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MOJEJII TA METOAHY NMIABUINEHHSA IMPOAYKTUBHOCTI BE3ITPOBOJAOBHUX MEPEXK
Y CKJIAAI KOMIT'IOTEPU30BAHHUX CUCTEM BUMIPIOBAHHA MEXAHIYHHUX BEJINYUH

AHomayia. Cmamms npucesiueHa ModeasiM ma Memodam nideuujeHHs npodyKmueHocmi 6e3np0o80008UX CEHCOPHUX Me-
pedxc, Wo nepe@ysaroms y ckaadi KOMN'1omepu3o8aHux cucmem 8UMIpHOBAHHS MEXAHIYHUX 8e/IUYUH, N0OYO008AHUX HA OCHO-
81 dekomno3uyii HuUMCHIX pieHie emasioHHOT mModeai OSI. 3anponoHo8aHO Memod nidguweHHs NPOJyKMuUBHOCMI Mepexc, ujo
PyHKYIOHANbHO 06 €0HYE pizuuHuli ma mepexcesuli pieHi, Wo nokpawye ii epekmusHicmov 8 30HAX HeBNEBHEHO20 NPULIOMY
Matixce 8 dea pasu. Po3pobieHo modesb cmpykmypHOI cxemu npucmpor hidguujeHHsl ikocmi nepedagaHHs aHUX 8 30HaX
HEBNEeBHEH020 npuliomy abo 3 HedoCMamHbo 3agadocmitikicmio, Wo 6a3yeMubCsI HA OCHO8I MAK 38AHO20 Memody MOHIMO-
DPUH2Y cCmaHy IKoCcmi 36’s13Ky.

Kaiouoegi cnoea: 6e3anposodosa mepedica, MexaHivHi 8eAUYUHU, CEHCOP, NPOOYKMUBHICMb, CUZHA/, KOMN 10omepu308aHa
cucmema 8UMipr08aHHsl, iHpopmayitiHo-euMipro8abHa cucmema.

MODELS AND METHODS OF GROWTH OF PRODUCTIVITY OF SAFETY NETWORKS IN COMPONENTS
OF COMPUTERIZED SYSTEMS OF MEASUREMENT OF MECHANICAL QUANTITIES

Abstract. The article is devoted to models and methods of improving the productivity of wireless sensor networks, which
are part of computerized systems for measuring mechanical quantities, based on the decomposition of the lower levels of the
reference model OSI. The method of increasing the productivity of networks is proposed, which functionally combines physical
and network levels, which improves its efficiency in zones of uncertain reception almost twice. The model of the structural
scheme of the device for increasing the quality of data transmission in zones of uncertain reception or with insufficient noise
immunity, based on the so-called method of monitoring the quality of communication, is developed.

Key words: wireless network, mechanical values, sensor, performance, signal, computerized measurement system,
information and measuring system.

Beryn. Cepes pisHOMaHITHUX KJIaciB KOMI'IOTepHUX iHOpMaILiHHUX CHCTEM i Mepex ocobJIMBe MicLe 3a-
WMaloTh CUCTEMHU i Mepexi, TPaHCIOPTHA C1yXK0a IKUX N0Oyl0BaHa Ha BUKOPUCTaHHI pazioedipy B IKOCTi ce-
pefioBUILA Nepesiadi JaHUX KOMIT'I0TepU30BaHUX CHCTeM BUMIipIOBaHHSA MeXaHIYHUX BeJMYUH (6e31poBoA0Bi
ceHcopHi Mepexi). ToMy py CTBOpeHHSI HAYKOBUX OCHOB NOOYZ0BU KOMIT'IOTEPU30BaHUX CUCTEM BUMipIo-
BaHHS MeXaHIYHMX BeJIMUUH, BaXKJIUBe Miclie 3aiiMa€e NpOoAYyKTUBHICTb 6€3NPOBOLOBUX CEHCOPHUX MEPEX Ha
ocHOBI Moguikarii icHyro4oi ks1acuuHoi eTasoHHOI Mofesi B3aeMozil BifkpuTtux cucrem (EM 0S1/ISO), 3ria-
HO 3 SIKOI0 IPOEKTYIOThCS, CTBOPIOIOTLCA i €KCIIYaTYIOThCS 6ibLIicTh 3ac06iB nepefayi JaHux iHpopmariii-
HO-BUMIPIOBAJIbHUX CUCTEM, @ TAKOXK TEOPETUYHMU aHaJli3 Ta MOLIYK ONTHMaJbHUX METO/IB MOZe/IIOBaHH4,
B3a€EMO/ii Ta yNpaBJiHHA KOMI'IOTEPU30BaHUX CUCTEM BUMIpIOBaHHSA MeXaHiYHUX BeJUYHMH. [[UTaHHAM J0-
cimxkeHHs iHpopMaliiHO-BUMIPIOBAJIbHUX CUCTEM, B TOMY YHCJII i JJOC/TiPKEHHSIM TEXHOJIOTiIH MOZe/II0BaH-
Hsl, yIIpaBJiHHA i B3aEMO/il KOMI'IOTEPU30BaHUX CUCTEM BUMipIOBaHHS MeXaHIYHUX BEeJHYUH, IPUCBIYEHO
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pob6oTtu cydacHux BYyeHux KBacHikora B.II., Opuazgcekoro /I.I1., OcmosioBcekoro A.l, a Takox po6otu I'eepa /1.,
IpBina k., Jliepi k., Pomana I1., Crosninrca B., Xapas /. Ta iH.

IlocTaHoBKa 3aAa4i. MeToo0 JaHOTr0 JOC/iKEHHS € aHaJIi3 Ta 0GI'PYHTYBAaHHS TEOPETUYHUX OCHOB, a Ta-
KO p0o3po6Ka MoJeJiel Ta MeTO/iB, OB sI3aHUX 3 MiABUIEHHSAM NPOAYKTUBHOCTI 6€3MPOBOIOBUX MEPEXK, 1[0
BXOZSATH /10 CKJIa/ly KOMIT FOTEPU30BaHUX CUCTEM BUMIpIOBaHHS MeXaHIYHUX BEJUYHH.

Buksiag ocHOBHOro MaTepiasy. [IpoBesieHO NOPiBHANBHUI aHa/li3 OCHOBHHUX iCHYIOUMX TEXHOJIOTIH me-
pelaBaHHS NOKa3HUKIB BUMiproBaHHSA. Ha 0OCHOBI ekcriepruMeHTa/lbHUX AOC/i/P)KEHb BUSIBJIEHO HEAOJIKU Ta
cTyneHi cB060AM JJis1 TOKPAILeHHSI CUCTEM YIIPaBJIiHHS, B3aEMO/II Ta NiABUILEeHHS TPOAYKTUBHOCTI B iCHYIO-
YHX TEXHOJIOTisIX 6e3MPOBOJOBOr0 NepeaBaHHs JaHUX iHPopMaliHHO-BUMIPIOBaIbHUX CUCTEM. PO3r/IsiHyTO
Moziesi 6e3NMPOBOJOBUX KOMIT'IOTEPU30BAHUX CUCTEM BHUMIPIOBAaHHS MEXaHIYHUX BEJHMYHUH Ta 0COBGJHBOCTI
MO/Ie/IIOBaHHS Mepeiayi MOKa3HUKIB BUMipIOBaHHA y 6€3MpoBoioBOMY cepefoBuii [1-5].

BaraTonpoMeHeBHH XapaKTep NOLIMPEHHS paAioXBUJIb, KOJM KOXKHA TOYKA NPOCTOPY XapaKTepPU3YEThCA
THM, 1110 10 Hel HaAXOATh CUTHAJ/IU 3 Pi3HUX HANPSMKIB Ta 3 pi3HUMHU YaCOBUMHU 3aTPUMKAMH, CIJIMBAE Oa-
raTokpaTtHiil iHTepdepeHLii curHamiB Ta IX CyTTEBOMY CNOTBOPEeHHIO. Taki CIOTBOpPEeHHSI MalOTh CyTTEBUU
BIJIMB Ha XapaKTEPUCTUKH CUCTEMH, SKILO TPUBAJIICTh 3aTPUMKH NlepeBUILYE TPUBAJIICTb NepejaBaHHA Na-
KeTy JJaHUX BUMipioBaHH:A. TOGTO, y KOMIT FOTEPHUX CHCTEMax 6e3MPOBOIOBOI0 3B'I3KY, fK 1 [1J1s1 NPOBOJOBUX
CUCTEM, BeJIMKe 3Ha4eHHA Ma€ roJIOBHe NMPaBUWJIO, 3Ti/HO 3 IKUM NaKeT NOBUHHUU JOCATTH KiHI€BOI TOYKHU
padime, HiX 6y/ie mepesaHUI OCTaHHIN HOTO CUMBOJI. AJie y pasi pi3HOHaNpaBJIeHOTO NOIKPEHHS 6€3MPOBO-
JIOBUX CUTHaJIIB BUKOHATH III0 YMOBY 3HA4HO Bakye [1-5].

KoHnenTyasibHa MOZie/ib MPOCTOTO BapiaHTY Mepexi ckaTepHeT (po3mo/iijieHoi Mepexi 3 6araTbMa po3-
raJy>keHHsSIMU Ha OCHOBi TexHouiorii Bluetooth), mo BXOAUTH 10 CKJIaJy KOMIT OTePHU30BaHOI CUCTEMH BHU-
MipIOBaJIbHOI CHUCTEMH, NPeJCTaBJIeHa BiAKPUTOI (HE3aMKHYTO0) 6araTopa3Ho CUCTEMOK MacoBOTro 00-
CJIYyTOBYBaHHA. 3 momIAAy Kaacudikamil eTasoHHOI MOZeJi OMUCYyBaIuCs IBA HIKHI piBHI. TpaH3aKT, 1m0 €
HeNnoJiJIbHUM 00’'€KTOM B CUCTeMi iMiTaliliHOro Moze/0BaHHS 3arajJibHOr0 MPU3HAYEHHS, IOPO/KYBaBCS
6iToM, 10 mepeMilyeTbCA B CKaTePHET Bif mkepesa iHdopmawii fo cnoxuBaya. KoxkxHa ¢asa mopentoBa-
jgacss CMO G/M/n 3 BigMoBamu i aucuuiiiiHow FIFO. YHiBepcasibHa cucTeMa iMiTaliiHOro MozeJ/iroBaHHS
3abe3mneyye 36ip i CTaTUCTUYHY 06POOKY AAaHUX MPO TPAH3AKTH, 3aTPUMaHi B KOXKHIN To4ni mMojesni, a Ta-
KO iHTEeHCHBHOCTI OTOKIB BiZiM0B. Yac 3aTpuMKH 6iTiB B KaHasnax nepegaBaHHs (Wuepau) gaHoi Mepexi
BU3HAYaAEThCA y BifnoBigHOCTI 10 GopMysnu A1 06YMCIEHHS Yacy 3aTPUMKH B 4ep3i 6araToKaHaJIbHOIO
NIPUCTPOIO 3 O4iKYBaHHSAM:

Wopos =5 Lugeu )

uepau N
i=1

Jle A — IHTeHCHUBHICTb HaAX0>KeHHs 6iTiB, 1110 NepeAaloThCs A4 i-T0 CTaHy;
Luepau - cepefiHs KiJIbKIiCTb 6iTiB, 1110 TepealThCs i BABHAYAETHCS 32 HACTYMHOIO GpOpMYJIOL0:

uepau

nen(1=3p, /)

Jle n - KiJIbKiCTh PO3MO/iJIeHUX MiJIKaHaliB 6e3MPOBOAOBOTO MepelaBaHHA JaHUX Mepexi Bluetooth, mo
JJIsl JaHOTO BUINIAJKY CKJIaZa€E 23 mijKaHa/y;
Py - iMoBipHicTB TOTO, 1[0 Mi/IKaHA HA JAHUH MOMEHT 3alHSATUH, BU3HAYAEThHCS 32 GOpMyJI010:

N N N N
D N 3 - A Yo
P=(1+ ":11' + i:lzl + ot 42 —+ e
: : n: n!(n_zpi')
i=1

e p — HaBaHTa>Xe€HHA Ha ,aaHy Mepexcy 6631‘[p0B0,£LOBOI‘0 r[epe,anaHHﬂ JAaHHUX, IO BU3HAYAETHCA 3a d)Op-
MYJIOIO:
N
}\’i
i=1
p=-—=——, (2)
p

Jle A - IHTeHCUBHICTb HAZXO/KEHHS GiTiB 10 Mepexi nepe/jaBaHHs JaHUX IIPH i-TOMY CTaHi;
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U - IHTEHCHBHICTb 006C/IyroByBaHHA 6iTiB y Mepexi nepesaBaHHs AaHux. [lizcTaBuBLIM yCi 1i 3HaYEHHS ¥
dopmysy (1), oTpUMAEMO HACTYIHY Pe3Y/IbTyI04y GopMyJy:

XD D XD ¥ S ¥ ¢

i=1 n+1 1422t 4+ 1= 4o (2L L i=1 n+ly-1
(Tx ) ( m m ( m ) +( m )
1! 2! n! J 1,
1 nl(n—+—)
uepau =7 N
A A
n-nl(1-=—y
( m )
n

TonoBHUM npucTpiit “Master” nepesfae 6iTH B HemapHi MOMEHTH 4acy, a nifyieryiuil npuctpiit “Slave” -y
napHi. /laHa Mogesib Ma€ iepapxiuHy 6yZ0BY aJi>Ke IPUCTPil, AKUU [J1s1 OKpeMo] JiJITHKU Mepexi € TOJIOBHUM,
[ iHIIO1 AiNSTHKY MOoXKe O6yTH nifsieriuM. EkciepuMeHTalbHe JOCHiKeHHs JaHoi MoJiesi 6yJio MpoBesieHe
3a [I0NIOMOTOI0 iHCTPYMEeHTaIbHOro 3aco6y GPSS, npu 10° nporoxis. 3 oTpMMaHMX pe3y/IbTaTiB BUABJIEHO, 110
CniBBiAHOILIEHHS Yacy 3aTPUMKH BiJINOBiJla€ peasibHO HAsIBHUM CIiBBiHOLIEHHSIM TapaMeTpiB Mepexi [6].

