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INFORMATION RETRIEVAL SYSTEM DEVELOPMENT
Oleksandr Skorupskyy 12, Yuriy Muzychuk *
! lvan Franko National University of Lviv (Department of Applied Mathematics)
2 University of L ’Aquila (DISIM)
Ukraine, Lviv
oleksandr.skorupskyy@Inu.edu.ua

Abstract

The information retrieval process begins with a query to the system.
However, when searching for information, the query is not a precise identifier of a
specific object in the collection. Unlike classic SQL queries to a database,
information retrieval results may match the query completely or partially, so they
are usually ranked according to their degree of correspondence.™ Stages of the IR
system development combined with the content analysis techniques were discussed
in this paper and applied to the problem of social network analysis.

Keywords: information retrieval, tokenization, normalization, lemmatization,
stemming.
Introduction

The object of research of this study is the information retrieval system.

Information retrieval (IR) is the process of obtaining information resources
that are relevant to an information need from a collection of those resources. IR can
be based on full-text or other content-based indexing.? This is the science of
searching for information in a document, searching for documents themselves, and
for databases of texts, images, sounds or it can also be searching for the metadata
that describes data.

The growth of social networks has led to the formation of a new field of study
and new data for research. In recent years many algorithms have been created for
natural language processing and information retrieval.

The major task of this research is to provide an orderly and clear pipeline for
the IR system. The research is focused on IR system development from the real-time
data of the particular social network stream.

Stages of the IR system development process

The research was performed by using different text processing methods, e.g.
tokenization, stemming, lemmatization, normalization. The task of tokenization is to
separate words from punctuation marks, numbers, complexes of letters and numbers,
Internet addresses, nicknames, signs, etc.l¥I The tasks of stemming, lemmatization
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and normalization are similar, but differ in the depth of data processing and
approaches to solving the problem. For example, stemming is the process of
reducing a word to its base by discarding auxiliary parts, such as endings or suffixes.

likes
~
liked ~
like
likely &
liking

Figure 1. Stemming
Lemmatization, in turn, is a more complex method based on determining the
basis of the word.

am

are = be

Figure 2. Lemmatization
Text normalization is an even more complex approach to text processing
which, for example, takes into account the context and meaning of a particular word.

car
“
car

automobile

Figure 3. Normalization
Indexing is one of the key principles on which the IR system is based. The
indexing procedure allows the transformation of a large set of text data into the data
storage model that is easily accessible and fast to process. Another important feature
of information retrieval systems is the order of importance of individual words in the
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context of the document. The importance of a word can be calculated, for example,
by statistically estimating the proportion of the word used in a document and the
inversely proportional number of documents in which the word is used throughout
the collection.
Results

Different methods of text processing were studied. The information retrieval
system was developed based on Twitter data. Figure 4 graphically illustrates stages
of the IR system development process. 1 million tweets (January - February 2021)
were used for building an index. Content analysis was performed by using the TF-
IDF ranking function. “Covid”, “coronavirus”, “vaccine” were the most “important”
words.

Data
downloading

2

Cleaning

4

Tokenization

2

Normalization

. 2

Stemming

2

Lemmatization

4

Indexing

. 4

Figure 4. IR system development process
Discussion
The obtained results of content analysis can be considered as representative
and objective due to large size of input data. Taking into account the pandemic
situation in the world these results were expected and forecasted.
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Conclusions

In the research an IR system was developed based on social network data.
Combined with methods of content analysis this system provides the most
“important” words of January-February 2021. Future work will focus on the use of
different graph algorithms on this data to investigate new features of social networks.
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PO3POBKA CUTEMMU KJIACTEPU3AIII AHTUTLI HA OCHOBI
KOE®IIIEHTY INIEPEXPECHOTI'O 3B’SAI3YBAHHS

Onexcandp 3enincoxutl, Bimanii I'opaau, FOpii Jlebedin
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
Oleksandr.Zelinskyi@Inu.edu.ua

B ymoBax manmemii HaJ3BHYAlHO BaXIUBUMH € JOCIIDKCHHS SIKi HECYTh
0e3ImocepeHI0 KOPHUCTh UL BHSBICHHSA, 3allO0IiraHHS Ta JIKYBaHHA BIPYCHHX
3aXBOPIOBaHb, a AKIIO TouHile Bipycy Covid-19 abo SARS-CoV-2. A B ymoBax
MOIIMPEHHS KOMIT FOTepIB Ta iHIIOI MOTYXKHOI 00YMCIIOBANBHOT TEXHIKH 3pyYHUM
Ta BOKJIUBHUM € BUKOPHCTAHHS KOMIT FOTEPHUX JTOPUTMIB JUI BUKOHAHHS 3aBJaHb
OB’ SI3aHUX 3 JOCIIHKCHHIMH BipyCIB.

Hano monekyay Bipycy SARS-CoV-2, 110 sK0i pHeTHYIOTHCS JBa aHTUTINIA,
JUTSL TOTO 1100 MOYKHA OYJIO iX BIZPI3HUTH OJTHE 3 HUX MOMiYaeThes *. st mpoCTOTH
BBa)XaTMMEMO, L0 BCEe BiNOyBaeThCs Ha IUIOIIMHI, a AHTHTLIA L€ JABa KPYrd
OJTHAKOBOTO PO3MIpy, L0 MPHUETHYIOTHCS IO MEHIIOTO Kpyra SKWil IpelcTaBlIsie
MOJIEKYITy BIpycCy.

SARS-CoV-2

Puc. 1. Mozenb npuegHaHHS aHTHTLI A0 BipYCHOT MOJICKYJIH

3ajaya nojsirae y 3HaXxoJKEHHI JBOX aHTHUTLI (MOXYTh OyTH OJIHAKOBUMH),
TakKMX M0 3HAXOAATHCS Ha ONTHUMAIBHIA BifcTaHi oaHe Big omHOro (HE
MIEPEeTHHAIOTHCS, HE 3HAXOMATHCS 3aHAATO ONM3BKO). 3PYYHHM TEOPETHIHUM
croco0OM IS IIFOTO € PO3OUTTS CITUCKY AHTUTLI Ha TPYIH (AaHTUTLNIA 3 PI3HUX TPy
B3a€EMOJIIIOTH Kpallle Hixk 3 ozHieT). Jlani Oy/e HaBeeHO ONUC AITOPUTMY PO3OUTTSI.

JaHi 3 eKkcliepUMEeHTy IMoJaHi y BUIIIAAl TaOiMIl, e KO>KHa KOMipKa Iie
KoeQIliEHT MepexpecHoro 3B’si3yBaHHs MiYeHOro aHTHTina (31 CTOBMLS) Ta He
MiueHoro (3 psaka). B psaky mozHadeHomy sk “blank” HajaHi MakCHMabHi
3HAYEHHS KOE(IIIEHTIB MEpeXpecHOro 3B’S3yBaHHS ISl BiJUIOBIHOTO MiYEHOTO
aHTUTINA.
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Labelled NP1501T* NP1502* NP1503* NP150&* NP1510% NP1514* NP1516* NP1517*

blank 1.089 1.067 1.3664 1412 1.67 1.07 1.1704 1.11
NP1501 0.449 0.715 1.0664 10248 1.136 0.26 04172 0.268
NP1502 0.893 0425 0.336 0.196 0.349 0.3625 0.665 0.45
NP1503 0.768 0.308 0.068 0.052 0.095 0.305 0.7126 0.408
NP1507 0422 0.856 07216 06088 0.785 01825 0.4256 0.154
NP1508 0.732 0.388 0.1456 0.0848 0.19 0.345 0.8456 041
NP1510 0.781 0.382 0.2152 0.1056 0.233 0495 0.7826 0.527
NP1512 079 0.789 0.876 0.7504 0479 0735 1.015 0.737
NP1514 0.448 0.822 1.0968 1.0088 1.189 0.2475 0.4858 0.253
NP1516 0.385 1.034 0.9832 0.9304 1.053 0.1775 0.3052 0.152
NP1517 0.425 0.644 0.7952 0.7304 0.585 0.155 0.2758 0.079

Puc. 2. ®parmeHT MO4aTKOBUX JaHUX
Jisn mopmanemiol poOOTH 3 JaHUMM X MO3HAYalOTh 33 HACTYIHHUM
aNTOPUTMOM:
1. Hudporo 3 (TeMHO-3€JEHUM KOJNBOPOM) AaHTUTIIA 3 TIOTaHUM
3B’SI3YBaHHSM, SKIIO
(cell[;]l[;ikl[)}{]ank[ﬂ) > 0.75 (1)
2. ludporo 2 (cBimio-3eleHHMM KOJIBOPOM) AQHTHUTIIA 3  CepeiHIM
3B’SI3yBaHHSM, SKIIO
0.5 < —(celllilljl-blankj])
blankl[j]
3. Ludporo 1 (6inmuM KOIBOPOM) aHTUTINIA 3 XOPOIIMM 3B’SI3yBaHHS, y BCiX

IHIINX BUITAAKaX.

label NP1501* NP1502*
NP1501
NP1502
NP1503
NP1507
NP1508
NP1510
NP1512
NP1514
NP1516
NP1517

<0.75 2

NP1503* NP1508* NP1510* NP1514* NP1516* NP1517*

R R N R R~ N
R e R NN R NN e
N NP R RPNR AN

"""’“I"‘“I

R e e
e e e

Puc. 3. ®parMeHT no3HaYeHUX AAHUX

Tenep 3amaua mossirae y po30OMTTI MATPHUIll MEPEXPECHOTO 3B’sI3yBaHHS
aHTUTII HAa TPyNM 3a O3HAKOIO MOAIOHOCTI paHillle CTBOPEHOTO ITOKAa3HUKA
3B’sI3yBaHHs Ul TOJIETHICHHS BHSBJCHHS ONTUMAlbHUX Map Ta MPHUOIU3HOT
Jokamizaiii  Micus  3B’s3yBaHHs. sl 1bOrO  BUKOPHCTOBYIOTH — METOJAU
KiacTepusaiii, a came k-modes.

k-modes — ue amropurt™, skuii 0GasyeTbcs Ha ainropurmi k-means i
BHKOPHUCTOBYETHCS JUISI KITACTEPHU3AIlil TaHUX Ha OCHOBI AKICHUX 3MiHHKX. k-modes
BHU3HAYa€ KJIACTCPU HA OCHOBI BIJMOBIIHOCTI KaTeropiii Mik TOYKaMHU NaHUX. B

9
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JTAHOMY QJITOPUTMI BiJICTAHb MiXk IBOMA TOUKaMH JaHuX X Ta Y OMUCYETHCS K cCyMa
HE CXO0)KHMX €JIEMEHTIB.

d,(X,Y) =¥, 6(x, y:), e 6(x;,y;) = {

0, x; =y
1, x;#y

®)

Jnst BU3HAYEHHS ONTHUMAIBHOI KIJIBKOCTI KJIAaCTEpiB BHKOPUCTOBYETHCS
elbow meton, sikuit aust pisHuX 3Ha4YeHb k Oyae BubGHpaty 3HaueHHs K y Tiit Toui,

Jie 3HaYCHHS ICTOTHO HE 3MEHITY€ETHCS 31 301IbIIICHHAM 3Ha4eHH k.

Jns o0poOkm maHWX Ta KiacTepu3allii BUKOPHUCTOBYBajlach 0iOiioTeka
kmodes, pandas, matplotlib ta kneed 3 Python. B pe3ymipraTi BUKOHAHHS ITpOrpamMu

OTPUMAHO ONTHUMAaNIbHE PO3OUTTA Ha 9 KiTacTepiB.

Elbow Method For Optimal k

500

300

Cost

200

100

0

10 20 30
No. of clusters

40

Puc. 4. ®parMeHT MO3HAYCHUX JAHUX

Antigen by groups

Group | Group 1 Group 11 Group IV | Group V
NP1501, NP1512, NP1514, |NP1528 NP1502, NP1503, NP1508, NP1524, NP1526,
NP1516, NP1517, NP1521, NP1510, NP1520, NP1522, NP3715, X212, |NP3701, X200,
X211, X215, X218, X220, NP1525, NP3708, X190, X221, (X217, X223, X201
X275 X271 X224

Group VI Group VII | Group VIII Group IX
NP1507 X155, X202, NP1518 NP1527,

X213, X233, NP3706
X32, X41
Puc. 5. Pesynbrar po30UTTS Ha KlacTepu
Tab6mn. 1. OgixyBaHHit pe3ynbTaT po30UTTI
I'pymu | Iig EnemenTtn
rpymnu
1 A NP1501, NP1514, NP1516, NP1517, NP1507
B X190, NP1526, X200, X201
1B/2 NP1512, NP1521

10
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) NP1502, NP1503, NP1508, NP1510, NP1520, NP1522, NP1525, X221, X271, |

NP3701, NP3708
2B/3 NP1528
3 A X202, X218, NP1518, NP1527
B K32, X155, X41, X212, X218, X217, X223, X224, X283, NP1524, NP3715
A NP3706
4 B X211
C X215
5 X220
6 X275

3 pe3ynbTatiB BUAHO, 110 rpyma I maiixe Bignosigae rpymi 1A B 00’ eaHaHHI
3 1B/2 ta 4B, 4C, 5 i 6. I'pyna 11l maiixe Bianosigae rpymni 2, I'pyna Il Binnosigae
rpyni 2B/3. I'pyna 3B Binnosinae rpyni VII ta rpyni IV. 3Baxaroun Ha Te mo
KUTBKICTh €JICMEHTIB SIKi MarOTh OyTH B ofHaKkoBHX Tpymax 30 3 43, To MOXHA
BBa)KaTH, 1110 MIOXHOKa CTaHOBUTE 0JM35K0 30%.

Ha pucynkax 6 ta 7 HaBeieHa Bi3yami3allisl peaJbHOTO Ta OYiKyBaHOTO
PpO30OUTTS Ha TPYIH 33 JOIIOMOTOO KOJBOPIB.

Puc. 6. Bizyaunizauist pe3ynbTaTiB po30UTTS

11
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JOCJIIIKEHHS BUKOPUCTAHHSA PI3HUX IBOBUMIPHUX
TPUKYTHUX EJIEMEHTIB J1JIs1 MOAEJIIOBAHHSA CEPETOBUIIL
METOJOM CKIHYEHHHUX EJIEMEHTIB

Bixmopia Yymaxesuy
Jlveiecokuil nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMeMAMuKy ma iHpopmMamuxu
victoriachu21@gmail.com

IocranoBa nJockoi 3aaa4i Teopii npykHOCTI
Maemo O,,, - nomuna nedopmanii. Hexait u, v, w mepeMimeHHs B3JOBK

oceit Oy, 0y Ta 0, — Binmosizno. Toxi U =U(X,Y), V=V(X,y), W=0. (1)

CniBBiHOIIEHHS 3aKOHY ['yKa A7t 130TPOITHOTO BUMAJKY MA€ BUIJIS:

o, =D| &g, + v Ey | 1-2
XX XX 1-v yy ,ny:D_—VJ/XY’
v o 2(1-v)
o, =|—¢& Ew _ _
W 1-v XX 144 O, —O'Zy —0, (2)
ae E . MOJIyIb IPYXHOCTi (Momymb FOnra); V' - xoedinient ITyacona;
G-vE
(L+v)1-2v) 3)
[puiimemo 1iceB0BeKTOpH AehopMaliiii Ta HAPy>KEHb:
(4)
[zs]=[gXX ' Ey s yxy]r; [O']Z[O'XX , Oy ,O'xy]r,
BukopucroByroun criBigHoeHHs: Kot 3anuiiemo 3akoH ['yka:
1 2 0
o 1-v (5)
[D]=D|— 1 0
1-v
1-2v
0 0 —
[o]=[DI[<]; i 20-0)]

Bynemo BBakaTH, 10 MacoBi CWJIM BiJCyTHi. BeKTOp 30BHIIIHBOTO

HaBaHTAXKEHHS IIPUHMEMO [p]= [px ! py]T . @ynkuionan Jlarpamxka B MaTpUYHUX
MIO3HAYEHHAX 3aMHIIEThCS TaK:

13
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I(UY=3 [leT DN [TpT s
Q Sy (6)
Bukopucranus pi3sHUX JBOBUMipHHX eJIeMeHTiB

Sx BIIOMO CKIHYCHHMH €JIEeMEHTAMH € MpPOCTi OO0JIacTi, Taki sK IiHii,
TPUKYTHHUKH, NPSIMOKYTHHKH, IpaMigu, Npu3MH. B CBOiX MOCHiKEHHAX S
3ocepenmiacs Ha TPUKYTHHX CKiHYCHHX eleMeHTaX. MHoI0 Oyiu po3IIISHYTI
JeKinbKa iX BUIB, a caMe JIiHiiHI Ta KBaapaTudHi. J{Hs HarJasaHOCTI HaBexeMo TaoII.

1, o KeMoHCTpye iX By3nu ['ayca pa3om 3 BaroBuMu KoeillieHTaMu.
Tab6un. 1. By3nu [ayca Ta Barosi koedirienTn

TToxmuOxa Toukn KoopaunaTtu Barosi

Ly L, Lg Koedimi
€HTH

- R =0(h?) a 1/3 1/3 1/3 1/2

¢ a 0o 1/2 1/2 1/6

Vd R =0(h?) b 1/2 0 1/2| 1/6

: - € 1/2 1/2 0 1/6
d a 1/3 1/3 173 27/120

' lc) 1 0 1 | 3/120

e N R = 0(h%) d 0 1 0 | 3/120

‘ , e 0 0 1 1 3/120

, — 0 1/2 1/2 8/120

L f /

12 1720 1 g/129

14
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Pe3yabsTaTH qocaigxeHb

Ha puc. 1. mokazani rpadiku mepeMimeHb B Tepepizax Il pi3HUX
IepeMilieHs y OTpPHMaHI Ha CiTHi, fKa MITHTh 2352 KBaJpaTW4Hi €IIEMEHTH.
PesynbTaTi po3paxyHKy HalpyKeHb JUI IUX BUIAIKIB 300paskeHO Ha pHC. 2.

7 1
0 - =5
6
U, M
-0.04
1.y=30
2.y=275
3. y=25
-0.08 4y=20 [
5 y=15
6.y=7.5
7.y=0
-0.12
0 10 20 30 40 X, M 50
Puc. 1. I'padiku nepemirieHb Ha CITII
80000 ‘ |
o, a — 1.y=30 1
— 2.y=275
40000 —— 3.y=20
4.y=75
5.y=0 2
/‘-\
0
2 3
T~ 4 5
-40000 -4
L\E/X )
-80000
0 10 20 30 40 X, M 50

Puc. 2. Po3paxyHOk HanpyxeHb

15
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B skocTi mpuKialy BUKOPHUCTAHHS PI3HUX TPUKYTHHX CKIHUCHHUX
elleMeHTiB OyJi0 MPOBEICHO MOJENIOBAHHS HAIPYXEHb Ta Aedopmariiii oOCHOBH B
paiioHi OyAiBHHIITBA 3 BUKOPHCTAaHHSIM METOTy CKIHUCHHHX elleMeHTiB. Ha ocHOBI
OTPUMAHUX PE3yIbTaTiB MOKHA 3pOOHUTH HACTYITHI BHCHOBKH.

Jis mowatky, MiATBEPIKCHHSM BIPHOCTI OOpaxyHKIB CIyTye Te, IO

HaTIpy>KEHHS %y Ha MOBEPXHI HAaBAaHTAKCHHA JOPIBHIOIOTH 30BHIITHHOMY
HaBaHTaKEHHIO.

[To-nmpyre, 3rymeHHs CITKM SK y BUNAAKy JIHIHHUX BY3JIB Tak 1 y BUIAJIKY
KBaJIpaTUYHUX ITO3UTUBHO BIUIMBA€E Ha OJICpXKaHi pe3ysibTaTd. 301KHICTH 3rigHO
YIIUIBHEHHSI CITKM €JIEMEHTIB IPOLTIOCTpOBaHa Ha rpadikax ais mepemillieHp Ta
Hanpy)XeHb OTPUMaHMX Ha BKa3aHHUX CITKax €JIEMEHTIB.

[Mo-Tpere, s 3poOMIa BUCHOBOK, IO PE3YJIbTATH OAEPIKaHi 3a JOMOMOIOO
KBaJpaTHYHUX BY3JIB € TOYHILIMMH, HDK 3 THMH CaMUMH IapaMeTpaMH, aie
JMiHITHAMH By3llaMu. AJDKe BKe NPH 76 KBaApPAaTHYHUX CIEMEHTAaX pe3yJbTar
Maibke 30iraeTbcs 3 THUM, IO oAepkaHwi st 2352 miHidHUX eneMmeHTiB. Lle €
JOCTaTHBO CYTTEBUM IPO 0OpaXyHKY HaBaHTA)KCHb.

Cnucok aitepatypu

1. CxsopuoB A.B. Tpuanrymsuus [Jenone u e€ npumenenne. — Tomck: M3a-Bo Tom. yH-Ta,
2002. - 128 c.

2. B. C. AngpeeB MaremaTHueckoe MOJEIMPOBAHNE BHEIEHTPEHHO HATPYKEHHBIX
(byHIaMEHTOB Ha CIIOHCTHIX OCHOBAHHAX METO/IOM KOHEUHBIX aneMeHToB./ B. C. AHzpees, A.
JI. Trorekun, T. A. Cenuxosa // Hayka ta nmporpecc tpancmopty. — 2004. — Ne4. — C.183 —
187.

3. Triangle: A Two-Dimensional Quality Mesh Generator and Delaunay Triangulator
(cmu.edu) [EnextponHuit pecypc]. - Pexum JIOCTYIY:
http://www.cs.cmu.edu/~quake/triangle.html (mporpama Triangle)

4. Nytuma M. [locmimkeHHS TOYHOCTI BH3HAYEHHS OCiaHb ()YyHIAMEHTIB 1HKCHEPHHUX
cropy Ha ctajiil yuiiibHeHHs rpyHTiB / ytuuH M., Ipuiok T., Huusua M. // 3Gipauk
HayKOBHX TIpalp 3axigHoro reogesnynoro topapuctsa YTI'K. — 2014, — Bumyck I (27). —
C. 45-56.
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ABTOPU3AIISA KOPUCTYBAYA 3A T'OJIOCOM
Jlana 3apeyvra, Muxona bapanos, Cepeiti Iéanos
Jlveiecokuil nayionanvuuil ynieepcumem imeni leana @panka
Daxynvmem npuKIAOHOT MAMEMAMUKU MA IHGHOPMAMUKU
danazaretska@gmail.com

Beryn

Bupimenns 3amad ineHTHdiKAil Ta ayreHTH(IKALI] JTIOIAHA 332 TOJIOCOM
CIIUPAIOTHCSI HA CTBOPEHHS METOIIB, IO 0a3YIOTHCS HA 3HAXOKCHHI BiAMiHHOCTEH
MK MOBIIMHA. CHCTEMH pO3ITi3HABAHHS MOBIIIB BUKOPHCTOBYIOTH T'OJIOC JIIOJUHU
SIK KIIOYOBUHM IHCTpYMEHT U TepeBipkd ocoOmcrocti. Pasom 3 meromamu
aymioaHalsi3y, 4acTO BHKOPHCTOBYIOTH MOJENI Ha OCHOBI IITYYHHX HEHPOHHHX
MEpex.
Tema pocaimxennsi: oOpoOka Ta po3mi3HaBaHHs ayaio-curHaiiB. CTBOpEHHs
ITOPUTMY aBTOPH3aLlii JIIOACEKOTO TOJIOCY.
MeTa nocitimkeHHsI: pO3pOOHUTH MOJIEb ayAio-ayTeHTU]IKaLliT roJI0Cy JIOIUHN Ha
0a3i ITYYHUX HEHPOHHHUX MEPEX.
MeTtoam po3ni3HaBaHHS MOBUIB

3amavi po3mi3HABaHHSA MOBISI MOJUIIOTHCS HA ABI TPYIU: KOHMEKCHHO-
sanexcni (text-dependent methods) Ta xommexcmno-nezaneacni (text-independent
methods)[1].
3anponoHOBaHUI AJTOPUTM

3anpornoHoOBaHuUil alrOpUTM Oepe 3a OCHOBY BUKOPUCMIAHHS 300padiceHb
Men-cnekmpozpam SIK TOJIOCOBUX O3HAK Ta HEUpOHHY MOOelb-Kiacugikxamop Iis
pO3Mi3HaBAHHS.
Haoip nanux, 0 BUKOPUCTOBYBAaBCS

Jnis mocmimkeHHs BUKOpHucTaHo Habip manmx Speaker Recognition Audio
Dataset fff6laed-e, npencrapnenuid Ha miaTdoOpMi Ui 3MaraHp 3 aHAJITHKA Ta
nependauyBanbHOro MonemoBanHs Kaggle y 2018. Hdani cxmanatorsest 3 50-tn
ayAi0JIOPI’KOK, KOXHA 3 IKUX MICTHTB 3aIIiC TOJIOCY OJHI€T JIFOUHN TPUBATICTIO 60
XBWIMH. TEKCT, 1110 TPOMOBIISIETHCS, € YHIKAILHUM JIJIsI KOXKHOTO MOBIISI, TOMY IS
TaKUX JIaHHUX 33/1a4a TOJITATUME Y KOHIMEKCHO-HE3ANeHCHOMY PO3NIZHABAHHI.
O0pooOKka 1aHux

Hax xoxHIM ayzmio3amucoM BinOyBcs mporec BUAaIeHHS THII. Bupizamucs
Ti 9acoBi NMPOMIXKKH, B SKHX MaKCHMallbHa TYYHICTh HE TepeBHImyBana 15 nb.
OtpuMaHi maHi Oy/no TOIUIEHO HAa paMKH TPUBANICTIO 4 CEKyHOU KoxkHA. JIist
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TpeHyBaHHs KiacuikaniiiHol Mojeni BHKOPHUCTOBYBAJIHMCS 300paKeHHS Me-
criekTporpam[2].

3BuuaitHa cnekmpocpama € BiJOOpaXEHHSM CIIEKTPY YacTOT Yy 4daci,
JIEMOHCTPYE 3aJIEXKHICTh MIXK CHIIOI0 CIIEKTpyMy Ta dacom[3]. Mer-cnekmpozpama
YTBOPEHA 3a JOTIOMOTOI0 TIEBHOTO JIoTapu(MyBaHHS 3HaUYeHb 1O oci Y . 3a3Buyait
MIEPETBOPEHHS JTiHIHHOI IIKaJIN Y MeJI-IIKaTy BiqOYBaeTHCS 32 TaKOK (HOpMyIor:
H(f) = 1127 - In(1 + (f/ 700) ).
3anponoHoBaHa apXiTeKTypa HeiipoHHOI Mepeki

B pomi xknacudikaniiinoi Mopneni, BUKOPHCTaHO CiaMCbKy HEHPOHHY
Mmepexy[4][5], sxa npuiiMae Ha BXijJ MO3UTHUBHI Ta HEraTUBHI Mapu. [103UTHBHUMHU
mapaMu y BUIAIKy JMaHOi 3a7a4i OymyTh JBI MEI-CIIEKTPOrpaMH, 3rCHEPOBaHi 3
TOJIOCIB OJTHI€T JIFOTMHM, a HETATUBHUMH - Ti, III0 3TreHEPOBaHi 3 TOJIOCIB IBOX Pi3HUX
MOBIIIB.

input_shape = (288, 432, 1} input_shape = (288, 432, 1)

Input Layer Input Layer

BatchNormalization BatchNormalization

Convolution 2D layer (3 filters, 5x5 kernel, reiu activation) Convolution 2D layer (3 filters, 5x5 kernel, relu activation)

Average Pooling 20 layer (22 pool size) Average Pooling 2D layer (22 pool size)

Convolution 2D layer (16 filters, 5x5 kernel, relu activation)

Average Pooling 20 layer (2x2 pool size) Average Pooling 2D layer (2+2 pool size)

Flatten layer Flatten layer

BatchNormalization BatchNormalization

|
|
|
|
Convolution 2D layer (16 filters, 5x5 kernel, relu activation) ‘
|
|
|
\

Dense layer (reiu Dense layer(relu activation)

output_shape = (48) output_shape = (49}

J l

| Euclidean distance caiculation |

| BatchNormalization |

| Dense layer (s

output_shape = (1)

Puc. 1. ApxiTekTypa BUKOPHCTaHOI ciaMCBbKOT HEHPOHHOT Mepexi
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HeraTueHa napa (Men-cnekTporpamu Hanexarb pisHUM MOBLSM)

Puc. 2. Tlpukiax HO3UTUBHOI Ta HETaTHBHOI MapH, 110 OYyJIM BUKOPHUCTaHI ISl TPEHYBaHHS
Mepexi
B poni ¢pyHkuii-ontiumMizaTopa s Moelni oopanuii Adam. @yHKIieo BTpat
€ Triplet Loss.
OtpumMmaHi pe3yiabTaTn
Tabx. 1. Pesynpratn
Merpuka  Accuracy Recall Precision F1 MCC
3HavyeHHs 0.9792 1.0 0.96 0.9796 0.9592

Hmwxue npencraBneHo rpadiku TOro, SIK 3MiHIOEThCS 10SS-dyHKIiS Ta
Accuracy Ha xoxHiN enoci. CylLiJIbHOIO JIIHIEO IO3HAYEHO TaKy 3MiHY Ha
TPEHYBAIBHHX JAHHX, TyHKTUPOM - Ha BaTiZal[iiHUX:

Model accuracy Triplet Loss
10
09

08

accuracy

07

06

05

o 2 4 [ -] o 2 4 6 -]
epoch epoch

Puc. 3. I'padixu 3minn 10ss-¢yHkiii Ta ACCUracy B mpoueci TpeHyBaHHS MEpexi
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HaBenenuit  anroput™  aynio-ayreHtudikamii  IeMOHCTpYE — XOpomri
pe3ynabTaTH, MPOTe MAa€ IMEeBHI OOMeXeHHs. [IpHCYyTHICTh ITyMiB B ayIiOmOpiXKIl
CIIOTBOPIOE TIPOIIEC BUAANCHHA THII, PaMKH MOXYThb OyTH IIpeacTaBICHI
HEKOpPEKTHO, M0 YCKJIAJAHWUTH IIpoIlec TpaBMIBHOI aBTopm3amii. Crmocobom
BHpIIICHHS i€l MpobjeMu Moke OYTH 3aCTOCYBaHHS MEBHHUX (UIBTPIB JO eTarry
BHIANICHHA THII. J[pyroro 0coOIMBICTIO € Te, M0 MPHUCYTHICTh KUTBKOX TOJIOCIB B
ayJio3anuci HemepeadauyBaHO BIUTUBAE HA poOOTY Kiacudikaropa.

Jnst mporpaMHoOi peainizalii BUKopucToByBanacs MoBa Python, 6i0mioTexu
librosa st poGOTH 3 ayA10CHTHAIIOM, NUMPY JJIsI OTPALIOBaHHS BEKTOPHUX JaHUX,
tensorflow ta keras /uist po6OTH 3 HEHPOHHUMHU MEPEKAMHU.

Cnucok aitepatypu

1. Mobiny, M. Najarian Text-Independent Speaker Verification Using Long ShortTerm
Memory Networks / Department of Electrical and Computer Engineering, University of
Houston, September 2018

2. LamPham, lan McLoughlin, Huy Phan, Ramaswamy Palaniappan A Multispectrogram
Deep Neural Network for Acoustic Scene Classification / Detection and Classification
of Acoustic Scenes and Events, 2019

3. Heckbert P.Fourier Transforms and the Fast Fourier Transform (FFT) Algorithm Feb.
1995

4. G. Koch, R. Zemel, R. Salakhutdinov Siamese Neural Networks for One-shot Image
Recognition / Department of Computer Science, University of Toronto
[https://www.cs.cmu.edu/ rsalakhu/papers/oneshotl.pdf]

5. Tanish Baranwal Facial Re-ldentification Using Siamese Nets, 2020
[https://towardsdatascience.com/facial-re-identification-using-siamese-
netsd36df39da7c0]
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YUCJIOBE MOJEJIOBAHHSI METOJOM CKIHUYEHHUX EJIEMHTIB
3AJJAY TEIUIONMPOBIAHOCTI
Kamepuna Cmapoeotim
Jlveiecokuil nayionanvuuil ynieepcumem imeni leana @panka
Daxynvmem npukiaoHOi MamemMamuky ma iHgopmamuxu
Kateryna.Starovoit@Inu.edu.ua
Beryn
Merton ckinuenanx enemMeHTiB (MCE) € omHIM 3 9acTO BUKOPHCTOBYBaHHUX
grcenbHUX MeToniB. lllupoke 3acTocyBaHHA Ta aKTyalbHICTh LBOTO METOXY
3a0e3MeuyroThCs  YCIIIIHAM  PO3B’S3aHHSAM TPUKIAJAHUX 3a1ad  JOBUIBHOI
CKJIATHOCTI 3aIpPOIIOHOBAaHUM aNTOPUTMOM. Y HaHOMY JOCHiIKeHHI Oyme
posrisiayTo 3actocyBandst MCE mist po3B’si3Ky 3a/1a4 TEILUIOMPOBITHOCTI.
1. MocTanoBka KpaiioBoi Ta Bapianiiinoi 3axaui
PosrisHemo 3anauy 3 piBHAHHAM AuQy3ii-aJBeKIi-peakiii BUTILy:
3HaiTH QyHKLIO U = u(X), IKa € PO3B’SI3KOM PIBHSIHHS

— S B2 + ) B2

3 TakuMH kpaifoBumu ymoBamu: u(0) =0, u(1) =0.

+ox)ux) =f(x) vxeQ =(0,1) (1.1)

Tyt p= p(x), B =B(X), 6 = o(x) ta f=f(x) — 3amani QyHkIil TaKi, o
n(x) > 0, 6(x) = 0 maiixe ckpisb B Qip, B, o €L* (Q), fel? (Q).
Bapiaiiine popmymoBanns 3aaadi (1.1) mae Burisia:
3naiiti u € V Taky, mo a(u,v) :=<Lv> VveV, e
V:= Hj(Q) = {ve H'(Q):v(0) = 0,v(1) = 0},
c(u,v) = fol(—uu’v’ + Bu'v+ ou)vdx Vu,v €V, (1.2)
<lLv>:= folfvdx vv V.

1.1 CkindeHHo eqeMeHTHa AucKperu3anis. Bysnamu 0 = xy < xq < -+ <
Xy-1 < xy = 1 nmopinumo Biapi3ok Ha ckiHueHHi eaementn K; = (X;, X;,1), Ha
SKMX BU3HAYMMO KycKoBo-TiniitHi pynkuii Kypaunta[3]: { @; (x)}V 7!
Amnpoxcumanito MCE 3anumieMo y BUMIISAI JTiHIHOT KOMOiHAIIii:
up(x) = X w2 (%) =200 qigi (%) (1.3)

3 BEKTOPOM HEBifloMuX Koediuientis q = {q;}V=1
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KoeditieHTH qq, ... qy_1 PO3BHHEHHS U, = U, (X)00UYHCITIOIOTHCS K
PO3B’S3KH CUCTEMH JNiHIHHUX anreOpuaanx piBHsHF MCE, mus.[3].
1.2 Anocrepiopuuii oninoBa4y noxu6ku i arantusna cxema MCE. 11{o6
HAOJIDKEHO OOYMCIIUTH MOXUOKY 3HalIeHo1 anpokcuMariii(1.3), BUKOpUCTaHO
KyCKOBO-KBaJpaTHYHHH anoctepiopHuii oninoBay moxudbku MCE surmsiny[3]:

u(x) — up(x) ~ £4(x) = XN Air1/2 biy1/2 (%), (1.4)
Ae bitg2(X): = 4[1 — @iy1/2(X) |@iy1/2(X) VX € X[X;,X44],i=1,...,N— 1]

Ha ocroBi 110ro AOII mo6ymoBaHo h-afanTiHBHY CXeMy CKiHUCHHHX €IICMEHTIB.

1.3 Pe3yabTaTn 4ncjioBUX eKcriepuMeHTiB. [IporpaMHa peainizanist po3B’si3Ky
3agadi (1.1) 3 06UMCIEHNMH OCHOBHHMH anpiOpHUMH Ta allOCTEPiOPHUMHU
OIIIHKaMH TIOXHOKH ITOKa3aia HeeeKTHBIHCTh PIBHOMIPHOT CXEMH ISt
CHHTYJISIpHO-30ypeHHX 3a7a4. HaToMicTh BUKOPHCTAHHS aIaNTHBHOI CXEMHU
JI03BOJISIE PO3B’s3aTH 33a4y 3 TouHicTIO 10% Ta BukopuctanasaMm 101
CKIHUCHHOTO €JIEMEHTA.

Tabmuus 1. 36ixknicTs mocmigosHocTi h-anantusaoro MCE

o . U 11 ., P ., PR m PENNTT Convergence rate e,y |rote 1en, 1
{,,
T Py B e P . LA i Lo vosen |t
| i
i
..... e
Comparison tig,) and uls)
|
3 |20 |o.ssoses [s.04018 | o.3170es | 123026 55548 12467 o 01912 124888 |
|
F X - -
| |
Comparison gl sng i)
77 |0.371216 (797868 | 0.010963 | 7.40093 2.95327 92.7658 i : ) 1.72003 5.48735
| o)
Compasson gyl snduis
9 | 82 |0.370951 |7.56517 | 0.00108091 | 2.74388 8.291588 324271 - 4.1637 8
Comparison cyls) snd iz
11 |10 [o.572266 |7.97358 [o.mo0sasars [o. 716312 0.0a1805 a.0m357 s.se25e s.c0072
M)
[seepl ™ [ ety | Cnale (PRI ATy TR [ ST Unas V3 Ui, Convergence rate (leam sl [rate | ew s

Hatomicts anpoxcumarii MCE Ha piBHOMIpHO 3TyIIyBaHHX BIBidi CiTKaxX
MOKas3aJio, 1o JocsrHeHHs piBHs tol = 10% mosxmmBe mpu HasiBHOCTI N = 1024,
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2. ITouaTkoBo-KpaiioBa Ta BapianiiiHa 3a7a4i Mpo TENJIOBY XBHJIIO

2.1 ®opmy.aroBanHs 3axa4i . TyT po3risiHyTO 33124y MOMIUPEHHS TEILIOBOT
XBWII B Taki#l penakiii[1]: suaiitu Temmeparypy u = u(r, t) Taxy, mo:

82T  oT
Tow a—rar( —)+fB.QX(0T]

u(0,t) = p(), u(d,t) =q(t) vt € [0,T], (2.1)
lu(r,0) =ue(), 3 (r,0)=v,@) vr € 2=(0,1).
Tyt 19 = 0 — vac penakcauii, k > 0 — KoediLieHT TeMIEepaTypONPOBITHOCTI.
Binnosigae 1o (2.1) BapiariiiHe pOpMyTIOBaHHS 3a/1a9i Ma€ BUTIL: 3HAUTH
uel? (0, T; H(l,(ﬂ)) TaKy, 1110:
{ To(u"(t) + u'(t),v) + c(u(t),v) = (f(t),v) vt € (0,T],

(T(0,8) - p(®,v) = 0,(T(L,1) — q®,V) = 0, vv € Hi@), &2
new'(t) = "—“(r, £), u) =ub),

(u,v) := f uvrdr, c(u,v):= [ ka_ua_v dr.

