUMKH Ta PO3BUTKY
JISUTBHOCTI,

— BuUOIp BIONOBIZHMX  IHBECTHHIMHUX  MOXIUBOCTEH,  sKi
NPHU3BEAYTH JI0 3aTAJILHOIO IIO3UTHBHOT'O I'POIIOBOIO IIOTOKY IS
Oi3Hecy;

— MOHITOPHHT MOPT(OIIO MPOAYKTIB 1 MOCIYT, MO0 MePEKOHATHCA,
1110 BOHH € IPHOYTKOBUMH;

— HasABHICTb IUIAHY YIPaBJiHHS Ha UTUIIKOM KowTiB [1].

MeTa OCHiIXKSHHS TOJIATae y CTBOPESHHI cepBicy Oi3HEeC-TpeKepy s
MEIMYHHUX KIIHIK, SKWI J03BOJUTH CIPOCTUTH BeleHHS (iHAHCOBOT
3BITHOCTI SIK KOMIIaHii B I[IJIOMY, TaK i T1 MpalliBHUKIB; aHAJI3yBaTH BUTPATH
Ta HAIXO/KESHHS B Pi3HUX cepax Ta MpoMiXKKax yacy.

Bubip npaBmisHOTO Oi3HEC-TpeKepy Mae BUpIMIaTbHE 3HAYCHHS LIS
e(heKTUBHOTO (hIHAHCOBOTO YIIPABIIHHSI.

3aBaanns mossirae B ctBopeHHi API 6i3Hec-Tpekepy I METUIHUX
kimiHik 'y ¢opmi SaaS [3]. O6’exkramu Takoi cucteMu €: cTtopoHHE API
(mmatixnHa cucrema Stripe; AWS cepsicu Cognito, SES, SNS, S3, RDS,
CloudWatch), sampo Oi3Hec-Tpekepy Ta KOpPHUCTyBadi cucTeMu (32
MOCepeTHUIITBOM KopHcTyBaubkoro web/android inrepdeiicy).

Kepyrounch 0i3Hec-JIOTiKOI0, CHUCTEMa IIOBHHHA BHUPILIyBaTH
HACTYIIHI  3aBJAHHS: pEecTpaliss Ta  aBTOpH3allisl KOPHUCTYBauiB;
aJAMiHICTpyBaHHS ~ KOpPHCTYBadiB;  OQOpMJIEHHS  MignMCKW;  email
Hotu(ikawii; pyyHe penaryBaHHS BUTpaT Ta HaAXO/DPKEHb; IMIOPT

51



0aHKIBCHKHMX BHIIMCOK; arperauisi iHpopmauii Juist 3BiTiB; aAMiHICTpyBaHHS
CHCTEMH; OTPUMaHHS CTATUCTUYHHX [TOKa3HUKIB CUCTEMH.

CucteMOI0 MOXYTh KOPHCTYBAaTHCSI KOPHCTYBadi CHCTEMH, SIKi
TOJUISIOTECS 32 3-Ma POJISIMH: «KOPUCTYBa4», «aJMiH» Ta «CyIep-agMiHn».
3a momomororo giarpamu Use Case [2] HpOJEMOHCTPOBaHO OCHOBHI

MOJKJIMBOCTI KOXKHOTO 3 HHUX (PUCYHOK 1).
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Pucynox 1 — Jliarpama Use Case

3BUYalHUIA «KOPUCTYBau» IIpeJCTaBisie HalMaHUI NepcoHal, SKi
MaroTh OOMEXEHHH OCTYII 10 AaHUX Ta QyHKUiH CHCTEMH.
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KopucryBau «anmin» Mae TOBHMH jgocTyn 10 (yHKIiOHamYy,
BKJIIOYAIOYM CTBOPEHHS Ta HAJIAINTYBaHHS NpaB JAOCTYNy 3BHYAHHUX
«KOPHCTYBayiB», YNpaBJiHHA  JIOKAalliIMH, a TaKoX KepyBaHHS
nepeaiaTaMu.

KopuctyBau «cymnep-aaMin» yocoOJI0e CUCTEMHOTO aJIMiHICTpaTopa
CHCTEMH, KU Ma€e MOXKIIMBICTh NEPETIIIaT! CTATUCTHKY CHCTEMH Ta JIesKi
byHKIii JUTSt aZMiHICTpyBaHHS IHITTUX KOPHCTYBaJiB
(6moxyBaHHS/pO30JIOKYBaHHS).

IaTepdetic cepsicy OizHec-Tpekepy I MEIUIHHUX KITIHIK TOBUHEH
BIIMOBIATH OCHOBHUM KPHUTEPIAM TIOTIOHMX CHCTEM: MOXKIHUBOCTSIM
iHTeTpaIii i3 CTOPOHHIMH TPOTPAMHUMH PIIICHHSAMH, MOOIUTBLHOCTI,
TEXHOJIOTIEI0  ONTHUYHOTO  pO3IMi3HAaBaHHS CHMBOJIB, HAaJalITOBAHOIO
KaTeropu3ali€lo BHUTpAaT 1 IJIMOOKOI aHANTHKOIO, IO BiANOBiJae
KOHKPETHUM  NOTpebaM  HEBENMKHX  OpraHisamii, sKi  IparHyTh
OpIEHTYBATHCS B CKJIAIHHUX TIpolecax yIpaBiliHHS O0i3HECOM 3 00MEKEHHUMHU
pecypcamu.

@yHKuis ynpasiiHHS J103BOJIaMH KOPHCTYyBaya JOAATKOBO I'apaHTyeE
KPUTHYHO BXKJIMBHH acIIeKT Ul KIIHIK, IO PO3BHBAIOTHCSA, a CaMe,
LUTICHICTD 1 KOH(IACHIIIHICTD JaHUX.

[IpoexT BUXOANUTH 32 MEXi chepr YIpaBIiHHS MEIUIYHUMH KITiHIKAMA
Ta € yHIBEpCaJbHAM 3pa3KOM CyJacHHUX Oi3Hec-iHCTpyMeHTiB. [IpomoHoBane
pilIeHHs, aganToBaHEe IO PI3HUX Taly3ell MPOMHUCIOBOCTI, ONTUMI3YHOUYH
NPOLIECH He JInILE B chepi OXOPOHH 37I0pOB’s, a il y Oy/b-sIKOMY CEKTOPi, J1e
JlaHl KepyIoTh pilieHHsIMH. T0OTO, rOJOBHI KOPUCTYBaui JaHOTO MPOEKTY —
MaJli Ta Cepe/iHi I IPHUEMCTBA, @ BAKOPUCTAHUIA 1110 MAIOTh CBOIO YHIKAJIbHY
cneuudiky.

[Tpoekt BTNIOE NEpeNoOBUil MiXiA 10 IHCTPYMEHTIB YNpPaBIiHHS
0i3HeCOM, OOILAIOYM CTaTH I[IHHUM HaA0aHHSAM HE TUIBKK IS MEIUYHUX
KIIHIK, @ TaKOX MacIITa0OBAHUM PIIICHHSM U MaJOTO Ta CEPEeIHBOrO
Oi3Hecy, SKWH CTHKA€eThCSA 3 TPYAHOIIAMH CYYaCHOTO CEKOHOMIYHOTO
cepenoBuma. I[lomanbma po6ota Oyae MOB’s3aHa 3 yIOCKOHAICHHAM Ta
PO3IIMPEHHSIM MOXJIMBOCTEH CHCTEMH, a TaKOX IePEOCMHUCICHHAM
apXITEKTypU CHCTEMH B OiK MiKpOCEPBICiB.

