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This paper examines modern Internet technologies in tourism. A comparative analysis of
popular technologies for travel agencies was conducted. Research the advantages and disadvantages
of each of these technologies. The criteria necessary for the selection of the optimal technology are
determined, and further used in the development of the web-site of the travel agency. Modern
technology and related software for the site were selected. The result of this work was the creation of
a web-site of a travel agency.

Keywords. Development, web-site, criteria, layout, frontend, backend, design, database,
travel agency.

Cmamms naoitiwna 12.12.2021 p.

V]IK 004.85 doi.org/10.31498/2522-9990252023286729
Ceprienko A. B., banaaaesa O. 10., Aniuenko B.€.

PO3POGKA INPOT'PAMHOI'O 3ABE3IEYEHHS 1J151 IIEHTUPIKALIII MAPOK
JETKOBUX ABTOMOBLIIB I3 BUKOPUCTAHHSI HEUPOHHUX 3IrOPTKOBUX
MEPEXK

Y pobomi nposedeno Oocniodcenna icHyrouux aneopummie ioenmugbixayii 06 ’exmie Ha
Ghomo306padicenHsx, NPOAHANI308AHO  ICHYIOYe NpospamHe 3a0e3neueHHss Oas  IOeHmuikayii
MpAHCnopmHux 3acobie. Bukomano 02130 pi3HUX MONONOSI HEUPOHHUX MEPeXC, WO MONCYMb
surxopucmosysamucs ot i0enmuixayii. ObrpyHmosaro, wo aneopummom posniznasants 0opano CNN
— 320PMKOBY HEUPOHHY MepediCy, SKY MOICHA 3ACMOocy8amu Ol UpILUeHHs npodaemu ioeHmugbikayii
Mapok neckosux asmomooinie. QOrpynmosano ma o006paHo memoo ideHmugikayii 06 ’ekmy Ha
Ghomo306pasiceHHi WIAXOM NOPIGHAHHS JNIOKANI308AHO20 300PANCEHH 3 eMAIOHHUM 3d OO0NOMOZ2OH0
HelpoHHoi mepedrci. Pospobneno mecmylouy cucmemy, ska 0036018€ NPOBOOUMU HABYAHHS MOOenel,
8I071A0KY HABYAHHS, MOOEPHI3AYII0 MAMEMAMUYHO20 anapamy, 3a6e3neuye NoHUtl 00Cmyn 00 KO#CHO20
eNleMeHmy | MONCIUBICMb NOGHOI 3MiHU | MoOepHizayii. Ha emani npoexmyeanns cucmemu no6yoosaro
UML-0iaepamu  eapianmie euxopucmanHs, Kiacie, KOMNOHeHmie ma poseopmanua. IIpocpamne
3abe3neuentsi po3pooaeHO 13 BUKOPUCIIAHHAM HEUPOHHUX 320PMKOBUX MEPEXNC Ma 3a OONOMO2010 MOBU
npocpamysanns Python i mooynie Matplotlib, numpy, Keras, PIL, OS. Ha nabopi mecmogux ghomoepaghiti
30ilICHEHO HABYAaHHs HeUupoHHOI mepedici. llepesipena eghexmusHocmi 3anponoHOBaHoi mMexHonozii Ha
PeanvHoMy 00 €Kmi — mecmosux 300PadiCeHHsX 1020munie agmomooinia. Ilposedeno pso excnepumenmie
3 BUKOPUCMAHHAM DI3HUX ONMUMI3AMOPIE ma KLIbKOCHI (hinbmpis, sAKi 00360 IUMU GUABUMU ONMUMATbHL
HANAWIMy6aHHs HeUpoHHOI Mepedici. Busaeneno, wo Halikpawuii pe3yibmam 00cA2acmvcs npu
suxopucmannui onmumizamopa SGD, npu yvomy xinvkicme enox nosunna cmarvosumu npudauzio 200.
Excnepumenmanvno  6cmanoéneHo, w0  BUSHAYEHI  HANAWIMYBAHHA — O0360IAI0Mb  BUKOHYEAMU
PO3NI3HABANHS MAPOK Ne2Ko8UX asmomoodinie i3 mounicmio 80-95 %.