2.2 Jlnckperusanis 3a1aui. Bxuparoun KyckoBo-TiniitHuii 6asuc {@;(1)}V!,
BU3HAYMMO HaMiBIUCKPETHY alpoKcHMarlito [aibopKiHa y BUIIIs A

uy(r,t) = Y5 (Mg (0).
1106 3HaiiTi HaGIMKEHHS 10 BekTopa q(t) = {q,(t)}, —1 > IOKPHEMO YaCOBUI

npomixkok [0;T] citkoro By3nis t; = jAt = j =0,..,N(T), i Ha KOKHOMY

ﬁ’]

KpoIIi iHTerpyBaHHs OyAeMo ITyKaTH HaOJMKeHHs 10 q(t) y BUDIIAII
j iy 1 i

a(®) ~ q;(1): = ¢ + Mtw ) +; [Mtw®)]* G2,

ne @, ¢, §*1/2e RN~ — nesinomi Bextopu. i1 iX BU3HAYEHHS CKOPHCTAEMOCS
OJHOKPOKOBOIO PEKYPEHTHOIO CXEMOIO:

3anaHo ¢, ge RV=1,At > 0,y, B € [0; 1]; 3naitTu Bextop §/*1/%e RN~ Lraxnii, mo
[(r0 + Aty)G + %Atzﬁc] G2 = pT2 _ Gyl — g + Atyg] (2.3)
T @ = @+ ALV @t = §f + Atg) +%At2qi+1/z,j =0,1..N(T).
1 —
Tyr G = (@, @37, € = (el @PWL P2 = (£ (1 +30t), 90

3a Bn6opy 3 SVs B OPC Ge3yMOBHO crilika.
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2.3 Pe3yabTaTn 4nca0BUX ekcniepuMeHTiB. [Iporpamnuy peanizaniro cxemu(2.3)
3aiiicaero MoBoto Python 3 Bukopucranusam 6i6miorexu fenics[2]. Hikue
HaBE/ICHO PE3y/IbTaTH EKCIIEPUMEHTY [T 3afadi (2.1) 3 maHUMH, B3ITHUMH 31
cratri[1]. Omepskani anpokcHMAIlii 100pe y3roIKYIOThCS 3 YHCIIOBUMH
3HAYEHHSIMH, HAaBEICHUMH B 3rajaHiil cTarTTi.

ulx) ulx)

o7 — =001 00012
06 00010
0.0008
- + 0.0006
00004

01 00002

° 0.0000 — t=0.20000000000000004

Puc. 1.06uncnenns sukonano 3 At = 0.001, N = 40.
BucnoBku

B mopiBHSHHI 3 ampoKkcHMalisMH Ha PIBHOMIpHHX ciTkaxX h-aganTuBHI
HaOIIDKEHHS JO3BOJITIOTE PO3B’s13aTH 3amaqy(1.1) 3 momyctumoro moxuokoro B 10%
3 BHKOPUCTaHHSAM JIOKallbHO 3rymieHoi citku 3i 101 CKiHYEHHHX EJIEeMEHTIB,
JIEMOHCTPYIOUH TOPSIKH IBUIKOCTI 301’KHOCTI rate(| len] |) >4,

CTOCOBHO OJTHOKPOKOBOI pekypeHTHOI cxemu (2.3), To Bukopuctanas MCE
JI03BOJISIE  OJIepXKATH HAOJIVDKeHI pO3B’SI3KM, SIKI  J00pe  y3roJUKYHOThCS 3
pesymbratamu ctatTi[l], omepkaHMMH i3 3aCTOCYBaHHSIM METOAY CKiHUYCHHHX
Pi3HUII.

Buxopucrasi xkepesa

1. Madhukar A. Heat conduction in porcine muscle and blood: experiments and time-
fractional telegraph equation model / A. Madhukar, Y. Park, W. Kim, H. J.
Sunaryanto, R. Berlin, L. P. Chamorro, J. Bentsman, M. Ostoja-Starzewski // J. R.
Soc. Interface 16:20190726. http://dx.doi.org/10.1098/rsif.2019.0726

2. Logg A. Automated Solution of Differential Equations by the Finite Element
Method The FEniCS Book / A. Logg, K.-A. Mardal, G. N. Well. Springer, 2012.

3. Ao6pamos €. KyckoBo-niHiiiHi anpokcuMaliii h-agantHBHOro MeToay CKiHUCHHHX
€JIEMEHTIB Uil OJHOBHMIpHHMX KpaitoBux 3amad / A6pamos €., Jlimina O,

Iunkapenko I'., SImenuuens A. // BicH. JIpBiB. yH-Ty. Cep. OpHKI. MaTeM. Ta
iHdopm. 2006. Bum. 11. C. 3-18
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BUKOPUCTAHHS T’EHETUYHUX AJITOPUTMIB JJIsI YUCEJBHOT'O
PO3B'SI3YBAHHS IBOBUMIPHUX IHTEI'PAJIBHUX PIBHSIHDb
HNEPHIOIO POAY
Poman Kynoecokuil
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana @panka
Daxynvmem npuKiIaOHOT MAMEMAMUKU Ma IHGYOPMAMUKU
romankunovskyi@gmail.com

B maniit po0oTi 32 ZOMOMOTOI0 TEHETUYHHX alTOPUTMIB Oyne HaBEICHO
ITOPUTM U YHCEIBHOTO PO3B'S3YBaHHA ABOBHMIPHHX IHTETPaJbHHUX PIBHIHD
MIEPIIOTO POLIY.

Hexait 3agana rparuns I' € C 2 sk 300paxkeHo Ha (puc. 1), s K01 BiZOMO
nmapaMeTPUYHE TTOTaHHS.

r
Puc. 1. Burnsin rpanumi

Po3rissHeMO BOBUMIpHE IHTErpalibHE PIBHSHHS MEPIIOrO POAY, SIKE Mae
HACTYIIHUI BUTJISL!

[ o0H@ ) = 1@, xer ©
r

3amava mossirae B ToMy, o6 3HaiiTH ¢yHKIito @ (y), ko sapo H(x,y) i
¢yHKIig f(Xx) € BiZOMUMH HeNepepBHUMH (YHKIIIMHU. [CHyBaHHS Ta €IUHICTBH
po3B'si3ky piBHsiHHS (1) Gasyerbes Ha Teopii Picca-Illaynepa, sika omucana B [1].
Bingomo 3 [5], mo po3Bs30K 3a1a4i € HECTIHKUM, TOMY JaHa 33aJa4a € HEKOPEKTHOIO.

Binome napamerpuuHe 3a1aHHs TPaHUIIL:

[:= {x(t) = (x1(8), x2(8)), t € [0,27]}, (2)

ne x: R — R?, 2m-nepioauuna dyukuis 3 |x'(¢)| > 0 vt € [0,2m].

[TapameTpu3oBaHuii BUIIISA iHTErpajbHOTO PiBHSIHHA (1):

fznll)(r)l((t, T)dt = f(x(t)), t € [0,27] 3

ne Y(1) = p(x(7)), aK(t, 1) = H(x(®),x(@®))|x' )|, met,T € [0,2m].
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OTxe, 3a JTOMOMOTOI0 MapaMeTpu3allii 0yino nepeiieHo 3 ABOBUMIPHOTO JI0
OHOBHMIPHOTO IHTETPAFHOTO PIBHSAHHS, IO Oe33alepedHo € 3pydHile Ipu
YHCEIHHOMY PO3B'S3yBaHHI.

Iarerpansre piBHAHHS (3) OyIeMo pO3BA3YBATH 3a TOTIOMOTOI0 T€HETHIHIX
arOpuTMiB. [ eHeTHYHHIA aNTOPUTM — IIe B MEPIIy Yepry CBOIIOMIHHUIN alTOpPUTM.
PosrnsHeMo [neTanbHINIE OCHOBHI KOMITOHEHTH TEHETHYHHX AalTOPUTMIB, SIKi
HaBeJeHi B [2].

CTBOpeHHsT HOBOi momyJsiwii. 3a3BHYail MMOYATKOBA IOMYJISLISl MICTUTh
3reHepPOBaHI BUIIAJKOBHM YHHOM iHJHBIIH.

Cenexuist — 11e BUOIp iHIUBINIB HA OCHOBI 3Ha4eHb (DYHKIIIT OI[IHKH.

CxpelneHHs — 11 KOMOIHYBaHHS XpOMOCOM OaThKiB 1HIHMBIJIIB.

MyTarist — e 3MiHa XpOMOCOM 3 3a3/IaJIeTi[b BU3SHAYCHUMH OTICPaIlisIMH.

dopMmyBaHHS HOBOI IMOMYJIALIi — I1e BUOIp YACTKH THX, XTO «IIiAe Jali».

Lli KpOKM MOBTOPIOIOTBCS MO THUX Mip HOKH HE BUKOHYIOTBCS KpUTEpii
3ynuHKH. 301KHICTh TeHETHYHUX AITOPUTMIB onmcaHa B [2].

Mu Bu3HauaeMO HAONIDKEHHS O PO3B'A3KY IHTETpalbHOTO PIiBHSHHA (5)

HaCTyITHUM YUHOM!
n

YalD) = ) am(®) )
i=1
Jie a; - HeBiJoMi KoedilieHTH, y; — Bifomi 6a3ucHi QyHKIiI.
[MincraBusim (4) B (3), oTpuMaemo 13, (x) - 3aIMIIKOBHIA €JIEMEHT.

RO = [ KEop@dr-FGO) < [ K@D an@dr - f(x©) =
0 0 i=1

21 n
— Z a; f K(t, D@ dt — f(x(®)) = Z abi(6) — F(x(®)), t € [0,2].
i=1 0 i=1

3asznaunmo, mo b;(t) = fozn K(t,7)p;(t)dr. Qns 9ucenpHOro po3B’szy-
BaHHS JJAHOTO IHTErpally MOXKHA 3aCTOCYBATH CKJIaJeHy KBapaTypy Tpamemniii.

Hama mera — 3naiitu a;, i = 1,2, ...,n Taki, mo 7, (t) = 0. {ng orpumanHs
TaKOTO Pe3yJbTaTy HaM HEOOXiTHO 3BECTH 3amady J0 MOIIyKy MiHiMymy |r,(t)].
JIBOBMMIpHE IHTETpajbHE PIBHAHHS IEPIIOTO POy € HEKOPEKTHO IIOCTaBJICHOIO
3amavero. Taki 3a1a4i pO3B’I3YHOThCS METOIOM peryisipusanii. B Hamomy Bunaaxy
MIPOTIOHYEThCS 3aCTOCYBaTH MiHIMizyrouni (yHKIioHan TixoHoBa i 3BecTn Hamry
3a71a4y 0 HACTYITHOI:
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n 2 n

Minimize |7, (t)| = Z ab;(t) — f(x(®) | + az a?, t€[0,.2m), (5)
i=1 i=1

Je o — mapaMeTp peTyisIpHu3alli, IKui 3a3BU4ail TOPIBHIOE MAJIOMY IHCITY.

[lepeiinemo no omucy anropurMmy. 3azHauumo, o Gopmyia (5) onucysa-

TUME (PYHKILIIO OIIHKU 1HTUBIIB.

Kpoxk 1. CtBoproeThcst oYaTKoBa MOIYJISLIS IHANBIIB, KOXKEH 3 AKX 30epirae n
KOEQII€HTIB a;, TPEICTABICHNX OITOBIMHU CTPIYKAMHU.

Kpoxk 2. fIKmmo omiHro€eThCs Mo9aTKOBa MOMYIIALis, TO ii HaKpamuii iHIUBIA
3aMUCYEThCA SK anb(da iHANBIL, IHAKIIE BiH MOPIBHIOETHCS 3 ICHYIOUNM anbda
IHAMBIIOM 1 KpaIuii 3 HUX 3aIaM’ ITOBYEMO.

Kpox 3. IlepeBipsieMo yMOBH BUXOY, SKi 3alIPOIIOHOBaHI HIDKYE. K0
BIJINIOBITHI YMOBH 31HCHIOIOTHCS, TO ab(a iHANUBI] BBAKAETHCS PO3B’SI3KOM 1
QITOPUTM 3aKiHYYyE POOOTY.

Kpoxk 4. 3a nonomMoroo TypHIipHOTO METOy BUOMPAaEMO 1HIUBIH, 3 SIKUX Oy[e
(hopMyBaTHCS HOBA MOMYJIAIIS.

Kpoxk 5. [nauBinn nepeMoxKIili MaloTh LIAHC CXPELLyBaTUucs a00 MyTyBaTH. SIKII0
iHuBig OyB 0OpaHMil Iyt CXpelryBaHHsS a00 MyTallii, To/i KOKHA HOTo
XpOMOCOMA MA€ MIAHC CXPECTUTHCS 3 BiIIOBITHOIO XpPOMOCOMOIO MapTHEpa
abo myryBatu. [licist anroput™m nepexoanuTh Ha KPoK 2.

PosrissHeMo Tpu BapiaHTH yYMOB BHXOJY, SIKI MOXXHa BHKOPHCTOBYBATH

He3aJIeKHO abo KOMOIHyBaTH:

1. 3uaiigenuii anbha iHIUBIA, 715 SIKOTO OlliHKa MeHIa 3a E, ne E — 1ie mane
JiiicHe 4ncIio, oOpaHe Ha M0YaTKy ajJrOpUTMY.

2. 3Haiinenuii anb(a iHIMBIJ HE TOKPALLYETHCS MPOTATOM 0araTboX MOMYJISIIiH.
Ile moxe o3HauaTH, 10 OyB 3HAIIEHUH HaKpaIUi MOXIUBUI 1HIUBI.

3. KinbkicTs iTepariii oCsriIa 3a31aJIerias 00paHOro MAKCHMYMY.

Hagenemo pesynbratu o0uncienb. PosrasHemo rpanuito [, siky 300pokeHo

Ha (puc. 2), i HACTYIIHE iHTerpajbHe PIBHIHHS 3 BiAOBIIHAM TOYHHM PO3B’SI3KOM:

fr () (x12, + y1¥2)?ds(y) = mxfxj, x €Ty

1
e(y) = 0.5+ (y1 — y2)* — 4y{y3.
3a 10MOMOTO10 aIropuTMy MU 3Haim @, (y) = @(y):
. (y) = 0.498962 + 0.995855((y; — v,)? — 4yZy2) -
Sk Mu 06auMMO 3 pe3yNbTaTiB UYUCENbHUX EKCHEPHMEHTIB, TeHETHYHI
ANTOPUTMH JAJTH TOCHTh TOYHUI PO3B’SI30K ABOBUMIPHOTO IHTETPAIbHOIO PIBHIHHS
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nepuioro poay. Taxox BUIHO, IO AJITOPUTM Z[OBOJ'Ii MIBUJKO 3HaXOJUTh XOpOHII/Iﬁ

pEe3yNbTaT, SKHil MPOTATOM HACTYNHUX iTepalliif 3a3Ha€ HE3HAYHHUX MTOKPAIICHb.

B naniii poboti 0yn0 MpPOAEMOHCTPOBAHO E(QEKTHBHICTh TEHETHYHHX

AITOPUTMIB I 3HAXOHKECHHS YHCEIBHOTO PO3B’SI3KY ABOBUMIPHUX 1HTErpalbHUX
PIBHSHB [IEPIIIOTO POAY.

! 08

—n
- Testnodes

or 0.4

0.6

e . o

0.5 o 0s ] 1 2 3 a 5 3 7

Puc. 2. Burssin rpanwi [y Puc. 3. Toune 3HaueHHs HYHKINT 1 3HAYCHHS
¢yHKuii npu migcranoBi @, (V)
3
25
2
150
|
1
05

oL I | 1 ]
0 100 200 300 400 500 600 700

Puc. 4. 3mina 3HaueHHS QYHKIIIT OIIHKY HAHKPAIIIOTO iHAMBIAA B KOXKHIN 3 MOMYJISAIIH

eval(l.)
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YHUCEJBbHE PO3B'SI3YBAHHS OBEPHEHOI 3AJTAYI
TEIVIOIMPOBIAHOCTI TAPAJIEJIBHUMU TEHETUYHUMHA
AJITOPUTMAMH

Isan Bunascoxuii
Jlveiecokuil nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKIaOHOT MAMEeMAMUKU Ma iIHGHOPMAMUKU
Ivan.Vyniavskyi@Inu.edu.ua

Beryn

OO6epHeHa 3a/1a4a TEIUIONIPOBITHOCTI — II€ 331a4a BU3HAYCHHS 30BHIITHHOTO
KOeQiIi€eHTy TEIUIOBiAmadi Ui JaHUX, OTPHUMAHUX IUIIXOM CIIOCTEPEKCHb 3a
icTopieto TemmepaTypu B OnHIM abo Oimblme BHYTPIIHIX TOYOK. BoHa
MPOTUCTABIISIETHCS MIPSAMIi 3a7adi TEIUIONPOBIAHOCTI, sIKa TOJISATae y BU3HAYCHHI
BHYTPIIIHBOTO TEMIIEPATYPHOTO TIOJIS ISl 33/IaHOTO HAOOpY rPaHUYHUX YMOB.

KpaiioBi ymMOBM TNOBHHHI OyTH BiJJOMHMH, y HAIIOMYy BHIIQJIKy BOHH
OIUCYIOTHCS 30BHILIHBOIO TEMIIEPATYPOIO Ta KoedillieHTOM TeruioBifadi h Ha Mexi
Tina. Po3paxyHok TemmepaTypHUX IMOJIB — KJIacH4yHa mpobiema, Ui 0O0paxyHKY
MOYKHa BUKOPHCTATH METOJ] CKIHIEHHHX Pi3HHUIb a00 METO CKIHYEHHHUX €JIEMEHTIB.

3agaya crae OIIBII CKIIAIHOIO, KOJIM BHYTPIIIHS TEMIIEpaTypa € BiJOMOIO, a
BiJINIOBiTHI TPaHUYHI YMOBH — HEBIJIOMI, II¢ i € OOCpHEeHa 3ajada, IKa € HEKOpPEeKTHa
3 MaTeMaTHYHOI i YUCEThHOI TOYKH 30py. B maniif poOOTi Taky 3amaqy Mu OyaemMo
PO3B'A3yBaTH 32 JOMOTOO TEHETUYHHUX AJITOPUTMIB.
IMocranoBka 3apaui

OOepHeHa 3a/1a49a TeIUIONPOBITHOCTI:

T, (x,t) = Tyx(x,1), 0 <x <1, 0<t <ty
T(x,0)=f(x), 0<x<1
T(0,t) =p(), 0<t<ty
T(1,t)=q(), 0<t<ty

yMoOBa HepCBI/BHa‘{CHOCTi
T(a,t) =s(t), 0<t<ty,0<a<l1

ne f(x) Bimoma HemepepBHa ¢yHKUiA, p(t) 1 q(t) € HeckiHEYHO

mudepenniioBani (yHKUIT 1 t, sABIE COOOI0 OCTATOYHUM 4Yac iCHYBaHHS JUIs
€BOJTIOLIiTHOT Tpo0JIemMu B Yaci, npu ToMy QyHkIis q(t), HeBimoma. OyHkiio q(t)
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MOYKHa BU3HAYUTH 32 JJOTIOMOTOI0 BUMipIOBaHb BHYTPIIIHBOT TEMIIEpaTypH. 3aaua
MoJke OyTH BHpIIIeHa 32 JOMTOMOTOI0 METOy HaltMeHIHX KBaapatiB. Tomi QyHKIis
BUTpaT MOXKE BH3HAYATHCS SK CyMa KBaJIPaTUYHHUX PI3HUIb MIX BHMIPIOBaHHIMHU
TEeMIIepaTypaMH Ta pPO3PaXyHKOBHMHU 3HAUCHHAMH 1 IUIIXOM BpaxyBaHHS
HaOJIMKEHb ITPO PO3PaxyHKOBI 3HaYEeHHS q (t).

PizHuneBa anpoxkcumanisi npsiMoi 3aayi TeronpoBigHocTi

Ilig dvac 3acTocyBaHHS TCHETHYHUX AQITOPUTMIB JO OOCpHEHOI 3aaadyi
MOTPIOHO PO3B’sA3aTH MPSIMY 33/1a4y TEIUIONPOBIIHOCTI, TOMY JJIs 11 YMCEIBHOTO
PO3BsI3aHHS MU BUKOpHCTOBYeMO MeTo1 Kpanka-Hikoscona. 3a nonomMororo 1aHoro
METONy MM OTPHMYEMO pi3HEIEBY ampokcuMariro. [laHy ampokcuMmamiio Mu
3ammcyemo y Burisigi CJIAP ta po3BszyeMo 3a qomoMororo Merony Iayca.
IHapenenbHi reHeTUYHI AJITOPUTMHU

3a ZOMOMOTO0 MapajelbHUX TeHETHYHUX AITOPUTMIB 9acTO MOXKHA OTPHU-
MaTd Kpamli IMOKa3HUKH, HDX 32 JOIOMOTOI0 TCHETHYHHX AalrOpUTMIB, SIKi BH-
KOPUCTOBYIOTh OJIHY BEJIMKY NaHIKTHYHY CYKyMHICTh. Bcl Bijomi mapanenbHi
TEHETHYHI QJTOPUTMU MOXKIIMBO DO3AUIMTH HA JABa OCHOBHUX KJIAaCH: OJHO-
nonyJAnidHl Ta Oaratonomyssuiitai. OpnomomynsiuiHi 1A peanizytoTs na-
panienbHe OOYHMCICHHS TibKM (YHKLIT TPHIATHOCTI, a TEHETUYHI onepauii
BUKOHYIOTBCSI IEHTPAJII30BaHO I'OJIOBHUM MPOLIECOM.

B oOararomonymsuniiitaux [II'A 3xificHIOETBCS (OpMYyBaHHS MHOXHHU He-
3aJIeKHUX MMOMYJIALIN (OCTPOBIB) Ta peani3yeThes MOMIYK pilieHs okpeMumu ['A B
KOXKHIU 3 TIOMYJIALIT B MeKaX OKpeMHuX IporeciB. KoxHuif 3 ocTpoBiB MOXe OyTH
13071b0BaHMM, a00 3B’S3aHMM 3 IHIIMMH OCTPOBaMHU 3a JOIOMOTOI0 OIepaTopa
Mirpariii. Taka Mogeb OITBII JOTPUMYETHCS 3aKOHIB TIPUPOTHOT EBOIIOIIII.

CxeMa reHETHYHOTO AJIOTPUTMY

Etanu reHeTHYHOTO anropuTMy JUls BU3HaueHHS q(t) MOXKHA PO3ALINTH
Ha HAcTymHi Kpoku: 1. I'eHepyemMO BWITQAKOBHM YHHOM MOYATKOBY MOMYJISIIO
xpomocoM. 2. OIHIOEMO TPHIATHICTH KOXXHOI XPOMOCOMH B TOMYJISIII,
BUOUpaeMo MeTosoM cenekuii mapu xpomocoM. 3. IlpoBoammo myramiro abo x
cxpemieHHss 3 JgaHuMH mapamu. 4. Ilokpamryemo Haimly HOMYJSIIIIO 3aBASKA
XpoMocoMaM, SIKi MH OTpHMaJd Ha IONepeAHbOMY Kpomi. 5. OHOBIIOEMO
CYKYIIHICTB 1 KOTIIFOEMO HaiKpaioro iHxuBiaa. [IoBTOproeMo KpokH Bij 2 10 5 moku
He 3Hal/IeMO XOPOIIoi NMPUAATHOCTI, 800 HE BUKOHAIOTHCSI YMOBH 3yTTHHKH.
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YmncenbHi pe3yJbTaT
Po3srnsiHeMo HacTyIIHY OXHOBHMIpHY 3a1ady,
Te(x,t) = Tyx(x,t), 0<x<1,0<t<1
T(x,0) = (sintx +cosmx), 0 < x <1
T(0,t) =e(™0) 0<t <1
T(Lt)=q(t), 0<t<1
1 YMOBY IepeBH3HAYEHOCTI
T(0.5,¢) = s(¢;),t; =j x.05, j = 1,2,3,...,20,

ITix yac BTiNIEHHS HALIOI MPOrpaMu MU pO3TIIsiHyNHN 3 monanus q(t): q(t) =

g1 €9, q(t) » 15 1 q(8) ® gy + ot + Gt + ut* .+ g™,

3a JAOIIOMOT' 010 IEPpIIHUX ABOX IMOJAdHb, MU MOKEMO 34 KOpOTKI/Iﬁ Jac HaWTu

Jy’)Ke TOYHI pe3ynbTaTd, aje I BapiHATH € He YHIBepcalbHUMHU. PosrisiHemo
MOJIHOMIiaJIbHE MMOJIAHHS THIUBINY, SIKE MM MOYKEMO BUKOPUCTATH JJIsl PO3B'sI3aHHS

JIOBUIBHOT 3a/1au4i.

3amycTHMO mporpamMy 3 TakuMu mnapamerpamu: q(t) anpoKCHMyeMO
monmiHOMoM 5 cremeHs. [lomymamis ckimamaerses 3 7000 immuBimiB. Ilporpama

BrukoHae 300 Ta 500 itepariii, 1711 KOXKHOI 3 cyomomyssimii. MaeMo 7 ocTpOBiB.

Tenl Ten2 Ten3 Tend Tens Kibxicts Hoxubica
iTepariit s(t)

—0.808 4924  —10.2669 8.816 —2.658 300 0.00191

—-0.936 6.511 —16.462 18.062 —7.212 500 0.00097

IpoaeMoOHCTPYEMO OTPHMAaHI pe3yIbTaTh TS 3HAXOKeHHS q(t).
0z,
5
-0.2
-04
0
——

08}t 500 iTepavjit

TOuHMiA PO3BAIOK

0 02 04 06 08 1
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BucHoBok

B naniit po0oTi O6yI10 pO3TIIIHYTO 3aCTOCYBAHHS IapalieIbHUX TeHETHIHIX
AITOPUTMIB Il 0OEpHEHO1 3a7ayi TeIIONPOBIAHOCTI. 3HAIOUH JIMIIEC BHYTPIIIHIO
TeMIepaTypy, MH 3MOTJH 3HAMTH BiANOBIOHI TPaHWYHI YMOBH. ICHYIOTH iHIII
METOAU Ul PO3BSI3aHHS Li€l 3amadi, aje Ha MOIO JYMKY, METOA T'€HETHYHHX
AJITOPUTMIB YyJJOBO CIIPABHUBCS 3 IOCTABICHUM HEPE HUM 3aBIaHHSIM.

AHai3yl041 YhceNbHi eKCIIEPUMEHTH, 0a4NMO, 110 PE3YJIBTAT 3aJIEKHUTh BiJ|
Oaratbox (hakToOpiB, a camMe: po3Mipy MOMyJisiuii, OAaHHS IHAWBIAY, PO3MIPHOCTI
MaTpHlb Npu 00YMCIICHHI MPSIMOi 3a/adi TeMJIONPOBITHOCTI, KUIBKOCTI iTepalii.
BapTto 3a3HauuTH, 10 3p0o0cHa poOOTa, Ta€ HAM MOXJIMBICTh IOCUTh IIBHIKO Ta
TOYHO BU3HAYUTU FpaHI/I‘-IHi YMOBHU.

Cnucok airepatypu
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INVESTIGATION AND IMPLEMENTATION OF THE ITEM-BASED
COLLABORATIVE FILTERING

Yaryna Paslavska
Ilvan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics
Yaryna.Paslavska@Inu.edu.ua

Collaborative filtering is one of the techniques used for recommending goods
to people. It is based on gathering the information about clients’ purchases or
preferences in the system and using this data to recommend some new products to
them. There are several types of collaborative filtering. Item-based collaborative
filtering will be described and implemented in this work.

The main idea of this method is to find similar items to the items, bought or
reviewed by each particular user. This includes several steps: comparing all the items
between themselves, taking the user’s favorite items, finding the most similar, and
recommending them to the user. The first step is fundamental.

To begin with, the items comparison table is calculated based on the client’s
list of purchases or the client’s reviews. The process requires several steps: finding
users, who reviewed both items and based on their reviews calculating similarity
using chosen metric. Pearson correlation coefficient was used for this investigation.

The significant advantage of item-based collaborative filtering is the fact that
item similarity does not change rapidly or often. When the number of items or the
number of reviews increases, similarity values do not change sharply. As a result,
there is a possibility to store calculated similarities, use them when needed, and
recalculate them occasionally when the server does not have a lot of work or even
on another server.

The described algorithm was implemented using Python for calculations and
MongoDB as data storage so that it is possible to integrate the solution into an e-
commerce project in the future. A small example was created and tested for a better
understanding of the algorithm from the beginning to the end. This example is
described below. Supposing, there is a table with books and clients’ rates for these
books (image 1). The task is to recommend some items to a particular client.
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client#1 client#2 client#3 client#4 client#5 client#6 client#7 client#8 client#9 client#10

book #1 3 1 4 2 5 2
book #2 2 5 5 2

book #3 3 4 4 1 3 1
book #4 5 5 3 2

book #5 2 3 1 4 3 3
book #6 2 1 2 5 4
book #7 2 2 3 3 1

book #8 3 4 5 1 2 3

book #9 1 5 5 1 El
book #10 2 1 4 2 5 3

Image 1. Table of books rates by client
Firstly, there is a need to calculate the similarity between each pair of books.
For that, the Pearson correlation coefficient is used. Formula:
LielyyTx,i=T) (Ty,i=Ty)
[ty i7T0? Sty (=750
where I, represents users, who reviewed both books. This formula returns result in
the range [—1, 1], but for easier calculation of the recommendations, the results were
projected in the range [0, 1]. If a list of clients, who reviewed both books, is empty,
the similarity is equal to 0. The results of the calculations are below.
book1 book2 book3 book4 book5 booké book7 book8 book9 book10
book1 1.000  0.000 0.926 0.000 0.281 0.000 0.009 0.639 0.371 0.827
book2 0.000 1.000 0.000 0.878 0.000 0.000 1.000 0.500 1.000 1.000
book3 0926  0.000 1.000 0.000 0.081 0.107 0.176 0.985 0.000 0.590
book4 0.000 0.878 0.000 1.000 0.000 0.000 0.000 0.827 0.750 0.000
book5 0.281 0.000 0.081 0.000 1.000 1.000 0.664 0.000 0.587 0.009
booké 0.000  0.000 0.107 0.000 1.000 1.000 0.000 0.361 0.594 0.000
book7 0.009 1.000 0.176 0.000 0.664 0.000 1.000 0.028 0.000 0.592
book8 0639 0500 0985 0827 0.000 0.361 0.028 1.000 1.000 0.291
book9 0.371 1.000 0.000 0.750 0.587 0594  0.000 1.000 1.000 0.000
book10 0.827 1.000 0.590 0.000 0.009 0.000 0.592 0.291 0.000 1.000

simil(x,y) =

Image 2. Table of books similarities

Now there is the possibility to calculate recommendations for a particular
client. For example, client #8. For this purpose, there is a need to gather information
about already reviewed books in comparison to not reviewed books. In the table
below, there is a comparison of already reviewed books to “new” books. There are
such columns: titles of books that already have been reviewed, their rates, and
similarity value to each “new” book (columns with the title “similarity book #..”). It
is the value from the previous table. The last column for each book is expected rates
for “new” books from client #8 (“expected rate ..”). It is the result of the
multiplication of the similarity value and the client’s rate of the reviewed book. This
is done to get an expected rate.
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already rates

reviewed from similarity expected similarity expected similarity expected similarity expected similarity expected

books client#8 book#1 rateforl book#3 ratefor3 book#5 ratefor5 book#7 ratefor7 book#10 rate for 10
book #2 2 0 0 0 0 0 0 17 2 1 2
book #4 2 0 0 0 0 0 0 0 0 0 0
book #6 5 o o 0107 0535 1 5 0 0 0 0
book #8 3 0639 1,017 0,985 2,955 0" 0 0,028 0,084 0,291 0,873
book #9 1 0371 0,371 0 0 0587 0,587 0 0 0 0

Image 3. Table of expected rates for “new” books calculation

However, this table is just a preparation; now there is a need to calculate the
possible client rates based on all reviewed books together. For this purpose, the sum
of each column is calculated and then the final result is the division of the sum of
the “expected rate” column by the sum of the “similarity book™ column.

(] 1

0  book5 3.520

1 book3 3.196

2 bookl 2265

3 book10 2225

4 book7 2027
Image 4. Calculation results

In conclusion, the “new” books can be recommended to client #8 in such an
order: book #5, book #3, book #1, book #10, and book #7. This is only a training
example with a small number of items. When there are more items in the database,
the system can pick the items with the highest expected rate.

As already mentioned, there is no need in updating the similarity table right
away, so it can be used for some time and updated when it is convenient. Therefore,
for the customer, there is just a need to compare his favorite products with others
and find items with the highest expected rate. However, there is a need to take into
consideration the memory costs of storing a similarity table.

In summary, item-based collaborative filtering is an efficient tool to calculate
recommendations.
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INPOI'PAMHO-AJI'OPUTMIYHE 3ABE3INEYEHHSA OIITUYHOI'O
PO3MI3HABAHHS TEKCTY 305PAKEHB HU3bKOI AKOCTI
METOJAMUA MAIIMHHOI'O HABYAHHAA

FOniana FOpuenxo, Apocarae Cokonoscokuii
Jlveiscokuil nayionanvrull yHigepcumem imeni leana Opanka,

Daxynvmem npuKiIaOHOT MAMEMAMUKU Ma IHGYOPMAMUKU
yuliana.yurchenko@Inu.edu.ua, yaroslav.i.sokolovskyi@Ipnu.ua

AKTyalbHICTh TeMHI

Jlns BUKOpUCTaHHS HaWNOMYJSPHIMIMX CUCTEM pPO3MI3HABAHHS TEKCTY
PEKOMEHAYEThCS BHKOPHCTOBYBATH CKaHYKOYE OOJIaHAHHS, SAKE € HEeMOOIIbHUM,
YacTO HEAOCTYNHHM a00 JOpOTHM, a TaKOX HENPUAATHUM [0 3YUTYBaHHS
JOKYMEHTY HecTaHAapTHOro ¢opmary (HOMEpHi 3HaKkH, Oimbopmau, iHpopmamiiHi
BHBICKH 1 T.A.). Y TIOBCSIKACHHOMY >KUTTI JIFOJM YACTIlIe BUKOPUCTOBYIOTH KaMEpH
MOOLTBHUX TPUCTPOiB Ta mU(poBi poToanapatn. BukopuctanHas GoToceHCOPIB i
AHAJIOTOBOI EJIEKTPOHIKM TPHUCTPOSMH IJIsi peecTpamlii 300pakeHb HEMHHYYE
NPU3BOJUTE A0 TIOSIBU CHOTBOPEHb 300pakeHb — NU(POBOTO IIyMY, SKHH
BiIOOpakaeThCsl HA 300paKEHHS Yy BHUIJIAAI HAKJIQICHOI MacKh 3 MIKCENiB
BHUIIaJJKOBOTO KOJBbOPY 1 sickpaBocTi. LlM(ppoBHi IIyM MOCHIIOETBCS B yMOBax
HEIOCTAaTHBOI OCBITICHOCTI, BHACTIMIOK PyXy JOKyMeHTa ab0 KaMmepu I 4ac
€KCIIO3HIIiI.

AHaJni3 nonepeaHix pe3yJbTaTiB

Cepen TpaguLiiHUX METOJIB ONTHYHOTO PO3Ii3HABAHHS TEKCTY BiITOMi
YHUCJIEHHI BUCXIZHI miaxoau, ae 3amada OCR BHKOHyeThCS NUITXOM pO3B’SI3aHHS
HE3aIeKHUX APIOHImMUX mia3anad. Hampuknam, s BUSBICHHS OKPEMIX CHMBOJIB
KOPHCTYIOTBCSI aITOPUTMaMH KOB3al090To BikHa [1, 2], 3B’s13aHUX KOMIIOHEHT [3],
rosocyBanHs 3a Xadom [4] Tomo. BusiBieHi cuMBOIM IHTETPYIOThCS B CJIOBa 32
JIOTIOMOTO0 IMHAMIYHOTO MIPOTpaMyBaHHSI, MOMIYKY Y JeKCHUKOHi [ 1] Totro.

[HIIi pOGOTH BUKOPUCTOBYIOTH HACKPI3HI MIAXOH, A€ TEKCT PO3Mi3HAETHCS
0e3mocepeIHbO 3 IIOT0 BXigHOTO 300pakeHHs. Hampuknan, y mpami [5] 3amady
pO3IMi3HaBaHHS TEKCTY CITiBcTaBieHO i3 3amadero 90000-kmacoBoi knacudikarii, e
KOXKEH KJlac BW3HA4Yae aHrjikchke cioBo. Y poboTi [6] mobOymoBanHo CNN 3i
CTPYKTYpPOBaHMM BHUXIJJHUM pIiBHEM MJIsI DO3IMI3HABAaHHS TEKCTy 0O€3 CTajoro
JIEKCHKOHY Ta 0e3 BiZoMOI JOBXHHHM cioBa. Jleski poOOTH MOZAETIOITh NpodiieMy
OCR sk mpo6iieMy po3ITizHaBaHHsI ITOCTIIOBHOCTI, @ caMe TOCIIiIOBHOCTI CHMBOJIIB.
Pob6ota [7] Bueprre komOinye CNN Ta RNN, 1106 oTpumaru mociiioBHI Bi3yallbHi
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03HaKHU 337]aHOT'0 TEKCTOBOT'O 300paKeHHSI, a MOTIM Oe3I0CepeIHbO MepeaaTH X y
nexonep CTC.
MeTo10 HAIIOT0 IOCTIMKEHHS € CTBOPEHHS MOJENi ONTHYHOTO PO3Ii3HABAHHSI
TEKCTY, sIKa e()eKTUBHO MPAIIOBaTHIME IS 300paKeHb HI3BKOI SIKOCTI.
CTBOpeHHs HA0OPYy AAHUX

Jiis eMymoBaHHS CIIOTBOPEHBb 300pakeHb TEKCTy Oyllo CTBOpeHO Habip
300paXeHb NUIIXOM HAaKJIAJaHHS TEKCTy Ha OUMH (OH; OO 3reHepOoBaHUX
300paxkeHb 3acrocoBaHi (yHKUIT 3MiHM po3MipiB, (QyHKILII HakIagaHHS ILIyMY,
orepaTopu PpO3MHUTTS Ta IOBOPOTY. YCI 3acTOCOBaHI CHOTBOPEHHS MaroTh
BUIIaJJKOBUI piBeHb iHTecUBHOCTI. CTBOPEHHS JaHUX Y Takuil crocib nano 3mory
OTpHMAaTH pO3MideHi 300payKeHHS TEKCTY HU3BKOI SIKOCT1 y Oy/Ab-sKii KIIBKOCTI.
ApXiTeKTypa HelipOHHOI Mepe:Ki

3 BukopucTanHaM Oibmiorekn Keras moOymnosano apxitekrypy CRNN, mns
sikoi Bu3HaveHa ¢yHkuis Brpat CTC. [lns 30inpmenas TouHocTi pesynbTatiB OCR
y mif poOOTi 3ampoIOHOBaHI €Tamu TMONepeNHBOI OOPOOKH JaHUX: ANTOPHUTM
TOPH30HTAJIBHOTO BUPIBHIOBaHHS 300pa)KCHHS TEKCTY Ta aIrOPUTM pPO3pi3aHHA
300pakeHHsI 0araToOpsIIKOBOTO TEKCTY Ha JEKiTbKka 300pa)keHb OIHOPSIKOBOTO
TEKCTY.
AJITOPUTM rOpPH30HTAJIBLHOI0 BUPIBHIOBAHHSI 300paKeHHS TEKCTY

300paxkeHHsI IPUBOJMMO JI0 BUTJISILY OJJHOKAHAIBHOTO Y BIITIHKaX Ciporo.

[Mo3naunmo 3HaueHHs mikcens sk Pij € [0;256), i = 1,n, j = 1m; n, m—
KUTBKOCTI PSAIKIB Ta CTOBIIIIB 300paskeHHS BiIIOBITHO.
Hexaii Tomi X = {X1,X2,...,Xn}, ZI€
T
ZL‘@:Z(lf%). i=1,n, @)
j=1
YHCEIHHO BUPAKAE KITbKICTh YOPHOTO KOJBOPY B KOKHOMY PSIZIKY.
J1J1st TOPU30HTAIBHOTO BUPIBHIOBAHHS 300payKCHHS TOBEPHEMO HOro Ha KyT
¢, IS SKOTO y PEe3yJNbTYIOYOoro 300pakeHHS KOeQiIlieHT Bapiarlii O3HAKH X €
MaKCHMaJIbHUM.

[

° each word saw her
bright smile and the
constant gleam of her
white teeth, thought

50 that they were in a

0 SPecially amiable mood
hat day. The little

0 50 100 150 200 250 50 100 150 200 250

ach word saw her
* Joright smile and the
100 Jconstant gleam of her
hite teeth, thought
hat they were in @
20 fspecially amiable mood
hat day. The little

8

100

150

20

Puc. 1: Pe3yIII)TaT BCTAHOBJICHHS I'OPU30HTAJIBHOI'O MOJIOKCHHS 306pa>1<eHH51
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AJITOPUTM pO3pi3aHHA 300paxkeHHs 0araTopsIKOBOr0 TEKCTY HA JeKiJbka
300paskeHb OJHOPS/IKOBOI0 TEKCTY
Terep BU3HAYMMO MICISI MOKITMBUX PO3pi3aHb 300paXkKeHHs MICIs PSIKIB i,
TSl SIKHX:
® {Xi-gy..-,Xi-2,Xi-1} YTBOPIOIOTH 00JaCTh HU3BKOI KiIbKOCTI YOPHOTO KOJIBOPY.
Busnaunmo e tak:

i—1

1 _ 1
T = a Z Zj < .7.'*50'
iSia @)

o {XiXi+1,...,Xi+s} YTBOPIOIOTH 00JIACTH BUCOKOTO 3HAUCHHSI IPUPOCTY KiJIbKOCTI
YOPHOTO KOJBOPY. BH3HAUMMO I1e Tak:

iB —1 i—1
2 T~ _2 Z;
g = = — = > b0
g 3)

Tyt a, f Ta 6 — perynpoBaHi rinepnapameTpu. Y poOOTi i rinepnapaMeTpu
Oynu BusHaueHHi sk o = 0.04, f = 0.02, 6 = 0.3. Ha Puc. 2 micus MOXJIUBUX
pO3pi3aHb TO3HAYEHI YEPBOHUM KOJHOPOM. 3 KOXHOI TPYINH TaKHAX 1HICKCIB
BUOMpPAETHCS MepIuil (JTiBuii Kpaii Ha Puc. 2 mo3HaueHHU MIyHKTHPOM).
Detecting text lines
---- Final places of cuts 3

1201 Possible places of cuts

Amount of black

X -

[ 50 T e %0
i-- Number uf row

Puc. 2: I'padix 03HaKH X Ta pe3yJIbTiB BUSBICHHS TEKCTOBUX PS/IKIB 300paKeHHS

Zz Eonsfanl gleam of her whne teeth, thought

Wo B0 B 0 @ 10 10 # B o % e 1m0 o B0

;‘Iﬁa( they werein a Fpemaﬂy amiable mood ‘ }hat day. The little

0 % 0 1o 0 &0 ‘o W 20 0 00 10 20 20

Puc. 3: Pe3yJH,TaT po6oTH anropuUTMy pO3pi3aHHS 306pa>1<eHH;1 6araTopsAKOBOrO TEKCTy Ha

leach word saw her Pnght smile and the

% 10 1% :o 20

JleKlJ'lea 306pa>1<eHb OTHOPAAKOBOI'O TEKCTY
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PesyabTaTn edekTHBHOCTI MoaeJi
Jani 1 TpeHyBaHHS, BaJlifallii Ta TECTyBaHHS MOAICHI y BigHOMmeHH: 9 : 1

: 1 300pakeHp BiATIOBIHO.