Jlitepatypa
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APXITEKTYPA IHTEJIEKTYAJIBHOI CUCTEMMU NIITPUMKHA
NPUHAHATTS PIIIEHD J1JI1 KOMIUIEKCHOI OLIIHKHW PIBHA
YCHIIIHOCTI CTAPTAII-ITPOEKTIB

Mawmuyposcekuii B.C., [Ipumena /1.0., [IlacHa A. I1,,
Tpynosa O.B., Topom M. C.

Hayionanvuuii ynieepcumem « Yepniciecoka noaimexuixa», Ykpaina

Tema aHamizy Ta OLIHKK CTApTAaIliB HE BTPAada€ CBOEI aKTYaIbHOCTI
BIKE TTOHA] IECATOK POKiB. KoskHOTO pOKY IyOIIiKy€eThCs Bee OTbIIIe HayKo-
BUX POOIT, SIK 3apyOiKHAMH, TaK i BITYM3HIHUMHE JOCITiTHIKAMH, SKi IIPOTIO-
HYIOTh Pi3HI MiJIX0/IX IO CTBOPEHHS CUCTEM OI[IHKHU CTAPTAIliB, [0 Pi3HATHCS
CTyIeHeM aBTOMATH3allii iCHYIOUHUX pillleHb. IX MOYHA MOJIIMTH Ha py4Hi,
Jie 00poOKa ycix iHGOpMAIIITHAX MPOIECIB 3MIUCHIOETHCS JTFOIUHO, aBTOMA-
TH30BaHi, ¢ BAKOPUCTOBYETHCSI KOMOIHALisS JIIOAWHY Ta MAIIUHU JUIS 00po-
OKHM JaHWX, Ta aBTOMATHYHI, € aHalli3 3JiHCHIOETHCS IJIKOM MAIIHHO0. Y
npolLeci AOCTiKEeHHs OyJI0 BUSBIICHO, 110 BCI pilllEHHS MalOTh CBOI HEJO-
JIKH, SKi 3aBaYKAIOTh SIKICHO OIIHWUTH CTAPTaI-TIPOEKT, OCOOIMBO Ha paHHIX
eTamax Horo po3BHTKY, OTXKE iCHye BUCOKa IOTpeOa y CTBOPEHHI IOBHICTIO
ABTOMATHYHHX CHCTeM, sKi O Oynu mo30aBieHi HEIOMIKIB, IO POOUTH PO3-
POOKY apXiTeKTypH iHTEIEKTYaIbHOI CHCTEMH MiATPUMKH HPUHHATTA pi-
menb (CIIIIP) s KOMIUIEKCHOT OIIHKH PiBHSA YCHIITHOCTI CTapTar-IpoeK-
TiB aKkTyanbHOtO [1].

Ha crorozsi akTyaiabpHICTh BU3HAUEHOI IPOOIeMH CTae OibIl 3HATY-
1010, Y 3B’SI3Ky 3 BiIHOBJICHHA NMPUKOPJOHHUX perioHiB. Cucrema Moxe
OyTH BHUKOpPHCTaHA Pi3HUMH TpyllaMH KOPUCTYBadiB: yHiBepcuTeTamu [2],
BJIACHUKaMH Oi3HEC-IIKLI Ta BIACHUKaMU Oi3HEC-1HKy0aTOpiB ISl HABYAHHS
Ha peaJibHUX IMPOEKTaX Ta OTPUMAaHHS PEKOMEHJAllil; MEHeIDKepaMH s
OLIIHKH MPOEKTIB Ta pillleHb, SIKi BOHW NPUIMAlOTh B yIIPaBJIiHHI; cTaprare-
pamH Ta BJIacCHUKaMH CTapTan-1aTqopM il OLIHKH PiBHS yCIIIITHOCTI Bla-
CHHX IPO€EKTIB; IHBECTOpaMH AJIsl SMEHILCHHS PU3UKIB 1 NPUHHATTS 00IpyH-
TOBaHHX PIlICHB I[0JJ0 IHBECTHIIIH.

PiBenp BeO-iHTEpdeiicy BiAMOBIAAE 32 B3AEMOIIIO 3 KOPHCTYBa4YeM Ta
6i3Hec-j0riKoI0 3acTocyHKy [3]. Ha mpomy piBHI BinOyBaeThCsi mpeacTaB-
neHHs iHopmarii, 0OpoOka BBEJACHUX NaHUX, a TAKOX B3aEMOJIS 3 IIIAPOM
0i3HeC-JIOTiKH IS 3I1MCHEHHS CIUIKyBaHHS KOPHCTYBadiB 3 cHCTeMOIO. Pi-
BeHB BeO-iHTepdeiicy Mae OyTH po3poOIIeH i 3 ypaxyBaHHSIM JOCTYITHOCTI,
IHTepaKTHBHOCTi, TIOCHiJOBHOCTi, 30aJaHCOBAaHOCTI, aIaNTUBHOCTI Ta
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MaciTaboBaHOCTI. BaskiMBOIO CKI1a10BOIO IIbOTO PiBHS € CTBOPEHHS SIK BEO-
3aCTOCYHKY, TaK 1 MOOLIBHOTO JIOAATKY JUISl IMPLIOTO OXOTUIEHHS ayAUTOPii.

Kopnetysazi
Menezzepn Crapranepn Yaisepcurern  Insectopn
Baaacausa cepaicis Baacaugu Bancmuu Baacuusu crapran-
31 cxoxom0 Bi: iHKY pi it it maatopm

Beb-inTepdeiic

Biznec-norika
33CTOCYHKY

1
Hetfipo-HeuiTxImt
CepBiC OLIHKM

JocTyn 10 gaHnx JocTyn 1o maHHX

RV

I
'

Pucynox 1 — 3araneHa apxitektypa intenexryaiabHoi CIIIP s
KOMIUIEKCHOT OIIIHKH PiBHS YCITIITHOCTI CTapTal-MPOEKTIB
PiBeHb Oi3HEC-JIOTIKM BiNOBIIaTUME 32 OCHOBHY B3a€MOJIIIO 3 BeO-
iHTEepdeiicom Ta cTopoHHIMH cepBicamu. Ha npoMy erami BinOyBaeThCs Te-
HepaIlisl aHKeT IS OI[iHKH PiBHS YCHIIIHOCTI CTapTal-TIPOEKTIB, 30ip cTaTH-
CTHKH TIpO poOOTy cepBicy, a TakoXk yci il 3 o0mikoBUMHU naHuMU. PiBeHB
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6i3Hec J0TiKM Ma€ 0OMIHIOBAaTHCH 13 CTOPOHHIMH CepBicaMH 3allUTaMH, a Ta-
KO’K BMITH 00pOOJISITH OTpUMaHI MOBiIOMIIEHHS. Ba)kIMBOIO CKIIa/10BOIO PO-
60TH LILOTO PIBHA € pealizalis 00poOKH HabOpy KPUTEPIiB Ta BiMOBIIEH KO-
pucryBauiB. Ha mpoTuBary KopucTyBanbkuMm intepdeiicam, ceppicam abo 6a-
3am nanux (b/1) Ha naHoMy piBHI BinOyBa€ThCsl BU3HAUCHHS 3arajbHUX 3a-
KOHOMipHOCTEH Ta 00MekeHb Oi3HeC-TPOLeCiB.