PosrisHyTa Moziesib iHppauepBoHoro Tpadiky. MeTa aHOT0 JOCIiXKEHHA — T0OY/10Ba OAHOKaHa/IbHOI MO-
JleJli 6e3MpOBO/OBroO Nlepe/iaBaHHsA NapaMeTpPiB BUMiploBaHHA iHppauepBOHOI CEHCOPHOI Mepexi, pe3y/bTaTH
po60TH s1KOi 6 Bilo6pakasiv YacoBi Ta KiJbKicHI napamMeTpu nepejaBaHHs JaHUX BUMipIOBaHHS MeXaHiuHUX
BeJIMYMH. IMiTaniiiHy Mozeb npo iHppauepBOHOTO 3B’A3KY NMOJAHO BiAKPUTOIO OJJHOKAHA/IbHOIO CUCTEMOIO
MacoBOT0 06cayroByBaHHs. TpaH3aKT, 110 € HENMOZIJbHUM 06’'€KTOM B CUCTeMi iMiTaliliHOro MoJe/l0BaHHS
3arajJibHOro MpU3HAYeHHs, OPOKY€EThCS 6iTOM, 1110 epeMiljaeTbcs B iHPpauepBoHil Mepexi Bif mxepesa
iHpopmauii fo cioxkuBava. Mogesb, 3a kiacudikarnieto € mogennto, G/M/1 3 pucuuniainoo FIFO. Yac 3aTpuMm-
KU 6iTiB B KaHa/1ax nepefaBaHHs (Wuepau) gaHoi cucTeMu 6yZe BU3HAUYATUCh Y BiiMOBiAHOCTI 10 dopMysiu 0
dopMyu A5 06YMCIEHHS Yacy 3aTPUMKH B Uep3i 0JHOKaHAJIbHOTO IPUCTPOIO 3 OUiKyBaHHAM [7-10]:

L
— yepau (3)

N ]
>(1-P)
i=1
Jie Lyepau - cepeiHs KiJIbKiCTB GiTiB, 1[0 Nepeal0ThCsl, BU3HAYAETHCS 32 HACTYITHO GOPMYJIOLO:
N
Lqepzu = Zlnpn ’
i=

Zie Pn - imoBipHicTb TOrO, 1110 B KaHaJIi iHppavyepBOHOr0 MepeJjlaBaHHs JJAHUX 3HAXOAUThCS n 6iTiB i BU3Ha-
YaeThbCcs 32 GopMysI01o:

yepau

Py - iMOBipHicTb TOTO, 1110 MiJiKaHaT HAa JAHUN MOMEHT 3alHATUH, BUSHAYA€EThCS 32 PopMyJI010:

N
1- Z P,
_ =1

P =

0 N (n1) ?

Jle p — HaBaHTaXXeHHS Ha Mepexy 6e3poTOBOro Nepe/laBaHHs JaHHUX, 1110 BU3HAYAEThCS 3a GopMys1o01o (2).
[lizcTaBuBLIM JaHi 3HaYeHHs Y popMy.y (3), OTPUMAEMO HACTYIIHY Pe3yabTyouy GOpMy.Iy:

7\'1' N
P | 1“ 2k
n m ( i=1 )"
n=0 )\‘ H
1 _( i=1 )(N+1)
_ [
Wwepzu - N
2 M(1-P)
i=1
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Y pesynbTaTi MoJie/II0OBaHHSA OY/IM OTPUMaHi mapaMeTpyu po60TH Mepexi, 30KpeMa 3aTpUMKa B yeprax Ka-
HaJliB NepejaBaHHs 060X MPUCTPOIB,IIO BiAMOBiZa€ MPONYCKHIN CIPOMOXKHOCTI KaHa/ly NepejaBaHHsA y BU-
Ma/IKy, KOJIM HaBaHTa)XeHHsI Ha JJaHUH KaHa/l € MaKCHMaJIbHUM [6].

HocaimxeHno ctangaptu Mepexi tuny [EEE 802.11, 3acTOCOBY0YH Ty YM iHIIY AUCLHUIJIIHY Yepr, 10 3aja-
€TbCA 3a JJONIOMOI0I0 3aCTOCYyBaHHSA OJHOr0 3 aJITOPUTMIB ynpaB/iHHA YepraMu. OCHOBHOIO 3aJjayel0 JaHUX
JLOCJTi/PKEHD SABJISIETHCS] MOZIE/II0BaHHS 6araToKaHa/lbHOI 6€3MPOBO/I0BOI CEHCOPHOI MepeXxi nepejaBaHH Ja-
HUX BUMIPDIOBAaHH4, i3 3aCTOCYBaHHAM pPi3HUX aJTrOPUTMIB yIpaBJiHHA YepraMy. BusHayeHHA Ha nmpakTuULi
ONTUMAJIBHOTO aJrOPUTMY YIpaBJIiHHA NepejaBaHHA JaHUX, 3a JONOMOTrO0I0 NPOBeleHHA NOPIBHAJIBHUX Xa-
PaKTEPUCTHUK. AJITOPUTMH, L0 3aCTOCOBYIOTHCS /IJIs1 MO/|e/II0OBaHHs 6epyThcs foBinbHO [7-10].

AsropuTMU yrpaBIiHHA YepraMu NOTPi6Hi A/ po60TH B Mepion TUMYACOBUX NepeBAHTAXKEHb IIPU MaK-
CUMa/IbHOMY 3aBaHTRXKEeHHI KaHaJIiB epejaBaHHs 6e3MPOBO/I0BOI MePEXi, 1[0 3HAXOUTbHCS Y CKJIa/i KOMIT 10-
TepPHU30BaHOI CUCTEMH BUMIpIOBaHHSA MeXaHIYHUX BeJIMYMH, K0 MepeXeBUM PUCTPIN He MOXKe BIIOPaTHCA 3
nepe/ilaBaHHAM 6iTiB Ha BUXiJHUH iHTepdelic B TOMY TeMIIi, B SKOMY BOHU MOCTYNAOTh. fKI0 NPUYUHOIO Me-
pEBaHTAKEHHS € HEJOCTATHS MPOAYKTUBHICTh MPOLECOPHOI0 GJI0KY MEpPEeXeBOTr0 NPUCTPOIO 6E3MPOBOJOBOY,
TO Heo6po6JIeHi 6iTH THMYACOBO HAKONMYYIOTLCS ¥ BXiAHIHM Yep3i BianoBigHOro0 BXifHOTO iHTepdeiicy. Uepr o
BXiiHOTO iHTEpdercy Moxe 6yTH [eKinbKa, IKI0 AUdepeHLiI0I0ThCSA 3alMTH Ha 00CIyrOByBaHHSA MO JIeKiIb-
KOX KJIacax. Y TOMYy »K BUN/IKY, KOJIM IPUYHMHA [TIepeBaHTAKEHHS I0JIATA€E B 00MeXeHiH NPONyCKHiA CIpoMOoX-
HOCTI BUXiZHOTO iHTEepdeiicy, 6iTH THUMYAcOBO 36epiraroTbCs y BUXiZHiN 4ep3i (abo yeprax) mporo intepoeicy.
KoHnenTtyanbHi Mogesi Mepex 3 3aCTOCYBaHHSM Pi3HUX aJITOPUTMIB yNpaBiHHA 4yepraMu B Mepexxax WI-FI
npejcTaBJieHi BigkpuTow 6araTodasHo CUCTEMOIO MacoBOro o6cayroByBaHHs. KoxkHa ¢pasa MozenroBasiacs
CMO G\M\n nob6yroBaHa 3riZjHO YMOB TOr'0 YH iHIIOTO a/JITOPUTMY YIIPaBJIiHHA YepraMu. Pesynbryodoro ¢op-
MYJIOIO /IJIs] BU3HAYEHHs Yacy 3aTPUMKHU OiTiB B KaHasaxX nepegaBanHs (Wuepau) naHoi mepexi 6yze ¢popmysia
1 ToMy, 1110 MOZIEJIb JAHOT MepeXxi TaKOoX MpeICTaB/IeHa y BUIVIsS/i 6araTokaHaiabHOi CMO 3 odikyBaHHAM. Mo-
JleJIb CKJIaJIAa€ThCS 3 BUMIPIOBAJIbHUX CEHCOPIB Ta TOYKU 6e3MpoBOA0BOro Aoctyny. OnuimeMo po6oTy AaHoI
cucTeMu: 6iTH, 110 HAAXOAATH 3 CEHCOPY, AKUH Ilepe/iae AaHi BUMipIOBaHHS, CTAIOTh ¥ Yepry Ha 06C/IyroByBaH-
He [l TOYKH gocTtyny. laai y To4ni JoCTyIy, BOHU CTAlOTh B Uepry Ha PO3MO/iJIeHHS 10 pOOOYHX CTAHLiH, AKi €
ixaiMmu agpecatamu. [loTiM BOHU CTalOTh y 4epry Ha 06po0OKy J10 moTpi6bHOro aapecary [7-10].

PosrnsnyTo 3 Mogesi BiANOBIAHOI CTPYKTYpH Y AKUX 3aCTOCOBYBAJIMCh 3 Pi3HI aJITOPUTMHU ynpaBJliHHA
TpadikoM, 110 3aCTOCOBYIOThCA y pisHUX craHaapTax [EEE 802.11, a came «FIFO», «IIpiopumemne o6cayzo-
8YBAHHSA», «38adceHl yepau». [IpoBefieHe NOCTIAKEHHA 3 METOI0 MOPIBHAJNBHOI XapaKTePUCTUKU MK LUMHU
QJITOPUTMAaMHU 3a KpUTEPIAMU NPONYCKHOI CIIPOMOXHOCTI KaHaJliB IepeJlaBaHHs, MaKCUMaJ/IbHOI IIBUJKO-
CTi mepejaBaHHs MOKA3HUKIB, aJIbHOCTI Nepe/jaBaHHsl OKAa3HHUKIB, KiJIbKOCTI mifkaHauiB. [licas psaay go-
CJi/pKeHb 3 MeTOH NOPIBHAHHS, NPOBEJEHUX 3a NMpaBUJIaMU Npouefypy NiJTPUMKH NPUUHATTA pilleHb
“Analityc hierarchy process” (AHP) no gaHuM aJropuTMam 6ys10 OTPUMaHO HACTYIHI MiACYyMKOBi KoedinieHTH,
a caMme aaroputm «FIFO» - 0,228, anroputm «npiopumemte 06c¢1y208y8anHs» — 0,222, anroputm «38adiceHi
yepeu» - 0,55. Y pe3ysbTaTi JaHUX NOPIBHAHBb JOCTIIKEHO, [0 AJITOPUTM «38AXMNCEHI Yepau» B ABidi Kpalun
Hix 2 iHwux. [IpoBegeHo gocaiP)KeHHS, IKi TOKa3aJiy, 110 pe3y/ibTaTH, OTPMMaHi Npy BUKOPUCTaHHI MozeJi
tuny G/M/n pyis MoJeJIlOBaHHS Nepejadi MOKa3HUKIB BUMiIPIOBAaHHSI CEHCOPHMMHU MepPeXaMH, € HaWGiabII
TOYHUMHM CepeJi IHIINX MOoJeseN.

JocipkeHo Mofesib CEHCOPHOI Mepexi Ha KOHLeNTyaJbHOMY piBHI. Ha 0CHOBI pe3ynbTaTiB MoAe/II0BaH-
Hs aHOI Mepei Npu cTaHJapTHiN cMy3i yactoT Mepexi “Bluetooth” (2400 - 2483,5 MI'y ISM-fiana3ony), 3a
dopmysoro (1) 6ys1a ofiep>kaHa XapaKTepUCTHKA Ha puc. 1 [7-10].

Kéir'e 140
120 ==
100 ——
20

&0
40 - C
0,00002 0,00003 0,00004 0,00005

Puc. 1. I'padik 3a1€2kHOCTi NPONYCKHOI CIPOMOXKHOCTI KaHaJIy nepejaBaHHSA
BiJ, yacy 3aTpMMKH Ha OGPOGKY
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CTaHgapTHY CMyTY 9acToOT 6yJio po3mupeHo Ha 80 MI'L, Ta 3a popmyJioro (1), 3HATO XapaKTEPUCTHUKY, L0
Ha puc. 2.

Koitie 250

200

100

B

0 C
0,00002 0,00003 0,00004 0,00005

Puc. 2. I'padik 3a/1e:kHOCTi NPONyCKHOI CIPOMOXKHOCTI KaHaJ1y NepejaBaHHA BiJ, 4acy 3aTPUMKH
Ha 060pOGKY NpH pO3IIMPEHHI CMyra 4acTOT

Y miicyMKy 3p06JieHH BUCHOBOK, 1110 PO3LIMPEHHS CMYTH YacTOT X04 i MOTipIIye HAa MOYATKY WBU/KICHI
IOKa3HUKU Nepe/jJaBaHHs MOKa3HUKIB BUMipIOBaHHS CEHCOPHOI Mepexxeto Bluetooth, ase 3Ha4HO noJtiniuye
iHLIi NapaMeTpH, 30KpeMa NPONYCKHY CIPOMOXKHICTb.

JocnimkeHo iHppauepBoHY ceHCOpHY Mepexky. [lepeilaBaHHS MOKAa3HUKIB BUMipIOBaHHS, B IAHOMY BUIIA/]-
Ky, 6yZAe BiAbyBaTHCS Bifj OJHOr0 BUMipHOBaJbHOTO MPUCTPOIO [J10 iHIIOro. loc/ikeHO 3a/1eXHICTh npomnyc-
KHOI CIIPOMOXKHOCTI KaHasy nepefaBaHHs (C) Bi 4acy 3aTpUMKH Ha 06pPO6GKY B 06C/YyrOBYIOUOMY MPUCTPOL
KaHaJly, Ky 300pakeHo Ha puc. 3, 6yJ10 ofiepxaHo 3a popmysioto (3) [7-10].

K&it/c 350
200
250

200

150 C
(00002 0,0003 (0,0004 0,0005

Puc. 3. I'pa¢ik 3a/1e2KHOCTi MPONMYCKHOI CHPOMOXKHOCTI KaHaJIy nepejaBaHHs BiJ Yyacy 3aTPUMKHU
Ha 0GPOGKY B 06C/IyrTOBYHOYOMY NMPHUCTPOi KaHATY

Ha ganomMy rpagiky crnocTtepira€Tbcs JiHilHe 3pocTaHHSA HaBaHTa)keHHS. [1[o cBiguuTh mpo cTabisbpHy mo-
BeZIiHKY 06CJIyTOBYOYMX NPUCTPOIB IPU MO/IeJII0BAHHI CTal[ioHAPHUX MIPOLECiB 3a JOMIOMOTOI0 MO/ieJIel TUITY
G/M/1.

3amponoHOBaHO aJrOPUTM QYHKIIIOHAJIBHOT'O 00’€IHAHHS HIKHIX PiBHIB eTasoHHOI MozeJti OSI.