Knwuoei cnosa. Heviponna mepedica, wimyuHuti inmenexkm, 320pmKo6a HeupoHHa mepedica,
aneopumm, idenmupixayis, posnizHasanus, Gomoszobpaxcenns, Python, Keras, npocpamne
3abe3neqenHs, 1e2K06i agmomooii.

IToctanoBka mpobaemu. Poborta 3 300pakeHHSIMH € BaXIJIHMBOIO c(eporo 3acTOCYBaHHS
texHoJjorii Deep Learning. ['no6anbHo Bce 300pa’keHHS 31 BCIX KaMep CBITY CKJIaJal0Th 0107110TeKy
HECTPYKTYPOBaHMX JAaHUX. 3alisBUIM HEHpOMepexki, MalllMHHE HaBYaHHS 1 IITYYHUH 1HTENEKT, wi
)IaHl CTPYKTYPYIOTH i BUKOPUCTOBYIOTH JJIs1 BUKOHAHHS p13HI/IX 3aBJ1aHb. HO6yTOBI/IX COI.[laJ'IBHI/IX
npodeciiHuX 1 ep:KaBHUX, 30KpeMa, 3a0e3nedeHHs 0e3nexu. OTHUM 3 HAaUTOMyIIPHIIINX 3aBAaHHS
HeWpoMepesx € po3Mi3HaBaHHA Bi3yanbHUX 00pa3iB. Ha cboromHimHii 1eHb CTBOPIOIOTHCS MEPEXKI, B
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SKMX MAlIMHM 3[aTHI YCIIIIIHO pO3Ii3HaBaTH CUMBOJIM Ha nanepi i 0aHKiBChKUX KapTax, MiJIMHCH Ha
odiIHHUX JOKYMEHTaX, NeTeKTyBaTH 00'ekTu Tomlo. Lli GyHKIIT 7O3BOJIAIOTH ICTOTHO MOJIETIIUTH
MPALo JIOAMHHU, & TAKOXK MIABUIIUTH HAIIHHICTh 1 TOYHICTh PI3HUX POOOYMX MPOILECIB 32 paXyHOK
BIJICYTHOCTI MOXKJIMBOCTI JIOMYILEHHS TIOMUWJIKU Yepe3 J0ACBKUN pakTop. OQHUM 13 3aBJjaHb TAaKOTO
POy € 3aBIaHHS BHUSBIICHHS Ta 11eHTH(iKaII] aBTOMOO1IIB Ha 300pakKeHHSX 1 B TOTOLI.

AHaJti3 ocTaHHIX J0CiIKeHb Ta NyOaikamiii. Y Hamr yac BxKe iICHYIOTb TOTOBI1 PillICHHS,
10 J03BOJISIIOTH 3 BHUCOKOI TOYHICTIO BHUPIMIMTH 334ady igeHTH(IKalii TpaHCIOPTHUX 3acO0iB:
cucrema «Po3mizHaBaHHsA Mapok MamuH» [1], 6i6mioTeka posmizHaBaHHs aBToM00LTiB «OKO» [2],
cucrtema «<LUNA Cars» [3] anst po3ni3HaBaHHS TPaHCIIOPTY, POrpaMHe 3a0e3nedeHHs «[HTeNeKT -
PosmiznaBanns Mapku i mogeri T3» [4] Tommo. B ocHOBI Takux mporpaM poOOTH JICKATh TEXHOJIOTTT
rTMOOKOT0 MalmIMHHOTO HaB4aHHS. OIHAK BCi Il MpOrpamMHi pIlIEHHS € CUCTEeMaMH 3 3aKPUTHM
IPOrpaMHUM KOJOM 1 JOCUTb JOpOri. AJTOpPUTMHM, IO 3aCTOCOBYIOTbCS B TaKHUX CHUCTEMax,
omyOJIiKOBaHO JMIIE YacTKoBO. Tomy imeHTH(iKamis aBTOMOOUIIB 3a (OTO300paKEHHAM €
aKTyaJlbHUM 3aBJIaHHSIM, JJI BUPIMICHHS SKOi HEOOXIAHO MPOBECTH TIUOOKHM aHaji3 ICHYIUHMX
TEXHOJIOTIH ieHTH]iKaIli] 00'€KTiB, AITOPUTMIB, 11O JIEKATh B iX OCHOBI.