PiBens noctymy mo b/ 6i3Hec-I0TiKM Ma€ BiATIOBIATH 32 3YUTYBaHHS
Ta 3anuc qanx. Koxua B/l MatuMme BiacHWiA piBeHb MOCTYITy, 00’ €KTaMu
AKOi BOHa kepyBaTtuMe. OCHOBHOIO BJIACTHBICTIO TAHOTO PIiBHA € HEOOXif-
HICTh MATPUMKH 3B’s3KY 3 0a3010 Ha piBHI 3alUTiB, KOHBEPTAIlisl JAHUX iH-
MHX piBHIB y 3po3yminuii s B/ popmar Ta HaBmakw.

baza nanux Gi3Hec-npoliecy NOBUHHA MICTHTH y co0l laHi PO KOpH-
CTyBayiB, HA0OPU KPHUTEPIiB Ta iHPOPMAILIiFO TIPO IX 3B’S30K, pe3yJIbTaTH OLli-
HOK Ta peKOMEH/allii 100 MiABUIIEHHS PIBHS YCIIIIHOCTI MPOEKTIB, a Ta-
KOX JiaHi npo epeKTUBHICTh poOoTH cucteMu. CrnenndiuHO0 BIaCTHBICTIO
I[LOTO PIBHSI € BUMOTA JKUBYYOCTI Ta MOXKJIMBICTh CaMOBiHOBICHHs. JlaHi
MOBHHHI 30epiraTucs, po3paxoByYX Ha MOJaJIbIIe BUKOpUCTaHHA. Buxopu-
cTaHHs (aitIoBOT CHCTEMH ISl JAHOTO (QYHKIIIOHATY € PECYPCHOMICTKHM Ba-
piaHTOM, a TaKOX JaHWUH (HOpMAT 3HAUHO 3HU3UTH HAIHHICTH, TOMY BUKOpPH-
craemo CKB/I niist moOynoBu 0a3y maHHX.

PiBeHB HEHPO-HEUITKOTO CEPBICY OIIHKH Y HAIIIOMY BHIIAIKY TPHU3HA-
YCHHU IS OI[IHIOBaHHS PiBHS YCHIITHOCTI CTAapTaIiB 3a JOIIOMOTO0 HEHpo-
He'iTKuX MeToniB. BiH aHamisye BXinHiI JaHi Ta 3a0e3Medye MOCIiTOBHE 3a-
CTOCYBaHHS BIATIOBIIHUX HEUPO-HEUITKHX Mojeneil. OcoOIMBICTIO TaHOTO
PiBHS € HOTO 3/1aTHICTH KEPyBaTH CKIaTHIMU pOOOYNMH IIPOIECaMH, rapaH-
TYIOYH, [0 KOXKEH eTall HeWPO-HEediTKOTO OI[IHIOBAHHS BUKOHYETHCSI MAKCH-
MaJIbHO TOYHO Ta e()EeKTUBHO.

PiBeHb HOCTYIYy 10 MaHWX CEPBICY HEUPO-HETITKOTO MOJIYJIIIO CIYTYE
MIPOMIXKHOIO JIAHKOIO MK PIBHSIMH CepBicy Ta 0a3u 1aHMX/cXoBHIIa. BiH Bi-
JIOBiIa€ 3a NIEPETBOPEHHS JAHUX i BUKOHAHHS 3aIHUTIiB. Moro Kimo4oa oco-
ONMUBICTP — QJaNTHBHICTh, IO N03BoJisie B3aemomisaté sk 3 BJ] (SQL i
NoSQL), Tak i 3 paitioBUMU CHCTeMaMH 30epiraHHs JaHHX.

PiBeHp 0a3u TaHUX/CXOBHIIA BUKOHYE MOBIHHY (PYHKIIIO: BiH MiCTHTb
K 0a3y JaHUX 1151 30epeXKEeHHs pe3yJIbTaTiB OLIHIOBAHHSI, TOMHJIOK 1 JAHHX ISt
HAaBYaHHS, TaK i GalIoBy cHCTeMY UL 30epiraHHs 3reHepOBaHUX HEUPO-HEdiT-
Knx Mojienieli. HaiiBa)xmBiIIoro BUMOTOIO JI0 IHOTO PIiBHS € HA/TiiHI MEXaHI3MH
3aXUCTy TAHUX, SIKi 3a0€3MeTyIOTh IUTICHICTB 1 Oe3MeKy SK CTPYKTYpOBaHUX -
HUX, TaK 1 TAKUX TUIIB (aiiiiB, Ik HEHPO-HEUITKI MOJETII.

Takum gyuHOM, T po3poOku inTenexTyanbHoi CIITIP mis kommurek-
CHOi OIIIHKHM PiBHS YCIIIOTHOCTI CTapTaIl-TPOEKTIiB OyJIO 3alpOIIOHOBAHO
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BUJIIJIUTH OKPEMUI CEpBIC /ISl OLIIHIOBAHHS PIiBHS YCIIIIHOCTI CTapTariB 3a
JTIOTIOMOTOI0 HEWPO-HEUITKIX METOIIB.

Taxkwuit miaxig poOUTH CUCTEMY FOTOBOIO JI0 MacIITa0yBaHHS Ta iHTE-
rpauii 3 pi3HuMH mIaThopMaMyu KOPUCTYBaUiB, a TAKOXK J03BOJISAE PO3IUTUTH
HaBaHTaXEHHS Ha poOoTy cucteMu. Cepes HeI0IIKIB TAKOTO MiZX0y MOXKHA
BHIUTATH CKJIAJHICTh TECTYBaHHS, BIAJAJKH Ta KEPyBaHHS TPAH3AKIIISIMH,
MOJATBIIII TOCTIKSHHST OYIyTh IIOB’sI3aHi 3 peallizalli€lo CHCTEMH Ta YCy-
HEHHSIM HEJIOJIIKiB, Ki OyJIO BHSBIICHO IPU MPOCKTYBaHHI.
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BUKOPUCTAHHS METO/OJIOT'Il CASE-BASED REASONING
JJISA BUPIIIEHHA MACHITABHUX JIOTICTUYHUX 3ATAY

K. M. ®okin, M. C. [lopow
Hayionanvuuii ynieepcumem « Yepnicigcoka nonimexixa»

[TpoGnema po3nOAIICHHS 1 TPAHCIIOPTYBAaHHS PECYPCIB y HANPIMKY
(GpoHTY € KHUTTEBO BakiBoo0. OCHOBHI IMEperoH: BUPIMICHHS JaHOI IPOo-
OyrleMU TTOJIATa0Th Y Hee(heKTUBHII KOOpAWHAIIT Ta KOMYHIKaIii Mi>k OCHOB-
HUMH Y9aCHUKaMU TIpo1iecy (BOJIOHTEPH, IPEICTaBHUKHU Oi3HECY Ta MiCIIeBOT
BJIaNIN), Pi3HI OIOPOKpPATHYHI IepernoHH, Oe3reKoBi MUTaHHA, HEPiBHOMIp-
HICTP 3aJTy4eHHsI BOJIOHTEPIB [T pi3HUX 3a/1a4 B Pi3HUX perioHaX, (piHaHCOBI
0OME)XeHHS, HeIOCTAaTHS OL[IHKA Ta MOHITOPHHT pe3ysbTaTiB. [lnaHyBaHHA
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PO3MOIiNy pecypciB TakMx MaciuTadiB MOBUHHO BUKOPHUCTOBYBATH 0arato
PO3pI3HEHUX CHCTEM IUIaHYBaHHS Ta MPUHUHATTS PillIeHb HaJl pO3PiI3HEHUMH
6azamu naHux. CKJIaqHICTh KOOPAUHAILT BETHKOT KUTBKOCTI CHCTEM 1 KOpHC-
TyBadiB Ha 0araTboX Pi3HUX caiiTax € BeIUUE3HOI. TOX JOIUIBHO B SKOCTI
3B’SI3yIOUYOTO €JIEMEHTY MK IrpyliaMi KOPHCTYBauiB Ta O€3Ji44Io criemiati-
30BaHMX CHCTEM IUIaHYBaHHS, IPHHHATTS PIlIeHb i 6a3 TaHUX BUKOPUCTATH
CBR (case-based reasoning).