JlaHy TexHOJIOTiI0 6yJI0 3aCTOCOBAHO JJIsl AOCJiPKeHb Mepex ctanaapty [EEE 802.11 i3 3acTocyBaHHAM
TPBHOX BUIe3a3HAYEHUX aJropuTMIB. lle jaso 3Mory ofepkaTH HACTYIHI pe3ysnbTaTH, 3a GopMysioro 5, mo
300pakeHi Ha puc. 6, 7.

AJropyTM 6a3y€ETHCSA Ha KOHTPOJIFOBaHHI 6iTiB Ppperimy pisuyHoro piBHs. BiH mo6y10BaHHH 3 TOIO METOIO,
106 3 MmoJiiB dpeiMy, siKi MicTATh iHQOpMaIlito Ipo cepeAoBUIlle NTepeJlaBaHHs TaHUX, OTPUMYBaTH NMOTPiOHY
iHpopmanito. Y JaHOMy MeTO/i MepeKeBUH piBeHb Yepe3 MeBHi MPOMIXKKHU Yacy BifiCKJIa€ 3alUTH Ha i3uy-
HUH PO CTaH CUTHaJIy Ha JJaHUH MOMeHT. [HpopManis mpo cTaH cUrHasly MiCTUTBCA Y M0Ji, B IKOMY Iepuri
6iTH TPpUMalOTh y co06i iHpopMaIlito mpo MBUAKICTb epeZilaBaHHs, a iHIIi Tpo cTaH cur”asay [7-10].

3a3BUyYall KO)KHOMY 3 BMIIe NepesliueHUX CTaHiB CUTHa/ly BianoBizae yucio Big 0 no 6. Ha ocHOBI ozep-
YKaHUX JIaHUX MepeXeBUH piBeHb GOPMYE YSABJIEHHS [P0 3MiHY CTaHIiB 3B’A3KY, HOCTiM{HO MOPiBHIOIYH Tere-
pilHiN Ta monepeaHiN cTaHu (n < ny YU n 2 ny). Y BUNAJIKY, KOJIU 3MiHa CTaHiB BiANoBia€ n < ny, MeperkeBUH
piBeHb BiJicH/Ia€ MOBTOPHUM 3anUT. JlaHUH TUKJ Gy/le BiAOYBaTHUCSA [0 TUX IIip, IOKH CUTYallisl He CTaHe Ipo-
TUJIEXKHOIO (N2 ny) (risika «Tak»). Jluie ToJli MepeXxeBUH piBeHb HAIPAaBUTh 0 KAHAJbHOTO MaKeT i BiAacTb
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Haka3 Ha 1oro nepegaBaHHs. [loTiM kaHa/IbHUI piBeHb, NPY HAsABHOCTI BIJILHOTO KaHaJly, HaAacTh HaKa3 Ha
reHepariio 6iTiB ¢piznuHOMY piBHIO, y BiAnoBiAHOCTI 10 KOHKpeTHOTO nakeTy [7-10].

- Mepemxenuii plaen

r
Hi
n=ng
l'ak

T

Kananbuuii pisexs
L

DiHNE pIBEHE -

Puc. 4. byiok-cxeMa aJIFTOPUTMY aHaJIi3y CTaHy AKOCTi CUTHAJLY

Oco6./IMBOCTi JAHOTO AJITOPUTMY OY/I0 BpPaXOBAaHO B CTPYKTYPHIM cXeMy NPUCTPOI0 6e3MPOBOJ0BOTO Nepe-
JlaBaHHS JJaHUX JiHi], 1[0 BUKOHYBaJa 6 QYHKIiI0 3B’A3KY MiXK AoJaTKaMH $i3HYHOTO Ta MEPEKEBOTO PiBHIB
etasoHHOI Mozeni OSI. To6To mpauoBasa 6 Ha OCHOBI JaHoro aiaroputmy. Came 3 1iel NpUYKMHU B iCHYIOUy
CTPYKTYPHY CXeMy IPUCTPOIO 6e3POBOLOBOI0 3B’ 13Ky BBOJUTHCS aHAII3aTOP AKOCTI CUrHay 5 puc. 5.

[Ipu mo6yAoBi NpUCTpPOIO, GJIOKKA PO3GUTO HA MOAYJI, 3TiHO IXHBOI HAJIEXKHOCTI /10 TOr0 YM iHIIOro pPiBHA
eTaJIOHHOI MoJiei. [IpucTpiii MicTUTB Kepyro4yuii 6J10K 1, 0 € YacTuHOIO NMS, MOAyJ/II0 MepeKeBoro piBHA 2,
Moaynb nmifpiBHA LLC KaHa/NIbHOTO PiBHA Moeti 3, 610Ky XocT iHTepdericy 3.1, BOyZ0BaHOr0 MiKpOKOHTpOJIEpa
3.2, 6J10Ky JjoflaTKy npuiioMo/nepenaBaya 3.3, 6J10Ky IWKMHHOTO iHTepdekicy 3.4, mam’aTi S, Mogynro niapiBHA
MAC xaHanbHOrO PiBHSA 4, KOHTpOJIEPA CMYTH 4acToT 4.1, pajioyacToTHOrO pUioMo/iepeiaBaya 4.2, aHasrisa-
TOpa curHajy 5, Moayns GisnyHoro piBHA 6, iHTEpdeicy dpisnuHoro piBHA 6.1, anTeHHU 6.2., 6JIOKY aBTOMATHY-
HOTO HaJIaLITyBaHHS 4YacTOTH 7.

Puc. 5. Be3npoBo0BuUil MepexeBUil IPUCTPii 3 CMCTEMOI0 MiABUIIIEHHA SKOCTI Nepejayi NOKa3HUKIB
BHMipIOBaHHSA B 30HaX HEBIIEBHEHOI'0 MpUiioMy a60 3 HeJOCTaTHLOIO 3aBaA0CTilKiCTIO

Touka HacuueHHs X, BU3HAYA€ThCs 32 GOPMYJIOL0:
1
0~ ’
Vde

nie X, — HallbOi/iblile HABAHTAXKEeHHS AJIs JaHOI Mepexi;
Vd - xoedinieHT BifiBiAyBaHHSA AJis By3Ja d;
Rd - 4ac nepebyBaHHs 6iTiB y Mepexi A5 By3a d.
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Puc. 6. I'padik 3a1e:xkHOCTI Yacy 3aTPUMKM BiJi HABaHTAa)KeHHSI KaHAJIy lepeJaBaHHA

lIBuAKicTh epejaBaHHs IOKA3HUKIB BUMIpIOBaHHS, IKy 0yJI0 BUKOPUCTAHO PU MO/eJIF0BaHHS BiJiNOBI-
Jana Peak Cell Rate (PCR) - MakcMMaJ/IbHIN IIBUAKOCTI epefilaBaHHs JAaHUX CKaajjae 54 M6it/c.

B 6e3mpoBO/j0BUX KaHaJ/IaX Mlepe/laBaHHsA JaHOI Mepexi nepepo3noAia NoTokKiB 6yae BigdbyBaTHcs 3a Jj0-
MOMOTOI0 aJITOPUTMY KypyBaHHsS dyepraMu «3sadceHi uepeu». To6To po3noain 6itiB iHpopmaLii B kaHamax
nepeJlaBaHHsA OyAe Bil0yBaTHUCh 3TiZHO BiJICOTKY NMPOMYCKHOI CIIPOMOXHOCTI, fIKa HaJjaHa JAAaHOMY KJacy
Tpadiky. KisibKicTb BifCOTKIB MpONnycKHOI CIPOMOXXHOCTI HAJTAETHCS TOMY 4YH iHIIOMY KJacy Tpadiky 3riiHO
Woro npiopurery.

[IpoBe/ieHO eKClIepUMEHT, 3TiZJHO 3raZlaHor0 BUILE aJITOPUTMY.

Ha ocHOBi faHux gociikeHsb, 3a popmyioro (1), 6y/10 ofepkaHO XapaKTEPHUCTUKY HaBeleHy Ha pUC. 6.

C 0,000073
0,000077

0,000077
0.000076
0.000076
0,000075
0,000075
0.000074

0,000074 ' ' Kémrle
30400 30600 30800 31000 31200 31400 31600

Puc. 7. Tpadik 3a/1e7KHOCTi Yacy 3aTPUMKH BiJ HaBaHTa)KeHHA KaHaJly epeJaBaHHs

flk nokazaHo Ha rpadiky, JaHHUH aJrOPUTM BHOCUTh B pOOOTY 6€3IPOBOIOBOI CEHCOPHOI Mepexi JOCUTh
MO3WTHBHI 3MiHU. lle BUJIHO 3 TOrO, 10 NPU 3HAYHOMY 3pOCTaHHI HaBaHTaXK€HHS B KaHaJslaX NepejaBaHHA
4yac 3aTpUMKH 6iTiB B 4yep3i Ha 06po6Ky Mailke He 3MiHMBCs. To6TO Zj@aHi arOPUTMH OiJsibllle Makke B TPU
pa3y MOKpaUyoTh LIBUAKICHI TOKAa3HUKKU Po60TU Mepexi. LlisikoM iMOBipHO, 1110 TAaKUM NMOKpalleHHsAM CIpH-
sI€ 3MeHIleHHs BiICOTKY NOMUJIKOBUX ITAKETiB Ta 3alIMTiB Ha IX MOBTOPHY BiZiPaBKYy, 1110 TAKOX MOTPEOYIOTh
MEeBHOTO 4Yacy AJ1s1 06p0OKH, a TAKOXK Mepexi/; Ha CTaHAapT 3 GiJIbLIO NOTYKHICTIO IPU NMaAiHHI piBHA CUTHa-
JIy, 1[0 6e3yMOBHO MOKpPALLYE CTiHKICTb pOGOTH CEHCOPHOI Mepexi, 3Ha4HO 3MeHIIyYH iMOBIpHICTb BifCyT-
HOCTIi CUTHaJ/ly B 30Hax HEBIIEBHEHOTO IPUHOMY.

BucHOBKMU. ['0/10BHOI0 0COGJIMBICTIO CIIOCOGIB yrpaBJliHHSA NepejaBaHHAM JJaHUX 6e3/1p0oTOBUX iHopMa-
L[iHHO-BUMiPIOBAJIbHUX CUCTEM SIBJSETHCSI 00MEXeHICTb NPOMYCKHOI CTPOMOXKHOCTi CUCTEMHU Ta HeobMexe-
HUH BILIMB NlepellKOo/, Ha cepe/loBUlle Nlepe/ilaBaHHs JaHUX BiJi CTOPOHHIX /pKepeJ, 1[0 BUIPOMIHIOIOTb Haj-
BUCOKI 4acTOTH. MOXXJIMBe 3HUKEHHS NPOIYCKHOI CIPOMOXHOCTI Mepexxi Moxe carHyTH 90% y nopiBHAHHI 3
aHaJIOTiYHMM BUIaJIKOM y Mepekax Ha OCHOBI KabeJtio.

MopgesitoBaHHS a/JITOPUTMIB yIIpaBJliHHSA YepraMu 6e3npoBoioBux IBC 103B0JINII0 BUSIBUTH TE IO MPU BU-
KOpPUCTaHHI aJroOpUTMi «3Ba)KeHi Yepru» cyMapHa NMpPONyCKHAa CIIPOMOXHICcTh Ha 9 M6iT/c kpama Hix npu
BUKOPUCTAHHSA iIHIINX aJITOPUTMIB.

3Hal/leHO HACTYIHI pilleHHs MP06JeMHU MOKpalleHHs KiJIbKICHUX Ta SIKICHUX MOKAa3HUKIB 6e3IpoBO/I0-
BOTO Ilepe/ilaBaHHs NMOKAa3HUKIB BiMiploBaHHA MeXaHIYHUX BEJUYMH: PO3IIUPEHHS YaCTOTHOrO Jiana3oHy
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Mepexi KOpOTKOro pajiycy il Aa€ 3MOry MOKpallUTH NPOIYCKHY CIIPOMOXHICTh Mepexi maixke Ha 50 %;
3aMpONOHOBAHO METOJ, MiABULIEHHS NPOJYKTHUBHOCTI [i/1s1 6€3MPOBOJOBUX CEHCOPHUX Mepex, 0 QYyHKIi-
OHAJIbHO 00’e/iHy€e Gi3MYHMN Ta MepeXeBUU PiBHI, [0 MOXe MOKPAIUTH NMPONYCKHY CIPOMOXKHICTb Mepexi
B 30HaX HEBINEBHEHOI'0 NPUHOMY Mail>Ke B /|Ba pa3H; aJI'OPUTM 3BXKEHOI'0 06CIYrOByBaHHS 3asiBOK Tpadiky
6e3MpPOBOJOBUX KOMIT FOTEPU30BAHUX CUCTEM BUMipIOBaHHS MeXaHI{YHUX BEJIMUMH, € HAW6i/IbII eeKTUBHOIO
TEXHOJIOTI€I0 Nepe/jlaBaHHA JaHUX y 6€3[POBO/IOBUX CEHCOPHUX Meperax, 32 YMOBH PiBHS HETOUHOCTI BUXi-
HUX AaHux 0,9 Ta Ha 1Oro OCHOBI 3aNpONOHOBaHO MeToJ, «[lepepo3noAil NponyCcKHOI CIPOMOXKHOCTI KaHaJy
nepesiaBaHHS CEHCOPHOI MepexXi», 110 MOKpaLye JUCLUIIIHY 06CTyroByBaHHS B Yyep3i, IKUH Oy/ie OMMCaHO B
HaCTYIHUX po60Tax.
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0COBJIMBOCTI BUKOPUCTAHHA METOAIB IHTEJIEKTYAJIBHOT'O
AHAJII3Y JAHUX JJ1 BUPIIIEHHA 3AJIAY EKOJIOTTYHOI BE3NIEKH ATMOC®EPHOTO MMOBITPA