BOOK ONE. 1805

CHAPTER | "Wel|

fince, so Genoa and

ucca are now ust

amily estates of the ,,,.’ ...-:::’-nd
\ uonapartes. But | wam e awtae o
f ND " s
0U, if you don' tell me he is Antichrist
1 will have nothing

Puc. 4: 3pa3ku Habopy HaHKX 300paKeHb HU3BKOT SKOCTI

SIx MeTpuKy HOpIBHSHHS B3ATO BigHOIIEHHS Binmctani JleBeHmreitna [10]

MiXK Tepef0aYeHHsIM MOJECII Ta MITKOK IO JOBXHHMA MITKH. JIJis1 MOpIBHSHHS

BukopuctoByBaiu Tesseract OCR v5.0.0. (alpha) [8] Ta Google Cloud Vision API

[9] (ocranHiii Tinbku a1 50 300pakeHpb). 3HaUSHHSI METPUKH TIOPIBHSIHHS HaBECHI
B Tabmumi 1.

Tab6n. 1: Cepenni 3Ha4€HHSI METPUKHU MTOPIBHAHHS HAa TECTOBOMY Ha0Opi JaHUX JUIsl HAILIOT

moneni, Tesseract Ta Google Cloud Vision API

Hama  mo- | Tesseract Cloud Vision
JIeNb API
50 TecToBUX 300paKEeHb 0.022326 0.742395 0.190283
1000 TecToBUX 300pakeHb 0.019783 0.726493 -

Bucnosok
Omxe, 3ampoONOHOBAHWA HAMH QITOPUTM JIA€ BHCOKY TOYHICTBH
pO3Mi3HaBaHHS TEKCTY HA CTBOPEHOMY HA0Opi JaHUX 300pa’keHb HU3BKOI SKOCTI.

Bukopucrana gireparypa:

1. Wang K., Babenko B., and Belongie S. End-to-end scene text recognition. In ICCV,
2011.

2. Wang K. and Belongie S. Word spotting in the wild. In ECCV, 2010.

3. Neumann L. and Matas J. Real-time scene text localization and recognition. In CVPR,
2012.

4. Yao C., Bai X,, Shi B., and Liu W. Strokelets: A learned multi-scale representation
for scene text recognition. In CVPR, 2014.

5. Jaderberg M., Simonyan K., Vedaldi A., and Zisserman A. Reading text in the wild
with convolutional neural networks. Int. J. Comput. Vision, 2015.
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Jaderberg M., Simonyan K., Vedaldi A., and Zisserman A. Deep structured output
learning for unconstrained text recognition. In ICLR, 2015.

Shi B., Bai X., Yao C. An End-to-End Trainable Neural Network for Imagebased
Sequence Recognition and Its Application to Scene Text Recognition.

GitHub repository for Tesseract OCR v5.0.0 (alpha) https://github.com/
UB-Mannheim/tesseract/wiki

Google Cloud Vision API — Available from: https://cloud.google.com/ vision
Jlesenmreitn B. U., /lgouunvie x00vl ¢ ucnpagnenHuem 6vinadeHuil, 8CmMasox u
samewenuit cumeonos, Jlokn. AH CCCP, 163, 4, 1965, 845-848

40


https://github.com/UB-Mannheim/tesseract/wiki
https://github.com/UB-Mannheim/tesseract/wiki
https://cloud.google.com/vision
https://cloud.google.com/vision

AMICon-2022

3ACTOCYBAHHS MAPAJIEJIBHUX CXEM ITPU PO3B’SI3YBAHHI
CHUCTEM MATPUYHUX PIBHSIHb

JIrwbomup Dadece
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana @panka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU

I1.fadieiev@gmail.com

Beryn

MarpruHi  piBHSHHS Ta CHCTEMH MAaTPHYHHX PIBHAHb  IIMPOKO
BHKOPUCTOBYIOTBCSA y 3aJadaX ONTHMI3allii CHCTeM YIpaBiiHHA. ICHYIOTH pi3HI
METOJH PO3B’A3yBaHHS MOAI0HNUX 3a1a4, TPOTE BCi BOHM € ITOCIiIOBHUMH. Yepes me
Yac iIXHbOr0 BUKOHAHHS MOXKE OyTH JOCHUTH TPUBAINM, IIPH [[bOMY 9aC BUKOHAHHS
MOCNIZIOBHUX aJTOPUTMIB pOCTE€ 31 30UIBIIEHHAM pO3MIPHOCTI MaTpulp Y
PIBHSHHSIX.

[ro mpo6ieMy YaCTKOBO BUPIIIYE 3aCTOCYBAHHS Y MOCIIIJOBHUX aJlTOPUTMAX
napanenbHux cxeM. Hail0inpuioi epeKTHBHOCTI MM JOCATHEMO, SIKIIO 3aCTOCYEMO
CXEMHU 10 HAHOIIbII TPUBAIUX Iii, SIK-OT MHOKEHHS MAaTpPHIlb, O0YHCIIOBAIbLHA
CcKIaHicTh sikoro Moxe nocaratn 0(n?). lle 103BoJisie 3HAYHO 3MEHIINTH Yac
pO3B’sI3yBaHHA MAaTPUYHHMX PIBHSAHb, @ TAaKOXX ITOBHOIO MIpPOI0 CKOPHCTATHCS
MOXIIUBOCTSMH CYYaCHHX OOYMCIIOBAJIbHUX MAIIWH, OUIBLIICTh 3 SKUX 3JIaTHA
BHUKOHYBAaTH JITOPUTMH MapaieibHO.

Otxe, aKkTyaJbHICTH BHMKOPHCTaHHS Napajeli3My IpH poO3B’sA3yBaHHI
MaTPUYHUX PIBHSHB 1 CHCTEM MaTPUYHMX PIBHSHb € O4eBHIHOIO. B naHiii pobori
PO3MIITHEMO PO3B’S3YBaHHS CHUCTEMH MATPUYHUX PIBHSHb 3 BUKOPHCTAHHIM
napaJieNIbHUX CXeM ITpU 00YHCIeHH] JOOYTKY IBOX MaTpHIb.

ITocranoBka 3agaui
Posrisnaemo cucremy 3 n MaTpUYHUX PIBHSHB JPYrOTrO CTETICHS:
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A, X+ AL, XaXe + oo+ ALxxa, XK X+ Ay x g, Xo X+
+ A xox, Xo X, + ...+ Al,x,,x,,X,% + A, X+ A X+ +
+AJ.,X,,,XW =+ A]_.]_ = 07

As i, XT+ Ao xixo X1 Xo 4+ oo+ As x,x, X X + Ay xox, Xo X+
+As xox, Xo X, + ...+ Azxfo, + Ao x, X1+ Ao x, Xo+ ...+
+A2,X” Xr,, + Ag.l = [).

Ap iy X2+ Ay xyx, X1 Xo + . + Apx x, X1 X + Ap x,x, Xo X+
+An,,\"2X,,, XQX‘H, + ...+ A'n,,)(,,,X,,, X,i + A'n,/\lX'l + An,,\"EXQ + ...+
+A71‘,X,,,X'n, + Aw-;,,l = 0»

me HeBigomi X;(i=1,2,...,n) 1 xoedimieHTH Al,Xi,Xj:Al,Xi(l =
1,...ni4,j =1.2,...,n) € [IIHCHUMH KBaJpPaTHUMH HEKOMYTaTHBHUMHU
MaTpHLSIMH PO3MIPHOCTI M X M.
Jns 3HaxXOIKEHHS pO3BSI3KY CHUCTeMH piBHAHBb (1) Mokemo omucatu
HACTYIHHUU aJITOPUTM:
1. 3amaemo noxubky € > 0;
2. 3agaeMoO MOYaTKOBE HAOJMIKEHHS AJITOPUTMY — AIHCHI KBaJpaTHI MaTpHUIl
O/ - _ .
X7 = 12,...,n),
3. Bcranosmoemo miuunbHuK k = 1;

O0uncmoeMo Xi(l) (i = 1,2,...,n) 3a popmynoro:

-1
X{l) X{O)
Pel 5 (©
P l=1(B B By)o| 77 |+Bua| Y
X;(zl) X‘T(LO)
ne B; — wmartpums KkoedimieHTiB mepeny warpumero X; , Y =

—(A11 421 A )"

1. TlepeBipsieMo yMOBY ||Xi(1) — Xi(0)|| <e(i = 1,2,...,n). fxmo ymoBa
HE BUKOHYETHCS, BCTAHOBJIIOEMO JIHUMWIBHUK kK = Kk + 1 npHCBOIOEMO MaTpUIIIM
XL.(O) 3HAYCHHS MaTpHIb Xi(l) (i = 1,2,...,n) i nepexoauMo 10 KpoKy 4, iHaKIie

MIOBEPTAEMO Xi(l)(i = 1,2,...,n).
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[Ipn BUKOHAHHI aNrOPUTMY i MHOXEHHS MAaTpPUIb BUKOHYETHCS JOCUThH
gyacto (n + 1 pa3iB KOXHOrO KpOKY), LIO pOOHMTH LEeH MeroJ mayxe
pecypcozarpatuauM. 1Ilo60 3MeHIIMTH Yac BUKOHAHHA TNPOTpaMu, MH
CKOPHCTAEMOCS BIIACTHUBICTIO MHOKEHHS MaTpHIlh: 10T0 MOXKHA TOAATH Y BUTIIIII
CKaJSIPHUX MOOYTKIB MK pAOKaMH HEpIIoi Ta CTOBIIIMHU Apyroi marpumi. [Ipu
LLOMY IOUIYK KOXHOTO CKAJSIPHOTO JO0OYTKY € HE3aJIC)KHUM BiJ| IHIIUX, a OTXKE
CTeIiHb MHapajenisMy (KUIBKICTh omepamid, sSKi MO)KHa 3/1iHCHUTH MapajeibHo)
anroput™my — m? (e n X m Ta m X k — po3MipHICTb MepIIoi Ta APYroi MaTpuii
BiJIMTOBIHO).

YucebHi eKClIePUMEHTH

IIporpamua peamizaris BTiieHa Ha MoBi C# 3a momomororo Visual Studio.
Husa  Oimemn  edexTuBHOI pearmizamii mapaledbHHX CXeM OyJIo 3aCTOCOBAaHO
6i6miorexy TPL (Task Parallel Library), a came knac Parallel.

Posrimsremo cuctemy (1). 3a amropurmom (2) OyaeMo OOYHCITIOBATH
pO3B’s30K ans pi3HUX k (KUIBKOCTI KPOKIB aidropurMy) Ta N (pO3MipHICTH
KBaJIpaTHUX MaTpullb 3 cuctemu (1)).

Tabm 1. Pesynsratu o6uucnens i cucremu (1).

k n Yac BUKOHaHHs | Yac BUKOHAHHS aJITOPUTMY i3
TIOCITiIOBHOTO 3aCTOCYBaHHSIM CXeMH
AITOPUTMY, MC napajaeabHOr0o  BUKOHAHHS

MHOXXEHHSI MaTpHIb, MC

100 50x50 9386 8852

100 60x60 24672 14709

100 70x70 43432 24100

200 50x50 42471 17540

200 60x60 48963 31708

200 70x70 89164 50261

300 50x50 77837 25888

300 60x60 72937 45640

300 70x70 131620 76058
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BucHoBknu

Y 1mpoMy JOCHIIKEHHI OYyJIO pO3TISHYTO TEPCIEKTHBY PO3POOKH
mapajelbHUX AalTOPUTMIB Ui OOYHCICHHS MATPUYHHAX PIBHAHb Ta CHCTEM
MaTpUYHUX piBHAHBb. Takok OyiIM TpPOBEICHI YHCEIbHI EKCIIEPUMEHTH, SKi
JeTaibHime OyayTh MPOJEMOHCTPOBAaHI Yy IOMOBII.

Cnucok gitepatypu

[1] James M. Ortega Introduction to Parallel and Vector Solution of Linear Systems / James
M. Ortega. — Plenum Press New York and London, 1988. — 305c.

[2] HemamkoBchka A.M. ItepauiliHuii MeTOA pPO3B'A3YBaHHSA CHUCTEMH IOJiHOMIalbHUX
piBHsHBb gapyroro cremeHs// ®isnko-maTeMaTHYHE MOJIENIOBaHHA Ta iH(opMariiHi
texHouorii. -2015p. -Bum. 21. C.150-161.
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HNPOEKTYBAHHS TA PO3POBKA MOBIJIBHOI'O ACUCTEHTA
"WINGMAN™

Anopiu Bypyvo
Jlveiecokuil nayionanvuuii ynieepcumem imeni leana Opanka
Daxynvmem nPUKIAOHOT MAMEMAMUKY MAa IHGHOPMamuKy
burco.ab@gmail.com

Beryn

B cyuacHOMy CBiTI MOOiTbHHH TeneOH CTaB HEBIA'€MHOIO YaCTHHOIO
HAIIIOTO JKUTTS, MPOTE OKPiM TeleOHy KOPHCTyBadi MIOACHHO B3a€MOJIIOTH i3
IHIIMMU IPUCTPOSIMH TAKUMH SIK HOYTOYK, IUTAHIIET YU NEPCOHATBHUI KOMII 10Tep.
I Haxkarp He BCi MAlOTh CBOIO €KO CHUCTEMY i3 TOJOCOBHUM acCHUCTEHTOM sK Siri B
Apple.

Wingman - e MOOLTBbHUM aCHCTEHT SIKHUI Ma€ CKIaCTH KOHKypeHIito Apple
Siri, Amazon Alexa, Microsoft Cortana Ta iHIIMM, y CIHpOINCHHI B3aEMOJii 3
BEJIMKOIO KIJIBKICTIO MPUCTPOIB Ta 00'€THAHHI iX B 3pYYHY €KOCHUCTEMY.
ApXiTeKTypa Ta BUKOPUCTAHI TeXHOJIOTIi

[Ipu mpoekTyBaHHI MOOiUTBHOTO acucTeHTa "Wingman" 3a ocHOBY Oyna
B3saTa Onion apxitekrypa [1]. KoHnenmis maHoro migxomy 60a3yeTscs Ha YOTHPHOX
OCHOBHHX PIBHAX: piBEHb 00’€KTIB IOMEHY, PiBEHb CXOBHIIA, PIBEHb CEpBiCY,
piBeHb iHTepdeicy KopHucTyBada. B 1aHOT apXiTeKTypu € HHM3Ka IepeBar 30KpeMa
BOHA € JIETKOIO B IMIATPUMIII Ta TECTYBaHHI, a TAKOXK Y€Pe3 Te 1110 3a JTOMOMOTOKO Ii€l
apXiTeKTypHd CTBOPIOETHCS CJIAOKO IMMOB’s3aHA MPOrpaMa, OCKUIBKU 3OBHIIIHIH
piBeHb MpOTpaMH 3aBXKIM B3AEMOJI€ 3 BHYTPIIIHIM IIapoM uepe3 iHTepdericH,
CIIPOIIYETHCS peajtizallisi MOOIIBHOTO aCHCTEeHTA Ha Pi3HMX IUTaTdopMax.

Jlos peasizariii 1aHOTO TPOEKTY OyJI0 BUKOPUCTAHO HU3KY CYYACHHUX PIllIeHb.
3okpema Jurst peaitizanii cepBepHoi yacTiHU 0yio B3sTo 32 ocHOBY ASP.NET Core
Web API [2], B sxocti ORM BukopucroByBaBcsi Entity Framework Core i3
migxomoM Code-First. B sikocTi cxoBHIa JaHHUX OYJIO BUKOPHCTAHO MOJCTIICHY
pensiuiliHy cucteMy KepyBaHHs 06asamu nanmx SQLite. 3 mMeToro BpoBaJKEHHS
cUCTeMH aBTEeHTH(iKalii KOpHUCTYBayiB, a TAKOX MOXIIMBOCTI X aBTOpH3alii, 0yiI0
BHKOpHUCTaHO Tuiatdhopmy Microsoft Identity [3] ta cranmapr JWT (Json Web
Token) [4]. Takox Oyno peani3oBaHO MIATPUMKY aBTEHTH(]IKaIii 3a JOMOMOTOI0
obmixoBux manux Google, i3 nomomororo miatdopmu Firebase, mo B moxansmomy
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MOJIETIHTH B3aemoiero i3 Google nonarkamu 30kpema Ha miatdopmi Android. s
peauizanii pimeras Ha Android, IOS Ta Windows BukopucToByBanachk miatdopma
po3pobku Xamarin [5], a A7 KOPEKTHOI B3a€MOIii MOOITTFHOTO aCHCTEHTa Ha yCiX
BHIIIE HaBeIeHHX IUtaTdopmax Oyino BHKOPHCTAaHO HaOip KIIEHTCHKUX 0i0mioTex
WCEF [6]. OckinpKu yrpaBIiiHHS TOJIOCOBUM aCHCTEHTOM BiZIOYBA€THCS TOJIOCOBUMHU
KOMaHJaMH TO B SKOCTi CepBiCy pO3ITi3HABaHHS Toyocy OyJi0o BUKOPUCTaHO Azure
Speech Service [7].
Mo:xn1uBocTi MOOITEHOTO ACHCTEHTA

OcHOBHUM (HYHKIIIOHAJIOM JaHOTO MOOUIFHOI'O ACHCTCHTa € BiIaJCHUI
KOHTPOJIb YCIX MIJIKJIIOUYSHUX KOPHCTYBaueM NpucTpoiB. Hampukian BUKITIOYEHHS
HOYTOYKa 3a JIOIOMOroro TejedoHa, UM BUKOPHCTOBYIOUHM €KpaHHY KiaBiaTypy
IUTaHIIeTa HAOUPATH TEKCT Ha KOMIT FoTepi. TakoX y HbOMY IPUCYTHIiH (PyHKITIOHAT
TaKUH SK HANAIITYBAaHHS OyIMIbHNKA, 0AaBaHHS HAaraayBaHb Ta JI0JaBaHHs HOMIN
B KaJICHIAp Ta iHMUWH (YHKIIOHAN, SKUHA TO3BOJISIE B3AEMOJIATH 3 TEXHOJOTISIMH
[HTepHeT peueit 1 3pydHOro 6€3 KOHTAKTHOTO YHPABIIHHS JJOMOM.
Bucnosok

CnpoekToBaHO Ta peanizoBaHO MoOUIbHMIT acucteHT "Wingman", 1o
JIO3BOJIIE KOPHCTyBauaM 3pYYHO TMPAIIOBaTH 13 OararbMa MPUCTPOSIMH Ha
atdopmax takux sk Android, IOS ta Windows. 3aBisiku MOOIJIBHOMY aCHUCTEHTY
KOPHUCTYBa4 CHCTEMH LIBHIKO Ta 0e3 3ailBUX 3yCHJIb Ma€ MOXKJIMBICTh BHIOOYTH
KOPHUCHY Ta BOXJIMBY iHQOPMAILiIO.
Jlirepatypa

1.  Onion Architecture In ASP.NET Core MVC [Enexrponnuii pecypc] — Pexxum nocryny no
pecypey: https://www.c-sharpcorner.com/article/onion-architecture-in-asp-net-core-mvc/

2. ASP.NET Core [Enexrponnuii pecypc] — PexmMm gocrymy pmo pecypey:
https://app.pluralsight.com/paths/skill/aspnet-core
3. Microsoft Identity [EnmexkrponHmii pecypc] — Pexum poctymy g0 pecypey:

https://aspnetcore.readthedocs.io/en/stable/security/authentication/identity.html

4. JSON Web Tokens [Enexrponnmii pecypc] — Pexum pmoctymy nmo pecypey:
https://jwt.io/.

5. What is Xamarin? [Enextponuuii pecypc] — Pexum poctymy mo pecypey:
https://docs.microsoft.com/en-us/xamarin/get-started/what-is-xamarin
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PO3III3HABAHHS OB’€KTIB Y PEAJIBHOMY YACI 3A
JOIMMOMOI'OIO TENSORFLOW Y MOBUUIBHUX JTOJATKAX

Cmanicnag Yepueyvxuii
Jlveiecokutl nayionanvruil ynieepcumem imeni leana @panka
Daxynvmem npukiadHoi MamemMamuky ma iHgopmamuxu
stanislav.chernetskyi@Inu.edu.ua

Beryn

PosmisHaBanusg 00°exTiB 3a gomomororo TensorFlow — 1e TexHika
KoMIT'foTepHoro 3o0py. TensorFlow momomarae Ham BHSBIATH, 3HaXOOWTH Ta
BIJICTeXKYBaTH 00 €KT i3 300pakeHHs YU BiZIe€O.

IIlo Take po3ni3HaBaHHA 00’€KTIB

PosmizHaBaHHS 00’ €KTIB — I1e TEXHIKa KOMII FOTEPHOTO 30Dy, 32 IOTIOMOT 00
SIKOT MpOrpaMHa CHCTEMa MOKE BHSBJIATH, 3HAXOJUTH Ta BIJICTEXKYBAaTH 00 €KT i3
3aJ1aHor0 300pakeHHs 4u Bifeo. OcoOIMBUM aTpuOyTOM BUSBIICHHS 00 €KTIB € Te,
oo BiH ifeHTH(}IKye Kimac o00’exkra (JIOJUHA, CTA, CTUICIP TOIIO) Ta iXHi
KOOpJMHATH Ha AaHOMY 300pakeHHi. Micie po3TallyBaHHs BKa3yeThCS HIISIXOM
MaJTIOBaHHS 00MEKyBalbHOI paMKH HaBKoJIO 00’ ekTa. OOMeXyBalbHa paMKa MOXe
TOYHO BH3HAYHUTH HOTO IOJIOKEHHS. MOXIHMBICTh 3HAXOAWTH 00’€KT BCEpEIMHI
300pa)XeHHsI BU3HAYAE MPOAYKTUBHICTh aJITOPUTMY, KU BHKOPHCTOBYETBHCS LIS
BUSBJICHHS. Po3mi3HaBaHHS OOIIYYS € OJHUM i3 IPUKITA B BUSBICHHS 00 €KTIB.

i anroput™Mu BUSIBIICHHSI 00’ €KTIB MOKYTh OYTH ITOTIEpETHHFO HaBUeHI ab0
X MOYKHA HABYMTH 3 HYJIsI. Y OUIBIIOCTI BUNAJIKIB MU BUKOPUCTOBYEMO aJITOPUTMHU
3 NONepeHhO HaBUYEHIO MOJICIUTIO, a MOTIM TOYHO HAJIAIITOBYEMO IX BiIMOBIAHO 10
HAIIUX BUMOT 1 PI3HUX BHUITA]IKIB.

Bukopucranus ¢gpeiiMmBopky A5 po3podku noaarkis mix I0s i Android

M po3riiTHEMO PI3HMIIO MiX JBOMA MPOBITHUMH TeXHOJIOTisIMH - Flutter i
React Native.

Flutter - ue mopraruBHuit Habip iHCTPpYMEHTIB iHTepdeiicy kopucTyBaua ass
CTBOPEHHSI BJACHO CKOMIIUILOBAHMX JOJATKIB JUIi MOOUIBHHMX IIPHCTPOiB, BeO
CTOPIHOK Ta KOMIT IOTEPHHUX JOJATKIB 3 €IHHOI KOIOBOK 0a3or0. Po3polbieHuit
¢peiiMBopk KoMnaHiero Google, BUKopuctoBye Moy Dart.

React Native - me ¢peiiMBOpPK Uit CTBOPEHHsI HATHBHHX INPOTPaM 3a
noromororo React. Po3pobnennii kommanieto Facebook i1 BuKOpmCTOBYE MOBY
JavaScript.
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OOunBi TeXHOJIOTIi MawTh SK IUIIOCH, Tak 1 MiHycn. Mu Oyzaemo
MTOPIBHIOBATH MPOAYKTHBHICTE, TOCBIT po3poOKky, pizHmImo Mix Dart i JavaScript,
cTa"gapTHi 0i6ioTekn Ta 6araTo iHIIOTO.

Baxkko mopiBHIOBAaTH MPOIYKTUBHICTH OyIb-sikoro ¢perimBopky. Flutter i
React Native pmocraTHpO mBHIKI s Oimemrocti curyamiil.  IcropudHO
npoxyktuBHicTe Flutter Oyma kpamoro =ik y React Native. Pizaums
MIPOJYKTUBHOCTI B OCHOBHOMY ITOB’sI3aHa 3 aCHHXPOHHHM MOCTOM MIX native code
i JavaScript. Flutter BukoprcroBye Binomy rpadiuny 6idmioreky Skia.

HanamryBatu cepenouiue st po3pooku Flutter, six mpaBuio, jermie, Hix
React Native. Hot Reload y Flutter 3a3Buuaii npaittoe kpauie, ik Fast Refresh y
React Native. Y HuX € ayxe rapsi inctpymentu s debugging, profiling ta po6botn
3 IepeBOM BikeTiB. [xue BOymoBane end-t0-end TecTyBaHHsA HabaraTo Kparie, Hixk
y React Native Detox.

Flutter kommimoe xox Dart Ha HaTUBHMH 1 Ma€ IOCHTh KpPYTy MOZETb
iHTerpamii 3 pigHUM KoJoM, BukopucToByroun Platform Channels. Bin no3Bomse
BUKOHYBAaTH CHHXPOHHI BUXIiZHI BUKJIMKH Ta JO3BOJISIE NMUCATH HATHBHUI KOJ Ha
Swift ta Kotlin.

VY React Native iHTerpanis 3 native BumMarae neBHoro aocBigy. He kaxyuu
BXKe TIpo Te, 11100 OopoTHcs 3 oOMexeHnHsMu React Native bridge. ¥ 38’3ky 3 uuMu
nepeBaramu st BuOpas Flutter mist cBoei po6oTH.

SAx npanroe po3nizHaBaHHA 00’ €KTIiB?
Sk mpaBWIIO, PO3Mi3HABAHHS 00’€KTa BUKOHYETHCS B TPH CTAITH:
1. T'eHepye MaJNeHBKi CETMEHTH Y BXiTHUX JaHUX.
2. BurydeHHS O3HaK BHKOHYETBCS JUIS KOXXHOI CErMEHTOBAHOI NMPSIMOKYTHOI
o0macri, mo0 mepeg0aYNTH, YU MiCTUTh MIPSIMOKYTHUK JIHCHUH 00'€KT.
3. IIpAMOKYTHMKM 110 TEpPEKPUBAIOTHCS, OO'€QHYIOTBCS B  E€IUHUHN
00MeXYIOUHi TPSIMOKYTHHK.
o Take TensorFlow?

Tensorflow — 1ie 6i6ioTeka 3 BiAKPUTHM BUXIJHUM KOJOM JUISl YMCEIbLHUX
00YHCIICHD 1 BEIMKO-MACcIITAOHOTO MAaIIMHHOTO HABYAHHS.

Tensorflow 00’eqHye Momeni Ta aarOpUTMH MAIIMHHOTO HAaBYaHHA Ta
rTMOOKOT0 HaBYaHHSI.

Bin BukopucroBye Python sik 3pyunnii intepdeiic i edekTUBHO 3armyckae
fioro Ha ontumizoBaHomy C++.

Tensorflow no3Bosisie po3poOHHMKaM CTBOpPIOBAaTH rpadik OOYMCIEHb IS
BHUKOHAHHSI.
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KosxeHn By301 Ha rpadiky IpeacraBiisie MaTeMaTH4HY OIEpalilo, a KOXHE
3’e¢mHAHHS — JaHi. TakuM 9YMHOM, 3aMICTB TOTO, OO0 MaTH CIpaBy 3 HH3BKUMH
JeTasIMH, HAIIPUKIIAA, 3’ ICOBYBAaTH MPABIIHHI CIOCOOM TIPHB’A3aTH BUXiA OMHI€T
¢yHKIii 10 BXOMy iHINOI, PO3POOHHK MOXKE 30CEpEeAMTHCS Ha 3araibHid JIOTIIi
TIPOTPaMH.

TensorFlow Ha pmaHWii MOMEHT € HaWMOMyISApHIMIOK O0i0IioTekoI0
NPOrpaMHOro 3a0e3nedeHHs. ICHye KijbKa pealbHUX 3acTOCyBaHb TIIMOOKOTO
HaByaHHs, sKi poOmate TensorFlow mnonynsipuum. Bynyum 6iGmiorekoro 3
BIZIKpUTHM BHXIJTHUM KOJZOM JUISl TIIMOOKOTO HAaBYAHHS Ta MAIIMHHOTO HaBYaHHS,
TensorFlow Bigirpae cBolo pojb y TEKCTOBHX MporpaMax, poO3Mi3HaBaHHI
300pakeHb, TOJOCOBOMY IIOHIIyKy Ta Oarato iHmoro. DeepFace, cucrema
po3mizHaBaHHSA 300pakeHbp Facebook, BukopuctoBye TensorFlow — mms
po3mi3HaBanHs 306paxens. HMoro BukopucToBye Siri Bin Apple s po3mizHaBanHs
rogocy. Koxken pomatox Google, skuif BH BHKOPHCTOBYETE, 3a3BHUail
BukopucTtoBye TensorFlow.

Pe3yabTar

Po3pobniennii  nmomarok 3a  momomoroto  ¢peiimBopka  Flutter  mms
po3mi3HaBaHHs 00’ €kTiB 3a qonomoroio TensorFlow
Jlitrepatypa
1. Real Time Object Detection and Recognition using Deep Learning Methods// Sai Krishna
Chadalawada
2.J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, “You only look once: Uni- fied, real-
time object detection,” in Proceedings of the IEEE conference on com- puter vision and
pattern recognition, 2016, pp. 779-788.

3. C. C. Nguyen, G. S. Tran, T. P. Nghiem, N. Q. Doan, D. Gratadour, J. C. Burie, and C. M.
Luong, “Towards real-time smile detection based on faster region convolutional neural
network,” in 2018 Ist International Conference on Multimedia Analysis and Pattern
Recognition (MAPR). IEEE, 2018, pp. 1-6.

4. Z. Deng, H. Sun, S. Zhou, J. Zhao, L. Lei, and H. Zou, “Multi-scale object detection in
remote sensing imagery with convolutional neural networks,” ISPRS journal of
photogrammetry and remote sensing, vol. 145, pp. 3-22, 2018.
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MATHEMATICAL MODELING OF ACOUSTIC WAVE PROPAGATION
IN VISCOUS FLUID

Anastasiia Bondarenko, Vitaliy Horlatch
Ilvan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics
anastasiia.bondarenko@Inu.edu.ua

Introduction

The problem of dissipative acoustics have many applications in engineering,
medicine, life safety, etc. For instance, analysis of underwater structures on the basis
of the echo signal, ultrasound diagnostics, noise reduction and much more. This
paper presents mathematical model and numerical results of acoustic wave
propagation in viscous fluid in terms of unknown displacements.
Initial-boundary problem

Let the fluid occupy limited area Q of points x=(x1,X2,X3) of Euclidean space

R3,and let the area Q has Lipschitz-continuous boundary T. Let us introduce
piecewise defined displacement vector u(x,t) ={u;, (x,{)¥_; forall (x,t) e Qx[0,T]
which describes the motion of the fluid and satisfies the following equation

pu;’ —o;,j =0,

Gij (U) = &jumEim (U) + Cijemm (U");

gj(u)=(u;+u;;)/2 in Qx(0,T],
as well as boundary and initial conditions

u =0 on I'yx[0,T], Ty I, mes(l[;)>0,

{Gijvj =6; on I' x[0,T], I'j=T\T}.

Here p=p(x) is the density, @ijkm = 2ijkm(X) and Cijm = Cijkm (X) are
modules of elasticity and viscosity respectively, &; = &;(x,t), u®=u’(x) and
ul = ut(x) are given functionsand v ={v;(x)¥_; isa unit vector of the outer normal

to the boundary T".
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Variational formulation
Let us consider the space of admissible displacements

V ={ve[HY()F|v=00onT,} and H =[L*(Q)F® and formulate the variational
problem [1]
Let 1eL2(0,T;V"),u’ eV, ut eH;
find vector ue L?(0,T;V)NL*(0,T;H), that
m(u”(t), v) +c(u'(t), v) +a(u(t),v) =<I(t),v> Vvte(0,T],
a(u(0)-u®,v)=0, mu'(0)-ut,v)=0 Vv eV.
where bilinear forms and linear functional listed above have the following form:

m(u,v) = [ puyy; dx, a(u, v) = [ aeme; (U)e (V) A,
Q Q
c(u,v) = I Cijkm®;j (W) (V) dx  Vu,v eV,
Q
<l,v>= I Giv,dy vveV.
rc

Energy balance equation
The energy balance equation of this problem has the following structure [3]

S I +IU(t)|5]+ﬁIIU'(r)Il3 dz
=1[ut I +|u® |3]+j;[< I(r),u'(z) >ldz  Vvte[0,T].

Galerkin semi discretization
Let {V,} be a sequence of finite-dimensional spaces such that V,, cV ,

dimV,, =N =N(h) > when h— 0. Moreover [ Jv, is dense in V . Also we
h>0

choose basic functions
N
Uy (1) = D U D9y (X) .
k=1

Substituting these functions into variational formulation, we obtain the
following Cauchy problem in matrix form:

Find U(t) ={U; ()}, such that
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MU"(t) + CU'(t) + AU(t) = L(t) te(0,T],
AU(0) =U°,
MU’'(0)=Ut.
where matrices M, C, A and vector L are calculated by the expressions for bilinear
forms and linear functional.
One-step recurrent scheme of Cauchy integration over time
Based on the Petrov-Galerkin procedure [1] with stepwise by quadratic

displacement approximation by a complete analogy with [2] we obtain the one-step
recurrent scheme (ORS) of Cauchy integration over time.

Let U°,U% At >0, », Be[01].
Find U2 and U, U1 that

[M +At7C+%At2ﬂA}Uj+1/2 =L(tj02)-CU - A[UT + Aty U],
Uj+1 =Uj +AtUj+1/2,

Uit =yl +1At(Uj +Uj+1),
2

j=0,1...while jJAt<T.

Numerical experiments

All experiments were performed using FEniCS Project [4,5]. For our
experiments, consider a square-shaped area with sides of 0.01m, which is filled with
glycerin with physical quantities o =1260, ¢ =1920, 7 =& =1.49 . On the right side

of the square ( x =0.01) the boundary conditions are &(t)=(c" (t),0) and on other

sides zero displacements u, =u, =0 are specified. The step integration over time

is At=5x10"s and T =8x107%s.

le-g 0000 0002 0004 0006 0008 0010

o*(t) 50x50 triangular mesh
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t = 1.6e-06s (20.0 % T)

Displacements modulus Velocity modulus Acoustic pressure

t = 5.6e-06s (70.0 % T)

Displacements modulus Velocity modulus Acoustic pressure

0.008 0.008 0.008
0010 2000 o010 0000 0010 %000
le-15 Energy
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10 P
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Figure 1. Wave propagation
From the obtained results we can say that surfaces of solutions are smooth,

what is expected for glycerin. The conservation of energy law is fulfilled.
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MATHEMATICAL MODELING AND ANALYSIS OF STATIONARY
ACOUSTIC WAVE PROPAGATION IN VISCOUS FLUID
Volodymyr Milchanovskyi, Vitaliy Horlatch
Ivan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics
volodymyr.milchanovskyi@Inu.edu.ua

Introduction

The study of acoustic wave propagation processes is one of the important
objectives in many fields. The complexity of the acoustic wave structure requires the
use of modern computer modeling methods with advanced numerical techniques, the
analysis of the stability and convergence of which is also an important problem. This
paper presents mathematical model and analysis of stationary acoustic wave
propagation in viscous fluid.
Initial-boundary problem

Let fluid occupy limited area € of points x — {Xj }d L < rd .d=120r3,and
1=

let area Q has Lipschitz-continuous boundary T'. To describe the motion of the fluid
d
j:

we present piecewise defined displacement vector uz{uj(x,t)} for all

(x,t) e @x[0, T] that satisfies the following equation

pui'—aij' j=0,
aij(u)=aijkmekm(u)+Cijkmekm (u'),
Uj jtUj i

eMu):M onQe(0,T]
with boundary conditions

uj=0onTy x[0,T].Ty =T, mes(T'y )>0,

0ijVj=6j onTx{0,T], =1 \I'y

and initial conditions

0

Ut—p=u-,

=0 onQ
wig=ut
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where p — density, %ikm ~ elasticity, cjjxm — viscosity, = (x),ul (x),6; (xt) — given

functions and v:{vi(x)}id=1 is unit vector of the outer normal to the boundary I'.

Variational formulation
Consider the case when the oscillations in the system are caused by
boundary conditions on I, that change in time according to a harmonic law with a

given circular frequency of oscillations @ > 0, so that the function I(t) in the right

side of equation takes the form I(t)=I1sin(t)+12 cos(at) .

Then we can assume that after a certain long period of time the influence of
the initial conditions will be negated, and the fluctuations in the system will occur

1 2

according to the same harmonic law u(x,t)=u"sin(et)+u“ cos(wt), where

u1=u1(x),u2:u2(x) — unknown amplitudes of acoustic displacement.
Then we have
u'(x,t):a)ul(x)cos(wt)—wuzsin(wt)
u''(x,t):—a)zul(x)sin(wt)+a)2u2 cos(at)
Substituting the expressions obtained for u(x.t),u’(x.t),u”(x,t) into the initial

statement of the equation and neglecting its initial conditions, we obtain a variational
problem for the displacement amplitudes

given vectors 112e L2(V’)and circular frequency w=const>0

find vectors Ul,UZGVZZ{VEHl(Q), v=0 on I'y } such that

—a)m(ul,vl)—a)c(u2 ,v1)+a(ul,vl)=ll,v1 VvleV
—wm(u2 ,v2 )+wc(u1,v2 )+a(u2 ,v2 ):I 2 ,v2 wlev

where bilinear forms and linear functional have the following form.

m(u,v)=[opu jvjx c(uyv)=f QCijkméij (U)eij (v)dx
a(u,v)=[aijkmeij (U )ejj (v)dx, I rV:frcéiVi dy

Energy balance equation
By combining the equations given above we can construct corresponding
energy balance equation
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[ule +u2|2_| J—wz[ul\z/ +u2\2/ }=<I1,u1>+<I2,u2>

2 2
wUuﬂv +‘u2L J=<I 2 ,u1>7<ll,u2>

Galerkin discretization
Let us use classical Galerkin discretization scheme. So, we choose a finite-
dimensional subspace VhcV s.t. dimVp=N=N(h)—o0,h—0 and basic functions:
1,0 No11 2,0 N 59
Ui (x)= Z Ui (%), uh(x):kzlukgpk(x),VXeQ

Putting this function into the variational formulation, we receive the
following system of equations in matrix form

A-o®M  —oC |[U'| |}
oC  A-o®M||[UZ]| |12
where the matrices M, A, C, and vector L are calculated by corresponding bilinear
forms and linear functionals.

Numerical experiments
For our experiments, let us take two-dimensional case. Consider as a

substance fuel oil with the  following physical properties:
=890 k% , C=1360%77=2-022 Paes, which fills a rectangular area with a side of

m
0.002m. On the part of the right side of the rectangle marked in red in (Fig. 1), the

boundary conditions are defined as follows: o*=(1,0),2=(0,0) . On all the remaining

parts of the boundary of the region zero displacements u1:u2:(0,0) are imposed.