Case-based reasoning (CBR) — e Mmetomosnoris BUpimeHHsS Ipo0ieM,
fKa CIIUPAETHCSI HA MUHYJIWH JOCBiJ /U po3B’s3aHHA HOBHX. Lle ¢dopma
MITYYHOTO iHTEJIEKTY, SIKa 30CEPEIKEHa Ha BUKOPUCTAaHHI 3HAHb, OTPUMAHUX
y TIOTIEPEHIX BHUIIAAKaX, ISl IPUHHATTS OOTPYHTOBAHUX PIlICHB MIOO HO-
Bux curyauiii. CBR nependadae nouryk, moBTOpHe BUKOPUCTAHHS Ta ajarl-
Tallil0 paHille BUPILICHNX BUIAAKIB JJIs pO3B’s3aHHS MOJIOHMX poOiieM y
MaiiOyTHpOMY [1].

OcnoBuumu nepeBaramu CBR e:

— OCHOBHA iJIesi METOJOJIOrI] MOJSIra€ y BHKOPHUCTaHHI IMOIMEpe/-

HBOT'O JOCBiJy Ul BUPIIIEHHS MOTOYHHUX MPOOJIEM 3 HACTYITHUM
BKJIFOUCHHSIM HOBOTO PIllIeHHS 70 0a3M 3HaHb;

— JIETKWH AOCTYII 10 IONEpeHIX 3HaHb Ta PillIeHb MPUHHATUX Ha 1X
OCHOBI JI03BOJIIE CTPYKTYpPYBAaTH AaHi 3 0araTbox JHKEpPe;

— METOJOJIOTIsS 30cepeKeHa Ha aOCTPAaKIIiAX BUIIOTO PiBHS, IO Ha-
Jla€ TIepeBary mepes iHIIMMH METOI0JIOTISIMH, Ki KOPHCTYHOThCS
creLiaIbHUMU TIPEJICTAaBICHHSIMH 3a/1a4, HE3PO3yMIIUMHU Hepeci-
YHOMY KOPHUCTYBady;

— METOMOJIOTISI € THYYKOIO 1 TApHO MPUCTOCOBAaHA ISl HECKIHIEHOTO
TOJIMIICHHS PE3yJIbTATIB 13 4acOoM;

— JIOTICTHYHI 3aJadi BEMMKHUX MAacIITa0iB 3a3BHYail BUKOPHUCTOBY-
10T 031119 PO3PI3HCHUX CUCTEM TUIaHYBaHHS, 0a3 JaHUX, CHCTEM
NPUIHATTS PillIeHb TOLIO.

BpaxoByroun BuIe mepenideHi nepesaru, merogoioriss CBR 3moxke
BUCTYIIUTH TapHHUM TIPOIIAPKOM MIX KIHIIEBUMH KOPHCTyBadaMu Ta 0e3-
JYYI0 TEXHOJIOTiH, 0 BUKOPHCTAHHI B CKJIQJHUX CHCTEMax IUIaHyBaHHS,
10 JTO3BOJINTH 3HU3UTH CTYIIHb CKJIAaJHOCTI BXOMKEHHS JUIS NEPECcCiyHOTO
KOpHCTYBaua.

— Tlpomapox Ha 6a3i meromonorii CBR Oyzne matu HacTymHi 0co0-

JIUBOCTI:

— HOBI pillleHHs OyAyTh MPUHAHATI Ha 0a3i MomepeHiX;

— TONepeaHi pillieHHs 0OUPArOThCA Ha OCHOBI IIiIEH, SIKi BOHH 3a/10-
BOJILHSJIM 1 TPOOJIeM, SIKUX YHUKAIIH;,
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— TornepesHi pileHHsT MOAU(IKYIOThCS, 0O MaTh 3MOTY BIAIOBI-
JIaTH MOTOYHUM LIISIM;
— Tpo0JieMu, 0 BUHUKAIOTH TIPH MPUHHATTI pillleHh BUPIITYIOTHCS
1 3aIICYIOTHCS U MaiilOy THHOTO BiOOpYy.
Bazyrounchk Ha 0COOIMBOCTSIX JIOLUIBHOIO € HACTYIIHA apXiTEKTypa Ta-
KoOi cuctemu (PUCYHOK 1):

Onwc npobnemn Ta

uinen
Monyne snGopy
plleHD
‘ OnTUmansHe
Ninxonse iLUeHHS |
nonepefHe pileHHA plieHHA
BUpiLLEH] OntumansHe
npoGnemu pilueHHs
Mouyae noninuesHa 5 Moayns 30epiranss 5 KineuHnia
pilues piens KOpWUCTYBaY
MNoninwere piwenHs 3 Moninwere pilieHHs 3
npoGnemoro BurpileHolo Npofinemoio
Moy Bupinens
npodnes

Pucynok 1 — ApxiTekTypa npomapky 3 BAKOPHCTaHHIM METOIOJIOTii
Case-Based Reasoning

1. Moayns BHOOpY pillleHb — MOTIEPETHE PIllICHHST OOMPAETHCS Ha OC-
HOBI LiJICH 1 IpoOIeM.

2. Moaynb MOJIMNIIEHHS PillieHb — PillIeHHs MOJIMIIY€EThCs, 100 Bia-
MOBIAATH MIOTOYHUM ILiJISAM.

3. Mopaynb BupimeHHs po0ieM — BUPILIYIOTHCS 1 3alUCYIOThCS MIPO-
61eMu, SIKi BUHUKIIX T1i]] Yac MOJIIIIEHHS PillIeHHS.

4. Monynb 30epiranHs pillleHb — iHIEKCY€ IPUHHSATI PillIeHHS 3a I1i-
JSMH 1 IpoOaeMaMu.

Omxe, Bukopuctanas CBR (case-based reasoning) B sSIKOCTi 3B’ I3yF0YOTO
€IIEMEHTY MiXX TPYTIOI0 KOPUCTYBaUiB i Oe3JIiUi CIIeliali30BaHNX CHCTEM IIaHY-
BaHHS, IPUHHATTS pillicHb 1 0a3 JaHUX HAACTh MOXITMBICTD CIIPOCTUTH Ta aB-
TOMATH3YBaTH MPOLIEC PIllICHHs] MACIITAOHUX JIOTICTHYHMX 3a/1a4.
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MPOTHO3YBAHHSI PIBHSA PU3UKY ITHOOPMAIIMHOI
BE3INIEKHA TPAHCIIOPTHO-JIOTICTUYHOI'O HEHTPY

O.1. Tpynos, M.C. dopom
Hayionanvnuii ynieepcumem « Yepnicigcoka noaimexuixa», Ykpaina

VY cydacHHX peaisix, BiTHOBJIECHHS perioHiB NOTpeOyBaTHMeE MIBUAKOT
JOCTaBKH KPUTHYHO BKJIMBUX BAaHTAXIB Ta BiTHOBJICHHS TPAHCIIOPTHO-JIO-
ricrmaanx neHTpis (TJIL), sxi 3maTHI MpUMaTH Ta HAKONMYYBATH BaHTAXI,
B TOMY YHCII 3-3a KopAoHy. TJIL] 3amumaioThCsi OCHOBHIMHU CHCTEMOYTBO-
PIOIOYHMH €JEMEHTaMH TPAaHCIIOPTHO-JIOTICTHYHUX CHUCTEM Ta 3abe3mnedy-
IOTh CKOOPJMTHOBAHY B3a€MOJIIIO BCIX YYaCHHKIB, a TAKOX 1HTETPAIIif0 TpaH-
CIOPTHHUX, TOBAapO-MaTepiajibHUX, CEPBICHUX, iHpOpMamiiHUX Ta (iHAHCO-
BHX MOTOKIB [1].

st 3abe3neueHHsT HAI[IOHAJIBHOT OE3MEeKH € aKTyaJbHUM CTBOPEHHS
iH(pOpMaiHHO-aHATITHYHNX CHCTEM YTIPaBIiHHS JOTiICTHYHAMH OTIepari-
SIMU BiJTHOBJICHHS TIPUKOPJIOHHUX PErioHiB [2].