AHomayis. Onucaxo npoyec ynpasaiHHs eK0/10214HO00 6e3neKor 8 KOHMeKcmi 3MeHWeHHs Hezamug8HUX 8Naus8ie Ha Ha-
8KO/UWHE cepedosuwye. 3anponoHO8AHO y3a2a1bHeHy CMpPyKmMypHy Mo0eab npoyecy ynpasaiHHs eKo/a02i4YHOI0 6e3neKor,
3aCHOBAHY Ha Memodax ma MexHo102i8X IHme/seKkmya/abHo20 aHAa1i3y 0aHux MoHimopuHzy. [locaidxceHo moxcaugocmi adan-
mayii ma ydockoHaeHHs psdy Halibinbw 8idomMux asn2opummie iHmeseKkmyaabHo20 aHaizy daHux, makux sik C4.5, K-means,
Memody onopHux eekmopie (SVM), kNN, naigHozo 6aecogozo kaacugikamopy, aszopummy Apriori, 015 3aday aHai3y 0aHux
Mepedici MoHImopuHay ammocgepHozo nosimps. Ha npukaadi daHux wjodo koHyeHmpayitl 3a6py0HI01UX peH08UH 8 AMMOoc-
depHomy nogimpi micma Kpusuii Pie ([JHinponempogcvka 061acmb) no6ydosaHo diazpamu: po3civoeaHHs KOHYeHmpayitl
nu/ay ma diokcudy azomy; po3cito8aHHs memnepamypu nogimps i koHyenmpayii cipuanozo axvzidpudy. HagedeHo npukaadu
NpaKmMu4Ho20 8UKOPUCMAHHS OKpeMux Memodie 3 Memoio 8usie/1eHHs: Hebe3neyHux cumyayiii. Memolo cmammi € aHaai3
npuHyunie ma memodie ynpagaiHHsl eKo/102iYHOK 6e3neKol Ha OCHOBI [HMe/eKmyaabHO20 AHAAI3y OaHUX Mepedci MOHI-
mopuHzy ammocgepHozo nogimps. Haykoea Ho8U3HA. 3anponoHO8AHO KOHYeNMya/abHy Modeb ynpasAiHHSA eK0102IHHO0
6e3nekoto ypbaHizoeaHux mepumopiti 3a daHUMU eK0/1021YH020 MOHIMOPUH2Y, U0 8I0pI3HsIEMbCS 810 C80iX AHA/102i8 HOBUMU
MONHCAUBOCMAMU, 6A308AHUMU HA BUKOPUCMAHHI CYyMACHUX THPOpMaYiliHUX mexHoa02ill iHmeaekmya1bHO20 aHA i3y 0aHUX.
Y eucHoekax Hazos0weHo, wo asmopamu nybaikayii usHa4¥eHo nepcnekmusu 3acmocysaHHs memodie ma 3acobie iHme-
J1eEKMYa1bHO20 aHaAi3y daHux ujodo iHgopmayiliHoi nidmpumku npuliHamms piuieHb, CNPAMO8AHUX HA OYIHIOBAHHS HACAIO-
Kie mexHo2eHHO020 8Nn/1u8y i 3MeHUWeHHs 06Ccsi2y Ha8AHMAdHCeHb Ha 008KIAIA. 3anponoHO8aHo psid Memodie ma as2opumamis,
AKI daromb MoxcaAugicms oyYiHI08aMU 3HaA4eHHsl Hegidomux Xapakmepucmuk i napamempie 3a 8idoMumu daHUMU, MA NOKA-
3aHO NpuKAadu ix BUKOPUCMAHHSI.

Katouosi cno8a: ekosnoziuna 6esneka, ynpasaiHHs, iHmesaekmyaabHUll aHanis daHux, ammocgepHe nogimpsi.

PECULIARITIES OF USING METHODS OF INTELLECTUAL DATA ANALYSIS TO SOLVE THE PROBLEMS
OF ENVIRONMENTAL SAFETY OF ATMOSPHERIC AIR

Abstract. The process of environmental safety management in the context of reducing negative impacts on the environment
is described. A generalized structural model of the environmental safety management process based on methods and
technologies of intellectual analysis of monitoring data is proposed. Possibilities of adaptation and improvement of a number
of the most known algorithms of data mining, such as C4.5, K-means, method of reference vectors (SVM), kNN, naive Bayesian
classifier, Apriori algorithm, for data analysis of atmospheric air monitoring network are investigated. On the example of data
on concentrations of pollutants in the air of Kryvyi Rih city (Dnipropetrovsk region) diagrams are constructed: scattering of
concentrations of dust and nitrogen dioxide; dissipation of air temperature and concentration of sulfur dioxide. Examples of
practical use of separate methods for the purpose of dangerous situations detection are resulted. The aim of the article is to
analyze the principles and methods of environmental safety management based on the intellectual analysis of atmospheric
air monitoring network data. Scientific novelty. A conceptual model of ecological safety management of urban areas based
on ecological monitoring data is proposed, which differs from its analogues by new possibilities based on the use of modern
information technologies of data mining. The conclusions emphasize that the authors of the publication identify prospects for
the application of methods and tools of data mining for information support of decision-making aimed at assessing the effects
of man-made impact and reducing the burden on the environment. A number of methods and algorithms are proposed, which
make it possible to estimate the values of unknown characteristics and parameters according to known data, and examples of
their use are shown.

Key words: ecological safety, management, data mining, atmospheric air.

AKTyanbHiCTh NPO6J1eMHU. [HTEHCHBHUM PO3BUTOK HAyKOBO-TEXHIYHOI'0 MPOTrPecy B OCTaHHI AecaTupid-
4ysl CYyNPOBOXKYETHCSA 30i/1blIIEHHAM TEXHOTeHHOTr0 BIJIMBY Ha aTMocdepy, riapocepy Ta JjiTocdepy, 3poc-
TaHHSM 06CATIB BiZIX0iB BUPOOHUYOI AiSIBHOCTI ¥ TPaHCIOPTHHX 3ac06iB. Cepe; I/106a/IbHUX €KOJIOTTYHUX
npo6JieM HaWGiNbII TPIOPUTETHUMHU € 3a6pYyAHEHHS MOBITPA, AedinUT npicHOi BOAH, 3MEHLIEHHS BUJ0BOTO U1
JaHJuadTHOro pisHOMaHITTSA MJIaHeTH, NTAPHUKOBUU edeKT, 030HOBI AipH, KUCJIOTHI Aoli, MacoBi 3aXBop1o-
BaHH4 JII0JleH, 3arubeb JiiciB TOI0. 3MeHILIEHHS PiBHS aHTPOINOTEHHOT0 BIJIMBY Ha 6iocdepy MoxkHa Jocsr-
TH SIKICHUM YIIPaBJIiHHSAM €KO0JIOTiYHO0 6€e31eK0I0 Ha BCixX piBHSX, 3a6e3MeYMBIIH CTPATeTiuHy opieHTalito Ha
NPUHLMIIM CTIHKOro (rapMOHIHHOI0) pO3BUTKY.

Ha ganuii yac icHye 6araTo BU3HaY€eHb i TpaKTyBaHb L[0/10 MOHSATTS «eKOJI0TiuHOi 6e3meku». 3riiHo CT. 50
3akoHy Ykpainu «IIpo 0XopoHy HaBKOJIMIIHBOI'O MPUPOJHOTO Cepe/loBUINa», TEPMIH «eKOJIOTiYHA Ge3neKa»
BU3HA4Ya€ TaKUH CTAH HAaBKOJIMIIHbOTO IPUPOAHOIO CEPeIOBUIILA, Y IKOMY peasli30BaHO peasibHi MOXKJIUBOCTI
JL14 TIoTlepe/I>KeHHs NMOoTiplIeHHs eKOoJIOriYHOi 06CTAaHOBKU Ta BUHMKHEHHs HebGe3NeKHU /sl 3/J0pOB’s J1ofel.
flk 3a3HayeHo B EHnukionenii CyyacHoi Ykpainu [esu.com.ua], eKosioridyHy 6e3mneKy MOKHA PO3IISAJATH K
piBeHb 3aXUILeHOCTI >KUTTEBO BaX</IMBUX IHTEePECIB JIIOJUHH, & TAKOXK CYCIIiIbCTBA, JOBKI/LIA Ta AepKaBU BiJ
peasibHUX ab0 MOTeHLiHHUX 3arp03, 3yMOBJIEHUX aHTPONOTeHHUMH a60 IPUPOAHUMHU YUHHHUKAMU.

['0/I0BHUM KpHTEpIEM /151 OL[iHIOBAaHHS €KOJIOTiYHOI 6e3MeKH MeBHOI eKOCUCTEMHU € SIKICTb KUTTS i 3/10-
poB’st HacesieHHs. OT>Xe, BUHUKA€E HeOOXiAHICThb 1iiJleCIpsIMOBAaHOr0 YIIPaBJiHHSA €KOJIOTIYHOI CUCTEMOIO 3
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MeTOI0 MHiZIBUIEHHS I OPraHi30BaHOCTI Ta JOCATHEHHS MEeBHOT0 epeKTy 0[O0 3MeHUIeHHS HeraTUBHOTO
BIJIMBY Ha HaceJIeHHs.

AHani3 ocraHHiX gocaifkeHb i my6Guikanii. 3a BU3HAaYeHHAM aMepUKaHCbKUX ydeHux /I Kiinanga
i B. Kinra ynpaBiiHHSA MOXHa PO3IJIsSAATH SIK MPOILEC, OPIEHTOBAHWM Ha JOCATHEHHS NEeBHUX Lined [1]. Jus
BUpilIeHHs Npo6JieMU HeoOXiZHO 3MiHUTH iCHYIOYMH cTaH pevyel (a6o mozaiit), mo6 gocartu cBoei MeTu. [lpu
BChOMY Pi3HOMAaHITTI iX pOpM BIUIMB MOKHA MOJIIMTU HA ZBa MPOTUJIEXKHI KJIaCU: BIUIMBH, L0 MPU3BOAATH
Jlo Jlerpajarii, pyiHyBaHHSI €KOCUCTEMU, 3MEeHILeHHsl CTyneHs ii cTabiIbHOCTI, Ta BIUIUBY, IKi CHPUSITUMYTh
PO3BUTKOBI eKOCHCTEMH, 36i/IbLIEHHIO CTYIIeH ii opraHi3oBaHOCTI.

OTxe, mpolec ynpasJliHHS €KOJIOTiYHOI0 6e3MeKol0 Ha 6y/b-IKOMY piBHI BKJIIOYA€ NEBHY CYKYNHICTh IO-
CJiIOBHUX [IiH, a caMme:

e 306ip iHpopmauii;
nepejavya iHpopmariii B myHKTH 36epexeHHs Ta ii 06pob6Ka;
aHauti3 36epexeHoi Ta foBiAKOBOI iHOpMaIiil;

NPUUHATTA pillleHHS Ha OCHOBI IPOBEJIeHOr0 aHaMli3y;
CTBOpPEHHA BiJINIOBIHOr'0 KEPYHOYOTO BILJIUBY;
JIOBeJIeHHS IIbOT0 BILJIUBY /10 00'€KTA yIIPaBJIiHHS;
nepeBipka HOBOI'O CTaHy 06’€KTa yIpPaBJIiHHS.

YnpaBsiHHS €K0JIOTi4YHO0 6e3MeKO0I0 Ta palioHaIbHUM BUKOPUCTAHHSAM IPUPOJAHUX PECYPCiB epe6adae
aHauli3 NoTpeo6 JIIAVHU B IPUPOAHUX Pecypcax i 3'sicyBaHHS MOXK/JIMBOCTEH MPUPOAH 100 33J,0BOJIEHHS LIHX
notpe6. OiHaK Heo6XiJHO He TiJIbKU BUSIBUTH ONTHMAaJbHE NOEJHAHHSA NMOTPe6 JIOAUHA Ta MOKIUBOCTEH
NPUPOAH, ajie ¥ 3a6e3MeYrTH ONITHMa/IbHI YMOBH [JJIsl IEPEXO/Y BiJj HUHIIIHBOTO AA/IEKO HE i1ea/lbHOr0 CTaHy
Jl0 6isb1I epeKTHBHOTO BapiaHTy TaKOTO MOEJHAHHSI.

Ha migcraBi BjiacHOTO A0CBiZy po60TH B rajysi eKoJsioriyHOi 6e3MeKHd Ta Ha OCHOBi aHaJi3y HAayKOBUX
okepen [2; 3, c. 85-102; 4, c. 96-115; 5] Bu3HaUeHO, 1[0 OCHOBHOI METO JOC/i/[PKEHb B IaHOMY HanpsMi €
po3po06Ka i BpoBa/[XKEHHSI CY4YaCHUX MeXaHi3MiB yIpaBJ/IiHHS €KOJIOTIYHOK 6e3MeKO0 Ta CTAaHOM HAaBKOJIMIII-
HbOTO cepefoBuLa. [1ig cioBaMu «MexaHi3MH ynipaBJliHHSA» 6y/1eMO pO3yMiTH CYKYNHICTb IEBHUX METO/IB Ta
3aco6iB ynpaBJ/IiHHA €KOJIOTiYHOI0 6e3MeKO00 M MPUPOLOKOPUCTYBAHHAM. Y CBOIO Yepry, MeTo/, yIpaBJdiHHSA
BU3HA4a€ Habip crnocobiB, MpHUioMiB, 3ac06iB BIJIMBY Ha KEPOBAHUHN 06 EKT.

MeTo0 CTATTi € aHaJIi3 IPUHIUIIIB Ta METOAIB yIPaBJIiHHSA €K0JIOTIYHOI0 6e3M1eK0I0 Ha OCHOBI iHTe/eKTy-
aJIbHOTO aHaJIi3y JaHUX MepeXi MOHITOPUHTY aTMOCGEPHOro MOBITPS.

Pe3ynbTaTH AOCAIJKEHH. Y Hallild KpaiHi NPUHMHATTA yNpaBJiHCbKUX pillleHb Ta peasi3alif KOHKpeT-
HUX PETY/IIOI0YUX 3aX0/iB, AKi HEOOXiHO 3MIMCHUTH 100 30epeXeHHs] HABKOJIMIIHBOT'0 CEPeIOBUIIA, Bij-
6yBaloTbCA i3 3aTpUMKO0. Yac 3aTPUMKH T;,, MOXe OyTH 3HAYHHUM i 3a/IeXKUTh Bij 6araTbox ¢axTopis. 3a
LeH Yyac cucTeMa MOXe BUMTH 32 MeXi 06J1aCTi J0ONMyCTUMUX CTaHiB, AKi BiANOBiAaI0OTh NPUHHATHOMY PiBHIO
SKOCTi HAaBKOJIMIIIHBOT'O CEpeI0BUILA, TO6TO HOPMaJIbHUM YMOBAM [iJisi IPOXKMBAHHS Ta Ais/IbHOCTI JItoZiel Ha
J0CIi/PKyBaHii TepuTOoDii. Bisiblie TOro, mic/s JOCATHEHHH T,,, NEBHOTO KPUTUYHOIO 3HAYEHHSA €KOJIOrivHa
CHUCTEMa MOXKe NepeNTH B 06J1aCTb KPUTUYHOIO BiJJIXUJIEHHS, /le HE3HAYHI 3MiHM NPU3BEAYTh 10 HE3BOPOTHUX
NpoLeciB Aerpagarii.