000

Figure 1. Rectangular area of experiment.
For the experiment, suppose a grid of size 75x75 and a frequency of 1 MHz.
Results of computations are listed below.
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Figure 2. Displacement (mesh: 75x75, ©»=105).
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Figure 3. Displacement (mesh: 75x75, »=106).
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Figure 4. Pressure for Us.
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Figure 5. Pressure for U2.
For this problem also performed a study of the convergence of numerical
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Table 1. Convergence at 0.5 MHz mesh densification

Mesh U141 lU2llg1 Vg Uy _qliH1 | V2 Y2, 4llHL | kg | ko

16x16 | 7.7878e-13 | 9.564063e-15 5.00e-15 1.73e-16 = =

32x32 | 7.7890e-13 | 9.565149¢-15 1.19%-16 1.08e-18 - -

64x64 | 7.7891e-13 | 9.565186e-15 1.63e-17 3.63e-20 2.87 | 490
128x128 | 7.7892e-13 | 9.565187e-15 4.48e-18 1.13e-21 1.86 | 4.99

Considering the performed numerical examinations at different parameters

of space and time discretization, we can confirm the convergence of the chosen
methods and the reliability of the developed and used software.
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PO3POBKA YUAT-BOTA MOBOIO ITPOI'PAMYBAHHSI PYTHON
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Khrystyna.Pavlikovska@Inu.edu.ua

Beryn

CyuacHi iH(opMaIliifHi TEXHOJOTII He CTOATh Ha OTHOMY MICTi, IX pO3BHTOK
BimOyBa€eThCS BCe CTPIMKIIIe Ta cTpiMKime. Bxke BimomMo 6araTo mpuKIIaaiB IbOTO:
po3ymumiA niM, 3D npyk, emekrpomoOimi Ta Oarato immoro. Lle omHO3HAYHO
MO3WTHBHO BIUIMBAa€ Ha Hamle S>KUTTA. HaOuparoTe mMOMyIspHOCTI CHCTEMH
BIpTYaJIbHOTO CIIIKYBaHHSI, 30KpeMa, 9aT-00TH, 3a sIKUMH OadaTh 3HAYHI IIepeBaru
y BUKOPHCTaHHI.

YnponoBx 0araTboxX pOKIB JOCHIIKYIOTh MUTAHHS 3aCTOCYBAaHHS CHUCTEM
BIpTyaJIbHOI'O CIIJIKyBaHHS Ha OCHOBI ILITy4yHOTo iHTenekTy. [IpoGnema
BIpTyaJIbHOTO CIUIKYBaHHS aKkTyallbHa 4epe3 MIBUAKHN JOCTyN A0 iHdopmarii,
MOXIIMBICTh OJIHOYAaCHOi pOOOTH B CHCTEMi 0arathbOX KOpPHCTYBadiB, OOMiH
iHpOpMaIi€I0, B3a€MOJII0 3 METOI pO3B's3aHHS OYAb-IKHX NHTaHb, MiITPUMKY
HaBYaHHS, KOMVHIKamii 3 KII€HTaMH Ta TapTHepaMH Mo Oi3Hecy, MpOBEICHHS
AHANMITHYHUX  JOCTIDKeHb, 300py HeoOximHoi iHQopMarii, ImmiIBUIICHHI
KBaliQikarii Ta iHIINX MepeBar.

lonoBHUMK TNUTAaHHAMH y CTBOPEHHI CHCTEM CIIUIKYBaHHS € pO3poOKa
MOJIel  CIIIJIKYBaHHS, MOJIEJl Yy4YacHHMKa CIUIKYBaHHS, pO3BUTOK 3aco0iB,
HacamIiepe]] CEeMaHTHYHUX Ta IMParMaTHYHUX, OIMCH HaBKOJIHUIIHBOTO CEPEIOBUINA
(MozeIi MOBH, MOJZIENi KOPUCTYBayua, MOJIeJi HABKOJIMIIIHBOT'O CEPeIOBUILA, MOJIE
cucremu cninikyBanHs). Tox Juist po3B'si3aHHS 1IMX MHUTaHb HEOOXITHO BU3HAYCHHS
MIPUHIIMITB POOOTH, OCOOIMBOCTEH iMiTalii MOBHOI TOBEIIHKY JIFOAWHH Y TIPOIIECi
CIUJIKyBaHHS, pO3pOOKa MoOJelNi CIUIKyBaHHs, HamucaHHA uar-O6ota. bararto
IIPOrpaM-CIiBPO3MOBHHUKIB CTBOPEHI 3 YpaXyBaHHIM IITYYHOTO iHTEJIEKTY [1].

ITpn po3pobui Takux mporpaM HEOoOXiJHO 3HATH IICHXOJIOTIIO i, HaBiTh,
MIPUHONIN 1TOOYZ0BU (pa3 JIFOJICHKOT MOBH. SIKIO NMpaBMIIEHO BH3HAYUTH MOBHI
0oOMeKeHHSI Ta IpeIMeTHY 00acTb, TO HasBHUMH METOJaMH MOXXHa OTPHUMAaTH
CHCTEMH, NPUAATHI JUIA CHIJIKYBaHHA. 3 MOTISALY TEopii MOBH Ta CHUIKYBaHHS
HeoOXiTHa PO3poO0Ka CEMAaHTHYHOTO OIUCY CTPYKTYP TEKCTIiB Ta peUeHb. 3 TOUKH
30py MOJIeNi HAaBKOJIHMIITHBOTO CEPEIOBUIIIA OCHOBHUM OOMEXKECHHSM € BiJICYTHICTh
3ac00iB JJIs TIPEICTABJICHHS.
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HagiTb, sKmo Bu He po3MOBIsUM 3 Siri a00 AJicoro, IIBHUIIIE 332 BCE, BU
CTHKAJUCS 3 4aT-00TOoM. BiH WacTo 3'BISE€THCS Y BUIJLAALI IiaJIOTOBOTO BiKHA 3
IPYXXHIM BiTaHHAM: «- J[AKyemo, 1m0 BigBimamm Ham caiit. Sk s MOXy Bam
JOTIOMOTTH?»

3aexHOo Bi TEMaTHKH CaliTy, BU MOXETE 3alIMTATH MPO 3JIaMaHUH MPHIaL
y Bamomy Jomi abo MopaJuTHCh 3 MPUBOY iHBeCTHILIN. YaT-00T 3anporpaMoBaHuii
Ha BIAIOBIAl 1 HABITH 34ATHUI CTaBUTU JOAATKOBI 3alIUTaHHA.

Bin w4ar-00TiB, sKi OOCIYyrOBYIOTh KII€HTIB OHJAHH, O OCOOMCTHX
MOMIYHUKIB y HAamMX OyIUHKAaX — BOHM IPOHHUKAIOTH y HAIle JKUTTSA Ta 4acTo
BUSIBJIIIOTBCS. KOPUCHUMU. AJie SIK BOHH HPalo0Th? SIKHM YHMHOM MOXYTh CTaTH
HaM y npurofi?

T'onoBHAa inest

[puaInn pobotr yaT-60Ta MONIATAE B peaisalii eTamiB: 00T mpuiitMae BXiIHI
MTOBIIOMJICHHA, aHAN3Yye IX Ta BiICHJIA€ pPEe3yNbTaT BHUKOHAHHA Ta/a00 BUKOHYE
komaHay. OTxe, CIINKyBaHHS B 4YaT-00Tax 3MIHCHIOETHCS NUITXOM BBEICHHS
MTOBITOMJICHb Ta BUBEIICHHS BiIMOBI/I (IyMKH) CIIiBPO3MOBHUKA. TyT MOXIUBI 1B
BU/IM PO3MOBH: 3BHYaiiHa PO3MOBa YM OOTOBOPEHHS BaXKJIMBOTO NMHUTaHHS. AJle, Ha
BiZIMIHY BiJIl PO3MOBHU JIIOJIEH, MporpamMa HE Ma€ THYYKOrO IHTENEKTY, TOMY
OLIBLIICTh BIPTYaJbHUX CITIBPO3MOBHUKIB 3aIIpOrpaMoBaHi Ha BEJICHHS HECKIIaJHOT
oecimu [2].

Telegram — me Ge3rmaTHUil MECCHIKED, SKUH JTOMOMArae CIIijIKyBaTHCS 3
IHITUMU KOPUCTYBauaMHU, HaZCHIaTH (haiiiu pi3HUX po3MipiB Ta popmaris. ['omoBHa
imes pecypcy - BibHe Ta Oe3levHe CIiIKyBaHHA. [1il 9ac BUKOPHCTaHHAM I[HOTO
JOJATKy, KOPUCTYBa4i MAarOTh MOXIIUBICTh: CIIUIKYBaTHCSI B Mepexi 3
KOpHCTYBa4aMH BCHOTO CBITY, TaKOX 32 JIOTIOMOTOI0 ayJIIOBUKJIMKIB; OTPUMYBAaTH
Ta Haacwiath (aiimm pizHEX ¢opmatie (PoTo, aymio, BiEO TOIIO); TAKOK
BHKOPHCTOBYBATH XMapHE CXOBHIIE JaHUX [3].

Telegram 3abe3neuye KoMpOpPTHE CEpPeNOBHUINE AJIsI KOPUCTYBadiB Ta Yat-
6otiB. CrinkyBaHHS 3 9aT-00TOM y JOJATKy HE MOXKe OyTH CKIATHIIINM, HIX 3i
3BUYAHHUMH JIFOBMU. [X TaK0k BUKOPHCTOBYIOTh BENIMKA KilbKiCTh KOPUCTYBadiB
JUIsl BAKOHAHHS Pi3HUX 3aB/IaHb.

VY OGaraThoX IapHHaX BHKOPHUCTOBYIOTH 4aT-OOTIB JUIS IOKpAIEHHS abo
onTHMi3alii 00CIyroByBaHHs KIIIEHTIB Ta €IEKTPOHHOI KOMEPIIii:

-Yar-60otn  ans oOCHIyroByBaHHS — KII€EHTIB:  0arato  KOMITaHiH
BUKOPHCTOBYIOTh IIi CEpBICH SK MEpIINil KOHTaKT, KOJM KIi€HTaM MOTpiOHa
nonomora. [TpakTHYHO B KOXKHIH ragy3i KOMIIaHil BHKOPHCTOBYIOTh 4aT-00TiB, 11100
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JlorioMaraTy KJIi€HTaM JIETKO MepeMilarucs 1o ix BeOcalT, BiAMOBIaTH Ha MPOCTI
3aIUTaHHS Ta HAIIPABIATH JIFOJEH 10 BiATIOBIAHUX KOHTAKTIB.

-Yar-60ot B eNeKTpPOHHIN Komeprmii: po3mpiOHi KommaHii Ta
TeJIEeKOMYHIKaIliifHi TpoBaiiiepn BUKOPUCTOBYIOTh YaT-00TIB K TOJATKOBHI KaHAI
B3aeMozii 31 cBoiMH KimieHTaMH. BOT HeOOXimHWH IS BEAEHHS KIEHTIB dYepes
JHIMHAN TOTIK TPOIECiB, 00 BUKOHATH 3aIIUTH X TpaH3aKIil [3].

- BipTyanbHi MOMIYHUKY B YaTi: 0cOOMCTI MOMIYHHKH, Taki sk Siri, Cortana
Ta Alica, CTaJM TNONYJSPHUMH, OCKUIBKM iX IepeBard AOCTYNHI i BOHH JIETKO
BIIPOBAJIMIINCS B IOBCSK/ACHHE XKUTTS CHOXKBa4iB. JII0a1 BUKOPHCTOBYIOTH 1X IS
LIBUKOTO OTPUMaHHS iH(popMallii, mianyBaHHs rpadika ta B3aeMoii 3 QyHKIIsIMU
PO3YMHOTO OYIUHKY.

Yar-00TH CHINKYIOTBCS 32 JIONMOMOTOI0 TIPOMOBH  a00  TEKCTOBHUX
moBimomiieHb. OOmaBa BapiaHTH MOIIMBI 3aBISKH TEXHOJIOTISIM IITYYHOTO
IHTEJEKTY, TAaKUM 5K MallMHHE HaBYaHHS Ta 00poOKa MPUPOAHOI MOBH.

Yar-60T — 11€ opMa PO3MOBHOTO IITYIHOTO iHTEJIEKTY, MpU3HAYCHA VIS
CHPOIICHHS B3a€MOJIl JIOJMHM 3 KOMITIOTEPOM. BHUKOpHCTOByIOUM 4aT-00TiB,
KOMIT'IOTEPH MOXYTh PO3YMITH 1 pearyBaTH Ha MNpPHXIiJ JIIOAWHH 4Yepe3 YCHE 4Yu
MMCHhMOBE MOBIIEHHS [4].

ITpu cTBOpEHHI NPOEKTIB, T'OJIOBHOIO YacTHHOIO € Mmigdip 3aco0iB s
po3pobku. MoBa nporpamysants Python - 00'eKTHO-Opi€HTOBaHa, BUCOKOPIBHEBA,
IHTEepIpeTOBaHa; BOHa aKTUBHO DPO3BMBAETHCS Ta IMIIXOMUTH Ui PO3B’SI3aHHS
Oaratbox 3amad. Python BBakaeTbCsi OAHOIO 3 HAWIOMYJSPHINIMX MOB
MIPOrpaMyBaHHS Ta 4aCTO BUKOPHUCTOBYETHCS IPH CTBOPEHHI Pi3HUX JOAATKIB AJIS
TenedoHiB 1 KOMI'IOTEPiB, Y MalIMHHOMY HaBUYaHHI Ta B 0araThoX iHIHX cdepax
[5].

L1# MoBa mporpamMyBaHHS Ma€ MPOCTHH Ta JIOTIYHUH CHHTAKCUC, TOMY KOJ
MOYKHA JIOCUTB JIETKO ITPOYUTATH 1 CIIPUHHATH KOPUCTYBaYaM.

OTxe, 3a JOMOMOTOIO IIi€i MOBH S 1 peaji3oByBasia CBiil mpoekT. Yar-60T
MPU3HAYECHUI ISl TOTO, 00 JI0roMaraTd KOPUCTyBayaM, a MPH3HAYEHHSIM MOTO
nomiuHuKa Oyje pekomeHaamis KHUr. Konu He 3HaeTe, 0 MOYKHA IMOYUTATH TTIiCIIS
MIPOAYKTUBHOTO JHS, 9aT-00T mormomoxe y BuOopi TBopy. Ilepex num 3anurae mpo
yIo0JIeHMI )KaHp Ta MPOo 1HII HEOOXi[HI mapaMeTpH.

BucHoBknu

YaT-00TH - OAMH 3 NMEPCHEKTHBHUX CYYacHUX 3ac00iB, II0 JIO3BOJIIOTH 32
JIOIIOMOT'0I0 MOBH ITPOTpaMyBaHHs, aBTOMAaTHU3yBaTH Oararo npotecis. Bxke nocuts
06arato KOMIIaHIH BHKOPHCTOBYIOTH II€ HOBOBBEICHHS ISl 3B’SI3KY 3
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KopHucTyBayamH, 300py iH(popmaii Ta npogax. Yar-00TH J03BOJSAIOTE YHUKHYTH
Oarato mpoOieM, SKi CHPHYMHSIIOTH Maly e(eKTHBHICTh Ta IOTaHy SKIiCTh
TIpane3JaTHOCTI.

Oynkmii yaT-60Ta:

- aBTOMATH3AaIlist 0OPOOKH 3aIuTiB;

- 3IIHCHEHHS MOIIYKY Ta 30ip MaHUX;

- HAJICWJIAHHS BIAMOBINEH Ta MiATBEPKCHHS,

- B3a€EMOJIIs 13 30BHILTHIMU CHCTEMaMHU;

- iHII[iaIlis] 3aMUTIB 10 KOHTPAreHTIB.

Takoxk BapTO 3a3HAYMTH, 11O 3aBASKH MECEHIDKEpaM 4aT-00TH Hadynu
PO3BUTKY. 3'SBUIIMCS Pi3HI BUAM IS pi3HuX 1ieil. OCHOBHE 3aBAaHHs 4aT-00TiB -
BECTH [JiaJior 3 KOPHUCTyBadeM Ta BIJIIOBiAAaTH Ha HOTO 3alUTH, CHHPAIOYNCh HA
cBoto 0a3y 3HaHb. [lonpu cBOi 3aBmaHHA 4aT-00TH CTBOPIOIOTHCS VIS BEACHHS
Jiaory KOpUCTYBa4eM, THM CAMUM IMITYIOUH CITiBPO3MOBHHUKA 200 (haXiBIIs.

Yar-00TH MOXYTh BHKOHATH pi3HiI 3aBJaHHSA: KOHCYJIBTYBaTH KIIIEHTIB,
JOTIOMAraTy 3HAUTH NOTPiOHMIA (aiiir, TOBITOMISATH HOBUHH, 3aMOBJIATH 1KYy, OyTH
CHIBPO3MOBHMKaMHM Ta BCe B paMkax ojHiei mporpamu, Ha tuiatdopmi sikoi
peanizoBano 6ot. Ile 3MeHIye HEOOXiAHICTh BCTAHOBJIIOBATH O€37iY OJATKIB,
TOMy II0 0araTto HeOOXiJHUX KOPHUCTYBa4yeBl 3alMUTH MOXYTh BHKOHYBAaTHCS B
paMKax oJiHi€l mporpaMu (MeceHpKepa).

Cnucox BUKOPUCTAHOI JiiTepaTypu

1. TIIpobnemu BipTyaneHoro crninkyBanHs - JleontoBuy O. A. // ITonemika. — 2000.

2. OcobmuBoOCTi BipTyalbHOTO CIUIKYBaHHA 3a jgomomororo datis / I'. JI. Ymakosa,
10. B. banabanosa // ®inonoriuHuii >xypHaia: MDKBHIIIBCKA 30ipka HayKOBHX
crareii. - 2004. - C. 59 - 61.

3. Telegram. [Enexrponnwuii pecypc]. - https://telegram.org/fag#qg-what-is-telegram-
what-do-i-do-here

4. [EnexrponHnwuii pecypc]. -
https://www.techtarget.com/searchcustomerexperience/definition/chatbot

5. Python. [Enexrponnwuii pecypc]. - https://www.python.org/about/

62


https://telegram.org/faq#q-what-is-telegram-what-do-i-do-here
https://telegram.org/faq#q-what-is-telegram-what-do-i-do-here
https://www.techtarget.com/searchcustomerexperience/definition/chatbot
https://www.python.org/about/

AMICon-2022

PO3POBKA ITPOTPAMHOI'O 3ABE3IIEYEHHA JJI51 TECTYBAHHS
MPOAYKTUBHOCTI HEPCOHAJIBHUX KOMIT'IOTEPIB

Cepeiti Topouniti
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
toroniyserhiy@gmail.com

3 mpUXoZOM KOMII'IOTEpPHOI TEXHIKM JKUTTSA JIIOACTBA KapIWHAIBHO
3MiHmIOCH. Jlemani OinmbIe po3paxyHKIB MOYAld BHKOHYBAaTH KOMIT IOTEpH, IO
3HAYHO NPHIIBHIMIIIO TPOIECH TEXHIYHOTO mporpecy. Ha choromHimHii neus, 3
ypaxyBaHHSIM POCTY HPOJYKTHBHOCTI KOMIT FOTEPHOI TEXHIKH, 3HAYHO 301IbIIIIACE
KUTBKICTH Ta CKJIAIHICTH 33a7ad, sKi moTpiOHO BUKOHYBaTH. OUEBUIHO, 110 HE Y BCIX
€ MOXJIMBICTh OTPHUMYBATH HaWIEPEeOBilli HOBUHKH B TEXHOJOTTYHOMY IPOCTODI.
Came Tak 1 HapOPKyeThCS MpoOIeMa HEAOCTaTHBOI MPOMYKTHBHOCTI IS
MOCTABJICHUX 3aJay Iepesl KOMI'I0TepoM. ToMy akTyalbHOK TEMOIO € OIliHKa
HIBUJKOII MEPCOHAIBHUX KOMITFOTepiB. [IJi1 BHU3HAYCHHS TaKUX OI[IHOK OYJIu
CTBOpEHI IPOrpaMH Uil TECTYBaHHS X MPOAYKTHBHOCTI NMPU HAaBAaHTAKEHHAX —
OeHumapku. Jleska dwacTMHa 3 Hac, INepel TUM SK NPHAOATH NpOrpamMHe
3a0e3neueHHs, 3BepTaia yBary Ha MiHiMaJbHI Ta peKOMEHIOBaHI CHCTEMHI BUMOTH,
y AKHX OyJY MmoJaHi Ha3BU KOMIUICKTYIOUHX KoMl totepa. Lli gani Oynu oTpuMmani
caMe B pe3yJbTaTi TecTyBaHHA OeHIMapkaMu. Maiixke KOXKEeH 3 THX, XTO ITOB’ I3aHUH
3 cdeporo iHGOpPMAIIHHNX TEXHONOTIH — TMpOTrpamicT, MY3HWKaHT, Tehmep,
KpHIITOMaiHep YH BiJICOMOHTaXeP, LIIKaBUThCS PO BUMOTH TIPOAYKTY 3 SIKUM OyJie
BUKOHYBaTHCh TNOJAaJ]blIa pobOTa Ta CUCTEMY, sSKa LI BUMOTH 3a/IOBOJIBHSIE.
ToroBench — ouu 3 Takux GeHumapkis it TectyBanus [1K.

Mertot poOOTH € CTBOPEHHSI OJHOTO 3 TAaKUX IMPOJIYKTIB Ul TECTYyBaHH:I
MIPOAYKTUBHOCTI MEPCOHATBFHUX KOMII IOTEPIB MIBHUAKUM Ta MPOCTUM CIIOCOOOM 3
peasizami€ero HaCTYITHUX MOXJIMBOCTEH:

®  TECTYBaHHS IIBUJAKOJIi BUKOHAHHS apH(METHYHUX, TPUTOHOMETPHUHUX
CTPIYKOBHX Ta IHIINX onepauniil Ta anropurmis st CPU

®  TECTYBaHHS IUBUJAKOJII BUKOHAHHS OIEpalliil MOB’S3aHUX 3 MAHUHIOM
KPHUIITOBAIIOT Ta Mapalesis-HUMU onepatisimu juis GPU

®  TECTYBaHHS TEMIEPATypHHUX MMOKA3HUKIB HAa MPUCYTHICTh TPOTTIMHTY MPU
TPUBAIMX Ta BAKKUX HaBaHTaKeHHsAX Ha [IK

e peamizamis oHnaiiH peitunry I1K 3a MpoXyKTHUBHICTIO, aBTOOHOBJICHHS
3aCTOCYHKY Ta KaCTOMi3allisi mporpamMu
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Jlanuii IpoayKT MIiCTHTh B cOOi OHJIAHH PEHTHHr AJsl MOPIBHSHHS CBOiX
pe3yIbTaTIB 3 pe3yiabTaTaMi Oyab-SIKOTO IHIIOTO KopHcTyBada. OTKe, OCHOBHOIO
LOUUTI0O € CTBOPEHHS Ta po3poOka OE3KOMTOBHOTO, MIBHIKOTO OCHUMApKy 3
IIBUJIKAM Ta MPOCTUM TecTyBaHHAM nponyktuBHOCTi [IK Ha 6a3i OC Windows 3
BHKOPHCTAHHAM TEXHOJIOTiH Ta 0610mioTeK:

e  Windows Forms C#
e OpenCL

e Dropbox API

o CUDAfy.NET

e  Guna Framework

e AutoUpdater.NET

Torobench mporpamuo peanizoBanuii Ha 6a3i Windows Forms ta .NET 3a
JOIIOMOT0I0 MOBH mporpamyBaHHA C#. OCKINBKM MiATPHMKa 3aCTOCYHKY Oyia
HaIliJleHa Ha orepaniiiHy cucremy Windows, To Oymo obpaHo came Taki OCHOBHI
TexHouyorii. JlaHi pedTHHTY KOpHCTyBadiB 30epiraloTbcsi B XMAapHOMY CXOBHIII
Dropbox, moctym mo nux qaHWX BinOyBaeTchs 3a momomororo Dropbox APIL. [lns
iHTepdeiicy nporpamu 0yno okpemo Bukopuctano Guna Framework uepes mesiki
0OMEXEeHHs CTBOPEHHs TU3aiiHy cTaHIapTHUMH iHcTpyMeHTamu Windows Forms.
OHOBJICHHSI 3aCTOCYHKY peali30BaHO 3a JOMOMOTOK BiIKPUTOI 0i0ioTeKH
AutoUpdater.NET. BOynoBaHe aBTOOHOBJICHHS J03BOJISIE HE LIYKAaTH aKTyalbHI
Bepcii 1oaaTKy B Mepexi [HTepHET, 110 3HaYHO POOUTH IO MPOIEAYPY 3PYUHINION
JUTSL KOPUCTYBava, a TAKOXK J03BOJISE MATPUMYBATH J0JIaTOK B aKTYaJIbHOMY CTaHi.
o6 3poOutm amropuT™Mu g TpadidHOro Tpolecopa HE3aICKHUMH Bij
po3poOHUKa BiI€OUiITiB, iX OyJI0 HAaIIICaHO Ha HU3bKOPiBHEBIH MOBI IPOTpaMyBaHHS
OpenCL Ta BUKOpHCTaHa 0i0NiOTEKa I MPOTPAMHOTO JOCTYITY OO TpadigHOro
nporecopa - CUDAFy.NET.

3 BHUKOPUCTAaHHSIM BHIIEOMMCAHUX TEXHOJOTIH, 3aCTOCYHOK TECTyE Ha
MIPOAYKTUBHICTE OCHOBHI KOMIUIEKTYI04i Oyzap-sxoro IIK, Oyayum mOBHICTIO
HE3aJIeKXHUM BiJ BUPOOHMKA ITMX KOoMIUTeKTyrounx. OcHoBHa iH(opMmaris mpo [1K
300pakeHa Ha TOJOBHOMY BiKHI MporpamMu. 3a OCHOBY TECTYBaHHS IEHTPaIbLHOTO
Ta rpadiyHOro Hpolecopa B3STO ATOPUTMH MOLIYKY MPOCTHX YUCe, apu(pMeTHIHI
Ta TPUTOHOMETPHUYHI Oreparii, MJHECeHHS O CTENeHs, BU3HAYEeHHs IIBUIKOCTI
XElIyBaHHS Ta pi3Hi NapajesbHi AITOPUTMH, SIK OT MHOXEHHSI BEJIMKHX 32 PO3MipOM
Matpuib. Kpim toro Baxkkmmu it LI1 e omeparii 3 BeIHKOI0 KUTBKICTIO 3HAKIB
IICJIST KOMH Ta OMepanii i3 CTPIYKOBUMHU JaHUMU, HANIPUKJIA]l — KOHKATCHAIlis, SIKi
TaKOX BUKOPUCTaHI IPH TECTyBaHHIX. TakoX peasi3oBaHO MOXIIMBICTb 3aIlyCKy
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ctpec-TectyBanHs 11K, 3 MOHITOPHHIOM TeMIlepaTyp, HaBaHTAXXEHb Ta OKa3HUKIB
TPOTTIUHTY B pearbHOMY 4Yaci. Pe3ynpTaTu TecTiB KOPUCTYBAUiB MICIIS YCIIITHOTO
tectyBaHHsI CPU i GPU aBTOMaTW4HO AOAAIOTHCS A0 PEHTHHTY, SKAH MICTHUTH
Halikpammi pe3yiabTaTH TecTyBaHb Ta AaHi mpo I[IK 3 MOXIMBICTIO TOIIYyKYy Ta
copTyBaHH: 3anuciB. Takok HoCTymHa (QYHKIISI OHOBJICHHS 3aCTOCYHKY, B SIKIH €
MOJKJIMBICTB MIPOMYCKY Bepcii fonaTKy abo HarayBaHHS OHOBJICHb. [l0 TOITaTKOBHX
MOXJIMBOCTEH MOXKHa BIJIHECTH KacTOMI3allll0 BUIVISAY JONATKy - BUOIp CBITIION,
TEMHOI UM CUCTEMHOI TEMHU 3aCTOCYHKY.

IMopiBHABIIN MPOAYKT 3 BigoMuM ananoroM — Geekbench 5, moskua 3po6utu
HACTYIIHI BUCHOBKHM Ta TopiBHsHHS. [lo-mepiie, 6inpuricts ananorie ToroBench ue
€ TIOBHICTIO Oe3KkomTOBHUMHE, 30KpeMa it Geekbench 5. TTo-apyre, Geekbench 5 ue
MicTuTh (yHKIioHAITYy crpec-TectyBaHHs CPU/GPU, BOymoBaHOTO peHTHHTY Ta
BUMIPIOBaHHS MIBHAKOCTI MAaiHWHTY KpHITOBamOT. HaBaHTakeHHS mix dac
TECTYBaHb Ta IOKa3HUKH TEMIEPATYp KOMIUICKTYIOUYHX € MeHIIUMH (nuB. Puc. 1) 3a
HaBaHTa)XCHHS Ta TEMIIEPaTypH IIiJ 4ac TECTyBaHb 3aCTOCyHKOM Torobench (mus.
Puc. 2), mo € xio4YoBHM B TPOTpPaMHOMY 3a0e3medeHHi Takoro Twimy. JlaHi
TEMIIEpaTyp Ta HaBaHTAXXEHb OTPUMAaHO TECTYBAHHSIM 3a JOTIOMOTOI0 3aCTOCYHKY
CPUID HWMonitor, skuii Mokasye jaeTajbHIilly iH(GOPMAIiI0 MOPIBHSIHO i3

BOynoBanuMm B OC Windows Jlucrerdepom 3aBaaHb.
AMD E2-3000M
(( Temperatures
Core #0 73°C (164°F) 72°C (161 °F) 78°C (172°F)
Core #1 73°C (164°F) 72°C (161 °F) 78°C (172°F)
& Powers
Package
[] Utilization
Processor
CPU =0
CPU =1

Puc.1 Tloka3Huku temmneparyp ta HaBantaxxeHHs CPU npu tectyBanni Geekbench 5
[®] AMD E2-3000M
e—( Temperatures
Core #0 87°C (189°F) 77°C (170 °F) *C (190 °F)
Core #1 87 °C (189 °F) 77°C (170 °F) *C (190 *F)
’ Powers

Package
] Utilization
Processor
CPU #0
CPU =1

Puc.2 INoka3nuku Temnepatyp Ta HaBaHTaxkeHHs: CPU npu tectyBanni Torobench
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[NopiBHIOIOYHM 3 TaKOK HE MEHII BioMumu 6eHumapkamu CPU-Z ta GPU-Z
MOJKHA JiHTH BUCHOBKY, 0 B CPU-Z ta GPU-Z He BOynoBaHi 1omaTkoBi QyHKIIT
(ommaitH peifTuHT Ta BUMiproBaHHS IBHAKOCTI xemryBaHHs GPU) ta i B3arami mi
MporpaMy TMOAIICHI MK cO0010 3a (QYHKIIIOHAIOM, IO 3pO3YMIIO 3a Ha3BaMH
3aCTOCYHKIB.

BucHoBknu

CTBOpEHO JECKTOIHMI 3aCTOCYHOK [UISi PpI3HOIO BHUJIY TECTyBaHHSA
MIPOJYKTUBHOCTI MEPCOHAIBHUX KOMII' FOTEpIB Ta IHIIMMH HOBHUMH JOJATKOBHMU
¢dyHKIisIMU JuIa 6eHumapkiB. [Ipaioroun Haj JaHUM J0JATKOM OYJO 3aKpiIjIeHO
3100yTi 3HAHHS B r'ajly3i JECKTOIHOT pO3pOOKH, pOOOTH 3 XMapHUMH CXOBHUILAMH Ta
BUKOPHCTAaHHS IHIIUX CYTTEBUX OIOMIOTEK MAJsl 3aCTOCYHKIB TaKoOro THUIY —
O6eHumapkiB. B xomi poboTu Oymno 3700yTO HOBi 3HAHHS y CTBOPEHHI AHM3alHY
3acTOCyHKy. ['mmOmre nocmimpkeno poboty kommektyrounx [IK Ta mporpamHa
B3A€EMOJIiS 3 HUMH.

Cnucok aitepatypu

1. OpenCL Overview. [Enexrponnuit pecypc]. - Pexxum JIOCTYILY:
https://www.khronos.org/opencl/

2. Windows Forms documentation. [Enexkrponnmii pecypc]. — Pexum mgoctymy:
https://docs.microsoft.com/en-us/dotnet/desktop/winforms/?view=netdesktop-5.0

3. Developers - Dropbox. [EnextponHmii pecypc]. — Pexumm moctymy:

https://www.dropbox.com/developers

4. How expensive is an operation on a CPU? - StreamHPC. [Enextponnuii pecypc]. — Pexum
JOCTyIy:

https://streamhpc.com/blog/2012-07-16/how-expensive-is-an-operation-on-a-cpu/

5. Guna Framework. [Enexrponnnii pecypc]. — Pesxum moctymy: https://gunaui.com/

6. NET Documentation. [Enextponnuii  pecypc]. — Pexum  pgocrymy:
https://docs.microsoft.com/en-us/dotnet/?view=net-5.0
7. CUDAfy.NET. [Enexrponnmii pecypc]. - Pexnm JOCTYIY:

https://github.com/lepoco/CUDAfy.NET
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MPOEKTYBAHHS TA PEAJIIBAIIIA 3APSATHOI CMAPT-CTAHIIIL AKER
Onee Isankie, Anopiti Benixoscvruti

Lybnancoxuil onoprui aiyeu imeni I'eposi Ykpainu Anamonia Kanosazu;
Jlveiecvkutl nayionanvuuil yHigepcumem imeni leana @panka

olequk0509@gmail.com, andriygh2326 @gmail.com

Beryn
OpnHi€l0 3 OCHOBHMX TEHJICHLINH PO3BUTKY 1H()OpPMALIHHUX TEXHOJOTIH €
LIOpiYHE CTPIMKEe 30UIBIIECHHSI BUKOPHCTAHHS y MOBCSKICHHOMY XHTTI MOOLITEHUX
npuctpoiB. OCHOBHA Maca TaKHUX IPUCTPOIB MArOTh BOYIOBaHE JAXKEPEIIO KUBJICHHS
(akymynsTOopHY Oatapero), sike moTpedye 3apsaku. 3 oAy Ha CKa3aHe, BUHUKAE
motpeba y 3poCTaHHI KiTBKOCTI e(DeKTUBHIX MOPTATHBHUX 3apSIHUX IIPUCTPOIB.
Ha punky 3apa3 mocTymHi 3apsimHi CTaHINI, SKi MarOTh PsAA HEIONIKIB,
OCHOBHHM 3 SIKHX € 0OMEKEHHS KUTBKOCTI — He OLbIIe TPHOX, BIACYTHICTD (DYHKIIIH
LIBUKOT 3apsaKH 1 MOXKJIMBOCTI KOHTDPOJIO HapaMeTpiB 3apsiiKH, OOMEKEeHHs
3arajibHOI MOTyXHOCTi 10 30 BT. BapTo Takox momaty, 1o B iCHYIOUHX CHCTEMax
JIOBOJI 4acTO BIJCYTHS CHCTeMa 3axHCTy BiJ TIeperpiBy, nepesapsmy 4Yu
[ePepo3psiy aKyMyJSITOPIB, 1110 3HAYHO 3HIDKYE Oe3MeKy IXHbOT eKCILTyaTallil.
[MogonanHs KMX HEAOJIKIB 3a3BUYall BEJIe 10 3HAYHOTO POCTY LIHU TaKOTO
mpuctporo. ToMy, Ha OCHOBI aHami3y NWUX Ta MAEIKHX IHIIUX HEAOJNIKIB,
3alpOIIOHOBAHO Ta peali3oBaHo cucteMy Aker, 10 BiINOBia€ HaCTYITHUM
KpHUTEpisM:
e (e3meka Ta 3pyYHICTh eKCIUTyaTarlil;
®  MyIbTH(YHKIIOHAIBHICTB;
®  JIOCTyITHA IiHa;
®  IIBHMJKICTb 3apsAKH Ta alalITUBHICTb.
Konuenuist Ta po3po6ka npucrpoio
Aker — ne mopratuBHa 3apsiaHa cMmapT-cTaHIis. JlaHa po3pobka Mae
(YHKIII0 IIBUAKOT 3apsIKK Ta KOTBOPOBHUH tft mucmiei, mo 103BoIs€ B 3pyIHOMY
PeXUMI BijoOpaskaTu BCi mapaMeTpH 3apsakd. Takox JaHuil mpuCTpiil miaTpuMye
¢yHKIiI0 0e3npoBigHOT 3apsAAKM Ta Mae 3HIMHMH akymynstop Ha 25000 mAh.
BukopucToByroun TepMicTOpH (U1 KOHTPOJIIO TEMIIEPATypH aKyMYJSITOPIB i
“battery management system”) BAajoch 3Ha4HO 30UIBIINTH O€3MEKy eKCILTyaTalil
Ta TPAHCTIOPTYBaHHSI.
Po3pobka mpucTporo posmodanach 3i CTBOPEHHS 3arajJlbHOi KOHIIETIIii, Ta
MPOBENIEHHST HEOOXiMHUX po3paxyHKiB. Ilicms dWoro B cumynsaTopi easy eda
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PO3pOOIICHO €NEeKTPOHHY CXeMy Ta ApyKoBaHi miaTu. HacTymHum eramom cTano
CTBOPEHHS MaKeTy IIPUCTPOI0 Ta po3poOKa IPOrpaMHOrO 3a0e3Ie4eHHS.
[MapanensHO 3 M po3pobismack 3D Momens KOPHyCy Ta eJIeMEHTIB KpilUIeHHS
enekTpoHikd. Kpim amapatHOi po3poOKu MPOBOJMBCS aHAI3 PUHKY Ta CTBOPEHHS
6i3Hec-moneni. Po3pobnennit mpucTpii Moke OyTH BHKOPHCTAaHHHA 3 METOIO
ONTUMI3aIli]l Ta PO3MIUPEHHS CHCTEM JKUBJICHHS IIPUCTPOIB.

Puc. 1 [Ipunnmmosa cxema Aker B cumymsitopi EasyEDA

68



AMICon-2022

Puc. 2. TpuBuMipHa MoIelTb IPUCTPOIO (37iBa); 3i0panHuii mpucTpiii (cripapa)
BucHoBku

B xomi poGotm Oymo mNpoaHaTi30BAaHO PHHOK 3apsAHUX CTaHIIIH,
MIPOAHATI30BAHO BEJIMKY KUIBKICTh TEXHIYHOI JOKyMEHTamii Ha pPi3HOTHUIHI
€JICKTPOHHI KOMIIOHEHTH, MPOBEICHO MAaTEMaTHYHI PO3PaxyHKH, Ta PO3POOJICHO
CJIEKTPOHHY CXeMY MPHUCTPOoro. Takoxk B qaHii poOOoTi OyJI0 HAMHCAHO MPOTPAMHUIA
KOA Ui MIKpOKOHTpoyiepa. B (yHKIIT IaHOTO KOIy BXOAMTH: 3a0e3ledeHHS
¢yukmionyBanss 1.8 mroiimoBoro TFT SPI mucmnes (HamwcaHo iHTepdeiic, skuid
CKJIAJIAETHCS 3 TPHOX OCHOBHUX ITAHENCU: MAaHENb Yacy, MaHeb MMOPTIB Ta MaHEJb
HaJIAIITYBaHb.) Ta CHCTeMH KoHTpomo mpuctporo, LED ta RGB mincBiTkwy,
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KOHTPOJIb IIApaMeTPIB 3apsAKK Ta 3YMTYBAaHHS JaHUX 3 MyJbTHIUIeKcopa CD4051.

CTBOpEHO Ta HAAPYKOBaHO 3aranbHy 3D Momens MpUCTPOro (AWB. JOAATOK A), Ky
YMOBHO MOXHa po3aimuté Ha 3 Omokm: OcHoBHa wactmHa; LED wmatpurs;

AKYMYISITOPHUH BiIUIiTI.

Cnucok girepatypu

1.

10.

11.

DC/DC-npeobpa3oBaTenu: MPUHIMIE pabOThl W yHHKalbHbIC peIieHHs Maxim
Integrated [Enexrponnuii pecypc] : URL:https://www.compel.ru/lib/134297

Quick  Charge  [Enmextponumii  pecypc] //  Wikipedia /  URL:
https://en.wikipedia.org/wiki/Quick_Charge#:~:text=Quick%20Charge%20is%20a
%?20proprietary,while%20still%20maintaining%20compatibility%20to

How fast charging really works: your guide to wireless and wired fast charging
[Enexrponnmii pecypc]: URL: https://www.androidauthority.com/fast-charging-
explained-2-889780/

M. Rahman, A Review on Semiconductors Including Applications and Temperature
Effects in Semiconductors // American Scientific Research Journal for Engineering,
Technology, and Sciences (ASRJETS), -2014, C. 50-70.
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ocHOBaM 3J1eKTpoHHO# TexHukH. K.. U31-Bo Kues. yn-Ta, 1974.
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LM2596 Datasheet [Enexrponnmii pecypc] // Texas Instruments / URL:
https://www.ti.com/product/LM2596

CD4051BNSR Datasheet [Enexrponnmii pecypc] // Texas Instruments / URL:
https://pdfl.alldatasheet.com/datasheet-pdf/view/353843/T1/CD4051BNSR.html
TPS28225 Datasheet [Enexrponnmii pecypc] // Texas Instruments / URL:
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OBJECT DETECTION AND SIZE RECOGNITION
Iryna Onyshkevych
Ilvan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics
onyshkevych.iryna@gmail.com

In this work, we discuss image processing techniques used for classical
applications in the image detection field. We focus on the main problems: corners,
edges, contours and size detection. The detection of size is believed to be the most
challenging one since it typically utilizes the data obtained from previously detected
corners, edges and contours of the object. Hence, it is of great importance to first
discuss different methods for corner, edge and contour detection.