Taki cucremu 3a0e3neuyBaTUMYTh aBTOMATH3ALIIIO MJIaHYBaHHS, MO-
HITOPHHTY, KOHTPOIIIO IIEPEMIillICHHS BAHTAXY Ta BiOOpaKaTUMYTh II0TOY-
HUH CTaH JJIS IPUUHATTS YIPaBIiHCHKHX PIllIeHb 3 YpaxyBaHHsIM OaraTopi-
BHEBOTO JIOCTYITy PO3MOJIiTy pecypciB. Y CBOIO uepry, 3abe3neueHHs iHdop-
Martiitaoi 6e3neku (1) Takoi cuctemu HabyBae 0COOIMBOTO 3HAYCHHS B YMO-
BaX MPUKOPIOHHUX perioHiB. Y Xoxi omiHkn pu3ukiB [b MaroTs OyTH BH3HA-
YeHI OCHOBHI (DaKTOpH BIUTUBY, @ TAKOX BEKTOP NMPIOPUTETHUX HATPSIMKIB 3
1X OIpaItoBaHHs.
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MaremarnyHy mMozens ouiHku piBHs pusuky Ib TJIL[ npencraBumo

SIK (PYHKITITO BifT IIECTH 3MIHHHX:
R =R(A,P,L Con,F,Cul), )

ne R — piBens pusuky 1b TJILI;
A={Ay, 4, ...,A]-}, j =1,] — piBeHb LIHHOCTi aKTUBIB;
P={P,P,,.., P}, i= 1,1- IMOBIpHICTB peajizalii 3arpo3u yepe3 3aiaHi
Bpa3INBOCTI;
L ={Ly,Ly,..,L;}, i =1, piBenn 36uTKiB Bix 3arposu;
Con = {Cony,Con,, ...,Con,}, n =1, N — piBeHb KOHTPOIIO iHOPMAITiii-
HUX peCypCiB;
F ={F,,F,,...,E,},m = 1,M — piBeHb BUTpaT Ha CTBOPEHHS Ta EKCILTyaTa-
uiro cucremu 1b;
Con = {Culy, Cul,, ...,Culy}, k =1,K — piBens xynsTypH IB.

3HaveHHs BCiX IUX (aKToOpiB MOXYTb HaOyBaTH SK KUIBKICHI Tak i
SIKICHI 3HaYeHHs B IpoMiKKY [0;1]. 3a3HauuMO, 1110 3apOIIOHOBaHA MO/IEIH
noTpeOye BU3HAUSHHS B3a€EMHOI KOpeJIsii (hakTopiB Ta MOKINBOI 1X HagMi-
pHocrTi. 3actocyeMo 1o 3anexxHocTi (1) Meron perpeciitHoro anamizy. s
L[LOT0, IPEJICTABUMO PIiBHSHHS (1) y BUIJIsIII pIBHSAHHS MHOXKMHHOT perpecii:

R:b0+b1'xA+b2'xP+b3'xL+b4'ﬁ+b5'i+b6'$++g, (2)

JIe X, — piBeHb I[IHHOCTI aKTUBIB; Xp — HMOBIPHICTh peai3allii 3arpo3u uepe3
3aaHy Bpa3lUBICTh; X; — PIBEHb BEIMYMHHU 30UTKIB Bi 3arpO3H; Xcon — Pi-
BEHb KOHTPOJIIO 1HPOPMALIIITHUX peCypCiB; X — PIBEHb BUTPAT Ha CTBOPEHHS
Ta eKcIutyararito cuctemu IB; x,,; — piBeHs KynbTypH IB; b; — Bara dakropis
i = 0,6; £ — BUNAJKOBA BEJIMUMHA.

PiBHSHHS (2) 3BOAUTHCS JIO JIIHIHHOTO BUAY IUITXOM 3aMiHH:

1 1
X1 =Xa, Xy = Xp,X3=X[, X4 =——,X5 =—,Xg =—.
Xcon XF Xcul

OTtpumyeMo, JiHiifHE PIBHAHHA MHOXHHHOI perpecii:
R=by+by x;+by %3 +bg-x3+by x,+bs x5+bg x5+ €. (3)

Jlns Bu3HaUeHHS Koe(illieHTiB b;, i = 0,6, 3aCTOCOBYEMO METOJ Hai-
Menmux kBagpatiB (MHK). ¥V skocTi BXiTHUX JaHUX BUKOPHCTOBYIOTH yCe-
peNHEeH] y MPOAYKIIHHUX MpaBUIax 3HaYeHHS (aKTOpiB pu3uKy. JloCTaTHBO
B3ATH KOxkeH 11-it psimok 3 720 npoayKuiiHUX paBuil, OCKIIBKK A7 100y~
JTOBH PIBHSHHS perpecii 3 mricTbMa 3MiHHAMH, TOCTaTHBO 00CATY AOCIiIKY-
BaHOI CYKymHOCTi B po3mipi n = 63. 11l06 BH3HAYHTH TiCHOTY 3B'SI3KYy MiX
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3MIHHUMH 00YHCIIIMO MHOXKHHHI KOoe(il[ieHTH KOpeJsiLii, SIKi € y3arajJbHeH-
HSM MapHUX KOeQiIieHTIB Kopemnsii (1uB. Tadm. 1).

Tabmuws 1
Martpuiist mapHoi KOpesiii

R X1 X X3 X4 Xs Xg
R 1
x, | 0471 1
Xy 0.444 0.027 1
X3 0.641 0.089 0.052 1
Xq -0.215 -0.120 -0.089 -0.237 1
X5 0.368 0.068 0.221 0.227 0.148 1
Xg 0.359 0.76 -0.012 -0.015 0.226 0.114 1

AHauti3 mepuIoro psAaKa KOpesiiiHoT MaTpHIli OKa3ye, Mo BCi (ak-
TOPH € 3HAYYILUMH, OCKLIBKH |rin| > 0,05, omxe X MOKHA BKJIIFOUUTH JI0
mozeni. [Tapunii koediuieHTt |rx 1% 6| > 0,7, 11e TOBOPUTH PO MYJIbTUKOJIIHE-
apHICTh (aKTOPIB X, Ta X 1 HEOOXIAHICTD BUKIIIOYEHHS OJHOTO 3 HUX 3 MO-
JIANTBIIIOTO aHATI3Y.

[Ticns 3HaXOJPKEHHS perpeciifHuX KoedilieHTiB, piBHAHHA (2) HaOy-
BAa€ HACTYITHOTO BUIJIAY:

R =0,05998 + 0,1479 - x, + 0,2354 - x, + 0,298 - x5 —
—0,08311 - x, + 0,00863 - x5 + 0,1976 - x,

Haii6inpinit Briiue Ha pusuk Ib (R) 3aiiicHioe daktop x; — piBeHb
30uTKIB Bifg 3arpo3 (a; = 0,298), a HaliMEeHITUI BIUTMB HANIA€ Xz — PiBEHb
BUTPAT HAa CTBOPEHHS Ta eKcIutyaraiito cuctemu (as = 0,00863), i iioro mo-
JKHA BUKITIOUUTH 3 MOJIEI.

11100 omiHUTH CTIITFHUN BIUTUB IIECTH (GaKTOPiB HA 3HAYCHHS PUZHKY
Ib HeoOXimHO 00YMCIUTH KOe(DIIEHT MHOXUHHOI KOPETAIi Ta KoedillieHT
MHO>XHHHOT JIeTepMiHaIlii:

_ f Y(R;—R)?
RRx1x2x3x4x5x6 = |1- Z(R;T)Z’ (4)

2
R RX1X2X3X4X5X¢g> (5)
ne R — cepenniii piBenb pusuky; R; — pakTUYHI iHAMBITyalbHI 3HAYEHHS;

R — po3paxyHKOBI 3Ha4eHHs Mozei [3].
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KoedirmienT MuOKHHHOT KOpesLil qopisaioe 0,8785, e Hamae mizc-
TaBH 3pOOMTH BUCHOBOK TIPO CHIIBHUH 3B'A30K Mixk pu3ukoM Ib (R) i daxro-
paMu MOJIEII X;.