[IpescTaBMMO OG’EKT yNPaBJIiHHA €KOJIOTIYHOI0 6€3MEeKO0 i CTaHOM OTOYYYO0ro CepefoBULIA Y BUIVIALI
JBOX B3aEMO/IiI0YMX MiJICUCTEM:

1) npupoIHO-TEPUTOPiaIbHUI KOMILJIEKC, TOOTO KOMIIOHEHTH, Ha SIKi BIJIMBAIOTh 006’'€KTH MPOMUCJIOBOCTI
¥ TPAHCIIOPTY Ha AOC/Ii/PKyBaHil TepUTOpii, e MOMNUPIOITHCA Ta HAKONUYYIOThHCS 320 Py HIOI0Yi PEYOBUHU;

2) 6e3nocepeHbO MpoMucoBi 06’ektH i Tpancnopt (I10T), siki dyHKIiOHYIOTE HA AOCTiAKYBaHI# TepuUTo-
pii i HayexaTh mifcucTeMi cTaljioHapHUX JpKepesi 3a0pyAHEeHHS Ta HifcucTeMi epecyBHUX [pKepesl 3a0pya-
HEHHS.

Ha puc. 1 HaBeJeHO y3arajibHeHYy CTPYKTYPHY MoOJesab 00'€KTa YIpaB/IiHHS €KOJIOri4HOI 6e3NeKOlo
[3, c. 85-102], moGyznoBaHy 3 ypaXyBaHHSM MiJJX0y, BUKJIaleHOro B po6oTi [4, c. 96-115]. Ha cxeMi no3Haue-
HO OKpeMi iHpopMaliliHi IOTOKH, AKI BUSHA4al0Th B3aEMO/II0 MK IapaMeTpaMHU: y — BEKTOP CTaHy (KOCTi)
KOMIIOHEHTIB MPUPOAHOTO0 cepeioBUla (KOHIeHTpalil 3a6py/iHEHb, piBeHb eHePreTUYHUX BIUIMBIB TOII0),
TO6GTO Ile KOHTPOJIbOBAHI MOKAa3HUKH IKOCTI KOMIIOHEHTIB NPUPOAHOro cepeioBuiia; Z - mapamerpu [10T,
SKi BU3HAYalOTh YMOBH i pe3y/sbTaT GYHKLiOHYBaHHSI OKPEMHUX OO'EKTIB SIK 3 EKOHOMIYHOTO (06CATH, AKICTh
NpOAYKLii Ta Moc/ayr), Tak i 3 eKoJIOoriYHOro NorAAy (MOTYKHICTh HEraTHUBHOTO BIJIMBY Ha NPUPOJHe ce-
penosuile). [lna ganoi mogeni Z={Z.,Z,}, e Z,,Z,; - MHOXHHA CTaHiB BiANOBIJHO CTaliOHApHUX Ta Ile-
pecyBHux 06’ekTiB [10T. [Ipy nbomy X¢»X; - MHOXKHWHA BIIMBIB HPUPOJHOrO CepeOBHINA HAa MiZCUCTEMHU
NOT (x;,x; € X); z.,z;, - MHOXXHHA pe3yJIbTaTiB eKOHOMIYHOI AistibHOCTI 06'€kTiB [10T (2, < Z,,z;, € Z,;);
Oy, — MHOXXMHA 30BHILIHIX BIJIMBIiB HA KOMIIOHEHTH npupoaHoro cepegouiia (I1C). Y TakoMy BUIIISAI MOX-
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Ha BpaxyBaTH NPUPOAHI Tall KJIIMaTUYHI NapaMeTpH, 0COBJUBOCTI iHppacTPyKTypHu perioHy Toio. Bpaxosa-
HO TaKO0X J0/aTKOBI 30BHiLIHI BN/IMBY, NoB’s3aHi 3 [10T, a came: ®,,, — MHOXKMHa 30BHilIHiX BNKBIB Ha [10T,
SIKi BIJIMBAIOTh Ha Pe3yJIbTATH iX AisIIbHOCTi, BUPOOHUUI i TPaHCIOPTHI MapaMeTpHy, 1[0 BU3HAYAIOTb PiBEHb
€KOJIOTIYHOi He6e3NeKH; m,. — MHOXHHA BIJIMBIB Ha 30BHILIHE cepe/loBUIIe Yepe3 KOMIIOHEHTH IPUPOAHOI0
cepefoBULLa, o HagxoaaTsk Bifg I10T; U.,U, - MHOXHMHA KepylO4uX BILIMBIB BiZNOBiZHO Ha cTanioHapHi Ta
nepecysHi [10T.

@y »

Aw
Of'ekT yanparainns |
I
I

.‘..———._

X
KoMnoHeHTH NPMPOAHGID CEPEADBHLLA -

|z %z, z,
I I —— >
*e * | 2" - H+ I
—_—— — — Craniomapui -'T_ _ _-.f-' Mepeeyni i
W | g ofi'ciTn » > ofi'cseTi »
o 'y Zp ry z,
R r
(8, U,

Puc. 1. Y3arajibHeHa MoJeJib yIPaBJ/IiHHA €KOJIOTiYHOI0 6e311eK0I0 TepUTOpiii,
1110 3a3HAITh BIUIUBY IPOMUC/JI0OBHUX 0G’€KTIB i TpaHCOPTY

Ocobam, uio npuiimMaTh pimeHHs (OIIP) mofo0 BUHUKHEHHSI B MOMEHT t HeCHpPUSTIUBOI eKoJIoridyHol
cUTYyalii, Heo6XiZiHO 3aBYacHO HaJAaTH iHopMaliio A/ po3pobKH Kepyro4uux BILIUBIB U (t) a6o U,(t), 3a
JIOIIOMOT 010 IKMX MOKHa KOHTPOJIIOBATH Ta 3MeHILIYBaTH HeraTUBHUM BIJIMB HA KOMIOHEHTH NPHUPOLHOTO
cepegoBula: AX(t)<e, e—>0.

Po3sriisHeMo JeTasibHillle MOHATTS CTPATEriYHOTOo i TaKTUYHOTrO yIpaBJ/iHHA €KOJIOTiYHOI 6e3NeKolo,
OCKIJIbKM BOHM MalOTh BUpilla/JbHe 3HAa4eHHd B NpoLecax ynpasaiHHA. CTpaTeriyHe i TaKTU4YHe yIpaBJliHHA
€KO0JIOTiuHO10 6e3MeKOo0 MalThb Pi3Hi 1jii Ta 3aco0U IX AOCATHEeHHs. SIKIo cTpaTeriyHe ynpaBJ/iHHSA SBJISIE
co6010 MOIIYyK i peasizalilo HOBUX MOXJIMBOCTeMN NPU 3MiHaxX 30BHILIHbOI'0 Cepe/lOBUIILA, TO TAKTUYHE YIIpaB-
JIIHHA € IPOLIeCOM CTBOPEHHS NepelyMoB [l peasi3alii IeBHUX HOBUX MOXJIUBOCTEH.

TakTuUyHe ynpaBJliHHS MOXXHa BHU3HA4YUTH K 3acib peasiszanii Ta gertasizanii BigmosigHol cTparerii.
BoHO po3paxoBaHO Ha KOPOTKOCTPOKOBUH Ta cepeJHbOCTPOKOBUM Nepiofu. [0JI0BHOIO MeTO0 TAKTUYHOTO
yHpaBJ/liHHSA €KOJIOTIYHO0 6e3I1eKO00 € BIJIUB Ha XKUTTEZISABHICTD JOCIiKyBaHOI eKOCUCTEeMH, CIPSAMOBA-
HUU Ha JOCSTHEHHS CTpaTeriuyHuX Ljijiel Ta 3aBZlaHb IPU HaO6iIbII NOBHOMY i HAlGibII palioHAJILHOMY
BUKOPUCTAHHI JOCTYNHUX pecypciB. 3pelurtToro, 3acoboM peaJizallii cTpaTeriuHux JjaHiB € TAaKTUYHe IJIa-
HyBaHHS. fIKI1J0 OCHOBHA MeTa CTpaTeriyHoOro MJaHy NoJsAra€E y BU3HAYeHH] 1110710 NepclieKTHBY Ha Mal6yT-
HE, TO TaKTHYHe IJIJaHyBaHHA JlollOMara€e 3HalTH KOHKPeTHI BiZiNOBiAl HAa NUTaHHA, K I0€TANHO JOCATTH
6a>KaHOT0 CTaHY.

Ha puc. 2 HaBeZileHO KOHLeNTya/JlbHY CXeMy CUCTEMHU YNpaBJIiHHSA eKO0JIOriYHO0 6e3MeKkol0 ypbaHi3oBaHOi
TepUTOpii 3a JaHUMU €KOJIOTIYHOTO MOHITOPHUHTY 3 BUKOPUCTAHHSM Cy4aCHUX MeTO/iB i TEXHOJIOTiN iHTes1eK-
TyaJIbHOTO aHaJi3y AaHux [3, c. 85-102]. laMmo nosicHeHHsI OCHOBHHUX 0JIOKiB, 3a3HaUeHUX Ha CXeMi.

bnok «ba3u JaHUX Ta aJIFTOPUTMHU OLLiIHIOBAaHHA CUTYaLLil | yXBaJIeHHS YIIPaBJIiHCbKUX pillleHb B raaysi eko-
JIOTi4HOI 6e3MeKu» CKJIAJA€EThCA 3 6JI0KIB «YNpaBJ/iiHHA JaHUMU» Ta «CHcTeMa NiITOTOBKY pillleHb (Ha OCHOBI
€KOHOMIYHOI OLliHKHM pU3HUK-1liHa-edeKT». Y cBOIO uepry, 6J10k «CucTeMa NiAr0TOBKMU pillleHb» BKJ/IIOYa€E «[HTe-
JIEKTya/IbHUM aHasi3 faHux» i «CuctemMy nifTpUMKU NpURHATTA pieHb (CIITIP)».

Byiok «YnpaB/iHHA JaHUMU» 3a6e3ne4ye 36epexkeHHA AaHUX i JOCTYN A0 HUX. [lo TaKMX AaHUX BiJHOCATH
JaHi MOHITOpPUHTY, po3noAisieHi 6a3u AaHux (B/l) aHasiTH4YHOI Ta 3BiTHOI iHdopMaliii Ta posnoaineni B/l auc-
TaHIiliHOTr0 30HAyBaHH:A 3emJi (/[133), fiki nepebyBatoTh y cxoBULLi faHUX. [1ig po3noginenumu B/l posymiemo
CYKYIHICTb B3aEMOIOB’I3aHUX Ha JioriyHOMy piBHi B/l, po3nozineHux y koMn'toTepHiil Mepexi. [HTenekTy-
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aJIbHUH aHaJIi3 JaHUX y HaBeJeHil CXeMi BKJIIOYa€ eKCIIepTHi cucTeMy, reociHpopMariiiiHi Ta iHTerpaniiui Tex-
Houtorii ([133, InTepHeT).

B wistomy iHTe/IeKTyaJIbHUN aHAJTI3 JAaHUX Y 33/la4ax eKOJIOTiYHOI 6e31MeKH MOXKHA BUBHAYUTH K METOJ,
NiATPUMKU NIPUHHATTA pillleHb, 3aCHOBAHUU Ha AOC/i/I>KEHHI IeBHUX 3aKOHOMIPHOCTEH 111010 BUXiJHUX [Jia-
HUX. BiH BK/II0Yae MeTOMKH Ta 3acO6H, IKi Ha OCHOBI 6y/1b-SIKUX MO/JeJIEH, aJITOPUTMIB a60 MaTeMaTUYHUX
TeopeM JAKTb MOXJ/IUBICTb OLIiHIOBATU 3HAaYEHHA HEBIJOMUX XapaKTEPUCTHUK i TapaMeTpiB 3a BiJOMUMU
JaHUMU.

AnropuTMu iHTe/IEKTya/IbHOTO aHaJIi3y. Ha ocHoBi my6Jtikanii [6, c. 1-21; 7, ¢. 3558-3571; 8, c. 1-15; 9;
10; 11, c. 62-75; 12; 13, c. 139-151] BU3HaYeHO HAUMOIIMPEHIIIi aJITOPUTMH IHTEJIEKTYyaJIbHOTO aHaIi3y Ja-
HUX, CIPSIMOBaHi Ha BUSIBJIEHHS IPUX0BAaHMUX 3aKOHOMIpHOCTEMN a60 B3a€MO3B’I3KiB Mi>k 3SMiHHUMHU Y BEJIUKHUX
MacuBaX He0OPOOJIEeHUX JAHUX.

Kaacugpikamop C4.5 ctoproe knacudikalio y BUISA/i AepeBa pimeHs. I 1boro 3aZaeTbes Habip Aa-
HUX, IKUU SBJISIE CO0010 BXKe KiacrudikoBani peui. Anroputm C4.5, po3pobsienuii J.R. Quinlan [10], € BjockoHa-
JieHOM Bepcieto anroputmy ID3 Toro »x aBTopa. 30kpeMa, B C4.5 104aHO BifcikaHHSA Ti/10K, MOXK/IUBICTB po60-
TH 3 YUCJOBUMH aTPUBYTaMH, @ TAKOXK MOXKJIMBICTb MOOY/A0BH ZiepeBa 3 HEMOBHOIO HaBYa/lbHOI BUGIpKOIO, B
AKIHM BiZicyTHI 3Ha4eHH JJesIKUX aTPpUOYTiB.

s Toro o6 3a gonomoroto C4.5 mo6yyBaTH JepeBo pillleHb i 3aCTOCOBYBATH HOT0, JaHi MOBUHHI 3a/0-
BOJIBHATH IeKIJIbKOM YMOBaM, a caMe:

e iHdpopmanis mpo 06'eKTH, 1110 HEOOXiJHO KaacupiKyBaTH, HOBUHHA OYTH NpeACTaB/IeHa y BUMIALL KiH-
1[eBOr'0 Habopy 03HaK (aTpUOYTiB), KOXKEH 3 AKUX MA€ JJUCKPeTHe ab0 YMCI0Be 3HaYeHHS. SIKI0 Takui Habip
aTpubyTiB Ha3BaTH NPUK/IAZOM, TOAL /s BCiX NPUKIAAIB KiNbKicTb aTpu6GyTIB i iX ck/1az NOoBUHHI 6yTH 1O-
CTIMHUMU;

® KOXEH i3 KJ1aciB, Ha sKi 6yAyTh po36MBAaTHCS NPUKJIAM, TOBUHEH MaTH KiHI|€Be YMCJIO eJIEMEHTIB, a
KO>X€eH NPUKJIaJ NOBUHEH OJHO3HAYHO BIAHOCUTUCH A0 KOHKPETHOTO KJaCy;

® U1 BUMAJKIB 3 HEUiTKOIO JIOTiIKOI0, TOGTO KOJIM MPUKJIAU MOXKHA BiTHECTH 10 OAHOTO 3 KJIACiB 3 MeB-
HOI0 MMoBipHicTI0, C4.5 HENpUAATHUH;

e y HaBYa/IbHIK BUOIpLi KiNbKICTh NpUKIaZAiB Ma€ 6yTH 3HAYHO GiJibllle KiJIbKOCTI KJaciB i KOKeH mpu-
KJIaJi TOBUHEH OYTH 3a3/aJ1eri/ib acoliioBaHUH 3i CBOIM KJiacoM. 3a iuMu o3Hakamu C4.5 BiHeceHO 0 MeTo-
JiB MallMHHOTO HAaBYaHHA 3 YYHUTeJIEM.