We start with a formal definition of the above-mentioned subproblems and
an introduction of commonly used notations. All these problems are very well
studied in the computer vision literature, and there are plenty of different methods
and techniques for solving each of them.

The contour of the object plays an important role in image classification and
object recognition and is closely related to previously discussed concepts, i.e., edge
and corner. The goal is to determine the contour, which is the outline or a curve
bounding the object. It can become a difficult task, especially when the contour is
incomplete or unclosed as mentioned in [1]. The most common group of methods
are pixel-based approaches [2]. There, the features are constructed and then
employed to determine whether each pixel of the image belongs to a contour. To
extract the discontinuity features, linear operators [3] (e.g., Sobel, Prewitt and Canny
[4]) or quadratic filters [5] are introduced.

Another typical set of methods is edge-based approaches, which are aiming
to determine whether the pre-detected curves or edges are contained within a certain
contour. In many of these approaches, one must solve a global optimization problem,
meaning that the information from the entire image is taken into the consideration
simultaneously as explained in [6].

Here we present the results of contour detection obtained using the pixel-
based method [7] from the OpenCV [8] library.
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Fig. 1 a) group of small objects with the contrasting background, b) objects on the textured
background of similar color but without shadows c) bright-colored objects with shadows on
the contrasting background d) several objects of the color similar to the background with the

prominent shadows
We observe that the method performs well even for small objects if their color
differs from the background color (also when these two colors are not very
contrasting), see Fig. 1 a, b. However, in case of similar colors or shadows, the solver
struggles to determine the contour correctly (Fig. 1 c, d).
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Finally, we present our results for size recognition. On Fig. 2 we have chosen
Ukrainian 50 kopiyka, 2018, as a reference object. Its original diameter is 2,3 cm
and we choose it to be represented by 150 pixels. For detection, we used the box of
matches (original size 5,5 cm x 4 cm), a candle (diameter - 4 cm), a pen (16,8 cmx
0.6 cm) and an apple.

Fig. 2 Object size detection

In summary, image recognition, in particular, object contour detection and

size recognition are of great theoretical and practical significance. In the present

work, we started with the literature overview and comparison of different approaches

to the problem. We discussed the results of contour detection obtained by different

methods for different initial data. Finally, combining the methodology from

discussed edge, corner and contour detection, we solved the problem of object size

determination. We concluded by presenting the examples of size detection for some

everyday objects and discussed the advantages and drawbacks of the used methods.
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BUSABJIEHHSA TA PO3III3BHABAHHSA OB’€EKTIB 3A JOITOMOI'OIO
AJITOPUTMIB MAIIIMHHOT' O HABUYAHHS OHJIAH

Hanienv bpeyxo
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMeMAMuKy ma iHpopmamuku
danielbrecko@gmail.com

Ha croromninTHii 1eH aNITOpUTMH 3HAXOKESHHS Ta pO3Mi3HABaHHSA 00’ €KTIB
€ OJHI€I0 3 HaHaKTyaJbHIIIMX TEM MAIIMHHOTO HAaBYaHHS, aJUKE 3aBISKH IIbOMY
CTBOPIOIOTHCS CAMOKEPOBaHi aBTOMOO1ITi Ta poOOTOTEXHiKa, BiTOyBarOTHCS HAYKOB1
BIIKPHUTTS Y cpepi METUIHNHH, TOKPAIYIOTHCS CUCTEMHU OC3TIEKH.

BpaxoByioun peneBaHTHICTh [aHOI TEMH, MOXHA BHIUINTH OCHOBHI
3aBJIaHHs: POAHaIi3yBaTy MOHATTS HEHPOHHOI MEpexXi, INIMOMHHOTO HAaBUYAHHS Ta
npuHiuny backpropagation, mocmiauta ctpykrypy CNN Ta CTBOPUTH MOJEINb IS
BUSBJICHHS Ta pO3Mi3HABAHHS 00 €KTiB, BUKOPHUCTOBYIOUH TIIMOOKY 3TOPTKOBY
HelpoMepeKy, HaTpeHoBaHy Ha Habopi naHux COCO.

Jnst epeKTHBHOTO BUKOHAHHS ITOCTABJICHNX 3aBaHb 0yJI0 BAKOPUCTAHO TaKi
MoOJIeNi SK: 3BUYaliHi HelpoMepeKi, 3rOpTKOBI HEHpoMepexkKi Ta IXHi BJOCKOHAJICHI
Bepcii (Mobile net v2), k0’kHa 3 IKUX ITOKPAIIY€E Pi3Hi aCIEKTH TOYHOCTI, IMBUAKOIIT
Ta HAAIHHOCTI pe3yibTaTiB. A TaKOX IHCTPYMEHTH IS IMIUIEMEHTAIlil, SKi €
HEBiJ’€MHOIO0 YacTHHOIO MpH poOoTi 3 Heiipomepexxkamu: Numpy, TensorFlow Ta
OpenCV. Jlns mocArHEHHS OCHOBHOI Humi Oyna BHUKOpHUCTaHA caMe Oi0mioTeka
OpenCV, sika peasi3oBy€e aJrOPUTMH KOMITFOTEPHOTO 30py Ta 00pOOKH 300pakeHb
3 BIIKPUTUM KOJIOM.

OpnHi€ero 3 0coOIMBOCTEH POOOTH 13 300pKEHHSIMH € BEJIMKa PO3MIPHICTb
BXIJTHUX J@aHHX, OCKUIBKM KOXXEH €K3eMIUIIpP € TPhOXBUMIPHUM MAacHBOM JaHUX.
[Ipu posmizHaBaHHI 300pa’keHb 3a JOTOMOTOI0 TIOBHO3B SI3HHX MEPEX MOXKE
BUHHMKHYTH mpoOiema neperpeHyBaHHs. 11lo0 yHuKHYTH nporo Oyia cTBOpeHa
3roptkoBa HeiiponHa Mepexa (Convolutional neural network, CNN), mio
CKJIQJIAETHCS 3 IIapiB BXOJY Ta BUXOJY, @ TAKOX 13 IEKUIPKOX MPUXOBAHUX IIApiB,
SIKi 3a3BUYall CKJIAIAF0ThCS 31 3ropTKoBHX (convolutional), arperysansrux (pooling)
ta noBHo3'eqHanux (FC) mapis. Ha puc. 1 moka3zana apxiTekTypa Mepexi.

75


mailto:danielbrecko@gmail.com

AMICon-2022
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Puc. 1. ApxirexTypa 3ropTkoBOi HelipoHHOT Mepexi [4]

3a gomoMoror [aHoi Mepeki MO)KHAa TPOBECTH Kiacuikamiro Ta
JoKamizaiito 300paxkeHb. [lpu kiacugikamii 300pakeHb MU MOXXEMO BBECTH
300pa)keHHsI B 3rOPTKOBY HelpoMmepexy 3 NeKUIbKOMa IIapaMH, sKa BHBOJIUTH
BEKTOp 3Ha4€Hb, SKi MOJAIOTHCSA A0 (QYHKUII akTuBaulii softmax, sika BUBOAMTH
MIPOTHO30BaHUM Ki1ac. A Juisi TOro, 100 JOKalli3yBaTH NpeAMET, IIOTPIOHO 3MiHUTH
Hally HEHPOHHY MEpPEXKy, 1100 MaTH Iie KiTbKa BUXIAHUX OJMHHIb, SKi BUBOSTH
obMexyBansHy pamky (Puc. 2)

by, by

Puc. 2. Burnsg oOMexyBanbHOT paMKH Ta 1i mapameTpu

[Ticns Toro, IK MU HaBYIIIH IF0 MEPEXY, 3MOKEMO BUKOPHUCTOBYBATH i1 IS
BUSIBJIGHHS MAIlVH 3a JOIOMOTOI0 KOB3HHMX BIKOH. MU poOUMO Iie TaKUM YHHOM,
IO SKIIO Y HAC € TeCTOBE 300pa’KeHHs, K HABEJICHO HM)KYE, MU IIOYMHAEMO 3
BUOOpY poO3Mipy BiKHA, a MOTIM BBOJAMMO B MEPEXKY TUIBKH L0 MAaJEHbKY
MPSIMOKYTHY oOnacTsk. [licisa posmizHaBaHHSA IIHOTO BiKHA, MU ITOCYBAaEMO HOTO Ha
3aJiaHy KUIBKICTb KPOKIB, IiCJIsl 4OTO HEHpoMepeka 3HOBY PO3Ii3HAE 10 001acTh, 1
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Tak 0 KiHI 300pakeHHs. [liciast TMPOXOPKEHHS IIOTO 300paKeHHS, MOXKHA
3MIHHATH PO3MipH BiKHA, 00 oTpuMaTH TO4HImIi pe3ynstath (Puc. 3).

-

R \

Puc. 3. Po3mizHaBanHs 00’ €KTiB 3 pi3HH po3MipaMy KOB3HUX BIKOH
3aramom s peamizamii 3rOpTKOBOi HeWpoMepexki Uil BHSIBICHHS Ta
po3mizHaBaHHs 00’€KTiB OHJIAlH, 1 BUKOPHCTOBYBAaB MOBY IporpamyBaHHs Python
3 6ibmiotexkoro OpenCV Tta nanumu COCO2020, 3acrocyBaBuu apxiTektypy SSD
Mobilenet v2.
VY pesysbrati Hi€l poOOTH BAJIOCS CTBOPHUTH IPOTPAMHHIA 3aCTOCYHOK Ha
OCHOBI HeifpoMepexi, sika 37aTHa BHSBISATH Ta pPO3MI3HABATH IPEIMETH 3

ONTUMAITFHOIO MIBUJIKICTIO Ta TOYHICTIO Iy pobotu oHnaitH (Puc. 3).

Catpt - u X

Puc. 3 JlemoHcTpais po6oTu HelipomMepexki
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[ToMmiTHO, 110 HaBiTH NPU TOTraHOMY OCBITIECHHI, HE HaHKpallili SKOCTI

306pa)KCHH$[ KaM€pH Ta BUIIAAKaX, KO NMPEAMETH 3HAXOAATHCSA «OAUH B OTHOMY»

(ToOTO OIMH TIpenMeT 3HAXOIUTHCSA B OOMEKYBaJIbHIM paMIli iHIIOTO), peaizoBaHa

HelipoMeperka CpaBISIETECS 31 CBOEIO POOOTOIO Ta PO3Ii3HAE IIPEAMETH 3 XOPOILIOI0

TOYHICTIO Ta IIBUIKICTIO.

Tomy 3m00yTi pe3yapTaTH MOKHA BUKOPHUCTOBYBATH B IIUJISAX, A€ MOTpiOHE

IIBUJKE Ta ¢()CKTUBHE BUSBIICHHS 00’ €KTIB.

Chucok gitepatypu

1.

MobileNetV2: Inverted Residuals and Linear Bottlenecks,
https://arxiv.org/pdf/1801.04381.pdf

A Literature Study of Deep learning and its application in Digital Image Processing,
https://www.researchgate.net/publication/317346042_A_Literature_Study_of Dee
p_learning_and_its_application_in_Digital_Image_Processing

How Do Convolutional Layers Work in Deep Learning Neural Networks?,
https://machinelearningmastery.com/convolutional-layers-for-deep-learning-
neural-networks/

An Ensemble of Convolutional Neural Networks Using Wavelets for Image
Classification,

https://www.researchgate.net/publication/322957424 _An_Ensemble_of_Convolut
ional_Neural_Networks_Using_Wavelets_for_Image_Classification

CNN Object Localization, http://datahacker.rs/deep-learning-object-localization/
CocCo (Microsoft Common Objects in Context),
https://paperswithcode.com/dataset/coco
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IHTEJIEKTYAJIbBHA CUCTEMA INPOI'HO3YBAHHSA JTUHAMIKHA
KYPCIB KPUIITOBAJIIOT 13 BUKOPUCTAHHSM ®PAKTAJIBHOT' O
AHAJII3Y

Muxaiino Bopoyu
Jlveiecokuil nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMEMAMUKU Ma IHGYOPMAMUKU
bordun.mykhailo24@gmail.com

Beryn

B ocramHi [fekinbka pPOKIB KPUNTOBATIOTH HAaOyBalOTh Bce OUTBIIOT
MOMYJIIPHOCTI, OCOOIHMBO 1€ CTOCYEThCs BItCOIN, sikuii € KITIOYOBUM PYILIEM ISt
BCBOTO KpHNTOPWHKY. KpunroBamora € OuLThbIl OE3MEYHOI0 aJIbTEPHATHBOIO
Gi3uYHINi BaIOTI, SIKY MU 3apa3 BUKOpUCTOBYeMo. Lle Bce Oyio 3100yTO 3aBISKU
i pyBaHHIO epeaadi KOHPIISHIIHHUX TaHUX 33 JOMIOMOTOI0 KpunTorpadiqHux
MIPOTOKOJIIB, SIKi € HAJI3BUYaHHO CKJIaJHUMHU KOJIOBUMH CHCTEMaMHU.
AKTyalbHIiCTh TeMHI

OO0’eKTOM JOCIHI/DKEHHSI BUCTYIIA€ JTUHAMIKa KypCiB KpPHUITOBAIIOT, SKY
HEOOXITHO BU3HAYUTH 3 TOMEpPEaHiX icTopuyHuX naHux. Lli maHi mpencraBieHi y
BHTIISAI YacOBHX PSIIiB, TOOTO BIIOPSIKOBAHOI MOCITITOBHOCTI TOYOK JaHUX,
PO3MOJIICHNX Ha NMEBHHMH Iepiox dacy. AHalli3 4acoBOTO PSIY BiIHOCHTBCS 1O
BU3HAYECHHS 3arajlbHUX 3aKOHOMIPHOCTEH, sIKi BiOOPaXaroThCs JAHUMH 3a TICBHUI
niepiof gacy. Cepenl HAWMOMYJIAPHIIIMX METOMIB MOJICIIIOBAHHS Ta MPOTHO3YBaHHS
4acOBOTO PsIly € aBTOPErpeciiiHi Moeni, HalsCKpaBilIMM MPEACTABHUKOM Cepel
sakux Bucrymae ARIMA (AutoRegressive Integrated Moving Average). Taxa
KJIacCUYHAa MOJeNb K HE JHMBHO MOKa3ye Kpalli pe3yJlbTaTH NPOTHO3yBaHHS B
MOPIBHSAHHI 3 MOACISIMH TJIMOMHHOTO HaBYAHHS i1 (DIHAHCOBHX JaHUX, OCKIITBKH
BOHH € JIOCHTh HeCTalioHapHi, T00To xaotuuHi [1]. V3aransHeHHAM 1iel Mojeni €
¢paxranbaa monmenb> ARFIMA (AutoRegressive Fractionally Integrated Moving
Average) [2], sxka ngae MOXIMBICT MOJCNIOBAHHS YAacOBUX PSNiB 3 JOBLOKO
naM’aTTio [3]. 3aramom Takoro BHAy Yy3araibHEHHS [03BOJISE 3AiHCHIOBATH
HEOoOXiTHMH aHalli3 PI3HUX YacOBHX DSJIB 3 BpaxyBaHHSAM TPUBAJIOrO IIOKY B
yacoBomy psnai. Xou ARIMA € Haa3BH4alHO TOMYJSIPHUM — METOJOM
MIPOTHO3YBaHHS dYacoBOoro psxy, omHak ARFIMA moku TiTbKH KOPHUCTYETHCS
MIOITYJISIPHICTIO B HAYKOBIiH cHibHOTI. [IpoTe BapTo ckas3arw, 1o 3amikaBIeHICTh 10
(hpakTaJbHOTO aHaJi3y 3pPOCTAE, 1 e BKE MUTAHHS Yacy, KOJU B TAKUX MOITYJIIPHUX
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MOBax mporpamyBanHs sik Python 3’sBIsITbCst TOTOBI pilIEHHS VI TAKOTO POAY
aHaji3y, 0 OAHO3HAYHO 3HU3UTH BXITHUHN MOPIr 1 30UIBIINTE HOTO MOMYJIIPHICTb.
Mera

3 orymy Ha MEPCIEeKTUBHICTH FOTO PHHKY, Bce OUTBINE JIF0IeH BOAYaloTh B
HBOMY TIOTY)KHHH 1HBECTHIIITHUI iHCTpyMeHT. [IpoTe pHHOK KPHUIITOBAIIOT JOCHTH
CKJIATHUH 1 HEe Ma€ KOHKPETHHUX PEeTyILILiHHIX BaxkeliB. ToMy MeTOr0 MO€i poOOTH
€ po3poOIieHHs iHpOpMaIIHOT Ta IHTEIEKTYallbHOI CHCTEMH, TOCTATHBO HAMIHHOL
JUISL TOTO, 1100 TOIOMOI'TH 1HBECTOPY y MPUIHATTI pillIeHHs, BKa3aBIIN HMOBIpHUH
HarnpsIMOK PO3BUTKY 00paHOi HUM KPHIITOBATIOTH.

Bukxopucrani TexHosorii

JocnijpkeHHst, TOB’s3aHi 3 aHaJi30M 4YacOBHX psAiB Ta MOOYAOBH
¢pakranpHOTO AH(epeHIitoBaHHs, OymlM TPOBEIEHI 3a IOMOMOTOI0 MOBH
nporpamyBanHs Python Bepcii 3.6.5 3 Bukopucranusam 6i6miorek pandas Bepcii 1.1.3
Ta nUMpPy Bepcii 1.19.2. Jng mporHO3yBaHHS YacOBHX PsAiB Oyina BHKOPHUCTaHA
MoBa nporpamysanHs R Bepcii 4.1.3, pasom 3 6ibmiorexkamu forecast sepcii 8.16 Ta
arfima sepcii 1.8.0.

IIpoBeneHi gocaiazkeHHs

B xo/i poboTH 6yI10 pO3IIAHYTO iICTOPHYHI KPUITTOBATIOTHI JaHi sl I’ ITH
HAWIOMYJISIPHILIMX KPUIITOBAIOT. 3 OIJISAY Ha 4acOBi PsAM, MOXKHA MOOAYHTH, 110
10 2017 poKy KpUNTOBAIIOTH HE KOPHCTYBAJIMCS IIMPOKOIO 3alliKaBJICHICTIO, 1
BIZTHOCHO CHOTOJIHIIIHBOTO CTaHy peueil picT puHKY OyB Jly)Ke MOBUIbHUIL, TOMY I
JlaHl He BUKOPUCTOBYBAJMCS Ul TPEHyBaHHS. Tako)K, BU3HAUCHO, IO MOKA3HUK
kopessiist [Tipcona mix Bitcoin ta iHMIKUME PO3TISIHYTUMH KPHUIITOBATIOTAMHU €
JOCUTh BUCOKHH 3 HaliMeHIIIM 3HadeHHsM (.65, 0 CBiTYATH PO TOCUTH CHITbHUI
B332€MO3B’ 130K YaCTHH I[bOTO PHHKY.

Jnst aHamizy Ta TIPOrHO3YBaHHA OyB BHUKOPHCTaHWI YacOBHH psn
HaWIOMyJIsHIIIo1 KpunroBaaroTu Bitcoin. Byio Bu3HaYeHO 3aBIAKU JEKOMITO3HILT
CE30HHICTh Ta HAsABHICTh TPEHIY Y BH3HAU€HOMY psmi. Takox, 3aBISIKH
CTaTUCTHYHUM TecTaM crarionapaocti ADF ta KPSS, Bu3nadeHo, 1110 4acoBHiA psij
HecTalioHapHHUH. A 3aBASKH rpadiky aBTOKOPENAMNii BU3HAYEHO HASBHICTH JTOBTO1
maM’sITi, M0 TaKOXK TMiATBEP/KYE HAABHICTh MOKa3HMUKA XepcTa , Bu3HaueHoro R/S
anaiizoM [4], pisromy 0.93. Lleii moKa3HHUK TaKOXK MOKa3ye HABHICTb TPECHY.

MopnentoBanust ppakranbaoi Mogeni ARFIMA(p,d,q) Oyno BHKOHAHO sK 3
aBTOMATHYHHM I1i1O0OPOM HapaMeTpiB, Tak i 3 pydyHuM. Pyunuii minbip mapamerpis
BUKOHYBABCsI 3 OLIIHOK JIOBXKHHU MacuBy mapametpis Autoregressive (AR) moxeni
nopsAKy P 3 rpadiky aBrokopemsiuii Ta Moving Average (MA) mozeni mopsiaxy d 3
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rpadixy 4acTKOBOI ABTOKOPEJISLii no0y/I0BaHUX 3 (dpakTaabHO
nudepeHniioBaHOTO pALy, IOU(EPEeHIIIOBaHHSA SKOTO pPEai30BaHOTO METOIOM
¢ikcoBanoro BikHa [5]. A micis BusHaueHHs opsaaky AR (p) Ta MA(Q) BuzHagaBcst
mokasHuk 0 iHTerpoBaHoCTi psimy. Bubip omTMManbHOT MOjeni BH3HAYABCS TI0
ominni RMSE 3 ormsiy Ha pi3HHUIIO MiXK TECTOBUMH JTaHAMH.

AHaJni3 pe3yabTariB

Forecasts from ARFIMA(0,0.5,5)

vy

Bitcoin close price (USD)
30000 40000 50000 60000
1 I I 1

20000
I

10000
1

LRRRRRRRRR AR RN RN RN AR R AN R RN A R RN R AR RRR RN RRR RN RN RN R AR
2021-04-27 2021-05-10 2021-05-23 2021-06-05 2021-06-18 2021-07-01

Date

Puc. 1.TwxreBe npornosysanns Bitcoin mopemmo ARFIMA(0, 0.4994476, 5)

Tab6n. 1.TounicTb nporHo3yBanHs Mojeiei 3 1344 TpenyBanbHuX, 30 TECTOBHX JaHUX

Monens RMSE MAPE (%)

(auto) ARFIMA 2109.5 4.81

(auto) ARIMA 2317.6 5.35

(manually fitted) 2140.78 4.53
ARFIMA

Tab6m. 2. TounicTh MpOrHO3yBaHHS Mojenei 3 1367 TpeHyBaJbHHX, 7 TECTOBHX JaHUX

Mozenb RMSE MAPE (%)

(auto) ARFIMA 2136 5.76

(auto) ARIMA 1636.34 4.43

(manually fitted) 654.14 1.71
ARFIMA
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Tab6n. 3.TounicTs mporHo3yBaHHs Mozeiel 3 500 TpeHyBanbHUX, 30 TECTOBHX HaHHX

Mognenb RMSE MAPE (%)

(auto) ARFIMA 27415 6.92

(auto) ARIMA 2308.63 5.3

(manually fitted) 2205.05 4.67
ARFIMA

Mosxna nobauutu no mozensm ARFIMA ta ARIMA 3 aBromaTuyHUM
mi00poM MapamerpiB, 110 30UIBIICHHS K TPEHYBaJIbHOI Tak i TeCTOBOI BHOIpKH
OiIpLI BUpA3HO TMOKa3ye TepeBary (pakTaabHOI MOJEi, OCKUIbKM Oiblie
BPaxoBYIOTbCS e(eKTH JOBroi mam’siTi A e(pEeKTUBHOTO MPOTHO3YBaHHS.
PesynbTaTi TaKOXK MOKa3yIOTh, 1[0 ABTOMATHYHUI Mi0ip MapaMeTpiB HE 3aBXKIU €
ONTHMAJIBHIM i MOYKHA IOKpAIyBaTH IIOXHOKY MOJIEII 3aBASKH epedopy Mozaenei
ARFIMA 3 pizaumu napamerpamu AR (p) Ta MA (Q), Ha OCHOBI SIKUX BU3HAYAETHCS
napametp ¢pakTanpHoro audepenuiroBanns (d).

BucnoBok. Y naHiit poO0Ti po3rIITHYTO OCHOBHI IPHHIIUITY aHANI3Y YaCOBUX
PAMIB, a TaKOX IOCII/DKCHHS HAsSBHOCTI JOBroi mam’sTi B HuX. Ha mpukmami
KpPHUITOBAMIOTH BitCOIN pe3ybTaTi BUKOHAHHS NIPOTHO3YBaHHS HA HOBHOMY Habopi
TPEHYBAIBHHX JaHUX TAKOX IMiATBEPDKYIOTh IOUUIBHICTh BUKOPUCTAHHS MOJIEII
ARFIMA B mopiBasHHI 3 Mogemmo ARIMA 3 ormsgy Ha pi3HOMaHITHI OLIHKA
TecToBoi moxubOku Taki sk RMSE, MAPE. B nogansimomy miaHyeTbCsi CTBOPHTH
xMapHy iH}ppacTpykTypy 3 BukopucraHusMm Telegram-6ora wa Python, sikuii 6u
JlaBaB pe3yJIbTaTH IPOTHO3YBaHHS JUIsl IaHHUX 3 OipKi B peabHOMY Yaci.

Buxopucrana Jiteparypa
[1] Shah V. Forecasting Market Prices using DL with Data Augmentation and Meta-learning:
ARIMA still wins! / V. Shah, G. Shroff - 2021. - Available from:
https://arxiv.org/abs/2110.10233
[2] Liu K. An Evaluation of ARFIMA (Autoregressive Fractional Integral Moving Average)
Programs / K. Liu, Y. Chen, X. Zhang // Axioms. — 2017.— Vol. 6.— P. 1-16.
[3] Hepuorckuii O. MonenupoBaHue BaIIOTHBIX PHIHKOB Ha OCHOBE MPOIECCOB C JTHHHOMN
namsteio: [penpunt WP2/2004/03 — M.: I'Y BIIID. — 2003.— 52 c.
[4] Safitri D. Gold price modeling in Indonesia using ARFIMA method / D. Safitri, Mustafid,
D. Ispriyanti, Sugito // IOP Conf. Series: Journal of Physics: Conf. Series 1217.—2019.—P. 7-
9.
[5] De Prado M. L. Advances in Financial Machine Learning / M. L. de Prado // John Wiley
& Sons, Inc., Hoboken, New Jersey. — 2018.— P. 75-91.
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MOJEJb MAIIMHHOT'O HABYAHHS JIVIS1 PO3TII3BHABAHHSA
AHTJIIACBKOTI'O JAKTAJIBHOI'O AJI®ABITY

Onee Cmanw
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
oleh.smal@Inu.edu.ua

VY cydacHOMy CBITi, SKM{ TparHe IO iHKJIFO3UBHOCTI Ta pPIiBHOCTi, TeMa
JOTIOMOTH JIIOZSIM 3 BaJaMH CIIyXy € SIK HIKOJIM aKTyanbHOI0. PO3BHTOK Mozeieit
MOMIOHUX i, MOXKE CIIPOCTUTH POOOTY, UM HABITH MOBHICTIO IPHUOpaTH MoTpedy y
JIIOJICHKUX TEepeKiIaadax, Ipy TOMY TeHEPYIOUH pe3yIbTaTH MIBUALIC Ta SIKICHIIIE
HIX JIFOIH.

Ha Bigminy Bijg OaraTboX Mojeneil, CIpsIMOBaHMX Ha PO3B’sI3aHHS i€l
3ajadi, 3aMiCTh TOTO, 00 BUKOPHCTOBYBATH METOJH INIMOOKOTO HABYAHHS, 0YJI0
BUPIIIEHO 3aCTOCYBaTH aHAJITHIHUH MiIXi.

Ieit anroput™ omnpanbsoBye 300paKCHHS B HACTYITHI TPH MOCIIIOBHI €TaIHu,
0 € YITKO B3aEMHO BiOKpEMJICHI:

e BusHaueHHS KIFOYOBUX TOYOK (CYTI00iB) pYKH HA 300paskeHHI.
e Hopmamizamis i 6anaHCyBaHHS OTPUMAaHHUX PEe3yIbTATIB.
e  3acToCyBaHHS BIaCHE MOJIETI.

[epmmii kpox Gepe 3a ocHOBY momyIsipHY Moaens Google MediaPipe Hands,
sKa Ha BXiJ NpUHAMae 300pakeHHs] KUCTI PYKH Ta Ha BHXOAI rmoBepTae mMacus 21
TOYKH Y 3-BUMIPHOMY IIPOCTOPI, /I KOXKHA 3 TOYOK BIIMOBITAa€ OHOMY 3 KIIFOUOBHX
cyrno6iB. Ha mnpomy erami Takox BinOyBaeTbcs (iNnbTpyBaHHS HEBIIIJIHUX
300pakenn: sk MediaPipe He COpoOMOXHA pPO3MiI3HATH CYrJIOOM KHUCTI Ha
300pakeHHI, 300pakeHHs] BBKAEThCS HENMPUIHATHUM. BaJIMBO 3a3HAuWTH, LIO
MediaPipe oganM 3 aprymeHTiB Oepe Ha BXiJX iHTEpBaJ JOBIPEHOCTI. 3MiHIOIOUH
HOro, MM MOXEMO KOHTDOJIIOBATH TOJIEPAHTHICTh PE3YNBTYIOYOI MOJENni 10
MOXMOOK y BXiTHHMX 300paxkeHHsX. [IpoTe o4eBHAHUM cHOCTEpeXeHHSIM Oyne Te,
IO 31 3pOCTaHHSAM JONMYCTHMOi MEXi MHOXHOKHM, MOJIeNIb CTa€ IPOrPECUBHO
JIETKOBa)YKHOIO, 1 M€Xa MIX KJIaCaMM CTA€ MEHII 4iTKOr0. Takox MoMiTHMO, IO B
cuiry oOMekeHocTi y BHOOpI TpeHyBalbHOrO Ha0Opy HaHMX, 3aHAATO HU3bKA
TOJIEPAHTHICH JI0 BiIXWIEHb 300paXeHHsI MPU3BEIE 10 «HEIOTOIOBAHOCTI» MOJETI,
1 B CBOIO Uepry ii HeBaJIiTHOCTI.

Ha npyromy kpori BimOyBaeThCs TPOMIXKHE OIPAIIOBAHHS OTPUMAHHUX
JAHUX Ta OYMCTKA IX AJISI TPEHYBaHHS MOJEII.
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Ha tpeTtbomMy Kpo1i 3acTOCOBY€eThCsl cama Mozenb. [Ipu po3s’s3yBanHI Li€l
3amadi 3a OCHOBY OyJI0 MpUHHATO aHcaMOneBuil Meton «Bumanakosoro Jlicy» (mami
BJI), ockinbku BiH J00Ope MiIXOAUTH U 33129 MYJIBTUKIACOBOTO TIepea0adeHHs.

Leit MmeTon nossirae y HaCTYMHOMY:

B perpocriexTiBi HEOOXiIHO OINHWATH SKICTHP Mozem. Y I poOoTi
MIPUHMATHEMYTHCS 10 YBard HACTYIIHI aHAJTITHYHI TapaMeTpH:

1. Buy4HicTh — yacTKa pelieBaHTHHUX 3pa3KiB cepel 3HalAeHHX.
2. TloBHOTa — 4YacTKa 3araJbHOTO YHCia MO3UTHBHUX 3pa3KiB.
3. fl-mipa — arperaiiisi mepuinx IBOX.

Ha BimMmiHy Bim OaraThOX cydacHHX BepOallbHUX MOB, iH(poOpMamiiHa
IIUTBHICTh JaKTUJIBHOTO MOBIICHHS € JOCUTh HH3BKOM. Ilompu Te, IO TEXHIYHO,
KO>KHa JIaKTHJIeMa BiZoOpaxkae OJlHY JiTepy BiANOBigHOTO aidasiTy, uepe3 GpizuaHy
MPUPOJY NaKTUIILHOTO CIIJIKYBaHHs, KUIbKIiCTh iH(OpMallii, sIKy BUpoOIIsie MOBELb
33 OJIMHMIIIO YacCy, € MEHIIIOI HIXK Y MOBIIS BiIMOBiTHOT BepOaTbHOT MOBH.

Sk HacmijoK, INepeKnan IaKTWIBHUX MOB € KPUTHYHO BpA3IUBHM 10
TIOMUJIOK.

MOo>KITHBUMH PO3B’I3KaMH i€l MpodiemMu Morin 6 OyTH:

e  YacToTHHII aHami3 JiTep andasity.

e  AHai3 MOCJIIOBHOCTEH JaKTUIIEM SIK MOP(OJIOTTYHUX CTPYKTYP.
e  AHai3 MOCJiTOBHOCTEH MOP(OJIOTTYHUX CTPYKTYP.

e Jlanmorn MapkoBa 15l TOKEHI30BaHUX CTPYKTYP.

dsxepena
1. Bruce P. Practical Statistics for Data Scientists / P. Bruce, A. Bruce // O’Reilly Media,
Inc.—2020.

2. Miiller A. Introduction to Machine Learning with Python / A. Miiller, S.

3. Guido // O’Reilly Media, Inc.—2016.

4. Bishop C. Pattern Recognition and Machine Learning / C. Bishop, M. Jordan, J.

Kleinberg, B. Scholkopf // Springer Science+Business Media, LLC.—2006.

McKinney W. Python for Data Analysis / McKinney W. // O’Reilly Media, Inc.—2017.

6. Python  Scikit-Learn  Library = Documentation @ —  Pexum  mocrymy:
https://scikitlearn.org/stable

7. Python Google MediaPipe Library Documentation — Pexum moctymy: https://
google.github.io/mediapipe/

o

8. Python OpenCV Library Documentation — Pexum gocrymy: https:/
docs.opencv.org/4.x/
9. Python Pandas Library Documentation — Pexum moctymy:  https:/

pandas.pydata.org/pandas-docs/stable/

10. Python NumPy Library Documentation — Pexwum nocrtymy: https://numpy.org

11. ASL Alphabet Dataset — Pexum pgocrymy: https://www.kaggle.com/datasets/
grassknoted/asl-alphabet/download
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MOPIBHAHHSA EOEKTUBHOCTI BUKOPUCTAHHS PEJISIHIMHOT
MOJIEJII TAHUX TA MEPEKEBOT MOJIEJII JAHUX Y BUTJISII
I'PA®Y 10 TICHO IIOB’SI3AHUX JAHUX HA ITPUKJIAL
COLIAJBHOI MEPEXI

Apmem Bonobyeg
Jlveiecokuil nayionanvuuil ynieepcumem imeni leana @panka
Dakynvmem nPUKIAOHOI Mamemamuky ma iHgopmamuxu
artem.volobuiev@Inu.edu.ua

Beryn

Ictopmano, mepmi CKBJl (cuctemm kepyBaHHS Oa3amu HaHUX) Oyiu
HepensmiHHIMu. MepexxeBa MOJENb JAaHUX TAKOX 3 SBHJIACH OIHOIO i3 MEpIIUX.
Tum He MeHIl, BUCOKA CKJIAIHICTh 1 KOPCTKICTh cxemu BJ] (0a3m manHux) cramu
OJTHMMH 13 TOJIOBHUX NIPUYUH, 32 AKX noctynoBo Hepessuiiini CKb/I, nodynosani
Ha OCHOBI MepeeBol MOZEeNi, NOCTyHnWiaucs MicueMm pemsigiiinum. [Ipote
HATPUKIHII TEPIIOT0 ACCATHWITTS 21-r0 CTONITTSA, BOAHOYAC, 3 MOCTYIIOBUM
MOBEPHEHHSIM 3alliKaBlieHHs1 y cTopoHy HepemsuidHux CKBJI, mouaB 3pocratu
inTepec i o BJI, y sxux mepexeBa Moaelb Oyia peanizoBana y BUTIai rpady. Le
OB ’S13aHO 3 THM, IO PEIIIHHAN MiAXid, X04 i 33J0BOJBHSE OUTBIIICTE MOTPEO
CepeHbOr0 KOPHCTYBaya, MOTAHO INIOXOJUTh Ui 30epiraHHs MaHHWX, [0 €
3B’sI3KaMH. Y CY9acHOMY CBiTi Ipo0IeMu 00pOOKH aHUX 3 MOAIOHOIO CTPYKTYPOIO
BUHMKAIOTh TMIOCTiI{HO, 3 PETYISIPHUM 3pOCTaHHSIM KUIBKOCTI KOPHCTyBadiB
COLIiANIbHUX MEPEK, & TAKOK PO3BUHEHHSIM X MOXKIIMBOCTE.
Merta

BpaxoBytoun 3pocrarody posib rpadoux BJl juis 30epiraHHs naHux 3
rpadoBOI0 CTPYKTYpOIO, OYJIO BHUPIIIEHO IPOBECTH MOCHIDKEHHs INOJ0 1X
MIPOAYKTUBHOCTI Yy MOPiBHAHHI 3 pesstiitanmu BJ1.
Bukopucrani Texnosorii

HocmikenHst Oylu MpoBeeH] 3a JOMOMOTOI0 MOBH IporpamyBaHHs C#, 3
BukopuctanHsM mwiardpopmu ASP.NET. Sk rpadosa B/l Gyna obpana Neodj, sik
pensuiiina PostgreSQL. [nst 38’s3ky 3 Neodj y BeO-arutikauiii Oyna oGpana
6ibmiorexka Neodj.Driver. ns 3B’s3ky 3 PostgreSQL Entity Framework ta
6iomiorexa Npgsql.EntityFrameworkCore.PostgreSql.
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IopiBHsiHHsA pesiniiiHoi Ta rpadosoi B/l Ha ocHOBi po3po0JieHOro Bed-
3aCTOCYHKY COLiaJIbHOT Mepexi

JJis IpakTHIHOTO MOPIBHAHHS MOXIIUBOCTEH pensuiiHux Ta rpadosux bl
Oyma cTBOpeHa BeO-aIDTiKaIlisl y BHTIIAAL comiambHOI Mepexi. JJo MoXImBOCTEH
aTuTikaIii BXOIATh: JIOTiH Ta peecTpallis; meperisia myOmiKamii KOpucTyBadiB, Ha
SIKUX TIIMUCAaHNHN MaHW, Ta peakiii Ha HUX; MOITyK KOPHCTYBadiB cepen ycix Ta
cepes MiINMCHUKIB; eperi]] CTOPIHOK IHIINX KOpHCTyBadiB. Ha cropiHui iHImoro
KOpHUCTYBa4a € MOXJIMBICTb NEPETIISIHYTH «BIJICTaHb JI0 KOPUCTYBaya», MO aHaJOTi]
3 comiansHO Mepeskero Linkedln (puc. 1).

Artem Volobuiev

Im™a Artem
MpizBuLe Volobuiev
Micue BCTaHOBITh MICLLE NPOXMBAHA

NpPOXMKMBaHHA:

Oata BcTaHoBITL AaTY HAPOAKEHHA

HapPOOXEHHA:

Email: artemvolobuiev@gmail.com
KinbkicTb 0

NigNMCHMKIB:

BiacraHb: 3isuMwe

IHTEepecu:

HanuwiTe Wwock Npo cebe

Puc. 1. Bixcranp g0 iHmoro kopucrysava 1

I'padoBa BJ] mo3Bonse 3HAXOAWTH HAWKOPOTIIMHM NUIAX JO 1HIIOTO
KOPHCTYBa4a, a IMOTIM MipaxoByBaTH HOro AOBXHHY. Y pemauiitauii B/l mns
MoAI0HOTO JTOBEAEThCA a0 pealli3oByBaTH CKIIAIHY 30epeXeHy mpoienypy, ado
MPOBOJUTH TOITYK HAaWKOPOTIIOrO INIISXYy Ha CTOPOHI cepBepa. O4eBHUIHO, Y
JaHoMy BHNaaKy rpadosa BJl Burpae sk y HIBHIKOCTI BHUKOHAaHHS MHOAIOHOT
MIPOLEAYPH, TAK 1 Y 3pyUHOCTI.

LikaBoro s MOPIBHSHHS TaKOX € MOMIIUBICTH MOIITYKY MiANMACHUKIB IS
KOHKPETHOTO KOpUCTyBa4da. Y [bOMY BHIIQJKy MOXHA 3IIHCHUTH IpsMe
MOPIBHSAHHS IIBUAKOCTI 3aIIMTy Ha 3HAXOJ/DKEHHS IIJIMCHUKIB y rpadosiil Ta y
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pemsuiiinii B/I. Crpykrypa tabmumui ans 30epiraHHs miamucok y PostgreSQL
MaKCHUMaJIbHO TIpocTa (pHc. 2).

Columns +
Name Data type Length/Precision  Scale Not NULL? Primary key?

O o bigint v m|

@ @ subscriberid bigint v m]

@@ subscribeld bigint v m|

Puc. 2. Ctpykrypa Tabauui manucox

VY Tabnuui € NepBUHHUN KJIIOY Ta J1Ba BTOpUHHUX. [lepmuii Bkazye Ha Id
miAnucHuKa, apyruit Ha Id gronunun, Ha sy nepmmid mignucanuil. Id y manomy
BHIIA/IKY TICPBUHHMH KIIF0Y 3 TaONHUI KopucTyBadiB. Y rpadosiit B/] x Hema giTkoi
CXEMH 1 MiJIHICKa — MPOCTO pedpo MiXK BY3JIaMHU KOPHCTYBadiB y rpadi.