KoedinienT nerepminanii 1ae owiHKy sIKOCTi o0y 0BaHOT MoAe, a
came, BKa3ye, Ha Te mo 77,1% 3minn pusuky 1b mosicaroeTscs 3MiHOIO (hak-
TOPIiB, BKIIFOUCHHX JIO PiBHSIHHSI perpecii.

3a F-xputepiem dinepa nepeBipuMo rinore3y Hpo 3arajbHy 3Hauy-

R* n-m-1 _ 07717 63-6-1
1-RZ _ m 107717 s

TabnuuHe 3HAYCHHS NP CTyMEHIX Boyi Ky =61k, =n—-m—1=
=63—-6—1=56, Fy(6;65) =225 Ockinbku ¢axtuyne 3Ha-
4eHHa F > Fy, , To koe(illieHT AeTepMiHallii CTaTMCTHYHO 3HAYyIIHH i pi-

micTh: F = = 31,547.

BHSIHHS perpecii CTaTUCTHYHO HafiliHe (ToOTO KoedillieHTH a; CyKyITHO3Ha-
qy1i).

PosrisinemMo nporuo3He 3HaueHHs Moaeni. Hexaii 3HaueHHst akTopiB
Bu3HauaeThes Bekropom (0,3; 0,4; 0,8; 0,25; 0,4).

CranpaptHa noxuOka Juist olinku pusuky Ib nopisaioe: S = 0,0836,
a  goBipumit  iHTepBa;m Uil NPOTHO3HOTO  3HAYEHHS  PHU3HKY
Rf(0,3; 0,4; 0,8; 0,25; 0,4) npu 3amaHomy piBHi 3Hauymocti a = 0,05
OyJe HACTYTTHWIA:

0,52 —2.299-0,0939 <Ry < 0,52+ 2.299-0.0939 ,
0,3 <R; <0,74.

[TporHo3He 3HaUCHHS PU3HMKY NPH 3a3HAYCHUX 3HAYCHHSX (haKTOpiB
nopisnioe: Rr(0,3; 0,4; 0,8; 0,25; 0,4;0,5) = 0,518.

AHaNI3yl0un OTpUMaHW{ pe3yJbTaT 1 MOPIBHIOIOYHW HOTo 3 Jdianaso-
HOM 3Ha4YeHb PU3UKY , MAEMO, 1110 JUISl PO3IIISIHYTOTO IIPHUKJIALy CHOoCTepira-
€MO BHCOKHH piBeHb pU3MKY. Lle BKa3ye Ha Te, 110 BUMAraeThCsl MEperisi
BXITHUX JOMYIICHUX YMOB.

Cuaiz 3a3HaYUTH, IO SIKIIO 3 PO3MNISLAY OyJIO BHKIIIOYEHO Oy.b-sika
3MiHHa, MO>KHa 3HOBY OOy lyBaTH PIBHSAHHS perpecii 3 MEHILOIO KiJbKICTIO
3MIHHHX 1 OTpUMATH OUTBII TOYHE MPOTHO3HE 3HAYEHHS pU3WKYy. Y pasi
3MiHH YMOBH HEOOXiTHO IOBTOPHO 3IHCHUTH PO3paxyHOK IPOTHO30BAHOTO
3HAYEHHS PU3UKY Ta HOro AoBip4oro iHrepsairy. TakuM YHMHOM, ITPOLIEC OLli-
HKH PHU3HKY TIPOBOAUTHUMETHCS 32 JIEKiJIbKa iTepamiii.

3anpornoHoBaHa METOMKA, 3aCHOBAaHA Ha CIIIJIFHOMY BHKOPHCTAaHHI
METO/1iB HEYiTKOI JIOT'IKH Ta perpeciiHoro aHanizy, J03BOJISE ITPU OLIHII PH-
3uky 1B TJIL] BpaxoByBaTH Taki mapaMeTpH sSK PiBEHb I[IHHOCTI aKTHBIB;
HMOBIpHICTE peaizallii 3arpo3 depe3 3aaHy BPa3lUBICTh; PiBEHb 30UTKIB
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Bijl 3arpo3; piBeHb KOHTPOJIO 1HOPMAIIMHUX pecypciB; piBEHb BUTpAT Ha
CTBOPEHHS Ta eKcIuTyararlito cucremu 1b, pisens xynsTypu Ib. Bukopucro-
BYIOYH II0 METOJMKY, MO’KHA: BU3HAYaTH CTYIiHb BIIMBY Pi3HUX (AaKTOPIB
Ha piBeHb pu3uKy |b; BuKIIIOYaTH 3 MOZENI NapaMeTpH, sIKi He3HAYHO BILIH-
BalOTh Ha piBeHb pu3uKy Ib; BKIrouaTH 10 Momeni (axkTopH, SKi 3HAYHUM
YHHOM BIUIMBAIOTh Ha piBeHb pu3uKy Ib; 004ncimoBaTH MporHo3He 3HaueHHS
pusuky 1B, sk TO4YKOBe, Tak i Mexax JOBIpUOro iHTEpBay; ONTUMI3yBaTH
BUTPATH Ha CTBOPEHHSA 1 €KCIITyaTalilo KOPIOPATUBHUX iHPOPMAaiHHIX CH-
crem TJILI, 3 MOKIMBICTIO KOHTPOJIIOBATH MTOBHOIO MipOIO BIIacHi iHpopma-
iiHI pecypcH.
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VIK 004.51, YK 621

MOPIBHSJIbHUM AHAJII3 IHOOPMALIMHUX MOJEJIENA
CUCTEM BIIOBPAKEHHSI IHOOPMAIIII ¥ 3D-IIPUHTEPAX

1.O. ITerpenxo, B.I1. Boiirenko, T.P. I'anees
Hayionanvnuii ynieepcumem « Yepnicigcoka nonimexnixa»

[Iponec moOy0BH TPUBUMIpHOI MOJIENTI BUMArae BiJ orepaTopa 1moc-
TIHHOT'O MOHITOPHHTY Ta 3MiHH MTapaMeTPiB IPYKY B 3aJE€KHOCTI BiJl aHATI3Y
iHpOopManiitHOi Mozei, OTPIMAaHOI Bix 00paHOI cuCcTeMH BiTOOpaKeHHS iH-
¢dopmarii 3D-nipurTepa [1].

3D-npuHTEpH € CKIaTHIMH €JIEKTPOMEXaHIYHUMHU IPUCTPOAMH, Oi-
JBIIICTB 3 SKUX MICTUTH TakKi 3aCO0M JIIOAMHO-MAIIMHHOTO iHTEpdeiicy, sk
€JIEMEHTH KepyBaHHsI (KHOIIKH, CEHCOPHI IaHeJi TOoIIo), pyHKIiOHANBHI MO-
MKIIMBOCTI CHCTEM Ta SIKICTh 1H(OPMAIIHOT MOAeNi € HallBaXTUBIIIMMU (a-
KTOpaMu Ipu BHOOPI crcteMu BinoOpaxeHHs iHdopmanii 3D-npunTepa.

Cepen cydacHHX CHCTEM BinoOpakeHHs iHpopmarii y 3D-npunTepax
MOXHa BUIIATH [2, 3]:

— Cucremn 3 BOyzoBaHnM auciureeM: KopucTyBadi MOKYTh BHKO-
pHUCTOBYBaTH BOyIOBaHUH y 3D-IIpUHTEp MUCIUICH TSI KEpyBaHHS
rapamMeTpamMHu ApyKy Ta OTpUMaHHS iH(pOpMaIlii mpo mpoiiec.