Jns inentudikamii 06’€kTiB Ha 300pakeHH1 ICHYIOTh METO/IH, 1110 0a3yI0ThCS Ha HEUPOHHUX
Mepexkax, epeBax pillleHb, TCHETUYHUX AITOPUTMaX, HeUiTKIN JIOTIll, €TaJJOHHOMY MTOPiBHSHHI.

HeiipomepeskeBi METOAM MPOMOHYIOTh OMH 3 HAWOUIBII €PEeKTUBHUX MIAXO/IB 10 PillIEHHS
3aa4i po3nizHaBaHHs 00pa3iB [5]. OHaK BUKOPUCTAHHS KIACHYHUX HEMPOHHUX MEPEK Il pOOOTH
13 300paKE€HHSIMU YCKJIaJHEHe, SIK MPaBWJIO, BEIMKOIO PO3MIPHICTIO BEKTOPY BXIJHHMX 3HAu€Hb
HEHPOHHOT MEpeXi, BEIUKOIO KUIBKICTIO HEHPOHIB B MPOMDKHHX IIapax i, K HACIIOK, BEIMKUMHU
BUTpaTaMH OOYMCIIOBAILHUX PECypciB Ha HaBYaHHA 1 OOYHMCIEHHS Mepexi. Bumiesaznadeni
npo0IeMH MOYKHA BUPIIINTH BUKOPUCTAHHSM 3rOPTaIbHUX HEHPOHHHUX Mepex [6].

Meta gociaigaxeHHsi. MeToro poOOTH € aBTOMATH3allisl BU3HAYEHHS MapKu aBTOMOOLUIIB Ha
OCHOBI HOBOI 1H(pOopMaliifHOI TeXHOJIOT1] 1/1eHTH(iKalLlli 00'eKTy 3a floro (oT0300pa’KEHHSIM.

OcHoBHuUIl MaTepian pocaixkenns. Ha erani npoektyBanHs Oyno moOynoBano UML-
niarpamiu. Jliarpamy BapiaHTiB BUKOPUCTAHHS Ta JllarpaMy KJIaciB HaBEJECHO BIAMOBIIHO Ha puc. 1 Ta
puc. 2.
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Pucynok 1 — [liarpama BapiaHTiB BUKOPHUCTaHHS
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Pucynok 2 — Jliarpama xiacis

VY paMKax cHCTEMH, II0 PO3pPOOIIAETHCA, MepeadayeHuil OJUH aKTOp — PO3POOHUK, SKHUN
MOXe:

1) HaBUMTH HEWPOHHY MEPEKY 1 30eperTu MoJellb — HABYUTH MEPEXKY Ha MOBYAIBHIHN BHOIpIIi
300pa)keHb 1 30eperTy MoJ1eJIb HaBYEHOT Mepexi Ha AUCK JUIS OJAJIBIIOrO ii BUKOPUCTaHHS,

2) igeHTU]IKyBaTH 300paXkeHHS — KiIacU(]iKyBaTH 300pa)K€HHs 3a JOIOMOIOI0 30epeXeHol
paHiie Mojeri.

CrpoekToBaHa 3rOpTKOBa MEpeXa, CKJIAJA€ThCS 3 TPbOX THUIIB IMIApIB: 3rOpTalbHI
(convolutional) mapu, mapu, O CyOIUCKPEeTU3yIOTh (subsampling, minBuOipka) 1 mapu
«3BUYAHOI» HEUPOHHOT MepeXk1 — NEPLENTPOHA.