Aszopumm KaacmepHo20 aHani3y K-means Buisisie NeBHY KiNbKicTb rpyn k 3 Ha6opy 06’€KTiB TaKUM
YHUHOM, 1[06 YJIEHU KOXKHOI Ipynu 6y MaKCUMaJIbHO CXO)KUMH MiX co6010. Lle o0cUTh nonyasipHUi METOZ,
KJIACTEPHOT0 aHasli3y AJ1s1 BUBYEHHS Habopy JaHux. Haragaemo, o KjacTepHUi aHasli3 - e ciMelcTBO aro-
pUTMIB, NpU3HaUYEeHUX AJ11 GOPMyBaHHS TPy, [ie B KOXKHIM rpymi 4ieH! JaHOi IPyny MaloTh Gi/blle CXOXKHUX
pHC 3 IpeAcTaBHUKAMU CBOEI IPYIH, Hi’K 3 TUMHU, XTO B IIii rpyni He epebyBae (B JaHOMY KOHTEKCTI KJIaCTepH
Ta rpymny € CMiHoHiMamu) [3, c. 85-102].

MeTox K-means - ne MeToJ, MeTO0 SIKOTO € MOAi/J M CIOCTEPEXeHb (3 MPOCTOPY AAHUX) Ha K KyacTepiB
TaKUM YMHOM, L0 KOXKHE CIIOCTEepPeKeHHs 6y/ie BijHeCeHO 0 TOTO KJacTepy, A0 LeHTPy (LeHTpoigy) IKOro
BOHO 6y/ie HaWGIMKIUM. fK Mipa 6J1M3bKOCTI BUKOPHUCTOBYEThCS EBKJIiZI0Ba BificTaHB:

nex,y eR".
[ pagy cnoctepexenb (x7, x3..., x™), xj €R", meTos K-means MiHiMi3ye cyMapHe KBaJpaTUYHe BifXUIeH-
HA TOYOK KJIaCcTepiB Bif LeHTPOIAiB LIUX KJIacTepiB:

k
min| > > "x(” - "2 ,
i=1 xUles,
ne x eR", u. eR", ui - ueHTp Baru AJs Kaacrepa Sj.
3ayBaKHMMO, 1110 IPU BUKOPUCTAHHI JaHOT0 MeTOAY HellpaBUJAbHUN BUGIp MOYaTKOBOTO YKcJ/Ia KaacTepiB k
MOXKe IPU3BECTU 10 HEKOPEKTHHUX pe3yabTaTiB. CaMe TOMy Ipy BUKOPUCTaHHI MeToAy K-means Ha noyaTko-
BOMY eTamni Heo6XiZjHO BU3HAYMTH Bi/IOBijHE YHCJIO KJIACTEPiB AJi BU3HAUEHOI'0 HAbopy JaHUX.
Memood onopHux BeKTOPiB (SVM) 3Haxo U Th TinepIIONIMHY JJis Kaacudikanil JaHuX Ha JBa Kjacu. Ha
BigMminy Bif C4.5 B HbOMy HEe BUKOPUCTOBYIOTbCS JlepeBa pillleHb.
SVM - ne niHIHHUHA arOpUTM, IKMH BUKOPUCTOBYETHCS B 33JjaYax Kiacudikaril Ta perpecii. Bin miupoko
3aCTOCOBYETBCS Ha MPAKTHUIIi i 32 1OTO JOMOMOTOK MOXHA BUPILIYBaTH fK JiHIiNMHI, Tak i HesiHilHI 3aayi.
CyTb 11bOr0 MeTO/y MOJISATAE Y CTBOPEHHI JIiHiT ab0 rinepnouyuy, sika po3ijise AaHi Ha Kiaacu. SKio € ABa
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KJIaCH CIIOCTepeXeHb i nepeabadaeThbes NiHiHA opMa KOPAOHY MiX KJIacaMH, TO MOXKJ/IMBI ZiBa BUNIAZKH.
[lepiuii 3 HUX NOB’AA3aHNUM 3 MOXKJ/IMBICTIO iZlea/IbHOTO MO ITY JAaHUX 33 JONIOMOTI010 AesIKO] rilepnJIoIIuHU
p

Zk(X):ZBin +By.

Ha puc. 3, a HaBezieHO ABOBUMIpHUHN BapiaHT. OCKIJIbKM TaKMX TillepIJIOMIKH MOXe 6yTH 6e3J1i4, OnTH-
MaJIbHOIO OyJie Ta 3 HUX, IKa MaKCUMaJIbHO BiAajzeHa Bif HaBYaJbHUX TOYOK, TOGTO Mae MaKCMMaJIbHUM
poMixkok (3a3op) M [12].

a o

Puc. 3. Knacudikaropu 3 MiHimasbHMM 3a30poM (a) i Ha onoOpHUX BeKTOpax (6)

Jpyruii BUnaJjok nokasaHo Ha puc. 3, 6, KOJIU MHO>KHHA TOYOK IMEPEeKPUBAETHCSA i 06UABA KJIaCH JIiHIHHO
Hepo3AinbHi. BjlacHe omoOpHUMHY BEKTOpaMU Ha3WBAKThCS 3HAYEHHS, sIKiJIeXKaTh 6e3mocepeIHbO Ha KOPJOHi,
10 PO3/iJisie CMyTH, a00 HA HENPaBUJIbHIN JJIs CBOTO KJIACy CTOPOHI 110/I0 KOP/AOHIB 3a30py (Taki TOYKH 1O-
3HaveHi &*). [l rpaHUYHUX | BCiX iHIIKMX TOYOK NpUHAHATO &*= 0.

OnTuMasibHy pO3/iJsiovy rilleploLMHY TaKoro kiaacudikaropa zk(x) MoxkHa BUSHAYHUTH 32 yMOBU MaKCH-
Mi3amii mupuHYU 3a30py M, ajie IpHU LbOMY JA03BOJIEHO HEBIPHO KJIAaCUQiKyBATH JIesIKy HEBEJIUKY I'PYITy CIIOCTe-
peXeHb, 1110 Bi/JHOCATHCS [10 ONIOPHUX BEKTOPiB. MaTeMaTU4YHO NOIIYK pillleHHs 3Be/IeHO A0 33/4a4i KBaJpaTHy-
HOI onTUMi3anii 3 JIiHIHHUMU 06MeXXeHHSAMH, SIKa FapaHTOBAaHO CXOIUThCS 0 OJTHOTO [VI06aJbHOTO MiHIMyMY.

Anzopumm knaacugpikayii KNN (k Hali6mK4yuX CycifiiB) Bijpi3HSIEThCA Bif paHille OMUCAaHUX THUM, 1110 BiH
HaraJlye «JiHUBOro y4Hsi». B ocHoBi MeTozy KNN-K/1acudikaTopa JIeXKUTB rinoTe3a KOMIAKTHOCTI, IKa epe-
0avae, 1[0 TeCTOBAaHUM 06’EKT d MaTHMe TaKY K MiTKY KJIacy, K i HaB4aJIbHi 00’'€KTH B JIOKaJIbHiH 06J1acTi ioro
HaH6JIKYOro oToyeHHs. ¥ BapiaHTi KNN KoXXeH 06'€KT BiTHOCUMO /10 MPiOPUTETHOIO KJacy HaWOIMKINX
cycizniB, e k - mapaMeTp aJIrOPUTMY.

BupimasnbHi npaBusa B MeToi KNN BU3HAYaIOThCSA MeKaMH CYMDKHHUX CErMEeHTIB JliarpaMu BopoHoro, 110
PO3/1iJIS€ IJIOLMHY Ha N ONMYKJINX 6araTOKyTHHUKIB, KOXKeH 3 SIKUX MiCTUTb OZIMH i TIJIbKY OZJMH 06’EKT HaBYaJIb-
Hoi BUOipKH (puc. 4). B p-MipHUX mpocTopax IrpaHUIli pO3B’sI3KiB CKJIaJal0ThCA BXKe 3 CETMEHTIB (p-1)-MipHUX
HamiBIUIOIWH, yTBOPEHUX OMYKJINMH MHOTOrpaHHUKaMHu BopoHoro [12].

Puc. 4. IIpukaaj po60oTH aaropurmy kjaacudikanii HaUG/IMDKIUX CycCiaiB
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Information Technology and Society. Issue 2. 2021

AnropuTM nepesbadeHHs 6yyETHCS 32 IPUHIIUIIOM «6i/IbIIOCTI r0JI0CiB», TO6GTO 3a pe3y/IbTaTaMHU roJocy-
BaHHSA BUOMPAETHCA MiTKa KJacy-nepeMoxis. Ha puc. 4 TecToBaHUH 06'€KT «3ipoyKa» NOTPAIJISIE B 0CEPELOK
00’eKTiB KJIaCy «TPUKYTHHUKIB» i mpu k = 1 OGyze BijHeceHUH A0 1boro Kaacy. OgHak nmpu k = 3 32 «roJiocaMu»
JBOX HaWGJIMKYUX CYCiZiiB 3 TPhOX eK3aMeHOBaHUX Llel 00'EKT Oy/ie BifHECEHO 0 KJIaCy «KpyKedKiB». IMOBip-
HicHU# BapiaHT MeTogy KNN BUKOPHCTOBYE /151 paHXKHPYBaHHA Nepe6adyBaHUX KJIAciB CyMy T0JIOCIB cyci-
JliB 3 ypaxyBaHHSM IX Bar, 30KpeMa, eBKJIi/J0BOI MipH BiJicTaHi Mi>k TECTOBaHMUM 06’€KTOM i KOXKHUM i3 cycifiB.

BapianT 1NN 3aBxau 3a6e3neuye 100% npaBU/IBHOrO po3Mi3HABaHHS NMPUKJIAZiB HaBYaJIbHOI BUGIpKHU
(camMmit HAROGIMKUUM cycif| — BiH caM), TPOTe YacTO MOMUJISIETHCS HA HEBiJOMUX HOMy faHUX. [Ipu 36ibIueHH]
k Big ogmHUILI 0 AEeAKUX MeX SKiCTh po3Mi3HaBaHHS Ha KOHTPOJIbHIN BUGipii 6yze 3poctaTu. OnTUMabHe
100 TOYHOCTI MPOrHO3iB 3HaUYEeHHS Kk MOXKe Oy TH 3HAUAEHO 3 BUKOPUCTAHHAM IlepexpecHoi nepeBipku. Jus
1boro no pikcoBaHoMy 3Ha4eHHIO k GYAYETHCA MOAeb k HAUGIMKIUX cycizaiB i onjiHoeTbcs CV-momMuika KJjia-
cudikarii. Li il mTOBTOPHOIOTHCA AJis1 pi3HUX 3HaUYeHb K i 3HaYeHHS 3 HAUMEHIIOK MOMUJIKOK po3MNi3HaBaHHSA
MPUUMAETHCS SIK ONTUMAJIbHE.

HaieHuii 6aiiecie kaacugikamop BK/I0YaE CiMENCTBO aJrOpUTMIB Kjaacudikallii, AKi MOAINSAIOThL OJHE
cninpHe npunyiieHHs. B ocHOBI 6aleciBcbkoi kiacudikanii JIeXXUTh TinoTe3a MakCHUMaJIbHOI HMOBipHOCTI,
TO6TO 06'€KT d HaNEKUTh KJacy ¢j (¢; €C ), i 1Py LbOMY OCATAETHCA HalbiiblIa anocTepiopHa HMOBIPHICTL
max P(cj/d). 3a popmysoro Bakieca:

_ P(c;)P|C))
P(d)

Ze P(d|cj) - imoBipHicTb 3ycTpiTu 06°€KT d cepef; 06'ekTiB Kiacy cj; P(cj) i P(d) - anpiopHi iiMoBipHOCTI
KJacy ¢j i 06’'ekta d (ocTaHHS He BIJIMBA€E Ha BUOIp Kjacy i ii Mo)kHa He BpaXxoBYBaTH).

Ao 3po6UTH «HaiBHE» NPUITYILEHH, 1110 BCi 03HAKH, 32 AKUMH KJACUPIKyIOTbCA 00’'€KTH, aGCOJIOTHO
piBHOIpaBHi Mixk co6010 i He NOB’sI3aHi 0HA 3 0AHO!I0, TO P(d[cj) MOXXHa OGUUCIUTHU SIK J0OYTOK HMOBipHOCTEMN
3ycTpiTu 03HaKy xi ( X; € X ) cepef 06'eKTiB KJacy ¢j:

1A

P(dlcj):HP(x,,lcj).

Ae P(xi[cj) - imoBipHicHa OUiHKa BKJIa/ly O3HAKM Xi B Te, 0 d ¢;.