— CucrteMu 3 BUKOPUCTAaHHAM BijnaneHoro kepyBaHHs: eski 3D-
TIPUHTEPU MOXYTh OyTH KepOBaHi 4epe3 IiJKII0YEHHS 10 KOMIT -
foTepa abo 1HIIOTO MPUCTPOIO 32 JOTOMOTOIO CIEIiali30BAHOTO
IporpamMHoOro 3abe3neueHHs. B TakoMy BUIaaKy MpHCTpii Bimo-
OpaKeHHSI MOXKE HE BCTAHOBJIIOBATHCS 0€3MOCepeHbO HA MPHH-
Tepi, 1 BCS IHTEPaKTUBHICTD BiTOYBAE€ThCSA HAa €KpaHi KOMIT'IOTEpPA.

— CucteMu 3 BUKOpUCTaHHIM Beb-iHTepdeiicy: eaki 3D-npuntepn
MOXYTb MaTH BeO-iHTepdeiicH, sSKi JT03BONAIOTH KOPHCTyBauaM
B33a€EMOJIISITH 3 HUMH yepe3 BeO-Opaysep. Lle ocobmiBo 3pydHO 11
BiZTAJICHOTO KEPYBAaHHS 1 CIIOCTEPEXEHHS 32 ITPOLIECOM JIPYKY.

Cucrema BuBONy iH(OpMAaLil BUSHAYAE TE, K JlaHi 1 pe3yiabpTaTu 00-
poOKu OyIyTh MpEACTaBICHI I KOPUCTYyBada abo0 iHIIHX CHCTEM.

Sxumio indopmaniliHa MoIeTb BpaxoBye crocid BUBOAY iH(pOpMAIlii,
BOHA MOJKE BKJIIOYATH B ce0e Taki acleKTH, K (JOpMaTH JaHUX /s BUBOIY,
Iu3aitH iHTepdeiicy KopucTyBaya, MOBH Ta CUMBOJIH /ISl IPEACTAaBICHHS 1H-
(dhopmarrii Ta iHII MTapaMeTpH, MOB'SA3aH1 3 CIIPUHHATTSIM.

3MiHa cuCcTeMH BUBOY iH(pOpMaIii MOXe BIUIMHYTH Ha T€, SIK KOPHC-
TyBadi CIIpUAMAaiOTh iH(OpPMAIIiFO Ta B3a€EMOIIOTE 3 Heto. Ha ocHOBI aHamizy
OCHOBHHX CHCTEeM BimoOpaxkeHHs iH(popmarii [2, 3], siKi BHKOPUCTOBYIOTHCS
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quist 3D npuHTepiB, y Tabumuni 1 HaBeJeHO MOPIBHIHHS iX (YHKIIOHAITBHUX

0COOIUBOCTEN.

Tabauns 1 — IMopiBHAHHS (QYHKI[IOHATEHUX OCOOIMBOCTEH CHUCTEM Bi-
noOpaxeHHs iHopMmallii, 3actocoByBanux B 3D-npuHTEpax

Iudopmariiiina mo-
nenb 0OMexeHa po-
3Mipamu BOy10Ba-
HOTO
JIUCILIEIO

I opmariiina Mozens He Mae oOMe-
JKEHb 1 € MacITaboBaHOIO

34uTyBaHHS KO-
MaHJ 3 (i3HIHOTO
Hocis (CD-kapTn,
¢uen-kapTH)

®aiin 3aBaHTaXKY-
€Thes 3 BeO-pecypey
JI0 TIaM’sITi IPUH-
Tepa Ta 3YUTYETHCS
Y BiJMOBIigHIH mMOC-
JIOBHOCTI

Iorpedye moc-
TIHOTO ITiJIK-
JIFOYEHHS JI0
KOMIT I0Tepa
IUTs iepenadi
KOMaH/1

BincoTtkoBe BioOpaxeHHs, 4yac APYyKY, 3HAUCHHS BUCOTH
JieTalli Ha JaHOMY eTarti

TinbKu Ha JUCII-
JIESIX 3 JIIarOHaJLIio
Bif 5 mroiiMis

TpuBumipHe
BiZOOpakeHHs
nobynoBaHoi
Mozei Ha a-
HOMY eTarri

Bingcythe

Kepysanns 6a30-
BUMH TTapaMeT-
pamMu: Temrepa-

TypH, IIBHAKICTB,

HOTIK

KepyBanus 6a30BUMH apaMeTpaMu.
MoOXIHBICTE BHECEHHS Oy /b SKIX
KOPEKTHUBIB 3a 1oroMoror G-komy

Bincytae

BuBeICHHS TIOMHIIKH 3 OLIACOM,
MOXITHBICTb TIEPEIJIs Iy JIOTiB

66



Bincythe, onpasy
3yNHHKA IpoIecy
ApyKy

Busenenus
MOTIEPEIKEHb
3 OMHCOM, MO-
JKJIMBICTH Ma-
HIMyJAMiN Ha
OCHOBI OTpH-
MaHoi iH(pop-

Mmarii

Busenenns momnepe-
JDKEHb 0e3 omucy,
oJpa3y 3yNHHKa
[ponecy ApyKy

BuBijg moxa3HHKIB
TeMIeparypH, HIBU-
JIKOCTI 0XOJIO-
JOKCHHS, CTaHy

ApPYKy.

Busix mokas-
HMKIB TEMIIE-
paryp, WBHI-
KOCTI 0X0JI0-
JOKSHHSI, TIPHC-
KOpEHbB, TOMH-
JIOK, CTaHy
ApyKy, rpacdi-
KiB TemIiepa-
TYpH, TOLIO

Busij nokasHuKIB
TeMIepaTypH, IIBH-
JIKOCTi 0XO0JIO-
JDKEHHS, IPHCKO-
pEHb, TOMHIIOK,
CTaHy IpyKy, rpadi-
KiB TeMIIepaTypH,
TOIIO

3amnamM’TOByBaHHs OCTAaHHBLOI MPOYUTAHOI CTPOKH G-KOT
2
0e3 30epexeHHs MOJI0KEHHS TOJIOBKH APYKY

Bincytas

Hasa matepiany,
TexHiko-(i3nYHI napameTpu

IToBHa aBTOHOM-
HICTh

OyHKLis Kepy-
BaHHA 3D-dep-
MOIO

MOXJIHMBICTB KEpy-
BaHHJ uepe3 BeO-Ka-

MEpy

BucHoBku: [TopiBHSAHHS CUCTEM BifoOpaxeHHs iH(popMallii, TpOBeACHE
Yy paMKax JaHoi poOOTH, NOKAa3aJlo, 1[0 BCi CUCTEMH HaJar0Th MOKJIUBICTB
MOHITOPUHTY TpOrpecy MoOyJIOBHM MOJElNi, MapaMeTpiB TeMIlepaTypu Ta
IIBUIKOCTI IpyKy. HaftOinpI HagiifHOIO CHCTEMOIO € CHCTEMA 3 BHKOPHCTAH-
HSM BOYIOBaHOTO AWCIUICIO. AKe BOHA HE MOTPeOy€e HiKMX TOMOMIKHIX
amapaTiB UTs KepyBaHHS IIPOLIECOM APYKY, ajie, B OJHO Jac, € HaiOIbmI 00-
MekeHor0. HalOinpIn 3py4HOI0 € cHcTeMa 3 BHKOPHCTaHHAM BeO-iHTep-
(eficy, sKa Oa€e MOMJIMBICTD KEpyBaTH NPHUHTEPOM 0Oe3 OyIb-sIKOro
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¢izuuHOTrO BTpy4aHHs. ['0JIOBHMII HEHOJIIK Takoi CHCTEMHM - Iie rmotpeda y
cTablIbHOMY IHTEpHET-3B’513Ky. Halibinbnoro (yHKIIOHAIBHICTIO BUPI3HS-
€TBCSl CUCTEMa 3 BHKOPUCTAHHSM BiJIaIeHOrO KepyBaHHs. Taka cucrema
OXOIUTIOE CIIEKTP HEOOMEKEHHX MOKIMBOCTEH Y KepyBaHHI, MaHIMysILil Ta
MOHITOPHHTY TPUHTEPA, aJIe Ma€ TAKHi CepHO3HUIN HEJ0M, IK HEOOXITHICTh
y TOCTIHHOMY MiAKIIIOYCHHI MO 30BHIIIHBOTO amapary KepyBaHHS, IO Po-
OUTH IPUHTEP HEABTOHOMHHM.