JliarpaMy KOMIIOHEHTIB Ta JiarpaMmy po3ropTaHHs BimoOpakeHo Ha puc.3 Ta puc. 4
BiANOBiqHO. HeoOXiHMMU KOMIOHEHTaMM po3pobiieHoi cuctemu € numpy, Keras, os, PIL Tta
Matplotlib.
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Pucynok 3 — Jliarpama KOMIIOHEHTIB
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Pucynok 4 — Jliarpama po3ropTaHHs

Jy1st po3poOKu TporpaMHOro 3a0e31meueHHsl, 110 JTO3BOJIHUTh MPOBOJUTH 1ICHTU(IKAIIIF0 MAPOK
aBTOMOOUIIB 3a iX 300paxeHHsM Oyno oOpaHo MOBy mporpamyBaHHs Python Ta cepemoBuie
po3poOku PyCharm. Takox Oy BUKOPHCTaHI JOJATKOBI 010110TEKH, TaKi sK:

— Keras - Binkpura 6i61ioTeka, Hanrcana MoBoto Python 1 3a0e3neuye B3aeMO/Ii10 31 IITYYHUMU
HEHPOHHUMU MEPEIKAMY;

— NumPy — 6i6mioTeka 3 BIIKPUTUM KOJIOM JUIsl MOBH IporpaMyBaHHs. Python, mo peanizye
MIATPUMKY BUCOKOPIBHEBUX MaTeMAaTUYHUX (QYHKLIN, IPU3HAYEHUX O POOOTH 3 GaraToOBUMIpHUMU
MacHBaMU;

— Pandas — nporpamua 6i6mioreka Python mist 06poOku Ta aHanizy naHux, pooTa 3 JaHUMHU
Oyayetbes moBepx 610moTexk NumPy, 1110 € IHCTPYMEHTOM HIKYOT'O PiBHS;

— Matplotlib — 0iGmioreka MoBow mporpamyBanHs Python st Bisyamizamii JaHux
nBoBUMIpHOIO (2D) rpadikoro (3D rpagika Takoxk MiITPUMYETHCS).

Jna 3aBpaHHs Kiacuikamii JOrOTHUIIB MapoK aBTOMOOUIB Oyno BHOpPaHO 3ropTajibHY
apxiTeKTypy HeWpoHHOI Mepexi. Bxiguuil map: gorotunu mMapok aBromoo6iniB. [lap 3roptku: 20
¢b1apTpiB po3mipoM 5 Ha 5. lllap niaBubipku : max-pooling o KOXKHOMY KBaJpaTy po3MipoM 2 Ha 2
nikceni. [ap 3roprku: 50 ¢pinbTpiB po3mipoM 5 Ha 5. [lap migBuGipku: max-pooling Mo KOXHOMY
KBazpaty po3MipoM 2 Ha 2 mikceni. [lap 3roptku: 100 ¢inbTpiB po3mipom 2 Ha 2. [ToBHO3B'13HUI
map: 500 HeiponiB. Buxinuuil map: kimacu 300pakeHb (Ha3BM Mapok MamuH). Oneparis max-
pooling 3MeHIITy€e pO3MIpHICTh KapT 03HAK, C(POPMOBAHUX 3rOPTAILHUM IIAPOM.

3Bakal0uM Ha 3HAUHY OOMEXEHICTh Bapialliil JIOroTUITy OJJHOIET MapKH aBTOMOO1IS, HaBYaJIbHA
BUOIpKa /715 3ropTalibHOT HEMPOHHOT Mepexki GOpMYy€eThCs HUIIXOM 30€peKEHHS 300paKeHb P13HOTO
poO3Mipy, KoipHOCTI, poTopradyBaHHs 300pakeHb Mia pi3HUMH KyTamH. i1 KO)KHOTO Kitacy OyJio
BUPIIIEHO BUKOPUCTATH 10 69 300pakeHb HaBYAIbHOI BUOIPKHU.