Tect npoBoauBest Ha 3reHepoBannx 1080 3amumcax i 1080 mimmuckax Mix
KopucTyBadamMu. Jlns mopiBHSAHHA Oyino oOpaHO OXHOTO KOPUCTYBada, SKOMY
HaBMHCHO OYJI0 CTBOpEHO Haibubmie miamucok — Big 70 go 80. 3a pe3ynpraTamu, B
CepeIHbOMY 3aIHT 10 pesniiHoi bJl 3aiimMaB 55 Mc., B Tol vac sik 10 rpadoBoi b1
suure 3 mc.

BucHosku

VY wiiit poGOTI I OPIBHSHHS PEIAIIIHOT Ta MEPEKEBOI MOIEi HAa OCHOBI
rpady Oyna cTBOpeHa BeO-aruTiKallisi y BUIVIIAL COIAIbHOI Mepexi, it KOl
CTPYKTypa JaHHX IIPO 3B’SI3KM MIX KOpPHCTYBauaMH € HPUPOJHIM Tpadom.
PesynbraTi 103BOJISIOTH CTBEPDKYBATH, 110 BUKOpUCTaHHA TpadoBux b/ Ha Takmx
JaHUX CHJIBHO ITPUCKOPIOE 3aITUTH, @ TAKOXX JI03BOJISIE 3HAYHO CIIPOCTHTH PO3POOKY,
ockimeku Tpadosi b/l HagaTh BOYAOBAaHMX MOKIUBOCTEH st poOOTH 3 Tpadamu.

Buxopucrana Jiiteparypa
1. Troelsen A. W. Pro C# 9 with .NET 5: Foundational Principles and Practices in
Programming 10th ed. Edition /A. W. Troelsen, P. Japikse. — Apress, 2021. — 1411 c.
2. Adam Freeman Pro ASP.NET Core 3 (Develop Cloud-Ready Web Applications
Using MVC 3, Blazor, and Razor Pages) 8th ed. Edition. — Apress, 2018. — 1109 c.
3. Neo4j Cypher Manual [Emexrponnuii pecypc] — https://neodj.com/docs/cypher-
manual/current/
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.NET-BIBJIIOTEKA MATEMATUYHUX 3ACTOCYHKIB
APPLIEDMATHLIBRARY

Pocmucnas baiiyap
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem nPUKIAOHOI MamemMamuky ma iHopmamuxu
Rostyslav.Baitsar@Inu.edu.ua

Beryn

Y 3p’s3ky 3 Benmkoro nomymapHicTio NET mmatdgopmm, coepa ii
3aCTOCYBAaHHS 3pOCTa€, 3pOCTa€ TAKOX I mMoTpeda B TOTOBHX IIPOTPaMHHUX
pIIICHHSX, B TOMY 9HUCIi — 0i0Ti0TeK.

Nana 0Oibmioteka € igeiiHuM aHanmoroMm momynsipaoi Python 6ibmiorexn
“NumPy”. IToTpeba B mosiBi 6i01I0TEKHM BUHMKIIA 3 BIJCYTHOCTI CX0KOTO PIlLICHHS
1uisi MoBu C#.

VY mnepion 3m00yBaHHsS CTyneHs OakajgaBpa, MEHI JOBEJIOCS BHKOHYBAaTH
6ararto J1abopaTopHUX POOIT 3 AKUX s “3amo3u4aB’ il OJOKH KOJy. BupimeHHsM
npoOJieMH KOMiIOBaHHs 1 € taHa 0ibiioTeka.

Mertoro naHoi poboT € mpoekTyBaHHS Ta po3poOka .NET 6Gibmiotexu 3
IIAPOKMM HabopoM (yHKIiOHamy Ui pO3B’sI3yBaHHS 0a30BHX MaTeMaTHYHHX
3aja4, 10 y CBOIO 4epry BUMarae 3a0e3nedyeHHs] BUCOKOI HaIIMHOCTI METOAIB Ta
MTOBHY CYMiCHICTh 3 MoBamu cimeiictBa .NET.

OxpiM 1BOro, MOTPIOHO 3a0e3MEYUTH TPOCTY CTPYKTYpY OiOmioTeKH,
JIOKYMEHTOBAHICTh, HU3bKUH TOPIT BXOKECHHS.

MopeJib NOMIMPEHHS, KOHTPOJIbL Bepciii, JineH3is

Buxigauii Koz € y BilbHOMY J0CTYyII Yy git 3a MOCHIIAHHAM:

https://github.com/Rostik18/AppliedMathLibrary

IMommpeHHs BiOyBa€eThCs 32 JOMOMOrolo naketHoro meHemkepa NuGet 3a
TIOCUJIaHHSIM:

https://www.nuget.org/packages/AppliedMathLibrary/

BibmioTeka mommproeThes 3a stineH3io MIT.

DyHKUiOHAT

VY 3amponoHoBaHil 0i0mioTeNi, Ha JaHUH 4Yac, peari3oBaHO JEsKi OCHOBHI
3aco0M, 110 BHUKOPUCTOBYIOTBCS IUISi MaTeMaTHYHHMX PO3pPaxyHKiB, 30KpeMa JUIst
TiHIIHOT anreOpH, Teopii MPUHHATTS PilieHb, MATEMAaTHYHOI CTATUCTHKH TOLIO.

O06’exTH Ta PyHKITIOHAI, [0 BOHH PEaTi3yIOTh!

e  Matrix (meroau: IsSquare, Rows, Columns, Indexer, Transpose,

ToVectors, Subtract, Multiply, GetEnumerator);
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Vector (metoau: Dimension, Indexer, CompareByValue, Comparable,

Subtract, Sum, Divide, Multiply, Norm, DistanceBetween, GetEnumerator);

Point (meTomu: Dimension, Indexer, GetEnumerator);
CraTuyHi KJIACH Ta IX METOIH:
GaussMethod mst po3s’sisyBanas CJIAP;

ParetoMethods mist momryky Kparmux anbTepHATHB 3a IPUHIHIOM Ilapero;
SlaterMethods st omyky Kpamux anbTepHaTHB 3a npuHnunoM CieiTepa;
Statistics (meTomm: Mean, Median, Mode, MathExpectation, Var, Std,
GenerateRandomArray, RandomSampleByRulel, RandomSampleByRule2);

BucnoBku

VY pe3ysbTaTi po3po0OKH CTBOPEHO 0i10J1I0TEKY SKY MOYKE BUKOPUCTATH KOXKEH

O0XOYHil y BIACHUX LIJISIX.

BapTo 3ayBakuTH 10 II€ JIHMINC TEpIla Beplia BEepCis MaHOrO MPOAYKTY.

Kosxen Gakarouuii MoKe TOJTYUUTHCS 10 TOKPAILEHHs 1 PO3BUTKY JIaHO1 0i0ioTeKH,

HAJIiCIaBIIHU BJIACHI 3ayBa)KCHHS UM MOOAKaHHS.

Jlitepatypa

1.

Bacummk O. Jlekii 3 Teopii i MeToaiB BUOipkoBUX 00cTexeHb. HaBuanpHuA MOCIOHHUK
/I O.1. Bacuiuk, T. O. fxoBenko / KuiBChbkuil HamiOHANBHUI YHIBEPCHUTET iMeHi
Tapaca llleBuenka, BIIL] "KuiBcbkuii yniBepcuretr”, 2010. — 206 c.

3emicko, B. P. OcHoBu mniHiitHOT anreOpu 1 aHanmiTiaHO1 Teomertpii // B. P. 3emicko,
I'. B. 3emicko / — JIbBiB: JIbBIBCHKHIA HalliOHANBHUI YHIBepcuTeT iMeHi IBana ®panka,
2011. - 326 ¢/

Cenro [1.C. Teopis iimoBipHOCTe# Ta MaTeMaTn4Ha ctatuctuka // I1. C. Censo / K.
LenTp HaBuanbHOi niTeparypu, 2004. — 448 c.

[Maxuo C.M. Ilpaktukym 3 uucensaux meroxis // C.M. [axuo, A. T. lyaukesud,
C.M. JleBuupka / — JIeBiB, 2013. — 133 c.

Install and manage NuGet packages in Visual Studio. [Enexkrponnuii pecypc]. —
Pexxum noctymy: https://docs.microsoft.com/en-us/nuget/consume-packages/install-
use-packages-visual-studio
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MATEMATHYHA MOJEJIb TIOUIUPEHHSI COVID-19
Anica Tpeu
Jlveiecokuil nayionanvuuii ynieepcumem imeni leana Opanka
Daxynvmem npuKIAOHOT MAMEMAMUKU MA IHGYOPMAMUKU
alisatrey88@gmail.com

Beryn

VY wmiit poboti mpencraBneHa mMatematndHa monenb SEIRD, ska BpaxoBye
nesiki ocoommBocTi nommperas COVID-19, a came naTeHTHHX HOCIIB Bipycy . 3apa3
y CBITI iCHye BeJHKa KUIBKICTH PI3HMX MAaTEMAaTHYHHX MOZEJCH, MO OIMUCYIOTh
mompeHHs emigeMii. [Ipote, mepedir kKokHOTO iH(EKIIHHOTO 3aXBOPIOBAHHS Ma€e
cBOi 0coOJMBOCTI. | mosBa HOBHX MAacOBHX 3aXBOPIOBAaHb HPHU3BOMUTH JO
HEOOXITHOCTI BHOCUTH KOPCKTHBH B HAasIBHI MOIEIII.

Mogeni, mo 0a3ylTbCsd Ha TU(PEPCHINATBHUX PIBHAHHIX, I[OCIIAIOThH
oco0uBe Miclie cepe]] ICHYIOUHX MOes e NOMNpPeHHS iHPEKIIHHIX 3aXBOPIOBAHb.
MO>JIMBO, BOHM MEHIIl PeasliCTU4Hi, HIXK CTOXaCTU4HI MOJENi, aje OUIbII 3pydHi
JUTS aHATi3Yy.

Buxopucrani TexHoJsorii

Hocnimxennst Oyiau mpoBefeHi 3a gonomoror makery Jupiter Notebook,
Python.

Baszosa SEIRD-moaenn

Husa ommcy emigemii COVID-19 3 BumesragaHux Monenedl HaiOimbmn
migxoxsmoro € SEIRD-monens?, B sxiit mepen6auaeTses, mo 3aXBOPIOBAHHS Ma€
JIATEHTHHH 1epioJ1, TOOTO Neplili 03HAKK 3aXBOPIOBAHHSI 3'BIISIIOTHCS Y 3aPaXKEHOTO
uepe3 TeBHHiT Tpomikok uyacyltl. 3 ypaxyBaHHAM 1HOTO (aKTOpy HaceleHHs
JUTATHCS HA 5 TpyI:

- cipuitaaTiausi (S(t)),

- nateutHi (E(t)),

- indikosawni (I(t)),

- oxyxasuri (R(t)),

- momepai (D(t)).
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®
00@

Puc. 1: Cxema moximBux nepexoniB Mix rpynamu SEIRD-moznemni
Po3risHEMO YMHHWKH, IO BIUIMBAIOTh JUHAMIKY BHIUICHHX TPYII.
O4eBUAHO, IO 3apaXKEHHS Ta MEPEXia y JaTeHTHY (a3y BinOyBaeThCs B pe3yabTaTi
KOHTaKTy CIPHHHATIMBUX Ta iH(piKoBaHWX mroxeil. [IpuaoMy BigHOCHA wyacToTa

S@®), 1)

TAKOT'O KOHTAKTY ,I[OpiBHIO€ T N OT)Ke IHBPI,I[I(ICTB 3M1HI/I YaCTKHU JJATCHTHUX
S()I(t)
N*N '
3a3Ha‘II/IMO TAaKOX, H_IO JIFOAWHA, CTaBIIX JIATCHTHOK, HC MOXKEC CTaTH TaKOXO
s@) 1 (t)
N N

J'HO,HCI/I - ( L ) MICTHTh HpOHOpL{lI/IHI/II/I JO0JaHOK ——

TIOBTOPHO, T06T0 - ( — ) MICTUTh J0JaHOK, HpOHOpI.[lI/IHI/II/I

Otxe,

d E(t) NORIO) E(t)

)= g O _ 5 EO
Nx*N N
P03M1p1<03y10tm aHAJIOTIYHUM YHMHOM MIOJ0 IHIIUX TIPyN MOMYJISLii,
OTPUMAEMO CHUCTEMY 3BHYAHHMX JU(PEpPEeHLIATbHUX pPIBHSIHb, IO OIKCYIOTh
JMHaMIKy eriemionoriunoro nponecy (SEIRD-mozesns):
ase) _ 5 S(6)*I(t)
)

dt N
dE(t) _ , S(t)*I(t) _

dt - ﬁ N 5 6E(t)1
O = 5E() - (v + w0,
dR(t) VI(0),
dD(t) LI(0)
B SIKIM:

f — xoedimienT, SIKMH MOXKHA IHTEPIIPETYBAaTH K HMOBIPHICTH OTPHUMAaHHS XBOPOOH
y Pa3i KOHTaKTy CHPUHHATINBOTO iIHANBIAYYMa 3 iH)IKOBaHNM;
U - KoeilieHT CMEPTHOCTI;
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¥ — KoeQiIieHT, KUl MOXKHA IHTEPIPETYBaTH K MBHIKICTH OYXKaHHSA, TOOTO ¥ =
1/Ty1 , ne T1 — cepeniii yac XBOpooOwH;
8 — KoediLi€eHT, IKUIl MOXKHA IHTEPIPETYBATH SIK [MIBUAKICTh MIEPEXOY 3 JATEHTHOI
¢asu y pasy indikysauns, To6to § = 1/T2 , me T2 — cepeaniii yac iHKyOaIiHOTrO
nepiony.

KoedimienTn  mnst  3amaul  mindepeMo,  BUKOPHCTOBYIOUM  JaHi
posnoscromkeHHss COVID-19 y Kurai.

3rigHo 3 HAsBHUMH Yy BiIKPUTOMY HOCTYII CTATUCTHYHUMH (yCepEeIHEHIMH)
naaumu T1 = 18, T, = 5.2, koeoimient cmepTHOCcTi — 3.4% , YHCIO 3apaKeHb Bif

onHi€l iH}iKOBaHOT JIOUHU — PENIPOLYKTUBHE YUCIIO Ro = S 3.5. Toni y = 0.056,

6=0.192, u =0, 034 (mane 3HAYCHHS MOKE KOJUBATHUCH B Mekax Big 0 no 1), f =
0.194. BlA

Hacenenns Kuraro na 2019 pik cranowio 1,410 mupn. Yac mozaenroBaHHs
— 400 nuis.

initE: 824
initl 570
initR. 0
initD [}
inith 1410000000
BeporkigicTs 0.19
vy Gavinnmi 0.19
WeuaricTs oay 0.06
KoeaiLleHT ne... 003

owi 400

Simulation of SEIRD Model

Crpwiinsnnsi
NaTeHTHi
—e— Inpikosari
~—*— HecnpuiHATIHE]
—e— Momepni

Puc.2: Pesymprar Mmozpeni nommpenas SEIRD moneni
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3a JOMOMOrOK MPOrpaMu, y SIKid peai3oBaHO MOMKJIMBOCTI 3MIHIOBATH
napaMeTpy, MH OTPHMaJIH rpadik 3a 3aaHUX HOYaTKOBUX YMOB.

Sxmo cipoOyBaTy 3MIHUTH 3HAYCHHS, HAIPUKIIA]] BipOTiTHICTD OTPUMAaHHS
xBopobOu 3 0.19 ma 0.89 Ta imkxyOamiitauit mepiox 3 0.19 Ta 1.56, TO oTpuMaemo
HACTYIHHHU Tpadik:

initE 824
inil 570
initR 0
initD 0
inith 1410000000
Beportianicts 083
InRySauiinmd .. L ] 1.56
Wenakicts oy 0.06
KoediuienT ne 003

Bui 400

Simulation of SEIRD Model

Crpwiinsnnsi
Tlaresmsi
—e— Incpixosarii
—*— HecnpuAHATMEI
—s— TMomepni

Puc. 3: Pesynprat Moneni nomupenas SEIRD mozeni 31 3MiHEHHME TapamMeTpaMu

Mu MO>XeMO 1T00auuTH CYTTEBY PI3HHUIIIO TA 3pO3YMITH, 1110 HaBiTh HE3HAUHA
3MiHa MapamMeTpiB MOXe HecTH 3a co0O00 BEJMKi 3MIHHM B NMPOTHO3yBaHHI MOJENi
XBOpoOH. A came: KiJIbKiCTh XBOPHX Oyzie pi3KO 30UIBIIyBaTHUCh Ta OXOILTIOBATH
OibITY KiJBKICTh JIIOAEH, 301bIINTHCS KUIBKICTD TOMEPIINX Ta HECHOPUHHATINBUX
i BIONOBITHO 3MEHIIATHCS KUIBKICTh cHpuiHATIMBUX. [lepebir emigemii
CKOPOTHTBCS
BucHoBok

V naniit po6oTi Oysu moOyoBaHi MOAEINI 3 PI3HUMHU 3HAYEHHSIMU 3 Ta §, sIKi
ONMCYIOCh PO3MOBCIOKECHHS KOpOHaBipycy. Byno posristHyTo, SIK 3MIiHIOETHCA
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KiJIbKICTh 1H(DIKOBaHMX B 3aJIS)KHOCTI BiJ] IOYaTKOBHX IapameTpis. bys 3pobiennit
MPOTHO3 KINBKOCTI iH(IKOBAaHOTO HACEeNeHHA i 3a IMEBHUX MapaMeTpiB BiH €
MoMiOHMH 10 peanbHUX MaHuX. Bci moOynoBaHi MOJENi € JWIIe MPUITYIICHHIMH,
TOMYy iX HEe BapTO CIpHUHMATH SK ilealbHy MOZENb, SKa IOBHICTIO BiATIOBimae
nificHOCTi. 3BiCHO, IO I MOJENb JTOCHTH CIIPOIIEHa, i BOHA HE BPaXxOBY€E BCi
¢dakTopu, fAKI BIUIMBAlOTh HAa pO3MOBCIO[DKCHHA. Hampukmax, 3MeEHIICHHS
CHPOMOKHOCTI MEAMYHOI OTIOMOTHY Yepe3 BIICYTHICTh HaJIeKHOT KIJIBKOCTI TECTIB.
Jlitepatypa

[1] Exensiureiin-Kemer JI. Maremaruuni Moaesni B 6iosorii // ToBaprCTBO POMHUCIIOBOT Ta
npuKiIaaHoi Mmarematuku, 2005. 586 c.

[2] €pemeea H.I. [loGynoBa momudikanii SEIRD-mozmeni mommupeHHs eminemii, mo mae

ocobmBocti COVID-19 // Bicauk TBI'Y. Cepist: [lpuknagna maremaruka. 2020. Ne 4. C. 14-
27

[3] O. 1. KpiBopotsko C. I. Kabanuxin Marematuusni mozeni posnosciomkenus COVID-19
/I HT'Y

[4] Bxigni mauHi mis moaei//
https://www.medrxiv.org/content/10.1101/2020.04.01.20049825v1.full.pdf
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PEAJIIBALISI PIBHOMACIITABHOI'O METOAY CKIHUEHHUX
EJIEMEHTIB JIJISI JBOBUMIPHOI JIIHIMHOI KPAMOBOI 3AJIAUI
JImumpo Anvanax
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npukiadHOi MamemMamuky ma iHgopmamuxu
dmytro.alianakh@Inu.edu.ua

Beryn

Meton ckinuennnx enemeHTiB (MCE) € omHMM i3 HaWOOyJSPHIIIAX
METOJIIB JJIs PO3B’A3yBaHHA TU(PEPEHIIATFHIX PIBHSIHD Y YaCTKOBUX IMOXITHAX. BiH
IIMPOKO 3aCTOCOBYETHCS B aepO-, MOPCHKiif, aBTOMOOUTBHIHN Ta IHIINUX iHAYCTPIsX.

Tyt posrmsmaerbest Moaudikailis METOAY CKIHUCHHHX CJEMCHTIB s
BUIIAJKy HEOJHOPIIHOTO CEpEeJOBHUINA MiJ HA3BOK pI3HOMACIITA0HUI MeETon
ckinueHHux enemeHTiB (PMCE) mis mneBHOro Tumy JIBOBHMIPHHX JIHIHHUX
KpailoBuX 3ajay, AKUH 3anpornoHoBaHuil y [1].
IHocTanoBka 3agaui

PosrnsHeMo 1BOBUMIpHY KpaliOBY 3a1ady

—div(k(x)Vp(x)) =f(x),x€Q=(ab)x(cd), (1)

a,b,c,d eER0<a<bh0<c<d, p=0HadQ, (2)
ne k(x)— dyskuis, sika XapakTepu3ye HeOAHOPiAHOCTI, p(x)— mrykaHa QyHKIIis,
f € L,(Q) - 3anana npaBa yacTuHa.
Homuoxumo (1) Hav €V (V = {p(x): p(x) € Wz(l),p =0 Ha 69})

1 Bpaxy€eMo KpaioBy YMOBY, OTpUMAaEMO Bapialliiine GpopMytoBaHHS:
f k() Vpr(x) - Vo(x)dx = f f)v(x)dx,x € Q, 3)
Q Q

ne p,(x) € P, — wykana dyHkuis, P, = span{dy, ..., ¢nc}'
¢;,i = 1,n, — pisHomMacmTabHi 6asucHi (GyHKIII, fKi BU3HAYAIOTHCA K
PpO3B’s30K
—div(k(x)V¢;) = 0B K;,¢; = ¢ Ha 0K}, i = 1,n,,j @
=1,m,,
ne K, j= 1,m, — TUpAMOKYTHi CKiHYEHHi eJIeMeHTH, ) — KyCKOBO-TiHiHHi

0a3ucHi QYHKIIT METOY CKIHUCHHHX €JIEMEHTIB [2].

95


mailto:dmytro.alianakh@lnu.edu.ua

AMICon-2022

J{BoBUMIpHI i3onapamMeTpuy4Hi anpoxcumanii

Hnsa pos3s’s3annsa (4) suxopuctaemo kimacumyHuii MCE 3 nBOBHMipHEMHU
i30mapaMeTpUYHIMH anpoKcuMartismu [3].

Bapiamiiine ¢popmymtoBaHHS 111 3a1a4i (4)

f div(k(x)Vu(x)) -v(x)dx = 0,x € Q, u,vev. (5
K;j

4(-1,1) 3(L, 1)
n L

§

I(—=1,-1) 2(1,-1)

Pucynok 1 CkiHYeHHMIA eeMeHT 2™y BUTJISII KBaipaTa 3 4OTHPMa BY3JIaMH
[MoOymyeMo Ha BY3NOBHX TOYKax KBajpara OUTiHINHHY cHcTeMy Oa3MCHHX

GyHKIIN

1
P =7 A+EOHA+mm,  i=14
ne &;,1; — KOOpAMHATH i-1 By3JI0BOT TOUKH.
BinoOpaxkenHs: kBajgpata (0* Ha JNEeSKUH YOTUPUKYTHHK (), 3a JIONOMOIOIO
NIepeTBOPEHb

4 4
= @ 40 — @ 40
5= ) x0BEm X = Y 1 BE ),
i=1 i=1
HENC - .
e xl( ), xé ) KOOpJHMHATa I-1 TOYKH YOTHPUKYTHHUKA B IUIOMIMHI X1 X,.
BissMemo B dopmyni (5) u,v = ¢ € V,i = 1,n i po3i6’emo inTerpan mno
o0acTi Ha CyMy IHTETpajiB MO CKIHYEHHHUX €JIeMEHTaX, OTPUMAEMO

m
Z f div (k(x)Vd)iO(x)) V¢ (x)dx = 0,i,j =1,n. (6)
r=1Q,

ITicns mepexo/y 0 CHCTEMH KOOPAMHAT &7), OTPUMAEMO, 1110
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f div (k(x)chl-O(x)) V) (x)dx

0,
1 1

= [ [ diw (ke mvatcem) - v muldsan,
-1 -1
ne |J| — SIkoGian mepexonmy.
Toni wabmmkeHWH po3B’s30K (4), a camMe BHIILLI Pi3HOMACIITaOHIX
6a3ucHUX QYHKIIH, OyIeMO IIyKaTH K

BuE) = ) by BYE ),
j=1

Ie ¢, — po3B’A30K CHCTEMU JIHIHHUX PiBHSHE (6).
Basasum B dopmyni (3) v = ¢ €V,i=1,n, i po3duBmHM iHTErpan mo
00JacTi Ha CyMy iHTETPaJIiB MO CKIHUEHHHUX €JIEMEHTaX, OTPUMAEMO

me me

> [ kv vefeadx =) [ rwepeidx i =Tne ()

r=1 Ky, r=1 Ky

B ¢opmymi (7) Takox Tpeba mepedTH M0 CHCTEMH KOOpAWHAT &N i
OTPUMAEMO IHTETPaId B HOBil CHCTEMi KOOPJMHAT 110 CKIHYCHHHX €IeMEHTaX s
JIBOT 1 npaBo’f yacTHHU (7) BIAMOBIAHO

f fk(f ") 6¢ (5 T))aqb, &) 6<l> (&) 097 (,n)
Jdxy dx, dx,

> [Jld&dn,

-1 -1

j [ remagemuidgan,

S1-1
Po3B’s130k 3aaui (1) — (2) Gyaemo 1ykata y BUTIISLII

Pr(x1,%2) = pp(§,m) = Z pipi(§, ),
i=1
ne p;, i = 1,n, — po3B’ 30K CUCTEMH TiHiiHUX piBHAHB (7).
Jyis  9ucensHOro OOYHCIICHHS iHTerpamiB mo 000X 3MIHHHX MOJXKHA
BUKOPHCTATH CKIaJeHy (HOPMYITY JIIBUX TPSIMOKYTHHKIB.
s peanizauii pisHocmradHoro MCE Bukopucrano MATLAB [4].
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IMPROVE THE FREQUENCY RESOLUTION OF A 3D
PHYSICALLY BASED SIMULATION OF MAJOR EARTHQUAKE
Iryna Kovalchyk
Ilvan Franko National University of Lviv
Faculty of Applied Mathematics and Informatics,

University of L'Aquila
Department of Information Engineering, Computer Science and Mathematics
iryna.kovalchyk@student.univag.it

The purpose of this study is to analyse the propagation of seismic waves on
three-dimensional domains by combining techniques of numerical analysis, high-
performance computing and Al. The main idea is to simulate complex seismic
phenomena on a digital twin of the real geological domain, containing, for example,
accurate reconstructions of alluvial basins, topography, passive fault structures, and
any other irregularities of the subsoil that can modify the propagation of seismic
waves. These simulations are usually very expensive from a computational point of
view, and the cost increases considerably by reducing the mesh size. Therefore, the
frequency resolution range is up to 1.5-2.5 Hz, depending on the selected numerical
methods, on the mesh size and on the mechanical properties of the subsoil. This limit
can be overcome by combining numerical simulations with artificial intelligence
techniques.
3D physics-based earthquake simulations

For the last two decades there has been a big step forward in field of
development of high-order numerical methods, which helps to simulate seismic
propagation on real data of tectonic and geo-morphological conditions. In 2013
Mazzieri et al. in [MSGS13] presents a new tool to simulate seismic events on
complex geological domains. In a way, to do that, there were some limitation to
overcome. By it we could consider a number of factors such as the propagation path
through complex geological structures, coupled effects of the seismic source,
localized superficial irregularities (which includes man-made infrastructures and/or
alluvial basins). Main purposes of that work is development of flexible, certified,
highly accrue numerical software package for elastodynamics type of problems.

Due to improvement of limitation of capabilities there was made some
modifications to the SE method. It was done by Discontinuous Galerkin (DG)
technique (a non-conforming discretization approach). DGSE methods, in their
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general formulation, gives chance to work with locally varying mesh size (h-
adaptivity) and non-uniform polynomial degree distribution (N-adaptivity).

SPEED (Spectral Elements in Elastodynamics with Discontinuous Galerkin
http://mox.polimi.it/it/progett) represents a very useful and versatile tool to simulate
past earthquakes and generate future seismic scenarios, see for example [PEMS16,
EDGS+17, IMO+20, AMM+20].

The results provided by SPEED as well as by other similar tools (such as
SPECFEM3D_Cartesian [KLT+04]) have a frequency resolution limited to a few
Hz, but for the assessment and mitigation of seismic damage it is instead important
to go to higher frequencies. One possible solution could be to reduce the mesh size,
with an exponential increase in the computational cost. To overcome this problem
Paolucci et al. [PGI+18] propose an innovative approach based on the combination
of physically based 3D numerical simulation and Al techniques, that will be briefly
describe in the following section.

An Al tool for broadband earthquake ground motion

The main idea of which use Artificial Neural Network (ANN) to generate
broadband ground motions for a seismic scenario and potentially overcome the
limitations of Ground-motion prediction equations (GMPEs), often used to obtain
ground motion scenarios. GMPEs has many shortcomings such as provide just peak
value; constant growth of parameters; empirical coefficients vary when calibration
data-sets are updated; neglecting the site-specific features; point-wise prediction
does not work correctly (not precise enough). In more details the authors generate
Broadband waveforms (BB) ground motions, coupling the results of Physics-Based
Simulation (PBS) for a specific earthquake ground-motion scenario with the
predictions of an ANN, overcoming some of the main issues of Hybrid Broadband
approach (HYB) modeling. This innovative approach has been tested on the 2012
Po Plain earthquake (Mw 6.0) with satisfactory results in [PGI+18] and on other
recent seismic events such as L’ Aquila 2009 in [PSV21]

What is done and what will be implemented

We have already done reviewing of the literature about this topic, as well as
latest research in this field. We are aiming to introduce the 3D-domain simulation of
earthquake. As a case study we consider the territory of L’Aquila that its history it
has been hit by many strong earthquakes. The last one in 2009 by a strong earthquake
of Mw 6.1 which partially destroyed the city and caused more than 300 deaths.

One of the most effective approaches for 3D domain seismic wave
propagation is Spectral Element method (SE). It has ability to provide highly
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accurate and fast solutions also its native orientation towards high performance
parallel computing. The main point of SE method is the finite dimensional space is
made high order piece-wise Lagrangian polynomials. Implementation of practical
part will be done by using software called Cubit (https://coreform.com/) and
programming language Python. We plane to do data analysis on data which we will
get from our model to compere results depends on which exact mesh will be
stimulated to simulate earthquake.

This kind of research are extremely important for understanding behaving of
system in situation of earthquake. Moreover, precise modeling of it could help not
just in seismic meaning also it is helpful for civil engineering.
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METO/IA TUITY HBIOTOHA JJ151 PO3B’I3YBAHHS OBEPHEHOI
3AJJAYI HA BJIACHI 3HAYEHHS

FOnisa JKopusax
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana @panka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
Yuliia.Zhorniak@Inu.edu.ua

ObepHeHa MaTpHYHA 3a/1a4a Ha BJIACHI 3HAUEHHS — € 3a7a4a 3HaXOHKEHHS
HEBIIOMHUX TIapaMeTpiB MAEsKOi MaTpUIll 3a 3aJaHAM CKIHYCHHUM Ha00poM
CHEeKTpaNbHUX HaHuX. Lli maHi MOXYTb MICTHTH JIMIIE YacTKOBY a0b0 MOBHY
iH(pOpMaIito PO BIACHI 3HAYCHHS a00 BIIACHI BEKTOPH. 3a/1aya MOJIATaE B TOMY, IO
moTpiOHO MOOYIyBaTH MATPHIIIO, siKa 30epirae 3aaHi CIEKTPANbHI BIaCTHBOCTI.

PosrisHeMo 3aranbpHy oOepHEHY 3a/1auy Ha BIacHI 3HAUYCHHS.

Hexaii 4; = {a}k} — 3a7aHi KoMIutekcHi Matput, i = 1,...,nily,...4, €C
— 3a/1aH1 YKCia.

3HaWTH Taki HapaMeTpH Py, Ps. - - Pn € C, MO0 MATPHUIIL

A(p) = Ao + Ziz1pi Ao 1)

Ma€ BIIACHI 3HAYCHHS Ay, ..., A,.

V [1] sampomonoBano Meton HetoToHa aitst po3B’sizyBanHs 3anadi (1), skuit
o0unciroe vy GyHKIil

[det(A(P) -1 )]
F=| . | ®
[det(A(pj - AnI)J

1 BUMarae Ha KOXHOMY Kpotli n obeprans marpuit (A(p) — A1), i=1,2,..n, I —
OJIMHUYHA MATPULISL.

Ha xoxHomy kpomi wmeronmy HbroroHa moTpiOHO oOuucIOBaTH 7N
BU3HAUHKKIB Marpuilb (A(p) — A.1), i=1, 2, . . N, a TAKOXK MATPHIO YACTKOBHX
MOXIHUX BIJ IMX BU3HAYHUKIB.

V npaui [4] 3anponoHoBaHO e(heKTUBHUI YHCETbHUH aIrOPUTM O0YHCICHHS
TOYHMX TOXIJHHX BiJ AE€TEpMiHAHTA MaTpHLi, SKUH IpyHTyeThcsa Ha LU-po3skmnani
Matpumi. led wiaxix nae 3MOry OOYHCIMTH HE TUIBKH MEpIly MOXiTHY
JeTepMiHaHTa MaTpPHIIi, a i IPYTy, 110 JA€ 3MOTY 3aCTOCOBYBATH OOYHCICHHS HYIIiB
JeTepMiHaHTA.

102



AMICon-2022

Hexaii notpiono obunciautu f(a) = detD(a) i f'(a) = (detD(a))’. Toxi
st Marpuii D(a), ams sikoi 3a (ikCOBaHOTO 3HAYECHHS ¢ TOJOBHI MIHOPH BCIX
TOPSAKIB BiAMIHHI BiJl HyJIA, CTIpaBeIJIMBE MOJaHHS

D(a) = L(a)U (), @)
a a1 Matpuni B(a) = (D(a))’

B(a) = M(a)U(a) + L(a) V(). 4

Tyr L(at) — HWKHS TPUKyTHAa MaTpuls 3 OJUHUYHHMH JllarOHAIbHUMHU
enemenrtamy, a U(a) — Bepxus tpukytHa Marpuns, M(a) = L(a)’, V(a) = U(a)'.
Toni

f(a)=TTi=1 u;

f(@) =Xi=1 Vi [Ty in Wi ®)

3anuireMo aiaropuTM iTepariiiHoro mMerony HpioToHa Ui po3B’s3yBaHHS
00epHeHOi 3a7a4i Ha BIAaCHI 3HAUYCHHS.

3anaemo nouarkoBe HaGmKenHs p (),
st k = 0,1,... 10 TOCATHEHHS TOYHOCTI BUKOHATH
O6uucmoemo (A(p*)) — a;1),i = 1,...,n.
(G
Jj

O6uncmoemo LU-po3knamm (3), (4) Ta F;(p®) iaFia(+ 3a (5).

®opmyemo matpurtio J(p*)) i Bexrop F(PK)).
O6uncmoemo p ¥+ po3p’s3yroun cucremy

JE®) ™D —p®) = —F(p®).
B meroni HeroToHa Ha KOXHi# iTepamii mOTpiOHO OOYHCIIOBATH MATPHUIIIO

o M PR

YaCTKOBMX MOXigHKX. JIi1st 3MEHIIEHHs 00UKClieHh MOXHA F' iepepaxoByBaTH ouH
pa3 Ha m kpokiB. [loeganns poro migxoxy 3 MIII mpu3BoauTh M0 iTepariitHoro
MeToy 3 nopsiakoM 36ixHocTi m + 1 [3]

y(l+1) = y(l) — F’(x("))‘lF(y(l)),l =1,..,m— 1’3,(1) = x®),

(6)
x**D = T(x 1) = x®) — F'(xFN=1ym F(y®).

Kopnepo Ta iH. [2] npeacTaBuiin METOA 4€TBEPTOTO HOPSIKY, KU BUMarae
o6uKcieHHs 1BOX BeKTOp-QyHIil F, nBox marpuus F' i oauiel inBepcii maTpwuiii.
Bin 3agaetsest popmyoro

— 4@ _ _
¥ = ) (x09) = x0) — [/ (x )] (x®),

x®HD = pO (x (), 00 = (9 — Q[F'x @]t — [F'xO]1F (y®)[F'(x)®])F (y @),
(7)

103



AMICon-2022

Hageneno pe3ysibTaT 3aCTOCYBAHHA ONMUCAHUX BHUIIC TPHOX MeTOZ[iB JJIsL

pO3B’sa3yBaHHA 00epEeHUX 3aa4 Ha BIacHi 3HadueHHs. Hexait maemo mMaTpurti
_(2 1 _(1 0 _(1 0
Ao = (3 4)' A= (2 1)’ Az = (0 2)'

[otpibHo 3HaliTH p; Ta P, TaKi, OO MATPHUIIL
A(p) = Ao + p1A; + D24,

MaJia BjacHi 3HaueHHs A, = 1tal, = —1.
Newton's method

delta p

L L L L
5 6 7

107
2 3 4
number of iteration

Puc 1. Meron Hetorona: 3mina §p®) ua koxnmiit itepanii
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Ordinary Jarrat Method
T

i L
25 3

107
1

15 2
number of iteration

Puc 2. Moaudikosanuit meros Hetorona: 3mina §p ) Ha xosxwiit iteparii

Ordinary Jarrat Method
T T

n
25

107
15 2
number of iteration

Puc 3. Merog [ixappata: 3mina 8p ) na xosxwiit iteparii
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Ta6x 1. Pesynpratn oTpuMaHi ayist mouaTkoBoro Habmmkerns p(® = (0; 0)

k| 1Ilép® | I Fe®) |l p®

METO/T 9 | 8.3925e-17 | 4.4409e-16 -1.062746066806228
Hsrotona

-1.291502622129181
mox. metox | 3 | 5.6382e-17 | 4.4409e-16 | -1.062746066806228
HsroTona

-1.291502622129181
METO/T 3 | 3.7046e-08 | 7.8413e-07 | -1.062746066806213
xappara

-1.291502622129192
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IMPOTOTHII CAUTY HA OCHOBI CTATUYHHUX JOCJL)KEHDb TA
BUBOPY OIITUMAJILHOI CTPATEITI

Job6os-Bacuruna Bosk
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana @panka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
Vasylyna.vovk2002@gmail.com

CBiT gaBHO cTaB MUQPPOBHUM i Bce OUTbIIe Oi3HECIB CTBOPIOIOTH CAWTH IS
IIPEACTABIICHHS B IHTEPHETI, aJIe YacTo Ii CAaliTH He IPUHOCATH HisIKOTO PE3YJIBTATY.
CTpyKTypH IHUX 3aCTOCYHKIB IaBHO 3acTapiid, a OJIOKHM HE HECyThb HisIKOTO
LIFOBOTO 3aBAAHHS.

MeTo0 IOTO MPOEKTY € IOKa3aTH, IO MPaBWIIBHO CKIAJCHHUH caliT €
BiZIoOpaXkeHHSM Oi3HECY B IHTEpHETI, HOr0 PO3IIUPEHHSIM, CTBOPEHHSIM pEKJIaMHy,
30UIBIIEHHSM MPOJAXyY HasBHUX TOBApiB 1 MOCIHYT Ta SIKMH NMPHBOIUTH KIIIEHTIB
4yepe3 MpoJyMaHi CTpaTeriyHi pillleHHsl, J0JIa€ BIi3HaBaHICTh OpeHay 1 BinoOpaxae
MPEMIaNbHICTh JAHOTO CAJIOHY, JJIS SKOTO MH PO3POOJIIEMO CaT.

I manexo He mpocto 3actocyBanHs BciM Bimomux HTML, CSS, JS nus
PO3pOOKH caiTy.

S Bupimmna po3poOHUTH CalT, MPOBECTH AaHANITHYHE OCTIKCHHSI Ta
CTBOPUTH CTPATETiYHUH TPOTOTHII, @ TAKOXK YIAKYyBaTH L€ y CyJacCHUH CTHIILHUNA
YHIKQJIbHUH NU3aliH, IKUI He 3aJIMIINTh yBary KOpHCTyBaya, Ta 3BEpCTaTH HOTro Ha
KOHCTPYKTOpI caiiTiB Readymag, BcTaBIsIFOUM 9acTKU BIACHOTO KO IS O1TBIIIOTO
GyHKIIOHATY.

[Mepiu 3a Bce, OyB NpOBECHUIT aHAI3 LIJBOBOI ayUTOPil, aJke Bill LHOTO
HAampsIMy BIUIMBA€ BUIJIS CANTY.

B xoxi npoBeneHHs OCTIHKEHHS i€ — JiBYaTa Ta KIHKU BikoM Bix 25-50
POKIB, JJIs1 HUX Ba)KJIMBA CTaTYCHICTh CaJOHY, PiBE€Hb CepBicy Ta mpodecioHamizm
MaicTpiB, BOHM T'OTOBI INIATUTH AOPOTO 32 IMOCIYTH.