Cucremn, siki Oynu ommcasi, He 374aTHI 30epiratu iHpopMmariitHy Mo-
JIeTb TiJ 9ac APYKY, IO YCKIIAIHIOE BIJHOBIICHHS NPOILECY HPH MOMIIIKaX
YM BiAMOBaX. BajkmBO 3ayBakWTH, II0 CHCTEMH BiZJOOPaKEHHS Ta yIpaB-
TiHHA iHOPMALIHHUMHI MOIEISIMH TaKO)X HE MalOTh 1 MEXaHI3My peary-
BaHHs Ha MOTNEPEIKEHHS, SIKi BAHUKAIOTh, Y1 HEKOPEKTHY 3MiHY TapaMeTpiB
npyky. ToMy BOHU He 3MaTHI IPUAMATH PIIICHHS 00 TX 3MIHU IS MiHIMi-
3aIlii BiJMOB y TPOIIECi APYKY.

Beenenns ¢yHkuii 30epexenHs iHpopMauiitHol Moeli miJl 4ac IpyKy
JIO3BOJIUTH BUPIIIUTH 11i MPOOJIEMH, a TAKOXK BiJJKPUE MOXKIIMBICTH BUKOPHUC-
TOBYBaTH 30epexeHi npodii HaATyBaHb JUIS APYKY IHIIUX JeTaleH.

3anpoBamKkeHHs (QYHKII aHami3y iHQOpMaLiifHUX Monenell Ha erami
BUHUKHEHHS TIOTMIEPE/KEHb YU 3MiHU MMapaMeTpiB APYKY Ta QYHKIIi 30epe-
JKeHHSI 1H(QOPMAIIIITHOT MOJeNi MMiJ Yac APYKY MO3BOJHUTH aBTOMATH3yBAaTH
KepyBaHHS IapaMeTpaMu MOJEINi Ta MIHIMI3yBaTdh CHTyamii IepeprBaHHS
npouecy Apyky. IlocraHoBka 3aBHaHp ISl TOJAIBIINX JOCIIIKECHB
TIOB’s13aHa 3 pO3POOKOIO OMUCAHNX (DYHKITIH.
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As a result of the accident at Unit 4 of the Chernobyl Nuclear Power
Plant (ChNPP), about 200 tons of nuclear fuel formed more than 2000 m?® of
fuel-containing materials (FCM), which, at the moment, are mainly located
at the lower elevations of the Shelter facility (SO). Despite the fact that the
accumulations themselves are not directly nuclear hazardous materials, they
nevertheless have a significant impact on environmental and radiation safety,
including on plant personnel. Degradation and natural destruction of FCM
leads to the formation of radioactive aerosols. Changes in flux density ob-
served after the installation of the NSC accelerate these processes and actu-
alize the problem of FCM materials.

To solve the problem, localization, fragmentation, collection and sort-
ing for further storage of existing accumulations of FCM at the lower levels
of the OS is required. The pilot project for the extraction of FCM materials
will require the development of remotely controlled systems for performing
operations and the introduction of radioactive waste management technolo-
gies. The following modeling tasks are covered in the process:

= Environment modeling. Simulation modeling methods for con-

structing a working environment and localizing accumulations, cre-
ating a map of radiation fields will allow constructing a work plan
and programming routes.

= Robot modeling includes the development of 3D models, analysis

and simulation of robot mechanisms, as well as programming of
controllers and systems.

= Modeling robot behavior in the context of creating the capabilities

of inertial coordinate systems and developing an inertial navigation
system.

= Modeling of applied problems requires detailed development of al-

gorithms for searching, selecting images, fragments and other
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operations with field materials. Creating scenarios in the robot and
programming systems, such as overcoming obstacles.

Localization tasks are inextricably linked with environmental model-
ing. Radiation safety standards limit human access to rooms with accumula-
tions of FCM materials for route planning, operations and determination of
room parameters. Creating such a 3D model allows us to carry out detailed
planning of work. At the first stage, modeling takes place in traditional CAD
systems using available data, room scheme, photos, plans, blueprints etc. In
the future, it is planned to create an interactive BIM object-oriented model of
the lower elevations using parameters obtained from the robotic complex and
the created network of sensors for taking parameters.

Figure 1. 12/07 room modeling

Conventional fragmentation methods used when dismantling building
or other structures lead to significant dust formation, contamination of the
working tool and require powerful cooling with significant liquid consump-
tion. In the case of fuel-containing materials, it is necessary to comply with
radiation safety standards, prevent the formation of aerosols and minimize
the amount of radioactive waste. The relevance of developing dry laser frag-
mentation technology arises, foremost, due to the advantages of radiation
safety over other methods. A promising approach for the fragmentation of
lava-like fuel containing materials (LFCM) is the use of dry fragmentation
technology, which uses a high-power solid-state laser developed at the Fraun-
hofer IWS laboratory in collaboration with ISP NPP and Plejades GmbH.
This technology offers benefits such as minimizing dynamic and static loads
on local structures, efficient energy (heat) transfer and reduced dust genera-
tion.

The research carried out to develop the technology made it possible to
determine the optimal modes of the laser system and identify a list of require-
ments for cutting LCCM. The formation of various methods for the formation
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of a system-wide approach to the fragmentation of LPVM has begun. The
key operations of the technology are non-through laser cutting and drilling
operations. Technologies for controlled cracking and creation of weak zones,
taking into account factors such as the type of molten material and the influ-
ence of moisture, will allow us to formulate approaches to the fragmentation
of specific accumulations, depending on the nature of the accumulation itself.
Finally, an integrated approach is considered that combines laser fragmenta-
tion techniques with additional mechanical action, which should ensure frag-
mentation of the accumulation for subsequent containerization of materials
with minimal generation of waste and aerosols.

The current task of this project is the development of a mobile remote
complex necessary to perform basic exploration operations, as well as the
delivery and positioning of a laser cutting head, auxiliary tools for crushing
and collection. The concept of the proposed complex is a modular design,
providing wide versatility of the system and variability of use. As an execu-
tive tool, the platform has a 6-axis manipulator with high lifting capacity. The
entire system is designed to operate in highly contaminated environments
while complying with radiation safety requirements.
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This work presents Nerf.jl, a novel approach to Neural Radiance Field
[1] modeling using Julia programming language. Current research is stuck in
a cycle of quick prototyping in high-level dynamic languages followed by the
offloading of performance-critical parts to lower-level statically typed lan-
guages. This creates an entry barrier and hinders the progress as well as in-
creases the complexity of the codebase.
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Julia programming language is a fast dynamic programming language
developed originally with the goal of offering a high-level programming
model while being as performant as statically typed languages. Relying on
LLVM compiler framework for generating highly efficient machine code in
a Just-in-Time manner, rich type system and aggressive code specialization,
Julia is able to provide support for a wide range of different accelerator
backends (CPU, GPU, APU).

Nerf.jl contains direct kernel programming in the Julia language itself,
targeting multiple platforms and multiple accelerator backends, integration
with different Automatic Differentiation systems using a single stack of tech-
nologies while delivering real-time performance.
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