Ha nmouatky po6oTu 3 300paxeHHSIMHU MporpaMa 3MeHuye ix g0 po3mipy 100x100 mikcenis,
TICIISE 9OTO 300payKEHHS TIEPEIA€ThCS BXKE HABUCHIN HEMPOHHIN MEPEXKI, sIKa B CBOIO YEPTy PO3ITI3HAE
Mapky aBTomoOuns. Ilicis mporo Bci 3aBaHTakeH1 300pa’keHHsI BITUMHSAIOTHCS Y HOBOMY BiKHI, /1€
KO)KHE 300pa)K€HHS Ma€ TIANMUC Ha3BM MapKd aBTOMOOLIA, SKe HEWpOHHA Mepexa ojaia
caMocCTiitHO (puc. 5).

129



Hayka Ta BUpOGHHUIITBO

2023 p. Bun. 25
Indopmaniiini Texnosnorii

lexus  Volkswagen  Mazda  Mercedes  Mercedes  lexus  Mercedes  Mercedes  Menault  Mamla s texus lada  \olkswagen  Mercedes  Lexus vazda At vazda
0 0 0 o 0 0 0 o 0 PR 0 ) o= .o 0 0
P 1 & 9 BN T 3 /M B )
o-sn ol O [ 5o JECHN 5o R - /% % o {3 { 0] @ |50 0 wsoso@so «
M v} {8 7 . ! &
» = C e | L = -4 —

c% o 0% 0% 0% 0% 0% 0% 0% 03 0% 0% 0% 0% 0% 0% 0% 0% o035
Mazds  Mercedes  skods  Mercedes  Rover  Mercedes Audi Wonds Mazda  Mazia  Mazda Mozda  Mazda  Wunde  BMW Testa mela okswogen _Lancia
° OT— 0 0 g O 0 ] 0 Ty O o [ o 0T =] OT 0 = T © o

@) G N (W) 'S | \

o 0 (~7) |5 % ) o M) - 50{QBBD| %0 | % % % » % 0{ @D | o | % P 1
mama| | Tovora| [ | /| N \ ot | | | Tovora |
0% 0% 0% 0% 0% 0% 0% 0% 035 0% 0% 03 03 0% 0% 0% 0% 0% 0%

5

anc A st Toyota wikswag
° o ° ° 0
2 2 2 20 e .OJ \ /
40 £ a0 LR 0 40 ‘
o w0 o o o .
e e - 1 > sus
° £ ° = ° P ° = ° % ° 3
Crovrolet Hond Fat Fat Lancia wikswagen
° — o o7 o ° °
= _\ 20 201 » 20 20
0 — 40 a4 0 4“0 4 a0
- ’ J'
o0 oy, 60 60 0 e ( rn
o ) ! o o0 o ‘ o w0
° E) 13 P3 ° B3 o P ° P 13 3

Pucynok 5 — BikHo BioOpaskeHHsI pe3yabTaTiB igeHTUhIKaIii

Y nepioMy T0CHiKEHH] CTBOPEHO HEHPOHHY MEPEXKY 3 HAJIAIITYBaHHSIMU, SIKi 300paskeHi Ha pUC
6. Jis1 3MeHIIeH s TOXHUOOK MPH JOCHIPKEHHI TOYHOCTI Ta SIKOCTI HABYaHHS OyJI0 BCTAHOBJICHO CTaHIapT
Ha KulbKicTh emox HaB4yaHHA 100. Sk onrtumizatop BHKOpucTaHO Adam —MeTOA CTOXacTHYHOTO
TPaJIlEHTHOTO CITYCKY, 3aCHOBAHUI Ha aalTHBHIN OIIHIII MOMEHTIB MEPIIOro Ta JPYroro MOpsAKY.

Pucynox 6 — KinpKicTh 1 HanamryBaHHs I1apiB HEHPOHHOI Mepexi
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Sk MoxxHa TOOAYUTH HA pUC. 7, TOYHICTh Ha TPEHYBaJIbHUX JaHUX 3ynuHuiacsa Ha 4,1%, a Ha
TECTOBUX JaHUX — Ha 3,6%.