Jaxi MM rmpoaHatizyBajl KOHKYPEHTHE CEPEeIOBHIIE, BUSBIIHN X HEITOJIKA
Ta TepeBaru, 3a paxyHOK IIbOTO aHajli3y Hall caloH Oyjae BUIUIATHCSA Ha (oOHI
KOHKYPEHTIB.

[Ticnst BUBUEHHST KOHKYPEHTIB 51 pOo3po0mia KapTy calTy, o0 BUOyIyBaTH
e(heKTUBHY CTpaTeTii0 BIUIMBY Ha Bi/IBiyBaya Ta Mmoka3ana MuISX KIIi€HTa.

3a momomororo aBox Gopmyn (ACCA i AIDA) po3pobuina nuisx Kii€HTa i
KapTy caurty.
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AIDA

Came ns dopmyrna, sika 3aJIMIIAETHCSA aKTYaJbHOIO BXKE OINBIIE CTONITT,
CTaJia OCHOBOIO IS CY4aCHOT'0 MapKETHHTY 1 BCe I 3aJIMIIAEThCS IHCTPYMEHTOM,
10 aKTHBHO BHKOPHUCTOBYETHCS B CEPEIOBHIII (PAaxXiBIliB 3 pEeKIaMH.

3a mi€l0 KIACHYHOIO MOJEIUTI0 BXKe Oifpllle CTa POKiB BHOYIOBYIOTHCS
peKiIaMHi 3BEpHEHHS, IO NpoBOAATH L[A mo HeoOXimuHmX naiif depe3 4 OCHOBHI
KpOKH:

VBaru (Attention) — LlikaBocti (Interest) — baxanns (Desire) — il
(Action)

VY cnpomieHoMy BUIIISII MOCTINOBHICTH Iiit 3a dopmyinoro AIDA moxHa
no0ayuTy Ha HaoMy rpadiky:

Entoulitia crpaterin (AIDA

Vs Y8arceD 33 aXyHOK B

ACCA

Ax i mepma cxema, ACCA BKa3ye Ha HEOOXIOHICTH IPOBEACHHS
NOTEHUIHHOrO TMOKYMLs 3a 4 CTaHaMH JJIs OTPUMAHHS HEOOXiTHOrO e(eKTy sK
LIUIBOBOT Aii:

VBaru (Attention) — Posyminas (Comprehension) — IlepexoHaHHs
(Conviction) — Jlii (Action)

He Baxxko MHOMITHUTH, LIO MEpHIMi Ta OCTaHHIM KPOKM B IIMX CXeMax
aHaJIOT14HI, ajie BCe, [0 MK HUMH, Ma€ CEPHO3HI BIIMIHHOCTI.

3a momomororo rpadiku posrisHeMo, sk came Monenb ACCA nie Ha [A Ha
HAaIIOMY CaMTi:

PaujonansHa crpateris (ACCA]

Vrpanmis yearal 23 pays

ACCA 3apa3 € Habarato OuTbII e(EeKTHBHOIO (OPMYJIOIO, OCKUIBKU B ii
paMKax HaBOJATHCS KOHKPETHI apryMeHTH Oe3 3aiiBux maHimymsiuii. Lle no3soise
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BaroMo IE€PEKOHYBAaTH CYYacCHOTO IPUCKIMIMBOTO KJIEHTa Yy NPaBHIbHOCTI
MPUHHATHX pillleHb. 3BUYAIHO, BCE 1€ CTOCYETHCS TUTBKH THUX MPOMO3WILH, It
SIKHX € JOCTATHS KUTBKICTh pealbHUX apTyMEHTIB.

AJte MU BUPIIIIIN 3aCTOCYBATH 2 CTpATeETii, a0 MaKCUMAabHO BIUTHHYTH Ha
MTOTEHIIHNX BiJBiAyBadiB.

Hani OyB po3poOieHWi MPOTOTHII Ta OU3aiH y TpadidHOMY pemakTopi,
BPaxXOBYIOUH BCI HAIIIl AHATITUYHI JOCIKCHHS.

Janst peanizanii Bchoro BHIe3a3HaueHoro s oopana ratgopmy Readymag,
TOMY 110 BOHa Ma€ psiJi IIepeBar:

no-mepuie, MH MOXXEMO CTBOPIOBATHM YHIKQIBHMH JM3aiiH, a He
BHUKOPHCTOBYBATH CTaHAAPTHI OJIOKH;

Mo-ZIpyre, € MOJJIMBICTh JOJATH BIACHUM KoA IUIA  301IbIICHHSA
¢$yHKIiOHATTY;

o-TpeTe, IaTGopMa iHTerpoBaHa 3 pi3sHIMH CepBiCaMH, M0 TOJIETTIye 30ip
Ta 00poOKy iH(pOpMamii, Taki SK MAKIIOYCHHS TETiB U1 MONTYKOBHUX CHCTEM 1
comiaTbHAX MEpexX Ta miakiroueHHs 10 Google AHANITHKI.

Y pe3ynbraTi MH OTPUMYEMO TPaMOTHO IIPONPANbOBAHUN CaMT, SAKUN
BIJINOBi/Ia€ HAHOLIBII MPALIOI0YAM MApKETHHIOBUM CTpATETrisiM, OPIEHTOBaHHUH Ha
LUIbOBY ayJUTOPII0 i3 Cy4YacHHMM Ta aKTyaJbHUM JHM3allHOM Ta MOTPiOHUM
(GyHKIIOHAJIOM, MIO JONOMOXe Oi3HeCy NPHUBECTH KIIEHTIB Ta 30LIbUIMTH
BITI3HABAHICTb.
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PO3POBKA ITPOI'PAMHOI'O 3ABE3NIEYEHHS 1151 HAJIMHOI'O TA
E®EKTUBHOI'O IIM®PYBAHHA JAHHUX

Januno bposv
Jlveiecvkutl nayionanvuuil yHieepcumem imeni leana @panka
Dakynvmem NPUKIAOHOT MAMEMAMUKYU MA IHGYOPMAMUKU
daniel.bros1169@gmail.com
Beryn

[ndpyBaHHs — 1€ TIO CYTi KO, IKUI BAKOPUCTOBYETHCS AJISI HPUXOBYBAHHS
BMICTy HOBiJOMJICHHS a00 JaHUX, SKi MU HAJCHIAEMO,0TPIMY€EMO 9H 30epiraemo.

51 Xouy mochianTH siIKoMora OiblIe IUQPiB,3pO3YMITH MPUHIHMII IX pOOOTH,
cnpoOyBaTy 3HAHTH MeTON iX Aemn(pyBaHHS YU B3JIOMY, & TAKOK BU3HAUYUTHCH 3
HAMOLIBII HATIHUM IHUGPOM.

CyuacHe mnppyBaHHA

1) CumerpuuHe mudpyBaHHS BUKOPUCTOBYE OJMH KPUITOrpahiuHUN KITIOY
i mudpyBaHHA Ta ACHIM(QpPYBaHHA NaHWX 1 e poOWUTh HOTO MPOCTHM B
mporeci.Haifcrapimmimv  cumetpuganM  MetonoM ImmdpyBanas € DES. Bin
nepeTBopioe 64-0iTHI OJIOKM MaHUX BITKPUTOTO TEKCTy y 3amudpoBaHuid. lle
BiOyBa€ThCS 3aBASKH MOy Ha JBa Pi3HUX 32-0iTHI OJOKH Ta 3aCTOBYETHCS
OKPEMO JI0 KOKHOTO.

3romom 3'siBuBCcS anroput™M AES, skuil BBakaeTbcs HaWKpamuM Ta
HANMOMYJSIPHIIIAM Ha JaHUA MOMEHT. BiH TIpaIfoe MeTOJOM ITiJICTAHOBKH Ta
nepectanoBku. Cepiiry, He3amuppoBaHi JaHi MEPETBOPIOIOTHCS B OJIOKH, a MOTIM
b pyBaHHS BUKOHYETHCS 3 BAKOPUCTAHHSIM KITIOYA.

2) AcuMeTpuuHe IU(pYBaHHS BKIIOYAE NEKIIbKa KITIOYiB 1Sl KA pyBaHHS
Ta gemudpyBanHsa nanux. Lledt Tum 3abe3neuye OLTbITy Oe3meKy,HasBHICTE 000X
KJIFOYiB, OJIMH 3 SIKMX 3arajbHOJOCTYITHUMH, a IHIIMH — 3aKpUTHH, TapaHTye, 10 JaHi
OyIyTh 3aXHMIICHUMH BiJ KibepaTak Ta ayTeHTU]IKalLiIo.

Anroput™ RSA € nyxe epeKTHBHIM OCKUIBKM HOMY NpPUTaMaHHHHA METOI
«mepBUHHOI (pakTopH3alii», MacHITa0O0BaHICTb, KIIOYI MOXYTh OYTH pi3HOI
JIOBXKHMHH Ta a/IalITUBHICTb.
3acrocyBanHs aaroputmy RSA

1-it eram: ['enepartist K04iB

e  OOGupaemo JiBa MPOCTUX Pi3HHUX YUCIA: X TA Y

e OGuncmoemo n1o0yToK: n=x*y

e O6uncmoemo dyukuiro Eitnepa: 9(n)=(x-1)*(y-1)
e  OO6upaemo BiIKPHTY €KCIIOHEHTY: =3
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e O6GuMCIIOEMO CeKpeTHY ekcroHenTy: d= et (mod ¥(n))
e  [lyOmikyeMo BiIKpUTHI Ko4: {e,n}
e  30epiraemo cexpetHui kimrod: {d,n}
2-it eramn: IllndpyBanus
e OOupaemo TEKCT s
e  mudpyBaHHA: M
e O6uuncmoemo mmdporeket: ¢= E(m) = m® mod n
3-it eran: PosmmdpyBanus
e OGumcmoeMo BHXiaHe noBizomieHHs: m= D(c)= c¢ mod n

Aaroputm AES-256.

Leit anmropuT™M IpOXOIUTH Yepe3 AEKiIbKa payHIIB mu(pyBaHHSI 1 KOXKEH

payHI BKJIIOYA€ B ceOe HACTYITHI KPOKH:

1.

© 0N~ WD

Po3nimoemo nani Ha G110KK

Kirouose posmmpeHHs

Jo6aBisieMo KpyTauid K04

3amiHIoeMo GaiiTu

3cyBaemo psiu

[epeminryemo croBmi

3HOBY 10J1a€EMO KPYTJIMHA KIII0Y

Pobumo 1e 3H0BY

[Ticnst ocTaHHBOTO payHIy adrOPUTM NpPO¥Je Iie OAMH payHI, aje B bOMY Habopi
AITOPUTMIB BUKOHAE yCi KPOKU OKPIM 6-TO, OCKUTBKH 11l KPOK € 6€33MiCTOBHHM.

BucHoBok

OT)KC, 3apas HalyacTile BUKOPHUCTOBYETLCS CUMETPHUYHC Ta aCUMETPUYHE

umdpyBanus. [IpoaHanizyBaBm iX, s 3pO3yMiB IO CHMETpHYHE IMHGPYBAHHI
Habarato MBHIIIE, B TOW Yac, aCHMETpHYHe - HafiiHime. Tomy, HaWKpammum

BapiaHTOM JUIsl 3aXMCTy JaHUX € 3MillaHui TUn IupyBaHHS: IUPPYEMO

MMOYaTKOBI JIaHI CHMETPHUYHHM METOJOM, a TPHUBATHUH Ta MyONIYHHH KITIOY

ACUMCTPUYHNM.

JlitepaTypHi nepimokepesna

1.
2.

o gk w

HapuansHo-Meromnunmii nocionuk JI.51. [mumaayk «Kpunrooris»

Hapuansanii nocionuk T.B. babenko, I'.M. I'ynak «Kpunrosnoris y mpukiagax, Tectax
i 3aagax»
https://www.websiterating.com/ru/cloud-storage/what-is-aes-256-encryption/
https://proverkassl.com/book_ssl_history.html
https://hostpro.ua/wiki/ua/security/encryption-types-algorithms
https://experience.dropbox.com/uk-ua/resources/what-is-encryption
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MICROSCOPIC SIMULATION OF ROAD TRAFFIC
Abayomi Dennis Epebinu
Ilvan Franko National University of Lviv,
University of L'Aquila

Abstract

Microscopic simulation models have been widely used as tools to investigate
the operation of road traffic and different intelligent transportation systems
applications. The conformity of microscopic simulation tools depends on the driving
behaviour models that they implement. We desire to model and simulate road traffic.
Naturally, we had as one goal, the better understanding of road traffic and we
modelled it using cellular automata (CA). Our model explains traffic occurrences as
well as possible and simulate real traffic.
Keywords: Cellula Automata, Traffic, Microscopic, Simulation.

Introduction

Traffic modelling is aimed to accurately recreate traffic as observed and
measured on roads. Traffic modelling assumed the appearance of a traffic system
without replicating. we are no longer interested completely in the standard
value of significant traffic parameters for a roadway such as the velocity v
in km/h, the flow f in veh/h or the density p in veh/km. To control the
flow, we amount the number of vehicles transitory by a check point per unit
time. For the density, we consider the number of vehicles per leg on a domination
section. At the microscopic simulation, we want to determine the
traffic down to the individual traffic partaker to “microscopic” precision in
mandate to consider the individual behaviour. From the point of assessment
of the individual driver, this is significant in the case for route planning.
This should be as lively as possible and be reliant on the current traffic situation. It
must also account for individual possessions such as the maximum
speed of each driver’s automobile.
Objective of the research

In this research we want to introduce a model that is based on stochastic
cellular automata. In its simple form, this model is very modest. However, it models
and explains different traffic phenomena and it is very useful in applications. We
transfer the concept of cellular automata to the traffic simulation.

Results
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There are two central model assumptions that our model shall satisfy, they
are:
1. Absence of collision
2. Conservation of vehicle.

Absence of collisions means that two vehicles may never drive within the

identical cell within a time step or between two-time steps. This applies, specifically,
that a vehicle must be able to decelerate without any time lag. If a car travels at v =
Vmax = 5 and, at time step t, arrives in the cell directly behind a non-moving car, then
it must be assured that in the next time step it reduces its velocity to v = 0 and also
stops moving. Hence it holds for the neighborhood connection. For this modest
model it is necessary for a vehicle to look ahead the highest step width in the driving
direction, i.e., five cells. Let the vehicles be numbered with regard to the driving
route, i.e., vehicle I drives with velocity vi behind vehicle i + 1, with velocity v + 1),
let dg j be the distance of vehicle i to vehicle j in driving direction, i.e., the number
of cells between i and j. Two cars that stand sprightly one after the other have
distance zero. The rules of the change function hold in parallel for all vehicles.

FE I R e B Py e
AR I N B e N ey e
S I N N o B o s

I P P oy e

Fig(1). car moving with different velocity.

This movement is with the following CA rule or algorithm.

Update for vehicle i with j =i+ 1:
1. Accelerate: vi := min(Vi+ 1, Vmax)
2. Decelerate: v; :=d(i, i + 1) ; if vi<d(i; i+ 1)
3. Randomize: vi:= max(vi - 1, 0) with probability p < 1
4. Move: vehicle i moves v; cells forward.

Road traffic simulation using cellula automata, what is of interest is that this
simple model can actually be simulated. We simulate a one lane unidirectional
highway section.

s| |

113



AMICon-2022

-8
-8

.2.08000.18. ..
3.

».0000,100.1..2.
«..4000.1008.1..2.. e
40000.00.1..2...3...3.....4.
o b TR P 488008.18.1..2...3...3....4..

Fig(2). Single lane simulations with 25 timesteps.
So, we plot the graph of flow rate to the density for one lane traffic with 25

time steps.
One-lane Traffic Simulation

0.4 -

0.3 1

Flow rate

0.2 1

0.1 A

02 04 0.6 08
Density

Fig(3). Average flow rate for 25 timestep.
For two lane simulation of the road traffic. For two lanes, the randomization
step is very useful and sufficient for the model to demonstrate realistic traffic

behaviour.
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Fig(4): Double lane simulation with 15 timesteps.
We can realise that the rate at which we have traffic jams has reduced due to
ability to change lane. So, we plot the graph of flow rate to the density for two lane
traffic with 15 timesteps.

Two-lane Traffic Simulation

0.4

0.3 1 ‘\\\2

g N\
=
2 02 -
0.1
02 04 06 08
Density
Fig(5): Average flow rate for 15 time steps for two lanes.
Conclusion

We have been able to simulate road traffic microscopically with the help
ofcellula automata for a single lane and two lanes, we discover that for single,as cars
are moving randomly into the lane from left to right with their respective velocities,
there experiences a traffic jam and this is due to different behaviour of the drivers.
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But in the case of two lanes traffic, the issue of traffic jam is reduced, this is as a
result of the fact that drivers can change lane once there is free space in the second
lane, the cellula automata helps us to assume that all cars are same with the
assumption that the maximum velocity the car can attain is 5m/s.
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DETECTING PARKING OCCUPANCY USING MACHINE
LEARNING

Joshua Junior John
Ilvan Franko National University of Lviv,
University of L'Aquila
joshuajunior.johnl@gmail.com

Abstract

Detecting parking occupancy have a potential to reduce the congestion in
crowded areas by providing real-time indications of availability of parking spaces.
With the increasing demand for parking space in outdoor environments, low-cost
image-based detection methods have become a focus of research and development
recently. This study presents a robust parking occupancy detection framework by
using a modified Mask RCNN and a custom CNN Model based on transfer learning.
Keywords : Convolutional Neural Networks(CNN), Intersection over Union (loU),
Mask Region Based Convolutional Neural Networks (Mask RCNN)
Introduction

The number of motor vehicles in the world has increased rapidly due to the
fast economic and social development. In contrast, the construction of parking lots
has been relatively slow, and the problem of parking difficulties has become
increasingly prominent. This increasing growth has also brought about stationary
traffic and other problems. Stationary traffic refers to the parking of vehicles,
including short-term parking due to passengers getting on and off or loading and
unloading of goods, and long-term parking in parking lots. The problems of
stationary traffic are mainly manifested in the following aspects: insufficient control
of land use indicators, planning and layout, fewer parking spaces in public buildings,
a severe road occupation occurrence, and fewer parking spaces in parking lots. The
above situation demonstrates that the parking problem is very acute. As a result,
detecting parking occupancy has risen to the top of the priority list for resolving
parking issues.

Objective of Research

This research paper focuses on mitigating the problems associated with
finding an available parking space by applying machine learning technique.

Methodology
For this research, we propose two approach. First is the use of MaskRCNN

to automatically detect the parking slots and also available parking slots. While the
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next is the use of a custom CNN model which is trained with dataset containing
empty and occupied slots.

Results
MaskRCNN: This approach autodetect the parking lots region of interest and

uses this information for further detect available parking slots in the future as shown

in the Figure 1.

Coordinates
of parking
spots

Detect Cars o
using Compute loU ngh‘l({ghI emfty
MaskRCNN parking spots

Figure 1 Flow process using M-RCNN approach
On each frame of the input video, we will first use the Mask-RCNN object
detection model to detect the cars and their bounding boxes as seen in IlomuJika! J[
JKepeJio MOCHJIAaHHA He 3]-[3]7[,[[6]-[0..

[\ ES Bounding

X1, yL,

Figure 2: Extracting Bounding boxes using Mask-RCNN
loU is simply an evaluation metric. As its name suggests it the ratio of the
area of overlap and area of intersection. Computing Intersection over Union can,
therefore, be determined as shown below.
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BOX 1
(=1, y1)

(x3, y3)

— Extent of Overlap

(%2, y2)

x4, yd
BOX 2 ( ey

Figure 3: Intersection of two boxes

Area of Intersection of two boxes

IoU = -
Area of Union of two boxes
BOX 1
Area of
Intersection of
boxes
BOX 2

BOX 1

Area of Union of
boxes

BOX 2

Figure 4 Diagrammatic Representation of the formula to calculate IOU
We then compute the loU on each pair of the bounding boxes and parking
spot coordinates. If the loU value for any parking spot is greater than a certain
threshold, we will consider that parking spot as occupied.
Our model was tested with different loU thresholds against accuracy and seen
below.
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Chart of loU vs Accuracy

o I].1] 0. ]I.S 020 D.éS 0. I31] D.éS 040 0.45
lolJ thresholds

Figure 5 loU vs Accuracy

Figure 6 Result Using Mask RCNN
Figure 6 shows how well using the Mask RCNN approach performs for a
mini parking lot.
Custom CNN Model: For this approach we created a CNN model leveraging
on the VGG16 Net to perform binary classification as seen in Figure 7. In order to
use the VGG16 Net base mode, we unfreeze the top layer and fused our layer having
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our desire output. We added two dense layer and finally the output layer with a
sigmoid activation function.

Model: “"sequential”

Layer {(type) Output Shape Param #
vggle (Functional) (None, 1, 1, 512) 14714688
flatten (Flatten) (None, 512) a

dense (Dense) (None, 58) 25658
dense_1 (Dense) (None, 28) 1628
dense_2 (Dense) (None, 1) pa

Total params: 14,741,379
Trainable params: 26,691
Mon-trainable params: 14,714,688

Figure 7 CNN Architecture using VGG16Net (Transfer Leraning)

1
s@) = 1+ e*
Signmoid activation function
Our model predicts if a marked slot is empty or occupied. Marking of parking
spots was done using python scrlpt as shown in Flgure 8

Figure 8 Marking of Parking Slots
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empty occupied

Figure 9 Extracted Slots
The extracted slots are then passed through the model for training and validation.
Figure 10 and Figure 11 plots model training and validation accuracy, loss and
confusion matrix respectively.

n

Model Accuracy Model Loss

10 = train

035 wvalidation

§ 096 o
8 o
034 010
f——, 005
082 validation 000
o 1 2 3 & 5 o6 0 01 2 3 4 5 &
epoch epoch
Figure 10 Training and Validation Accuracy and Loss
100
80
empty
= 60
o
& 40
occupied

[}

empty occupied
Predicted label

Figure 11 Confusion Matrix
We can see that our model performed well. We then perform test on a parking
lot to see how well it performs
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Figure 12: Parking Occupancy Detection
Conclusion
This research developed a system for detecting parking space occupancy
using machine learning through video data analysis from the outdoor parking area.
We have been able to demonstrate our approaches in detecting parking occupancy.
The first was using Mask RCNN, this method is suitable for camera positioned at an
angle. This involved two main stages; the first stage is identifying the region of
Interest by marking the parking position on the image of a full parking lot. The
second stage is feature extraction based on the region of interest (ROI) of each
marking on the parking area. Experiments for parking space detection are evaluated
using the accuracy of loU. The second proposed idea was using a custom trained
CNN which predicts the status of a parking slot. This method works best for cameras
positioned directly above the parking lot. Both methods proposed in this research
works well during all weather conditions and their implementation provides an
accurate automatic parking space occupancy detection and can reduce unnecessary
maintenance installation costs.
References
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MOJIEJIb TIU®Y3IAHOI'O IMPOIIECY 3 HAIIIBMAPKOBChKUMHU
HNEPEK/IIOYEHHSIMHA

Map ’sana Luyno
Hayxosuii kepisnux: npogh. Yabaniox HApocras Muxatinoguu
Jlveiecvkutl nayionanvuuil yHieepcumem imeni leana @panka
Dakynvmem NPUKIAOHOT MAMEMAMUKYU MA IHGYOPMAMUKU
mariana.shmul@Inu.edu.ua

Beryn

Judys3is, sk ¢izudHe SBUILE - 1€ TPOLIEC B3aEMHOTO IIPOHUKHEHHS MOJIEKYJT
abo aToMiB OJHiI€] PEYOBMHM TOMIK MOJIEKYJIHM a00 aTOMH IHIIOI, 10 3a3BUYAii
NIPU3BOJNTH JI0 BUPIBHIOBAHHS 1X KOHLIEHTpALill Y BChOMY 3aiiMaHOMYy 00'eMi.

VY Teopii WMoOBipHOCTEH 1 MareMaTW4HIH craTHcTHIi mpomec Audysii €
PO3BSI3KOM CTOXaCTHYHOIO JU(EPEHLIaTbHOTO PIBHAHHSA Ta PO3IIIANAETHCSA SIK
HETIepepPBHUI MapKOBCHKMI Ipoliec 3 HENepepBHHM YacoM 1 Maike HareBHO
HETIepEPBHUMH TPAEKTOPISIMHI BHOIPKH.

[lepeBaroro BHNAIKOBHX BEJMYHMH i CTOXACTHYHHX HPOLECIB € Te, M0 X
MOYKHa BUKOPUCTOBYBATH JUIsl OIKCY TOTO, IO BiJJOYBa€ETHCSI HABKOJIO HAC Y CBITI.

M IIPOIOHYEMO PO3IIISIHYTH PO3B'SI30K CTOXAaCTUYHOTO AU(epEHIIIaIbHOTO
piBHSHHS A Au(y31HHOrO IMpolecy 3 HaMiBMapKOBCHKHMH MNEPEKIIOUYECHHSIMHU,
TOOTO 3 10JJATKOBUMH BHUIaJIKOBUMH BIUIMBAMH HA CUCTEMY Ha MEBHUX BUITaIKOBUX
inTepBanax. O4eBHUIHO, 110 1[I PO3B'A3KK OyIyTh MPUIMAaTH BUMAIKOBI 3HAYCHHS.
ITocranoBka 3agaui

HOudysidauii  mpomec — 1me  PO3B’SI30K  TaKOrO0  CTOXaCTHYHOTO
JudepeHiianbHOro piBHIHHI[2]:

dX(t) =a(X(t),t)dt + b(X(t), t)dW(t), t=0,
1
ne a(x,t) — xoedimientn mepenocy, b(x,t) - xoediumient amdysii, W(t) -
BinepiBcbKHii poriec.
Mu po3risgaeMo OJIWH 13 TpUKIadiB audy3idHOTO mporecy, a came
PIBHSHHSI BULY:
dX(t) = uX@t)dt+ o X(t)dW(t), t =0, U, o — const.
@)
Junst mudysiitnoro npouecy (2) BBeneMo MoaudiKaliiio, o MOJAEIIOE LiHY aKkmil, y
BUTJISAIL:
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dX(t) = (X() + dt + (e X(t) + AW (1),

®3)

ae & - TEepeKIoueHHs, SIKi € BUIAJAKOBUMU Ta HOPMAJIbHO PO3IOALICHHUMHU

BEIMYMHAMH Ha (PiKCOBAaHMX iHTEPBaJax, IO € HAIIiIBMapKOBCHKUMH IIPOIIECaMHU.

HanismapkoBchki nmponecu

HamiBmMapkoBChKHH MPOLIEC 3a1a€ThCs CMiBBiAHOIICHHAM[1]:
X() = Xy = Xy Tp St < Tpy,m 20.

(4)

HaniBmapkoBcbKuii Tiponiec € HermepepBHuM crpasa: X(t +0) = X(t). Y
MOMEHT BiIHOBJIEHHS T, N = 1 HamiBMapKOBCHKMH IpOIEC 3MIHIOE CBill CTaH,
nepeOyBao4n B KOKHOMY cTaHi X, = X yac 0,,,1 = 6,.

MoOMEHTH BIZHOBICHHSI Tp, N =1 € MapKOBCBKUMH MOMEHTaMH Ui
HamiBMapkoBcekoro — mporecy[4]. Ile o3Hauae, 110 YMOBHHI  PO3MOALT
HarniBMapKOBCHKOTO TPOLECy He 3aJIeKHUTh BiJl <(MUHYJIOT iCTOPIi», KO (hiKCOBAaHO
HOro CTaH B MOMECHT BiJHOBJICHHS Tp,:

P{X(t+1,) €B/X(ty,) =X;X(5),0<s<t,} =P{X() € B/X(0) (5)
=X}
Judysiiinuii npouec

JuysiiiHi mpoliecy - 1e HellepepBHi MPOIECH, y SKUX BCIOIU TPAEKTOPil
BUOIPKH HETEpEepBHi, ajie HiJie He AudepeHiiiioBani. BoHn BUHHKaIOTh y OaraTbox
MIPUPOJTHUX SIBUIAX 1 B IKOMYCh CEHCI € y3araJbHEHUMH BEPCiIMH OPOYHIBCHKOTO
pyxy. barato ¢yHkuii MoXyTh OyTH o0OYMCIEHI B SBHOMY BHIJISIAI JUIs
oHOBUMIpHOTO Audy3iliHoro mpouecy[3].

VY ramy3sx, ge Oyna 3actocoBaHa mudysis, ii BHUKOPUCTOBYBAIIM JUIS
MOJICIIOBAHHS SIBHIL, 110 3MiHIOKOTBHCS BHUIIAZKOBO 1 HENEPEPBHO 32 MEBHUX YMOB,
HaTpUKJIaJ, KOJWBAaHHS I[iH Ta akKliii Ha ifeallbHOMY PHUHKY, BapiaIlii 3pOCTaHHSI
HaceJIeHHS B 1/IealIbHAX yMOBaX.

Po3p’si30k  piBHsHHA (1) OTpPUMYeTBCS 3a JOTMIOMOTOK HACTYITHOTO

CTOXAaCTHYHOTO iHTETPAITBHOTO PiBHAHHSA[2]:
¢ ¢

X)) =X(0)+ f a(X(w),u)du + f b(X(uw),uw)dWu), t=0.
0 0 (6)
Komn’orepHe MozesnioBaHHs A y3iiHOro npouecy Ta onuc MojeJti
Mu po3risaaemMo Iporec MOJETIOBAHHS IiH Ha akIii, KU € pe3yIbTaToM
JOCIII/KeHb, TOB'I3aHKUX 3 IpolecaMy (piHaHCOBOTO MOJENIOBAHHS B IOLIyKax

3MCHIICHHS pI/I3I/IKiB.
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Lleii nporiec onmucyeThest PiBHAHHAM (2), sIKE Ma€ PO3B’SA30K:
2

X(6) = X(0) ,u—% t+ow(n)l,
(7)

Jie U - IIe mapaMeTp MePeHoCy, a g - mapaMeTp BOJATUILHOCTI, [ 1 0 - cTalli. 3TigHO
3 LI€I0 MOJEIUIIO, BOJATHIBHICTh 3aJIMIIAETHCS MOCTIHHOIO MPOTITOM JEKUIBKOX
NIepioiiB, KOJIH BiIOYBAETHCS TOPTIBIIS aKLiSIMH.

Takoxk Mu mnpencraBiaseMo Taky AuQy3iHY MoJenb, MpoTe 3
HariBMapKOBCHKUMH NEPEKIIIOYEHHIMH.

Le o3Havae, Mo nepio]T 9acy po3OMBAETHCS HA IPOMIKKH 6;, TOBKHAHA SKIX
€ BHIIQJIKOBOIO 1 HOPMaJbHO PO3MOJUICHOI BEIMYMHOI. Ha KoXHOMY 3 IHX
MIPOMDKKIB MOJICITIOEMO TaKui MuQy3iiHHAHN mporiec, I J0Ta€MO 10 BOJATHIHHOCTI
(o) i xoedimienty mepenocy (¢) BenuuMHy mepekiaodeHHs (&), sKa TEK €
BHUIIaJIKOBOIO 1 HOPMAJILHO PO3MOIJICHOIO BEIIMUNHOIO.

ToOT0 Ha KO)KHOMY iHTEpBaJi 8; MU PO3B'I3yEMO HACTYITHE PIBHSIHHS:

dX(t)=@X@®) + &dt+ (e X(@) + AW (b).
®)

TakuM YMHOM TIPH KO)KHOMY HOBOMY MOJICIIIOBaHHI NPOLIECY, BEIMYMHH
MPOMDKKIB Ta BeIMYMHA TMEPEKIOYCHHS Ha TICBHOMY IPOMDKKY OYIyTh
3MIHIOBATHCA.

Merol0o  CTBOpEHHS ~ MNporpaMH  Oysio  HaJaHHA  MOXKJIHMBOCTI
MpOoAEeMOHCTpYBaTH rpadiuno audy3iitHud mporec Ta audys3iiiHUNA mTporec 3
MapKOBCHKUMH HEPEKITIOUCHHIMH.

BXxigHuMu JaHuMH €:

X(0) - mouaTkoBa 1iHa aKiiii, 32 3aMoB4yBaHHsM 100;

i — mapamMeTp nepeHocy (aperid), y Hamomy Bunaaky = 0.2;

0 — TIapaMeTp BOJATHIBHOCTI, y HanmoMy BUIanky = 0.65;

AT — mepion dYacy Ans SKOTO PO3PaxOBYIOTbCA MaHOyTHI IiHH, 3a
3aMOBYYBaHHAM 52;

dt — neranizauis nepioxy yacy (He0OOB SI3KOBO).

OTtpuMaHO MacHB i3 3M0JIeTbOBAHUMH IIIHAMHM Ha aKIii 3a JaHui nepiox yacy
Ta rpagiuHe 300pakeHHs.
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200

T Pp P 75
Puc.1 Tudysiiiauii mporec 3 HamiBMapKOBCHKUMU MEPEKIFOUCHHIMHI
BucHoBknu

VY maHili poOOTI PO3TISHYTO TUQY3IHHUI Tpolec 3 HaMiBMapKOBCHKAM
IPOLIECOM TepeKiIoueHHs. HaBeneHo croxacTuuHe andepeHIialbHe piBHSIHHSA
audysiitnoro mpomecy (1) i (2) Ta croxactuuHe auepeHIianbHe PiBHIHHS
g y3iiHOrO Tpolecy 3 HaliBMapKOBCHKHMU TepekiroueHHsIME Buay (3) 1 ixHid
PO3B'A30K.

VYrepuie JociiIKeHo MoJielb An(y3iHHOTo IpoLecy 3 HaliBMapKOBCbKHUMHU
MEPEeKITIOUYCHHAMH  JUIS  I[iH Ha aKI{ii sK po3B’I30K Ju(epeHiialbHOro
CTOXaCTUYHOTO PiBHSHHSL.

HageneHo reoMeTpHyHy LTIOCTpAIlil0 BUXITHOTO TUQYy3iiHOTO Tporecy (2)
Ta Moau(pikoBaHOTO AU(Y3IHHOTO MPOIIECY 3 HAITiBMAPKOBCEKUMU TIporiecami (8).
Cunucoxk Jgiteparypu

1. Kopomoxk B.C. Croxactuuni moxeni cuctem: Hapu. mocionuk. — K.: JIubine, 1993. —

136 c.

2. Ckopoxonx A. B. Jlexiii 3 Teopii BumakoBux mnporeci: Hapu. mocionuk. — K.: JInb6ims,
1990. - 168 c.

3. Oliver C. lIbe Markov Processes for Stochastic Modeling. Second Edition. — Elsevier,
2003. - 514 p.

4. Yaroslav Chabanyuk, Anatolii Nikitin, Uliana Khimka. Asymptotic Analyses for
Complex Evolutionary Systems with Markov and Semi-Markov Switching Using
Approximation Schemes. — Mathematics and Statistics. John Wiley & Sons. — 2020. —
240 p.
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MPOEKTYBAHHS TA PEAJI3AILIISA ITPOBOI TPOI'PAMM PEG
SOLITAIRE

Anacmacisa [lempuwiun
Jlveiecokuil nayionanvuull ynieepcumem im.leana @panxa

Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
Anastasiia.Petryshyn@Inu.edu.ua

B mpoueci po3BUTKY MHCIEHHs, (OPMYBaHHIO OCOOMCTOCTI, Ta BMIHHIO
LIBUAKO 1 NPaBWJIBHO NPUMMATH DILICHHS BaKJIWUBY POJb BiJirpac HE TUIBKU
ocBiTHIM (akTop, aje ¥ xapakrep IrpoBOi IisJIBHOCTI, JIOTIUHI 3ajadi Ta
TOJIOBOJIOMKHU. ['OJIOBOJIOMKM 3alfHSJIM CBOE MicCLle B HAlIMX CEpIAX 1 rojoBax
HabaraTo pasimie, HiX OyJb-siki iHmI irpamku. Beim Bimomuit kyOuk PyoOika,
SITMTOHCHKI KPOCBOP/IH, IT'ATHALIKH, CyJOKY, PI3HOMaHITHI IIapajd, Ma3iu, 3araiKH,
Te IO HIKOJIM HE HaOpHUAa€ JIIOAsIM 3 AaBHIX naseH. [IpoTe 3apa3, y TexHiuHY epy,
IIi 3araJIkk TaKo>kK Ha0yBalOTh iHIIOTO (hopMaTy, OUTBII JIETKOTO i JOCTYITHOTO IS
BCIX JIIOJEH, Y TOMY IO KOXKEH 3aBXKIM HOCHTh Yy KHIIEHI, 1e KOKEH MOXe 3aiiTh B
IUIeiIMapKeT 1 3aBaHTQXUTH HOBY TOJIOBOJOMKY, MO0 Oyno 4YuM 3alHATHCH
OYIKYIOYH KOT'OCh, a00 K y JMOBTid 10po3i, ab0 X MPOCTO BiIBOJIIKTH MO30K Bif
3BUYHOT poO0TH. PO3B'I3yBaHHS TOJI0BOJIOMOK — I[IKaBHH Ta 3aXOILTIOI0UMIT ITpolLec
SIKMI 3/1aBHA 3aTATYE MIIBHOHHU JIIOJCH MO BCiX KYTOYKax CBiTy. AJjie rpaTH Ha
TenedoHi roJIOBOJIOMKY I1€ OJIHE, a pO3po0OUTH 11 30BCIM iHIIIE, HAbaraTto BaxKue, Ta
HE MEHII 3aXOILII0I0U€e 3aBJaHHsI.

Kuraiiceki mamrku, Comitep , Peg Solitaire, Patience, Brainvita, Hora — ne
Bce Ha3BU ofHiel i Tiel camoi momynsapHoi, HacmpaBmi PpaHiry3pkoi, Tpu-
roJIoBOJIOMKH. Lle HacTiibHa rpa uIst OJJTHOTO TPaBIIs, SKUI Ma€ 3MOTY IIEPECTABIISTH
(imku Ha o1l 3 BUIMKaMu. Y CTaHIApTHIH rpi BCe TOJIe 3aIIOBHIOETHCS (pilTkamu,
32 BUHSTKOM LIEHTPAJIBHOTO OTBOPY. MeTa rpn — 3BIJIBHUTH BCIO JOIIKY BiJ (illIOK,
3aJIMIIUBINN OCTAHHIO (iKY B IEHTPi JOIIKH.

JUis HamMcaHHS T'pU PO3TIAAINCH TakKi TEXHONOTII I KPOoCIuIaT(hOpMHOT
MoO1TEHOT po3poOKkH sik React Native Ta Flutter. React Native (Tako BioMuid sk
RN) - 1ie nomymsipaa 1uiatopma MOOUTBHHX MporpaM Ha OcHOBi JavaScript, sika
JI03BOJISIE CTBOPIOBATH MOO1UIBHI porpaMu 3 BIacHUM iHTepdeiicoMm. React Native,
cTBOopeHMi 1 miarpumyBaHuMi Facebook, € moctymHoro KpocraTgopMHOIO
wiaTGopMoIo Il po3pOOKHM JOAATKIB, sIKa HIBHAKO CTana yIroOJIeHOI0 cepen
MOOLTBHUX po3poOHUKiB. React Native cripusie po3po0Oiii MOOLTEHUX JOAATKIB LIS
Android Ta i0S. Haiibinpm B3ipueBMMH NpukiIagamu nporpam React Native €
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nporpamu BiJOMUX KoMmaHil, Takux sk Tesla, Airbnb, Skype abo Amazon Prime.
l'onosHa mpuBabmmBicTh React Native momsrae B ToMmy, 110 BiH 3a0e31e4ye MIBHUIITY
po3poOKy Ta Jerky miaTpuMKy. IIOBTOPHO BHKOPHUCTOBYBAaHI KOMIOHEHTH,
MOJKJIMBICTh BUKOPUCTOBYBATH BEIIUE3HOI KiTbKOCTI HassBHUX JS 6i0mioTek 3 NPM,
a TaKOX CTBOpeHHs TpadidgrHoro iHTepdeiicy Ha ocHOBI CSS momiOHOTO CHHTAKCHUCY
€ IpuBa0OIMBUMH apryMeHTaMu it Buoopy React Native.

Flutter — e Bigkputuii i 6e3komroBHHi (peliMBopk Big Google, skuit
JI03BOJISIE cTBOproBaTH mporpamu st Android Ta i0OS 3a gomoMororw mpoctoi
kozoBoi Gasu. lle inHoBauiiHui maker SDK mist po3poOku MikmiiarhopMeHux
noxatkiB. Flutter BceocshkHMIT MOOINBHUIA (QpEeHMBOPK, SIKUH MICTHTH BiJDKETH,
MeXaHi3M Bi3yamizalil Ta HaJaro/UKEHHs, a TaKOX pEecypcH Mjsi JOIOMOTH
pO3poOHUKaM y CTBOPEHHI Ta PO3rOpTaHHI KpacHBUX MOOIMBHUX nonatkis. Flutter
BHKOPHCTOBYETHCS PAIOM BIIOMHUX OpraHizamiii, Brrogaroun Google i Abbey Road
Studios.