Ha npakTuii npu nepeMHOXeHHI 1y»ke MaJIMX YMOBHUX iIMOBIpHOCTEN MOXe CliocTepiraTvcs BTpaTa 3Ha-
YyLIMX PO3psAiB. Y 3B’A3Ky 3 LIMM 3aMicTh o1iHOK iMoBipHOCTe# P(xi/cj) 3acTOCOBYIOTH JiorapudMu Iux iMo-
BipHOCTeH. OcKiJbKM JIoraprudM € MOHOTOHHO 3pOCTal40l0 QYHKIIEI0, TO KJIAC Cj 3 HAMOI/IBIINM 3HAYEeHHSIM
Jiorapri¢pMa KMOBIPHOCTI 3a/IMIUTBCA HaKOibm iMoBipHUM. Toli BUpila/ibHe TpaBUJio HAiBHOTO 6aliECOBO-
ro kynacudikaropa (Naive Bayes Classifier) mpuitMmae HacTynHUH ocTaTOYHUH BUTIsA [12]:

X
¢’ =arg, . max[log P(c,)+ Y P(x|c, )} -

i=1

P(c, |d) ~P(c,)P(d|c,),

Aszopumm Apriori HaneXXUTb 4,0 MaclITab0BaHUX aJITOPUTMIB, CIPSIMOBAHUX Ha MOLIYK acOLiaTUBHUX
npasuJ B B/l. Cy4dacHi B/ MaroTh fye BeJIMKi pO3MipH, a TAKOXK TEHAEHIII0 100 N0AAJbIIOro iX 3poCTaH-
H4. [Jomyk aconiaTUBHUX NpaBuJ B Takux b/l cnpAMoBaHUN Ha OTPUMaHHA JAHUX JJI BUBYEHHS KOpeJis-
Lii i B3aEM03B’A3KiB Mi>k 3MiHHUMU. AnropuTM Apriori peasnisye Takui nomyk B JBa etanu. Ha nepuomy
eTalli 3/[iiCHIOETBCS MOLIYK BUOIPOK, IKi YacTo 3ycTpivyaroThbcs B AaHil 6a3i, a Ha pyroMy — BUABJISIOTHCS
acoliaTUBHI npaBuJa, M0 € JOCTOBIPHUMU JJIs I[UX BUOIPOK.

IIpyK/IaaM iHTe/JIeKTya/IbHOT0 aHaJIi3y JaHWX. |HTe/leKTyaJbHUM aHali3 JAaHUX MOHITOPUHIY CTaHY
atMmocdepHoro nosiTpsa (All) ypb6aHi3oBaHUX TEPUTOPiN MpoBeZeHO B paMKax iHpopmaliiHO-aHaTI TUYHOL
CHUCTEMHU eKoJIoro-eHepreTuyHoro MoHiTopunry AISEEM [3, c. 85-102] Ta nporpamu Orange [14], sika € cy-
YAaCHUM IHCTPYMEHTOM JJi4 Bidyasisanii JaHUX, MalllMHHOTO HaBYaHHS Ta iHTeJIeKTYa/IbHOI'0 aHa/li3y JaHUX.
B3aemopais Mixk 1fuMu nmporpamMaMu 3AiHCHIOBasIAch 3a AOMOMOTO iHTerpanil MeTo/iB Ta 3aco6iB Orange B
cuctemy AISEEM.

JaHi mo0 3a6pyAHIOIYUX PEYOBUH 3aBaHTAXKYBaJMCh 3 aBTOMAaTU30BaHOI CHCTEMHU MOHITOPHUHTY
3a ctaHoM All M. Kpusuit Pir ([lHinponeTpoBcbka 06J1acThb). OCHOBHOIO METOI0 CUCTEMHU MOHITOPUHTY €
6e3nepepBHi BUMipH KOHLIEHTpaLiil 3a6pyJHIOI0YUX PeYOBUH i MeTeoposioridHux napameTtpis All xusoi
30Hu M. Kpusuii Pir [15].

Ha puc. 5 TeMHO-3e/IeHUM KOJIbOPOM T03Ha4YeHi MiCbKi aBTOMaTH30BaHi OCTH, TEMHO-CHHIM — IOCTH Mij-
npuemcTBa [1AT «IliBgeHHUMN ripHU4y0-36arayyBaibHUN KOM6GiHAT», TeMHO-4epBOHUM — [IPAT «CYXA BAJIKA»
Ta nomapaH4yeBuM - [1AT «KpuBbac3sanizpyakom». CiocTepexkeHHs 3/iCHEHO 3a LIicCTbMa 3a0pyJHIOIUYNMH
pedyoBrHaMu: Aiokcug a3oty (NO3), okeug azoty (NO), cipuanuit anrigpuf (SO2), okcup Byraernto (CO), amiak
(NH3), cipkoBogens (H,S), nua. Kpim Toro, Ha Micbkux aBTOMaTH30BaHUX NocTax crnocrepexxeHb ([TAC) Ne 3
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Ta Ne 5 3xilicHeHo cnocTepexeHHs 3a eTaHOM (C,Hg) Ta 030HOM (03), 2 METEOPOOTiYHMMHU TAapaMeTPaMH €
cepeJHA WIBUAKICTb BITPY, HAPAMOK BiTpY, TeMIlepaTypa, BiJJHOCHA BOJIOTICTb Ta TUCK.

PaaywHre

Puc. 5. ABTOMaTH30BaHI IOCTHU cTIOCTepeKeHHs 3a craHoM All

BapTo Takoxx 3a3HAYMTH, 110 HA TepUTOPii MicTa BUpOOGHULTBO TemaoBoi eHeprii 3xilicHIoe [IAT «Kpu-
BOpi3bKa TEMJIOLEHTPaJIb», Ha 6aJlaHCi KOl € IWiCTh ONaJI0BaJbHUX KOTeJeHb, 06JaJHaHUX 31 MapoBUMHU
Ta BOJOTPiHHUMHU KOT/IaMHU 3 YCTAHOBJIEHOIO Ta HAsIBHOIO MOTYKHOCTSAMU BianoBigHo 1406 I'kasn/rog Ta
1081 I'kan/roa. HalmkigauBini BUKUAM [[bOTO eHEPTeTUYHOTO 00'€KTA — Iie CipyaHUM aHTiAPHUA, OKCUAU
a30Ty Ta NUJL.

[Ipu aHanisi fjaHux 6ys10 BUK/IIOYEeHO iHpopMallito 111010 HANPSIMKY BiTPY, OCKiJIbKM HAaNPSIMOK BiTpY 3Mi-
HI0eTbcs Bifg 02 1o 3609, i gt 3582 Ta 22 aKTUYHO OTPUMAEMO ITiBHIYHUN HANIPSIMOK BiTPY 3Ti/IHO 3 JaHUMHU
[15] 3 30BciM pi3HUMU 3HaYEHHSIMH, L0 YCKIAJHIOE {X Mojasbllle TPAKTYBaHHS.

HaBeseMo npukJIaAu iHTeJIEKTYaJbHOIO aHali3y JaHUX JJ NOTOJUHHUX MaKCUMaJbHUX PAa30BUX KOH-
LeHTpaLil 3a06pyHIOI0YHUX PEYOBUH Ta MeTeOopoJoriyHuX faHuxX Ha MicbkoMmy [1AC N2 1 3 10 no 16 rpyaHs
2018 poky.

Ha puc. 6 306paxeHo JiarpamMy po3ciloBaHHS, Zie Ha oci abCciyc noka3aHo piBHI KOHLeHTpaLil M1y, a Ha
oci OpAMHAT - AloKcuAy a3oTy. Ak 6aunMo, KOHIeHTpalil NHIy Ha [IbOMY YaCOBOMY iHTepBaJli 3MiHIOBaJINUCh
Big 0,156 o 0,284, a koHneHTpauii giokcuay azorty - Bixg 0,027 mo 0,091. Ha puc. 7 Ha oci abcuuc nokasaHo
TeMIepaTypy nositps (2C), a Ha oci opAMHAT - KOHLeHTpaLii cipuaHoro aHrigpuay. TeMnepaTypa Ha LbOMY
4acoBOMY iHTepBaJii 3MiHI0OBasachk BifJ -4,1 2C fo +4,6 2C, a koHUeHTpauil cipyaHoro aHrigpuay - Big 0,018 go
0,021 mr/m3.

[lizkpecauMo, 10 HA JaHOMY eTami AOC/iP)KEHHS1 HaBe,eHo JIvlle NoNepe/iHi pe3y/bTaTy aHa/li3y JaHUX
MOHITOPHHTY. AJKe 3aCTOCYBaHHS IHTeJIeKTyaJbHUX TE€XHOJIOTIN /11 BUABJIEHHS HOBUX 3HaHb Ta 3aKOHO-
MipHOCTel moTpebye 3HA4YHO 6iNbIIOI KiNBKIiCT] JaHUX 111010 3a6pyHEeHHS aTMocdepH, BUKUAIB TPAHCIIOPTY
Ta TPOMHUCJOBUX MiZIMIPUEMCTB, 3aXBOPIOBAHOCTI HacesieHHs ToIo. MaeMo Hazfio, mo Taki gaHi 6yayTh [0-
CTYNHI micjag peasizauil BiOBIAHUX 3arajJibHOAEPXKABHUX MPOrpaM, L0 AACTb MOXKJIUBICTb 34iMCHIOBATU
6i/1bII I'PYHTOBHUH aHaJIi3 JaHUX MOHITOPUHTY CTaHy aTMOoCdepHOro NoBiTps.
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Puc. 7. liarpama po3ciloBaHHS TeMnepaTtypu noBitps (2C)
i KOHIeHTpaNii cipyaHoro aHrigpuay

BucHOBKM. 3anporoHOBaHa KOHLENTyabHA MOJeJIb YIIPaBJIiHHSA eKOJIOTiYHOI0 6e31eKoI0 yp6aHi30BaHUX
TepUTOPil 3a JaHUMHU €KOJIOTIYHOTO MOHITOPHUHTIY, 110 BiZjpi3HAETHCA BiJ CBOIX aHAJIOTiB HOBUMU MOMJIU-
BOCTSIMH, 6a30BaHUMH Ha BUKOPUCTAHHI cyyacHuX iHpopMaLiliHUX TeXHOJIOTiH iHTe/JeKTya/lbHOTO aHasli3y
JaHuX. BU3HaYeHO MepPCNeKTUBY 3aCTOCYBaHHA METO/IB Ta 3aC06iB iHTE/IEKTYaIbHOTO aHa/i3y JaHHUX 100
inpopmaniiiHol HmiATPUMKM TPUHHATTA pillleHb, CIPSIMOBAHUX HA OLIHIOBAaHHSA HACJIJKIB TEXHOTE€HHOIO
BIJIMBY i 3MeHIIEHHsI 06CATY HaBaHTaXXeHb Ha JOBK//IA. 3allpONIOHOBAHO PsAJi METO/IB Ta aJlOPUTMIB, SKi
JalTb MOXJIMBICTb OL[IHIOBAaTU 3Ha4€HHS HEeBiJIOMUX XapaKTepUCTHUK I MapaMeTpiB 3a BiJOMUMHU JJAHUMH, Ta
MOKa3aHo NPUKJIaJHU IX BAKOPUCTAHHS.
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YACTKOBI BUIIAJIKH JIOKAJIbHUX MOJITHOMIAJIbHUX CIJIAMHIB,
BJIM3bKMX /10 IHTEPIIOJIALIAHUX Y CEPEAHBOMY JIPYTOI'O TA TPETHOTO MOPAAKIB

AHnomayis. Po3zassHymo 3adaui yugposoi o6pobku cucHatie ma nocaidogHocmetl. [las daHozo muny 3aday ompuma-
Ho AIHIHI onepamopu, sIKi € yacmkosuMu 8UNAdKaAMU J0KAAbHUX NOAITHOMIANbHUX cnaaliHie dpy2o2o nopsadKy nepuio2o ma
0py2020 cmyneHs ymMo4YHeHHs ma mpembo0o20 NOpsA0Ky Nepuio2o CmyneHs ymovHeHHsl, Wo € 61u3bKumMu 0o iHmepnoaayiiiHux
Y cepedHbomy. Ompumani 8 cmammi GopMyaAU MONCYMb MamMu 3aCMOCY8AHHS NPU NPO2PAMYBAHHI, KOAU KPUMUHHUM € 4dC
06po6ku geaukux macugie daHux. Takodc koAU € nompeba 8 onmumizayii po3paxyHkKie 8 pexcumi peasvHozo yacy. B cmammi
HasedeHO NPUK/Aald 3aCMOCY8AHHS NPU peaizayii 064uca8asbHUXx npoyedyp HebiHapHo2o subdivision.

Kato4osi cao8a: n0kanvHi nosiHomMiansHi cnaalivu, subdivision-memod, onmumizayis po3paxyHkis.

PARTIAL CASES OF LOCAL POLYNOMIAL SPLINES CLOSE TO INTERPOLATIONS
IN THE MIDDLE OF THE SECOND AND THIRD ORDERS

Abstract. The problems of digital signal processing and sequences are considered. For this type of problems, linear
operators are obtained, which are partial cases of local polynomial splines of the second order of the first and second degree
of refinement and the third order of the first degree of refinement, which are close to interpolation on average. The formulas
obtained in the paper can be used in programming when the processing time of large data sets is critical. Also when there is
a need to optimize calculations in real time. The paper gives an example of the application of non-binary subdivision in the
implementation of computational procedures.

Key words: local polynomial splines, subdivision method, calculation optimization.
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IlocraHOBKa npo6GJieMu. Ha choroziHi 3a1a4i 06po6Ku udpoBUX CUTHAIB, 300paKeHb Ta BiJleo Xapak-
TEPU3YIOTHCS, B NEPLIy YePry, BEJUKUM 06CAroM JaHUX, 1[0 32 BUMOTOI MamTb 00POGISTHUCH B peXUMI
peasibHOro 4acy. HaliBuIy WIBUAKO/iIO cepes MeTOZiB, o0 3a6e3mevyyoTh onepamnii ¢isbTpanii, Macmra-
OyBaHHS, CTUCHEHHS Ta sKi peasi3yloThcs IpU aBTOMATH3aLii po3paxyHKiB, IOKa3ylOTh Ti, B OCHOBY SIKHUX
MOKJIaJleHO BUKOPHUCTAHHA JIiHIHHUX ONepaTopiB, K TAKUX, [0 MAaIOTh HAWMeHIIy 064K CAI0BAIbHY CKIa/-
HicTb. [lo cyTi 3acToCyBaHHS TaKUX ONepaTOpPiB SBJSE CO60I0 AUCKPETHY 3TOPTKY LM poBoi NocaigoBHOCTI
3 CUMETPHUYHOI0 a60 HECUMETPUYHOI0 MACKO0, Koe(diliEHTH SKOi 4aCTO OTPHUMaHi, IK YaCTKOBUHM BUIAJ0K
JlesIKOro HellepepBHOTO Hab/IMKeHHsA. HanpukJiaz, 4acTKOBI BUNaZKu rayciaHa Ta JiarncaciaHa BUKOPHUCTO-
BYIOTb B 33/jaui cy6mnosiocHoi ¢inbTpanii, BijoBiZHO, IK HU3bKO- Ta BUCOKOYACTOTHI QpinbTpH [1].