Model Loss Model Accuracy

—— Train
Test

0.041 1

0.040

0.039 1

—— Train
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Pucynok 7 — I'pacdiku BTpaT 1 TOYHOCTI HEMPOHHOT Mepexi
VY npyromy mociipkeHHi O0yJio 3MIHEHO ImapamMeTp onTuMizaTtopa HelpoHHOT Mepexi Ha SGD —
METOJI CTOXAaCTUYHOI'O TPAJAIEHTHOTO CITyCKY, 4acTOTa OHOBJICHHsI MapaMmeTpiB sikoro Buile. Lle
JT03BOJIWJIO IMIBUIIMTH TOYHICTH HEHPOHHOI Mepexi 10 71%, mo nokazaHo Ha puc. 8. Takox Ha
rpadiky BUAHO, SIK TOYHICTB Pi3Ko 3pocTae Ha 100 ernoci, ToMy MOKHa 3pOOUTH BUCHOBOK, 1110 TIPU
301TBIICHI KUTBKOCTI €M0X MOXHA JIOCSITHYTH TOYHOCTI B 80-95%.

The model 's evaluation
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Pucynok 8 — I'padiku BTpaT i TOUHOCTI HEHPOHHOI MEPEXi 3 BUKOPUCTAHHIM ONTUMI3aTopa
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VY TpeThoMy IOCHIKeHHI 010 3MiHEHO KibKicTh (inbTpiB mist Conv2D mrapis: Conv2D(64),
Conv2D(128), Conv2D(256), Conv2D(512), npu upomy onrumizaropom 3anuimmian SGD. I'padiku
BTpPAT 1 TOYHOCTI HEMPOHHOT Mepexi 31 301IBIIEHO0 KUIBKICTIO (DUIBTPIB HABEACHO HA pHC. 9.

The model 's evaluation

Model Loss Model Accuracy

—— Train 099 — Train

3.5 1 Test Test
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0.6 4
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0.5 1
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£
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\ 0.4 4

154 034

0.2 4
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0.1 1
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Pucynok 9 — I'padixu BTpart i TOYHOCTI HEHPOHHOT MEpeKi 3 BUKOPUCTAHHSAM ONTHUMIi3aTopa
SGD Ta 3011bIIEHOI0 KUIBKICTIO (PUIBTPIB.
30UIbIICHHS KIJBKOCTI (PUIBTPIB HpU BHUKOpHCTaHHI onTtumizaropa SGD no3Bonmino
i IBUIIATH TOYHICTH ieHTH(]IKAIIT TecTOBUX 300paskeHb 10 88%.

BUCHOBKHA

TakuM 4yMHOM, 3a pe3yibTaTaMy JOCHIPKEHHS aJlTOPUTMIB PO3Mi3HABAaHHS Ta 1eHTU(IKaLi
00pa3iB B pillleHH] 337a4l 1iIeHTH(IKALi] MApKU JIETKOBUX aBTOMOO1IIB 0YJI0 pO3pO0JIEHO TECTYIOUY
CUCTEMY, sIKa HAJA€ MOKJIMBICTh HaBYAHHS MOJIEJNIEH, BIJUIAJIKM CaMOTO HaBYaHHS, MOJEpHI3aIli
MaTeMaTHYHOTO anapary, 3ade3nedye NOBHUHM JOCTYH J0 KOXKHOTO €JIEMEHTY 1 MOXKJIMBICTh MOBHOI
3MIHM 1 MOJiepHi3alii. 3a pe3yibTaTaMu JOCIIKEHb aJlTOPUTMIB pO3Mi3HABaHHS Ta 1eHTH(IKaLIi
MapKH JIETKOBUX aBTOMOOLIIB alrOpUTMOM po3mi3HaBaHHA Oyjo obpaHo CNN — 3ropTkoBy
HelpoHHY Mepexy. OOTpyHTOBaHO HAIAIITYBAaHH HEHPOHHOT MEPEeXi, SIKi JI03BOJISIIOTH BUKOHYBATH
po3mizHaBaHHS 13 TouHicTIO 80-95 %.