O po3poOku momatky Oyma BukopucTaHa Iatdopma React Native,
OCKUTPKM BOHA [OBOJII TIPOCTAa Yy BHKOPHCTaHHI, HAaHOUTBII TMOMyJsipHA Ha
CBOTOJHIIIHIA J1eHb, Mae OaraTo JoKyMmeHTalii Ta npukiangiB. Taki MoOuLIbHI
nonatuku sik Facebook, Instagram Ta Uber Oyiiu po3po0OuieHi 3 BAKOPUCTAHHSM L€l
mwiardpopmu. JlaHi 3acTOCYHKH Oe3 mpoOieM 3amycKarThCs Ha OYyIb SIKOMY
MPUCTPOT, & JUIsl irop 1 I0BOJI BaXKIIUBO.

258 @ D G *an
2 menu.is soard js Menu

Peg Solitaire
Simple Board (just to try)
English Board
French Board
21-Hole Cross Board

27-Hole Cr Board

George Bell Board
32-Hole Diamond Board
41-Hole Diamond Board
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VY rpy Oyno nonano 11 piBHIB, Ui pi3HUX BapiaHTIB irpoBoi nomku. OnuH
PpiBEHB 3a7a€THCS MATPHUIICIO, SIKUI MICTHTB caMy MaIry piBHs (IBOBHUMIipHHIA MacHB,
SIKFH CKJTaJa€THCS 3 KOJAOBUX CHMBOJIIB /IS MTi3HIMIOTO HAaKJIaJaHH 300pakeHb). 3a
JaHUMU, TIPOIMCAHUMH y Malli PiBHSA, CTBOPIOETHCS TPifA, V SIKUH IepenaroThCs
KOJOBi CHMBOJIU JIJIsl TIPABHIIFHOTO 300pa)KeHHS Ta BiOOpakKeHHS TPH.

R IN'UKRAINE 11!
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Jnis 3niliCHEHHS XOJy CIIOYaTKy rpaBellb HATHCKae Ha (ilKy, sKy Oaxkae
nepectaBuTy. [1i3Hime Ha Mice, Kyan 30upaeTbes nepectaBuTH. Jlaii BigOyBaeTscs
IepeBipKa 9u 11e MOXKINBO ((pimky BUOpaHi IpaBWIBHO, (illlka IepecTaBIETHCS B
Micre, Je HeMae iHImoi (iKW, IMepecTaBIIEThCS JIUIIE 110 TOPU30HTAII abo Mo
BEepPTHKAJi, JHIIE HAa 2 KPOKM Ta MDK HOHMH MICIIMH € (ilIka, sKa Mae
MepecKaKkyBaTHCh i 3a0upaTuch). TUTbKY Py BUKOHAHHI BCiX YMOB XiJI BiTOyAeThCS.
Jnst modaTKy y CIHCKY 30epiraerbCst MOTOYHMH CTaH TpH (Ue MOTpiOHO st
peanizauii ¢pynkuii ‘Hazan’). Hami oOpana ¢imrka nepeMiCTUTbCS B 3aJaHe Micle a
(irka MK IIIMA MIiCIISIMU 3a0Upa€eThCs 3 OIS XOAH BiAOYBarOThCS TOTHU, TOKH Ha
I0JIi He 3aUIIHUTHCS 1 dilmka.

VY nmaniit poboTi OyJ0 peani3oBaHO MOBHOIIHHHUA MOOUIBHUM 3aCTOCYHOK,
BUKOpHCTOBYIO04H TexHouoriro React Native. Po3po6iieno yci ocHOBHI GYHKIIT IpH,
10 moBHOMiHHKX piBHIB Ta | TectoBuii. BukopuctoByroun React Native, moxkHa
IIBUIKO, SIKICHO 1 IIPOCTO peaii3yBaTH KIOCIUIAT(POPMICHHA MOOUTHHHHA TONAaTOK
Tpu 1 SKUM MOXHA JIErKo miaTpuMmyBaTH. React Native no3Bonse e(eKTHBHO
CTHITI3YBAaTH aIUTIKAIIiI0 3 aIalTAII€I0 i/ Pi3HI PO3MIPH JHUCILICIB.

Kox peamizamii mMoOuIbHOTO q0AaTKy Ipu 3HaxomuThes Ha GitHub 3a
nocunannsam https://github.com/Stacy1256/peg-silotaire-mobile.

Cnucox BUKOPUCTAHUX JKepeJ

1. React native (documentation) - https://reactnative.dev/

2. Peg Solitaire (history and rules)- https://sites.google.com/site/boardandpieces/list-of-
games/peg-solitaire

3. Advantages and Disadvantages of React Native Development -
https://www.thirdrocktechkno.com/blog/pros-and-cons-of-react-native-development-
in-2021/
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KOMII'IOTEPHE MOJEJIIOBAHHS CIIEH 3 YPAXYBAHHAM
3AJIOMJIEHHS ITPOMEHIB CBITJIA

Coghis Kosanvuyx
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
Sofiia.Kovalchuk@Inu.edu.ua

Beryn

Ha cporonni KoMIT FOTepHE MOJICITIOBAHHS BBAKAETHCS OJHIEIO 3 TIPOBITHUX
raimy3ed, sSka BUKOPHUCTOBYETHCS aBia-, MAaOIMHOOYIIBHUMH (QipMaMH IIiJ dac
KOHCTPYIOBAaHHS Ta BUTOTOBJICHHS BHUPOOIB, sKi MOTPeOYIOTH BUCOKOI TOYHOCTI, a
OCHOBHOIO 33a/1au€l0 KOMIT'IOTEPHOTO MOJIEJIIOBaHHSA € Bisyasizamis, ToOTO
CTBOPCHHS 300paKCHHS HAa OCHOBI Omucy (MOJIEIi) TOTO, IO MOTPiOHO 300pa3uTH.
ITocTynoRo 115 ramy3b yBidIIIA y Pi3Hi chepu MOBCIKACHHOTO KUTTSL. J[0 OCHOBHHUX
cep 3acTocyBaHHs 11 TEXHOJIOTIH MOYKHA BIIHECTH TaKi:

— rpagiuHuii iHTEpdeiic KOpUCTyBaya;

— crienedeKTy, Bi3yasbHi eektn, nudposa kinemarorpadisi;

— mudpoBe TenebavueHHs, BiICOKOH(PEePEHIIii;

— mudposa pororpadis;

— n(POBUH KUBOIIKC;

— Bi3yaJi3allis HAyKOBHX Ta IIJIOBUX JaHUX;

—KOMIT'IOTepHI ITpH, CHCTEMH BIpTyalbHOI peasbHOCTI (HANPHUKIA,
TPEHAKEPH 3 KEPYBaHHS aBTOMOOLJIEM, JIITAKOM TOIIIO);

— CHCTEMH aBTOMAaTH30BaHOT'O MPOEKTYBaHHS;

— KOMIT FOTepHa ToMorpadis.

Ie#t mepenik MOCTIHO PO3MIUPIOETHCS, 60 BUKOPUCTAHHS KOMIT IOTEPHOTO
MOJICIIFOBaHHS y Pi3HUX cepax 3HaHb Ja€ MOLITOBX HOBUM HAIPSMKaM.

MopentoBaHHs rpadiyHUX 00’€KTIB BUKOPHCTOBYE MaTeMaTHYHI METO/H,
JOCSTHEHHsI 'y Taiy3sx (i3MKn, NpUPOJHMYMX Hayk. [l peanicTHdHOTO
300paXeHHsI CIIEH HEOOXiJHO BPaxOBYBaTH SIK T'€OMETPII0 CKJIQJIOBHX 00’ €KTIB
CICHH, TaK 1 ()i3MYHI BJIACTHUBOCTI MaTepialliB, 3 SKUX BUTOTOBJCHI 00’ €KTH,
GionoriuHy OyZ0BY )KUBUX 00’€KTIB TOIIIO.

OueBHHO, IO CEPE/IOBHIIIE, SKE HAC OTOUYE, MU 0aYMMO 3aBISKH TOMY, L0
BCi TIpeIMETH BiIOMBAIOTH CBITIIO, IIPOITyCKAIOTH HOTO Yepe3 cebe, BUPOMiHIOIOTh.
Jis  mepemaui  Ta  30epeKeHHA ~ KOJIBOPY B KOMITIOTEpHiH  Tpadimi
BHKOPHUCTOBYIOTHCS Pi3HI (OPMHU HOTO TPEICTABJICHHSA. Y 3arajJbHOMY BHIIAIKY
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KoJlip — Habip 4mcen, sKi NPEACTABISAIOTH COO0I0 KOOPAMHATH Y TIEBHIM KOJIpHIH
MOJEII.

s MozienfoBaHHS TPUBUMIPHHUX 00’ €KTIB HEOOXiTHO BpaXxOBYBATH 3aKOHHU
MOIMIMPEHHS CBITJIA Yy CEpeJOBHINAX, BJIACTUBOCTI O0’€KTIB BimOWBAaTH,
3aJIOMJTFOBATH, BUIIPOMIHIOBATH CBITJIO.

VY cBoiit poboTi s 3aiimManach TOCTIHKSHHAMH, SKi TIOB’sI3aH1 3 IPUHIUIIAMHA
NMoOyZOBH Ta 3 BUKOPHCTAHHSIM 3aKOHIB IOIIUPEHHS CBITIA JUIS MOJEIIOBAHHS
MIPOCTOPOBUX CICH.

IMocranoBka 3axaui

JI71st MOBHOILIIHHOTO AOCIIIXKEHHS JaHOT TEMHM s BUILIWIA I ceOe IeKibKa
€TaIliB:

1. mocHimKeHHS ICHYIOUMX METOJIB Ta 3acO0iB BIATBOPEHHS Ta IIiIBUIICHHS
PeaNiCTHYHOCTI BiITBOPEHHS CIICH y 3ac00aX KOMIT IOTepHOI rpadiku.

2. mocmimKkeHHS (Hi3MYHOI CKIIaJOBO1 3aJOMIICHHS IIPOMEHIB CBITJa Ta iCHYIOUHX
aHAJIOTIB MaTeMaTHYHUX MOJeNell [ia moOymoBH pIi3HUX BHUAIB CIEH Y
KOMI FOTePHOMY MOJEIIOBaHHI.

3. po3poOka MpOrpaMHOr0 MOAYJSA JUIS BIiATBOPCHHS CIICH 3 YpaxyBaHHIM
3aJIOMJICHHS IPOMEHIB CBITJIa Y KOMII FOTEPHOMY MOJEIIOBaHHI, SIKi IIOTEHIIHHO
3MEHIIYIOTh Yac (OpMYBaHHS CILICH.

B xoji mepiioro eramy JOCHIIKEHb 51 3p00KIa BUCHOBOK, IO PO3PaXyHOK
OCBITJIEHHSI € AJITOPUTMIYHO CKJIAJHOI0 3ajadero. HaBiTh 3 ypaxyBaHHSAM YycCix
CIPOIIEHh Ta KOMIIPOMICIB, IO MOMYCKAOTHCA y PsSAAI METOIIB MOICTIOBAHHS
OCBITJICHHS, pe3yNbTYI04a CKIATHICT yce OTHO MOKe OyTH 3aBEIIMKOIO i 3aTpaTh
gacy Ha Bi3yalli3allilo OKpPEMOro KaJpy MOXKYThb IIEPEBHINYBAaTH BHU3HAUYCHUI
MaKCHUMAaIbHUH JTIMIT.

BinnmoBigHO M0 mBOTO OYJIO JNOCHTIMKEHO ICHYIOWI aHAJOTH MaTeMaTHYHIX
Mozenelt st moOyIOBM PI3HMX BHJIB CIEH Ta pPO3pOOJIEHO IEBHI JOJATKOBI
ONITHMI3aI] 11010 HUX ISl MOKJIMBOCTI 3MEHIIIEHHS] BUKOPHCTAHHSI 4acy Ha IpoLec
Bi3yauizailii, a TaKo CIIpoOW BUKOPHUCTAHHS OINTBII CKJIAHUX Ta SKICHUX METO/IIB
MOJICIIFOBAHHS OCBITJCHHS, MO0, 32 paxyHOK IbOrO, 32 3arajibHUM 4YacoM
Bi3yaumi3zamii 3aJIMIINTUCH y BCTAHOBIEHMX BHMOTaMH MeEXax Ta 31 30epekeHHIM
SIKOCTI CIIEH.

BucHoBknu

B xoni mociipkeHHS Ta OINMpAIfoBaHHS AaHOI TEMH MHOIO OYJIO CTBOPEHO
MIPOTPaMHUAN MOJYJh 3 BUKOPHCTAHHSM aJTOPUTMY Ha OCHOBI METONY TpacyBaHHS
MIPOMEHIB JUIs 30epeKEHHsI SKOCTI CLEH 3 ypaxyBaHHSM 3aJIOMJICHHS IIPOMEHIB
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CBITJIa BIAMOBIMHO J0 3aJaHUX MaTepialiB MPU 3MCHIICHHI Yacy Ha 0OpoOKy Ta
(hopMyBaHHS JaHO CIIEHH, a TAKOK Bard BUXiTHOTO (hailiry Ta MOBH IIPOTPaMyBaHHS
Python 3aBasiku THYYKOCTI Ta TIPOCTOTI CHHTAKCHCY JIaHOT MOBH.

Came MeTOom TpacyBaHHS IIPOMEHIB YBIWIIOB B OCHOBY 3a paxyHOK
MOXUJIMBOCTI  PEHICPUHTY TJIAJACHBKAX 00’eKkTiB 0e3 ampokcuMarii — ix
MIOJIITOHATIFHAMH TTOBEPXHSAMH, BiICIYCHHS HEBUIUMUX MTOBEPXOHb, MIEPCICKTUBH 1
KOPEKTHHUX 3MiH TI0JIS 30pY, SIKi € JIOTTYHUM HACJIiJKOM aJITOPUTMY Ta HU3KH IlepeBar
HaJI IHIIMMHU METOJIaMHU, sIKi OYJIM PO3IJISHYTI B XO/i JOCIIIKCHb, 38 PAXYHOK SIKHX
OyJ10 OTPMaHO 3MEHIICHHS Yacy Ha TeHepallilo 0THOT0 KaJipy pe3yIbTyI040i CIIeH!
3 MiHIMaJIbLHUMH BTPaTaMH IO AKOCTI JJIs1 KOPHCTyBaya.

Ha naHuii MOMEHT OCHOBHUM MpPH3HAYEHHSIM JaHOTO MOIYJIIO € HOoro
BUKOPUCTAHHA, SK OIOMIOTEKM AN BUKOPUCTAHHS PI3HHUMH TPOTpaMaMu, SKi
CTBOPEHI K CHCTEMH BIPTyallbHOi PEaNbHOCTI, TaK 1 JUII mpodeciiHuX Iinei,
30KpeMa IIepPeTBOPIOBAYIB I 3MCHIICHHS pPO3MIpiB BXimMHUX (aimiB uis
TIOJTATBIIOTO OTIPAIIOBAHHS.

Cnucok aitepatypu
1. Jlucuus B.T. Komnipni Moaeni Ta 3akonu nomupeHHs citia / B. T. Jlucums. — X. : XHY
imeni B.H. Kapasina, 2012. — 82 ¢
2. Ilwuxkin €. B. Komm’rorepHa rpadika. [lomironansui Mmoneni (poc.) / €. B. Hukin, O. B.
Bopeckos. — M. : lianor MI®1,2001. — 462 ¢
3. Han-Wei Shen. Ray tracing basics [Emextponnuii pecypc]. — Pexxum mocrymy:
http://web.cse.ohiostate.edu/~hwshen/681/Site/Slidesfiles/basicalgo.pdf (mata
3BepHeHHs: 19.10.2021).
4. Foley J.D., van Dam A. Feiner S.K., Hughes J.F. Computer Graphics: Principles and
Practice // Addison-Wesley Publishing Company. — 1996. — P. 718-739.
5. Phong B.T. lllumination for computer generated pictures / Communications of ACM.
1975. — Ne 6. — P. 311-317.
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HEPEJBAYEHHSA HAI'POMAIZKEHHS TPA®IKY 3A JOIIOMOTI'OIO
CUMYJISAIII TA IITYYHOI'O THTEJEKTY

Onee Isanxis, Muxona Kosanux

Lybnancoxutl onoprui aiyeu imeni I'epost Yrpainu Anamonis JKanosaeu,
Hayionanvnuii ynieepcumem “Jlvsiscoxa nonimexuixka”

oleguk0509@gmail.com, niciceberg.public@gmail.com

Beryn

JlopoxHs THQPACTPYKTypa € apTepi€lo MICT, UMM 3JIarojpDKCHIIe BOHA
MPALOE, TUM HIBHUIIIC PO3BUBAETHCS MICTO. J[Jis MpUIHATTS BIAMOBIAHUX 3aXO/IiB,
ypOaHICTH Ta Mepii MICT OTPEOYIOTh BCE OUIBII ETATbHUX JaHUX. Taki 3aX0/1H, sIK,
HAaIpHKJIIaJl, BCTAHOBJICHHs 0OME)KEHHS Ha IIBHUJIKICTh Ha NEBHIN 0pP03i BUMAaraiTh
JMAHUX TIPO CHUTYaIil0 HarpoMma/pKeHHS Tpadiky y maHili micmeBocTi. 30ip Takmx
JAaHUX € Jy’Ke IOPOTOI MPOIEAYPOI0, OCKITBKH Tpeba MPOBOIUTH MOCTiiHE
crocTepeskeHHs  OaraTthbMa gartunkaMu. OOMEXeHICTh  OIOKETYy  MiCBKHX
aJIMIHICTpaIliif He JO3BOJIsIE BHKOHYBATH TaKi MPOLEAYPH, a OTKE, IPUHHATI 3aX0AH
3a3BHYAil BUABISIOTHCS HEC(CKTHBHUMHU.

CrtBOpeHHST HOBOrO €()EKTHBHOIO Ta JACHICBOIO METOAY, IO JI03BOJUTH
3100yBatu iH(pOpMAaIi0 PO CTaH JOPOXKHBOI IHPACTPYKTYpH MicTa J03BOJIHUTH
3HAYHO CKOPOTHTH BUTPATH Ta MiABUIUTH SKICTh BIPOBAPKECHIX 3aX0/IIB.

HasiBHi MeTOIM MependavdeHHs HATPOMa/3KeHHsI Tpadiky

MeropiB nepenbauenns: Tpadiky € gocuTh 6arato, oJHAK MPaKTHYHI yCi 3
HHUX 3aCTOCOBYIOTh TEMIIOPAIBHI JIaHi, TOOTO NepeadaueHHsl, IKi BOHH CTBOPIOIOTH,
€ BUKIIIOYHO THMYACOBUMH, TOX iX e()eKTHBHICTh BUHAYAETHCS Y TOMY, HACKITBKH
JIOBTO BOHH MOXYTh TOYHO TiepeadavyaTi HarpoMaKeHHSI.

BupizusatoTs Tpu rpynu MeToniB nepeabaueHHs Tpadiky [1]:

e Meroau iimoBipHOCTEH. JlaHi METOIU MOCHUTh TOYHO BH3HAYAKOTH XapaKTep
HarpoMa/pDKEHHS Ha OKPEMHUX JIOPOTax, aje He 3/1aTHI 00poOIATH MACHB JaHUX
yciel qopoxHBO1 iHQPACTPYKTYPH.

e  Hernuboke mammHHe HaBYaHHA. i MeToIM MalOTh 3HAYHUH HEJOJIK, 1IE TE,
0 BOHM HE MOXYTh caMi BH3HA4aTH OCOOIHMBOCTI 00’€KTiB, IO POOHTH
MpoIIeC iX HAaBYAHHS TOCHUTH CKIIQJIHUM IPOIIECOM.

e [mboke MalmIMHHE HaBYaHHsA. Ha BiIMiHY BiJl HENIHOOKOTO MAIIMHHOTO
HABYAHHS, BOHH 3/IaTHI aBTOMAaTUYHO BU3HAYATH OCOOIUBOCTI 00 €kTiB. JlaHa
KaTeropist METO/IIB € HAWKPAIIOO ISl PO3B'si3aHHS MOCTABJICHUX 3a]1a49 Y JaHii
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HAYKOBiI pOOOTi, OCKUJIBKM py4HE BU3HAYEHHS XapaKTEPHCTHK JOPOXKHBOI

MEpexi € NPaKTHYHO HePealbHO0 3a1auero.
Mertoa cumyJisimii

Jns Oymp-sKOTO iCHYIOWOTO MeTony mepenbadeHHs Tpadiky HOTPiOHO

BewKi obcaru indopmartii. i OTpUMaHHA pe3yibTaTiB y Pi3HUX, MOMIOHHUX 10
peaNbHIX, CUTYaIlisfX, HalKpamie miiiine MeTox cuMymsaii. MeTon ckiiagaeThest 3
JIBOX OCHOBHMX YacTHH: T'€Hepalis JOPOXXKHbOI Maly Ta MOBEAiHKa aBTOMOOIIB.
Jlopora reHepyeTbcs 3a IOIIOMOTOI0 KpHBHX be3be Ta Imparroe 3a MOAEIIIIO Teopil
rpadiB. CBO€IO Yepror, MamlMHU MPALIOIOTh 32 NPHHIUINAMH CHMYJIIOBaHHS
¢i3uuHNX 00’€KTIB Ta OCHAIIEHI aJIrOPUTMAaMH JIOTIKM BUPIIICHHS CHUTYAIld, SK
HAlpHKJIIa] MOBEIHKA Ha IEPEXPECTi.

Puc. 1. 3renepoBaHa IOpOXKHS Mara

Jlyist 300py TAaHUX CUMYJISAIT, TEHEPYIOTHCSI CEKTOPH CIIJIKYBaHHS, Y SIKUX €
JIBa BKIUBHX IapaMeTpH - 1ie occupancyTime (dac Koju y cekTopi Oyio aBTo) Ta
occupancyRate, BigHOWmIEHHS dYacy cHMyJsii mo occupancyTime. Jani
EKCIOPTYIOThCS IIUIIXOM CTBOPEHHSIM MalM 3HaueHb occupancyRate KoKHOT cekIril
JIOPOXKHBOT IHYPACTPYKTYPH.

136



AMICon-2022

Puc. 2. CexTopu 34nTyBaHHS AaHUX (parMeHTy JOPOTH
MeTtoa IITYYHOIO iHTEJIEKTY
Itygnwii iHTEeNeKT MOOYNOBaHWI Ha MPHHIMUIL MOMIAPOBOI HEHPOHHOT
Mepexi i3 HaBuaHHS 3 BUuTeNeM. llepmmM mapom € 3ropTkoBuil map 3 10
¢buTPTpaMu, NEpeBaXHO caMe BiH BHKOPHCTOBYETHCS JUIS 3HAXOKCHHS B Mamax
3aKOHOMIPHOCTEH, Aajbllle iMyTh 3 MPUXOBaHi MapH, 0 BUKOpUCTOBYIOTECS RELU

GyHKIIT, Ta OOMH IIap 3 BHUXIJIHUMHU JAHUMH, SIKUH BUKOpHUCTOBYEe Sigmoid
¢yukuiro. [lns TpeHyBaHHsS BHMKOPHCTOBYEThCs JiiHiKMHa cost-function, a s
3ano0iraHHs 3anam’ STOByBaHHsI Iepe0aueHnX aTepHiB BUKOPUCTOBYIOThCst Drop-
out mapu. BakinBo 3a3HaunTH, IO MEPE] THUM, SIK JaHI BBOJISTHCS Y HEHPOHHY
MEpeXy, BOHM COPTYIOTBCS, 3MEHIIYIOThCS  (PO3LIMPEHHs  Mamu) Ta
HOPMAITi3YIOThCA (3BEACHHS TaHUX J0 OiHAPHUX 3HAYCHB).

Puc. 3. Buxinne 300paskeHHs TpEHOBAaHOT HeHpoMepeski
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BucHoBkn

B xoni po6otu 6yii0 CTBOpEHO /IBa METOIH Tepen0adeHHS HarpOMaKEHHS
Tpadixy, mpoaHaTi30BaHO (HaKTOPH, IO MOXKYTh HA HHOTO BIUTUBATH Ta IIPOBEICHO
JOCIIDKEHHST 3 TIepeBipkd e(eKTUBHOCTI AaHWX MeToxiB. Po3pobieHi meromm
BHKOPHCTOBYIOTh HETEMIIOpajbHI NaHi, a OTXKE, € He3aJC)KHUMH Bill OyIb-sIKHX
iHmuX (axTopiB, MO POOWTH iX 3PYYHHMH JJISI BUKOPUCTAHHS Yy ITOAAIBIINX
aHami3aX. EQeKkTUBHICTE JaHUX METO/IIB € JOCUTh BUCOKA, TaK HATPUKIIA, JAaHi, SKi
BUBOJMTh INTYYHUH IHTEJEKT MaroTh TOYHICTH 90%. CTBOpEHO anroputMm
3YUTYBaHHS Ta €KCIOPTYBaHHS JAaHUX CUMYJISALIT, CHCTEMY TOBEIiIHKH aBTOMOOLIIB,
TeHepallilo CTPYKTYPHU Ta 00 €KTIB JOPOKHBOT IHPPaCTPYKTypH.
Cunucoxk Jireparypu
1. M. Akhtar, A Review of Traffic Congestion Prediction Using Artificial Intelligence / M.
Akhtar, S. Moridpour // Journal of Advanced Transportation, - 2021, 18 c.
2. X. Yang, Application of Data Science Technologies in Intelligent Prediction of Traffic
Congestion / X. Yang, S. Luo, K. Gao, T. Qiao, X. Chen // Journal of Advanced
Transportation, - 2019, 18 c.
3. N. Kumar, Applications of deep learning in congestion detection, prediction and alleviation
A survey / N. Kumar, M. Raubal // Transportation Research, - 2021, 27 c.
4. Z. Guo, Urban traffic modeling and pattern detection using online map vendors and self-
organizing maps / Z. Guo, B. Li, L. Hovestadt // Higher Education Press, -2021, 14c.
5. Alberto Bull Compilador. Traffic congestion the problem and how to deal with it,
Cantssro, 2003 - 198 c.
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MOBYJOBA PO3INOJAIIEHOI CUCTEMMU JUIA PEIJIIKAILL TAHUAX
bozoan-Muxona [lobocesuu
Jlveiecokuil nayionanvuuii ynieepcumem imeni leana Opanka
Daxynvmem npuKIAOHOT MAMEMAMUKU MA IHGYOPMAMUKU
bohdan.dobosevych@gmail.com

Bararo IT kommaHiii 3apa3 3aiiMaeThCs PEILTIKALIEI0 CBOTX JAaHHUX JUIS TOTO,
00 COpOCTUTH AOCTYH i poboTy 3 HUMHU. OfHE 3 pillleHb - 16 BUKOPUCTAHHS
XMapHHUX CXOBHII, ajie He 3aBXAHM 1€ € (PiHAaHCOBO BUTIJHO, OCKIJIBKM BOHH JOCHTh
nopori. PerikyBatu maHi Ha Ty caMy MaIllMHY, [Ie¢ 30€piratroThCsi OCHOBHI J1aHI HE
MIPUIIBUANIYE JOCTYI A0 HUX. AJIBTEPHATHBOIO € I0OY10Ba PO3MIOIIICHOT CHCTEMH.

Nobiuna Hoda 1

OcHosHa Hoda

MoGiuHa Hoda N

Mauonok 1. [Ipuknan po3noaiieHol CHCTEMH
Y nmaHiii pob6oTi OymyBamm poO3MOiIeHy cCUCTeMy B ¢opMmaTi OAWH OO
0araThoX, IIe cHCcTeMa, sika mepeadadac OCHOBHY HONY i KiJIbKOX MOOIYHHMX HOJ.
OcHoBHa HOZla Oy/ie OTPUMYBATH AaHi, sIKi BOHa Oy/1e ACHHXPOHHO BiJIIPaBIATH HA
MOOIYHI HOJIH.
[Tpu moOyn0Bi TaKOi CHCTEMH CJIi/T BPaXOBYBAaTH:
1. Cucrema Ma€ JeTKO MacIITaOyBaTHCS.
2. Cucrema Mae niepe6adatu poOOTy 3 HE3aJIC)KHUMH KOPUCTYBaYaMU.
3. 3akpurTicTh cHCTeMH, OOIYHI HOOM MAalOTh NPUHAMATH HOBI JaHi JUIIE 3
OCHOBHOI HaJa.
4. Cucrema Mae OyTH cTiiiKoI0 /10 300iB.
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5. AHani3yBaTu HOJIU B CHCTEMI.

oo meprmoro MyHKTY, JUIA JISTKOTO MacIITa0yBaHHS BHKOPHCTOBYBAIN
docker i docker compose. Docker — iHcTpymeHTapiii s yIpaBIiHHS
i30;poBaHUME Linux-KoHTEHHEpaMHL.

Momo apyroro myHKTY, CHCTEMa pealli3oBaHa, TaK IO KOPHUCTYBadi €
HE3aJIeKHUMH MiK COOOI0 i BOHM HE BIUIMBATHMYTh Ha pOOOTY OJIMH OJHOTO.

ono Tperboro myHKTy, KokHa Hozma - u1e gRPC cepBep 1 Mk HUMH
BinOyBaeThes crinkyBaHHs. gRPC — 1ie cyyacHa BUCOKONPOYKTHBHA IIaTdopma
Biznanenoro BUKIHKY npouenyp (RPC), 3 Binkpurum kogom, po3podieHa B Google
y 2015 pouii.

[{ono 4eTBepTOrO MyHKTY, CUCTEMA € CTilKa 110 300iB. KoprcTyBadi MOXKYTh
HEI0 KOPHCTYBATUCS TIPH BiJCYTHOCTi 3B'SI3Ky 3 KUIbKOMa IOOIYHHMH HOJaMHU.
Takox cucrema Oyze 10 HaJCWIATH AaHi IPU BiAHOBJICHHI 3B'I3Ky UM JOJaBaHHS
HOBHX MOOIYHUX HOJI.

[I{ono m'aToro IMyHKTY, B CHCTEMa BUKOPUCTOBYE XapOiTH 1 KBOPYM.

XapOiTH - 1e 3anuT KUt OyIyTh BiAMIPABISATHCS 3 OCHOBHOI HO/Ia HA MOOIYHI
HOJU KOKHY CEKyHIy. AHai3yBaBIIU 3a SKUN Yac MH OTPUMYEMO BiIIOBIIh MU
CKa)XE€MO B SIKOMY 3 TPhOX CTaHIB 3HaAXOAUTHCS HOJIA.

KBopyM - 11 mpaBmIio 3a sIKUM KOPHCTYBay 3 MOYKE IPAIIOBATH 3 CUCTEMOIO.

VY npaniii poOOTI s pO3IISHYB OCHOBHI TepeBaru i HEAOJIKH MOOYIA0BH
PO3MOAIICHOT CUCTeMH IS perutikailii Janux. Ha mpakTuili qoBenocs npamoBarti 3
HOBUMHM TEXHOJIOTISIMHU 3 IKMMHU 51 HE TIPAIIOBAB I1i]] Yac HABYaHHSL.

Jlirepatypa
1. Distributed computing [EnexTponumii pecypc]. - Pexum JOCTYILY:
https://en.wikipedia.org/wiki/Distributed_computing
2. Replication (computing) [Enexrponnuit pecypc]. - Pesxxnm

nocrtymy:https://en.wikipedia.org/wiki/Replication_(computing)

3. Quick start gRPC Ilocibuuk mis pobory 3 y Python. [Enexrponnuit pecypc]. - Pexum
nmocrymy:https:/grpc.io/docs/languages/python/quickstart/

4. Docker [Enexrponnuii pecypc]. - Pexxum noctymy: https://www.docker.com/

5. Docker Compose [EnexTpoHHuii pecype]. - Pexum JIOCTYILY:
https://docs.docker.com/compose/
6. Thread-based parallelism [EnextpoHHHi pecypc]. - Pexum JOCTYIY:

https://docs.python.org/3/library/threading.html
7. CountDownLatch in Python using Condition Objects [Enextponnuii pecypc]. - Pexum
nocrymy:https://www.madhur.co.in/blog/2015/11/02/countdownlatch-python.html
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PO3II3HABAHHSA NPEJMETIB OJAT'Y 3 BUKOPUCTAHHSAM
ITYYHUX HEUPOHHUX MEPEXK

Coghis Aponyo
Jlveiecokutl nayionanvuuil ynieepcumem imeni leana Opanka
Daxynvmem npuKiIaOHOT MAMEMAMUKU MA IHYOPMAMUKU
Sofiia.Yaropud@Inu.edu.ua

VY 3B’43Ky 3 MacmITaOHUM PO3BHUTKOM iHTEPHET-3aCTOCYHKIB, aKTyaJbHICTh
poOIeMH PO3Ii3HABaHHS PEATbHUX 00 €KTIB 3 300paXCHHS € Ty’Ke BEIHKOIO.

Jnst Takux 3agad  HaidacTimie BUKOPUCTOBYIOTh MEXaHI3M INTYYHHX
HEHPOHHUX Mepex [2].

VY poOOTi BHKOPHUCTOBYETHCS LEH MiAXiA I OKpeMol MPUKIaIHOI 3amadi
pO3Mi3HaBaHHs Ta BU3HAYCHHS peallbHUX PO3MIPIB MPEAMETIB OLIATY.

3amaya  BKJIIOYAaE€  MOMEpPEIHIO  OOpPOOKY  BXIiHOrO  300pa)KeHHS,
pO3Mi3HABaHHA, KIACHU(IKAI[I0 MPEIAMETIB OIArY, CETMCHTAI[I0 OKPEMHX
CKJIaJIOBHX, BU3HAYECHHS PO3MIpIB XapaKTEePHHUX CKIII0BHUX MPEIMETIB OJIATY.

Y po6oTi 3acTOCOBAHO TEOPIO PO3Mi3HABAHHS HA OCHOBI HEHPOHHUX MEPEK
3 HaBuaHHsIM Mojeni MNIST TensorFlow [3], 30epeskeHHs HaBUSHOT Mepexi Ta ii
BHKOPHCTAHHS IS KIIAaCU(iKaIlii 300pakeHsb.

Chopmymroemo  mpobiemy: KOpHCTyBad  oTpuMye  QoTorpadio 3
300pa)XeHHSIM TIEBHOT'O TIPEMETa OJIATY 3 €TAJIOHHUM €JIEMEHTOM.

Kinmesa mera mocCHipkeHHS: OTpUMAaTH Kiacu(ikamifo mpeaMera omsry i
BIANOBIAHO 70 Ifi€i Kkiacudikamii BH3HAYHTH XapaKTepHI pO3MIpH JAeTaseH,
BIJIIITOBXYIOYHCH BiJl PO3MIPIB €TAJIOHHOTO €JIEMEHTA.

Ha nepuromy erami citiji miArotyBaTi 300pa)eHHs! JUisi PO3IIISLY: OYHCTUTH
Horo Bij HIyMiB Ta 3[iliCHUTH Tpoliec KOHTpacTyBaHHs. Leit eTam He € npeaqmeTom
JOCHIKeHHS JaHo1 poboTu. OTxe, BBAXKaTUMEMO, 1110 300payKeHHS € ONpaIlbOBaHe.

Ha npyromy erami peani3yeTbcss mpolec MAIIMHHOTO HaBYaHHS 3a
gponomororo Bigomoi mozenni MNIST 3 6i6moreku TensorFlow. Craia 3a3HaunTH, 110
Jutst Takoi 3agaui cucreMa MNIST micTuts 0a3y qaHuX 300pakeHb I TPEHYBaHHS
HaBuaiabHOT Mogeni Fashion MNIST, sxa mictute 70 000 300paxkeHs y BiATIHKAX
ciporo y 10 kareropisx. 300pakeHHS NOKa3ylOTh OKpeMi IpEeIMETH OJsry 3
HHU3BKOIO PO3AITLHOTO 31aTHICTIO (28 Ha 28 mikceniB). JlaHi 300pakeHHS HE MIiCTSITh
etanoHHHX eneMmeHTiB. 60 000 300pakeHb BHUKOPHUCTOBYIOTHCS JJIsi HAaBYAHHS
mepexxi Ta 10 000 300paskeHb I OIIHKA TOTO, HACKIIBKHM TOYHO Mepexka
HaBYWIACS KJIAaCU(iKyBaTH 300paKCHHS.
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Jnst Mozeli BCTaHOBIIOEMO (DYHKIIIIO BTpaTH, ONTUMI3aToOp, METPHKH Ta
3MIACHIOEMO  HaBYaHHA  Mepexi. HaBuenma  cucrema  30epiraerscs 1
BHKOPHUCTOBYETHCS AU Bepu(ikamii KOPHCTYyBabKUX 300pakeHb, SKi CIIOYATKY
(dopmatyeMo 10 TOTPiOHOTO BUTIAAY. 71 IIBOTO 3MIHIOEMO PO3Mip 300paskeHHS Ta
3MIACHIOEMO TIEPETBOPEHHS B cipy KoiipHy ramy. Kiacmgikyemo 300pakeHHS,
BHKOPUCTOBYIOUN 0i0mioTedHi ¢pyHKii [5], Ta 3MiACHIMO AJIs KOXKHOTO Ki1acy OJIOK
Jiii BH3HAUCHHS PO3MIpPIB NMOTPIOHUX YAaCTHH OJATY. AJITOPUTM 3HAXOKCHHS
PO3MIpiB JUId mTaHiB OyB omucaHuii B poO0Ti [4]. Bukopucrasim i1eiiHO CX0XKUN
MiAX11, Po3po0IeHO aNropuT™M OOYUCIICHHS XapaKTEepUCTHUK JUISl 1HIINX MPEJMETIB
onIATy.

Janst peanizanii 1bOro ajaroputMy CTBOPEHHH MPOTrPaMHMN 3aCTOCYHOK Ha
MoBi Python [1]. [IpogeMoHCTpyEMO OTpHMaHUIl pe3yNbTAaT IUIS IBOX MPEIMETIB
omATy: mTaHiB Ta Qyroonku. Ha puc.1,2 momaHo Bximgni 300paxenns. Ha puc. 3,4
MOJAHO  pe3ynbTaT po3Mi3HaBaHHA. Sk OaunMMo, cuCTeMa MPaBHILHO
imeHTHOiKyBama  TpenIMeT OJATY 3 CTaJIOHHHUM eneMeHToM. Ha puc. 5,6
BiZIOOPaXXEHO pe3yiIbTaT IOIIYKY XapaKTepPHUX OCOOIMBOCTEH BU3HAUCHOTO KIIACY
Ta BU3HAYEHHS IX PO3MIpiB.

Puc. 1. Bxigne 300pakeHHs LITaHIB.
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Puc. 2. BxinHe 300paxeHHs GyTOOTIKH.

[ ] ® Detect original image

Trouser 30% (Trouser)

012345672829

Puc. 3. Pe3ynbrar po3mi3HaBaHHS IITaHIB.
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T-shirt/top 53% (T-shirt/top) | I

108.0cm

Puc. 5. Pe3ynpTaT BU3HaUeHHS XapaKTepPHUX PO3MipiB IITaHIB.
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Puc. 6. Pe3ynprar BU3HaueHHS XapaKTEPHUX PO3MipiB QPyTOOIKH.
YucenbHi eKCHEPUMEHTH MOKa3ali, 1[0 OTPHMaHa MOJIeNb J100pe mpaloe

JIIs BiZ[HOCHO CTaHAapTHUX (baCOHiB €JICMCHTIB omAry 3 OAHOTOHHUX TKaHHWH.
POSB’HByBaHHfI Hp06J'IeMI/I 0e3 oux 00MeKeHb BUMarae JO0JaTKOBUX ﬂOCJ’IiI[)KCHL.

Cnucok BUKOPUCTAHHUX ZKEpeEJI:

1.

Adrian Rosebrock. Practical Python and OpenCV [EnekrponHuii pecypc] — Pexum
JIOCTYILy 10 pecypcy:
https://minhtn1.github.io/Practical%20Python%20and%200penCV,%203rd%20Edition.pdf
Charu C. Aggarwal. Neural Networks and Deep Learning. - Springer. - 2018. - 520 p.
TensorFlow documentation. Classify images of clothing [Enexrponnuii pecypc] —
Pexxum noctymy 1o pecypey: https://www.tensorflow.org/tutorials/keras/classification.
Sponyn C. BuzHaueHHs TOYHUX PO3MipiB MPEAMETIB o/1sry 3 BUKopuctanHsM OpenCV
/ Te3n pmomoBimell MDKHApOZHOI CTYAEHTCHKOI HayKOBOi KOH(epeHHii 3 IHTaHb
MIPUKJIATHOT MaTeMaTHKH Ta koMl rotepHrx Hayk MCHKITIMK-2021. - 2021. - C. 8-10.
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