Cnucok sukopucmanux odxcepei:

1. Pacnio3snaBanue Mapok MamuH.— Pexxum noctyma: https://nordclan.com/projects/car-
recognition.

2. bubnmoreka pacno3HaBaHUs MaIlH «OKO». — Pexxum
nocryma::https://codlix.ru/index.php/produktsiya-i-resheniya/biblioteka-raspoznavaniya-avtomobilej-oko.

3. LUNA Cars JUTSL pacrno3HaBaHUs TpaHCIOpPTa. — Pexum JocTyna:
https://hightech.fm/2020/10/15/visionlabs-cars.

4. PacriozHaBaHue MapKu 51 MOJEIn TC. - Pexum JOCTyIa:

https://securityrussia.com/cctv/soft/402302.
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Cepruenko A. B., bananaesa E. 10., Aunuenxo B. E.

PA3ZPABOTKA ITPOI'PAMMHOI'O OBECIIEYEHUSA 1JIA WAEHTUOUKALIUA
MAPOK JIETKOBBIX ABTOMOBWJIEN C UCOJIb30BAHUEM HEHPOHHBIX
CBEPTOYHBIX CETEN

B pabome npogedenvl uccredosanus cywecmeylowux aicopummos udeHmuuxayuu
00beKmMo8 Ha Pomouz0opatceHUsAX, NPOAHATUIUPOBAHO CYUEeCMBYIouee NPOSPAMMHOe obecnedenue
0151 udeHmugukayuu mpaHcnopmuulx cpeocms. IIposeder 0030p pa3iuunblX MONOI02UL HEUPOHHBIX
cemeti, Komopwvie MO2ym UCNOAb306ambcs 0Nl udenmuguxayuu. OOOCHOBAHO, YMO AN2OPUMMOM
pacnosnasanus evlopana CNN — ceepmounas HeupoHHAs cemb, KOMOPYIO MOJICHO NPUMEHUMb OJisL
peutenus npodiemvl udeHmMuUpuUKayYUU Mapox ieekogvlx asmomoounetl. OboCHOBaH U 8b1OPAH MeMOO
uoenmuuxayuu obvekma Ha GomouzoopadceHuu nymem  CpPAGHeHUs  JOKAIUZ0BAHHOZO
U300padicenUs ¢ IMALOHHBIM C NOMOUWBIO HelUpoHHOU cemu. Pazpabomana mecmupyrowas cucmema,
Komopas no3eossem Hpogooums obOyuenue mooenell, OmiaodKy oOyYeHUs, MOOepPHUIAYUIO
MamemMamuyeckozo annapama, obecneyusaem NOAHLIUL OOCMYN K KANCOOMY IleMeHmy u
B03MOJICHOCHb NOJHO20 U3MeHeHUusi u molepuuzayuu. Ha smane npoexmuposanusi cucmemuvl
nocmpoensvt  UML-Ouacpammvl  8apuanmos  UCHONb306AHUS,  KIACCO8, KOMNOHEHMO8 U
pazeepmuleanus. Ilpoepammnoe obecneuenue pazpabomano ¢ UCNONL308AHUEM HEUPOHHBIX
CBEPMOYHBIX cemell U A3bIKOM npocpammuposanus Python u mooyneu Matplotlib, numpy, Keras, PIL,
OS. Ha mabope mecmoguvix ¢omoepagpuii npogedeno obyuenue ueuponnou cemu. IIposepena
agppexmusnocms npednazaemoll mexHoI02UU HA PealbHOM 00beKme — mecmosbiX U300PaAHCeHUsX
noeomunos aeémomodunei. Ilposeden psod IKCNEPUMEHMO8 ¢ UCHONIL30BAHUEM PA3IUYHBIX
ONMUMU3AMOPO8 U KOAUYECBA DUIbMPOS, NO360IUBUIUX GbIABUMb ONMUMAIbHbIE HACPOUKU
HeUpoOHHOU cemu. Bbisagneno, umo Jayuwuil pe3yibmam O0Cmueaemcst Npu UCHOIb308AHUU
onmumuzamopa SGD, npu smom Koauuecmeo 53no0x 00.1cHO cocmasiims npumepro 200.
DKcnepumeHmanbHO YCMAHOBNEHO, YMoO onpedelleHHble HACMPOUKU HO360JIAI0M  NPOU3BOOUMb
pacnosHasanie Mapok 1eckogulx asmomoouneti ¢ mounocmoio 80-95 %.

Knroueswie cnoea. Hetiponnas cemv, UCKYCCMBEHHbIU UHMEILIEKN, C6EPMOYHASL HEUPOHHAS
cemv, aneopumm, uodeHmugukayus, pacnosunasanue, ¢omouzoopadscenue, Python, Keras,
npocpammuoe obecneyenue, 1e2Kogule AgmomMoOUIU.

Serhiienko A. V., Balalayeva E. Yu., Anichenko V. Ye.

DEVELOPMENT OF SOFTWARE FOR IDENTIFICATION OF BRANDS OF
PASSENGER CARS USING NEURAL CONVOLUTIONAL NETWORKS

The study of existing algorithms for identification of objects in photographs is analyzed, the
existing software for vehicle identification is analyzed. An overview of different neural network
topologies that can be used for identification is performed. It is substantiated that CNN, a
convolutional neural network that can be used to solve the problem of car brand identification, was
chosen as the recognition algorithm. The method of identification of the object on the photo image by
comparison of the localized image with the reference one by means of a neural network is
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substantiated and chosen. A testing system has been developed, which allows modeling, debugging,
modernization of the mathematical apparatus, provides full access to each element and the possibility
of complete change and modernization. UML diagrams of usage options, classes, components, and
deployments were built at the system design stage. The software is developed using neural
convolutional networks and using the Python programming language and modules Matplotlib,
numpy, Keras, PIL, OS. The neural network was trained on a set of test photos. Proven effectiveness
of the proposed technology on a real object - test images of car logos. A number of experiments were
performed using different optimizers and the number of filters, which allowed to identify the optimal
settings of the neural network. It was found that the best result is achieved when using the SGD
optimizer, with the number of epochs should be approximately 200. It has been experimentally
established that certain settings allow you to perform recognition of car brands with an accuracy of
80-95%.

Keywords. Neural network, artificial intelligence, convolutional neural network, algorithm,
identification, recognition, photographic image, Python, Keras, software, cars.
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APPLICATION OF DECISION TREE METHOD FOR CLASSIFICATION PROBLEMS IN
DECISION SUPPORT SYSTEMS

In any field of human activity can be traced the significant impact of information technology.
Although people create very complex constructions in various fields that no computer can do, they
lose when they have to solve repeating tasks with the same result. In such tasks the human factor and
the presence of errors are inevitable, which can be avoided by automating the process of solving such
problems and entrusting this work to a computer.

The rapid development of information technology has led to the emergence of decision support
systems (DSS), which greatly facilitate the work of people in many different areas of activity, where
there is a need for decision-making by employees.

Of particular importance is the use of decision-making systems to process people's
applications in various institutions. Such problems are mostly related to classification problems.
There are several methods for solving them, but one of the most well-known is the decision tree
method.

The article is devoted to the analysis of the application of the decision tree method for
classification problems indecision support systems. The article describes the object of research,
systematizes the known approaches to solving the problem, and discusses the advantages of using the
decision tree method in decision support systems in general and, in particular, for processing people's
applications in various institutions.

The use of the decision tree method for solving the problems of classifying applications will
help to significantly improve the quality of customer service of institutions, make the process of
processing applications and waiting for a decision on them more comfortable, and, accordingly, will
improve the quality of life of the population.

Keywords. Data mining, decision tree method, decision support system, classification
problems.
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