3poctanHda o6c¢ariB iHpopMmauii npu o6pobui 1MdPpPoBUX CUTHAMIIB XapaKTepU3yeTbCs He mpocTo ¢op-
MaJIbHUM 36i/1bIIeHHSIM KiJIBKOCTI JJaHUX, a liie ¥ 3MiHOI0 iX BiacTUBOCTeN. 30KpeMa, Mpu 06po61i LMdpoBUX
¢doTorpadiii cnocTepiraeTbcs TeHAEHIIA A0 36U/IbIIeHHS Po3pilleHHs cucTeM ¢ikcalii, 1o MoXe BUMaraTu
306i/bIIeHHS IIMPUHU MacoOK ONepaTopiB 3ropTKU. Tox aKTyaJbHUM € A0CHiPKeHHsI MeTO/iB anpoKCcHMMalii,
110 MAaKTh BUCOKi aTPOKCUMATHUBHI BJIAaCTUBOCTI Ta HU3bKY 06YHCIIOBATBHY CKJIAAHICTh BOJAHOYAC, 33/1JI4 OT-
pPHMaHHS Ha IX OCHOBI HOBUX JIiHIHHMX onepaTopiB AJis1 [UPppoBoi 06p06KH CUTHAJIIB.

Anasi3 gocaifkeHb Ta NOCTaHOBKA 3aja4i. OfHi€0 i3 MOmKMpPEeHUX 3a/1a4 PU 06po6Li OAHOBUMIPHUX
1 $POBUX MOCIiJOBHOCTEHN € KpaTHe ab0 HEKpaTHe iX MacuITabyBaHHSA. [laHa onepallis HomupeHa Mpy CTUC-
HEHHi CUTHaJIIB, BUAieHHS iHPOPMATUBHUX CKJIAJIOBUX ab0 MPU JIOC/iXKEHH] JIOKAJIbHUX 0COGJUBOCTEH.
BapTo okpeMo 3BepHYTH yBary Ha ABi 6JIM3bKi, aJie BCe 3K TaKH Pi3Hi 3a CyTTI0 06J1acTi 06p06KHY, 1110 6A3YHOTh-
cs1 3 OIHOr0 OOKY Ha MeToZaxX KpaTHO MacurrabHoro aHaunizy (KMA) [2], a 3 gpyroro - subdivision-meToau [3].
[Ipu 6araThox TOYKAX JOTHUKY LUX JABOX 00UMCIIOBAJbHUX TEXHOJIOTIH MOXJ/JIMBHUM € BiI3HAYUTH, 110 B 6ijib-
mrocti BUnaKkiB mpoueaypu KMA 6a3yoThcs Ha onepaTopax, 1[0 3TJIa/PKYI0Th, a MpoleaAypH subdivision - Ha
omnepaTopax, U0 6JIM3bKi 10 iIHTEePHOJIAIiHHUX.

fkio roBopuTH Npo HAGIMKEHHS, 6JIM3bKi 10 IHTEPNOIALIMHUX, TO 3 TOYKH 30py IKOCTi HelepepBHUX
anpokcuManii GyHKIH, 3aJaHuX MOCAiJOBHOCTAMHU BiZJIiKiB y By3/IOBUX TOYKAaX, 3 YpaxyBaHHSM BUMOTH
HHU3bKOI 0GYHCIIOBAJIBHOI CKJIAZHOCTI BiATIOBIIHUX MpOIeAyp, MO3UIIil Jliiepa 3aiMalOTh METO/IH, 3aCHOBA-
Hi Ha BUKOPUCTaHHI JiHIHHUX KOM6iHaniil B-craiiHiB [4-8]. B po6oTi [9] o6rpyHTOBaHO JiHiNHI KOM6iHALi]
B-cnutadHiB, 6/1M3bKi 10 IHTEPNONALIMHUX ¥ CepeIHbOMY B IKOCTI Mozesii LMPPOBUX CUTHAJIB 3 KiHLIEBOIO
eHepri€l, N0Ka3aHo MOXKJIMBICTBD IX peasisalil y nporpaMHoMy 3a6e3nedeHHi 06poOKHU LMPPOBUX CUTHAII, B
TOMY YHUCJI 151 CUCTeM, 1110 GYHKLiOHYIOThb ¥ PEKUMI peasibHOTO 4yacy.

Briepuie Taki cnstaliHu Ha OCHOBI B-crlaiiHiB Apyroro nopsiiky 6y/u BBeaeHi B po6oTtax A.O. JluryHa Ta
B.B. Kapmasunoi [10]. O6uyrc/iroBaabHUE acneKT IX 3aTOCyBaHHsS B 3aZadi 6iHapHoro subdivision mogaHo B
po6orax [8; 11]. YacTkoBUI BUNA/[OK TPHUKJIAAY 3aCTOCYyBaHHSA YTOYHIOI0YOTO JIOKAJBHOTO CIJIAWHY Ha OCHOBI
B-cnnaiiHiB fpyroro nopsiAKy B 3aZadi He 6iHapHOTO subdivision HaBeeHO B po6oTi [12].

[TocTaBUMO 3a MeTy ZJaHOi POGOTH OTPUMATH YACTKOBI BUNMAJKH JIOKAJIbHUX OJIHOMiaJIbHUX CIJIAaHHIB,
6JIM3bKUX 0 IHTEPHOJALiHHUX y CepeIHbOMY Ha OCHOBI B-CI1aliHiB Apyroro Ta TpeTbOro MopsKiB, 110 Mo-
’KyTh MaTH 3aCTOCYBaHHS MPH PO3pOoOI[i aBTOMAaTHU30BAaHUX CUCTEM OOPO6KHU IUPPOBUX CUTHAJIB Ta MOCJIi-
JOBHOCTEH.

Buknaa ocHoBHOro marepiaiay. Hexall 3 kpokoM h>0 3ajaHo po36uTTa AilicHoI Bici A, :t,=ih, ieZ,
y KOXHiM TOYI[i IKOTO OTPUMAaHO 3HA4YeHHs JesiKoi HenepepBHOI QyHKIT p(t), BU3HA4Y€HOI Ha Rl(—oo;oo).
Bynmemo BBaxkaTH, 1m0 iHpopMariis npo GyHKILir0 p(t) , IKa MiJ/Isira€ BiITBOPEeHHIO, 33/1aHO0 Y By3J1aX PO36UTTS
A, y BUTIIA /] iHTEerpasa

(i-05)h

NPH 1{bOMy, iCTHHHe 3HaueHHsl PyHKLii p(t) y Byssax GyseMo BU3HAYaTH
p;=p;+¢,ieZ,
Jle €, — IoxXub6Ka.

3rigHo po6oTH [7] yTOUHIOKOYI CTIJTAWHW HAa OCHOBI B-crTaliHiB, 6JIU3bKi 10 iHTEPHOJIAIIHHUX ¥ cepeIHbO-
My, 1110 Hal4acTille MaloThb BUKOPHUCTAHHSA B IPAKTUYHIH AisJIbHOCTI, TaKi:

1, ,
52,1 (p,t) = Z[pi _EA pijBZ,h (t_(l +0'5)h) ’

ieZ

1 1 .
S,, (p,t) :ié(pi —gAzpi +£A4pij82‘h (t—(l +0,5)h) ,
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5 ., .
S ,t)= ——A"p. |B,,(t—1ih),
3,1(p ) ié(pz 24 pzj 3,h( )
ae
A"p, =A""?p,, 20" *p +A*?p,, u=12,..,

Br’h (t), r=2,3,4 - B-cruaiiH, 1110 3 TOYHICTIO /10 apTyMeHTy BU3HAYAEThCS TaK:

0, t ¢[-3h/2;3h/2],
(3+2t/nY' /8, te[-3h/2;-h/2],

Bau(t)= 3/4-(2t/h)’ [4, te[-h/2;h/2],
(3-2t/nY' /8,  te[n/2;3h/2];
0, t ¢[—-2h;2h],
(4+2t/h), te[-2h;-h],
B,,(t) =% -3(2t/h)’ —12(2t/h)’ +32,  te[-h0],
3(2t/n)’ -12(2t/h) +32,  te[0;h],
(4-2t/n)’, t [h,;2h].

HaBejieHi cntailHU MalOTh BUCOKI allpOKCMMAaTHBHI BJAAaCTUBOCTI. 30KpeMa 1110/I0 HOPM CIJIaliH-0IlepaTo-
piB cripaBe/IMBI HACTYIHI cTBepAKeHH [7]:

I5.1 (=31 [S2a (PN =2lp )], 521 (p.6)| =5, ()]

e

Sr.u (p’t)" = supm[aX Sr,u (8,t)| ’

le:|
le.|<e,ieZ.

3ayBaXkMMO, 1[0 3HAaYeHHsI HOPMHU oneparopa S, , (p,t) - Ile BEeJINYMHA, SIKa XapaKTepPHU3YE B CKiJIbKU pasiB
MOXKe 3pOCTH NMOXMOKa NpH BiATBOpeHHI GyHKLIi 3a JoOMOTro0I0 CMJ/IalHY, K10 3Ha4YeHHA p, 3a/aHi 3 NoXK6-
KOIO.

[Ipo moxu6Ky BifTBOpeHHS QYHKIIiI p(t) 3a BAKOPUCTaHHAM CIUIaKHIB S, (E,t) , r=2,3,u=1,2 cBifuaTh
HACTYIIHI OLiHKH [7].

TMpn h—0 ans gosineHoi GyHKLii p(t)eC’ Gyse BipHO HacTymHe

_ n
||P(t)_sz,u(l"t)||:m"P(S)(t)HﬂLO(W), u=1,2,
i anst joBinbHOI GyHkuii p(t)eC* cnpaBeannBo

_ 1221h*
)52, (7= 2238 o e o),

[lofaHHs 3a3HAaYEHUX CIJIANHIB Y BUIJISA/ JIiHiIMHOT KOM6GiHawii B-criyiaitHiB He 30BciM 3py4He A5 peasisa-
1[ii B 064U C/II0BAJIbHOMY CEPEIOBUIII, TOX SKILO BBECTH 3aMiHy

2 .
x=z(t—(1+0,5)h), |x|<1, mpu r=2
Ta
2 .
X:Z(t_lh)' |x|<1, npu r=3,
To citaitku S, (p,t), r=2,3, u=1,2 MOXHa HABECTH B PO3TOPHYTOMY IIPE/CTaBJIEHHI:

S, (p.t) :4—18(—(1 —x)' ., +(2-16x+10x*)p, , +(46-18x*)p, +

(241634105 )p,, ~(14%)'p,, ) &)
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22(Pit)= 288<(1 x)’ p,‘,3+(—4+20x—12x2)p,.72+

+(-5-106x+75x")p, , +(304-128x" ) p, +(-5+106x+75x" )p,,, +
+(~4-20x-12x*)p, , +(1+x) pm), (2)

1
S, (p.t)= ﬁ( 5(1-x)’p, +(-81-27x+117x* ~49x°)p,, +

+(662-570x —102x” +122x" ) p, +(662+570x —102x* ~122x" ) p,,, +

+(-81+27x+117x% +49x° )p,,, ~5(1+x)’ p,.+3). (3)

Ha ocHoBi BupasiB (1)-(3) HeckJ1a/jHO 3a6€3MeYUTH 3MiHY KiJIbKOCTI Biis1iKiB B moc/1ii0BHOCTI {pi}l,ez B J10-
Bi/IbHY KiNbKicTh pa3 (He060B'sI3KOBO Y LiI0YHCE/IbHY ). AJle, AK1I0 3MiHa MaciITaby MocaiJ0BHOCTI 3AiHcHIO-
€TbCs HAa IEBHUM Hanepes BioMui KoedilieHT, TO B iboMy pa3i [iJisl apOKCUMaIlil, 110 MAlOTh IBHUH BUIJIA]
SIK HaBeJleHi BUILle, MO’KHA OTPUMATH 06YHC/II0OBAIbHI IPOLEyPH 3 MEHIIOK 06YHCI0BAIBHOIO CKJIAIHICTIO,
SIK YaCTKOBI BUNaJiku (subdivision-npouenypu).

BBeseMo no3HayeHHA

r,
T

- BEKTOD CTOBIlELb KOOPAWHATHU SIKOTO IHiCJs ollepawil JUCKPeTHOI 3TOPTKU 3 MOCJAiL0BHICTIO BiJJIiKiB
{pi}id, byHKLii p(t) HaJAl0Th JIiHIMHUN QyHKIioOHA SSIX,(), 0 € YaCTKOBHUM BUIaZKOM CIUIaiHiB (1)-(4) B
TOYIli X, TOOTO:

Si =210

ieZ

Hexai AJ1sd BM3HAYEHOCTi X MOXe Ha6YBaTI/I 3Ha4YeHHs i3 MHOXKHHU

{_1 4 32312111 lll%li%iél}

54 3 5 25 3 4 554’352’5345’

Toai A5 crunaiiny S, (p,t) mae micre :

(4)

x)_ (21)
ZV(X Jj-i p/'

Jj=i-2

e
Y = 112( 177 -10);
y&;:?loo(—m 530 862 -110 -1)';
yg;:%(—zw 314 574 -70 -1)';
ytg)):E(—zs 154 342 -38 -1);

en_ 1 (16 95 247 —25 _1Y;
") 300( )

en_ 1 9 50 166 —14 1)
Y0 =102 )

(1) _ ~49 250 1078 -70 -9);
() 1200( )
en_ 1 (4 19 99 _5 _1Y.
Y3 1080 )
eo_ L (95 106 718 —22 —9):
V() 68( > 106 )

T

@y_ 1 = _a\.
Yey = 300( -9 35 283 -5 -4);

@y _ 1

Mo =4g(-1 2 46 2 -1)';
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en_ 1 4 _5 283 35 _oy
Y4 =300 )
e L (9 22 718 106 -25);
3 768
en_ 1 1 5 99 19 _4Y,
") =708 )
en__ 1 (9 _70 1078 250 —49Y:
T(e) 1200( )
ey__ 1 -1 -14 166 50 -9);
") =19zt )

Y A _ T.
1 =50g(-1 25 247 95 -16);

—— (-1 -38 342 154 -25);
() 432( )
eo_ L 1 70 574 314 —49)
" =768 )
@y __1

~110 862 530 -81);

1
yg;>=15(0 17 7 -1).

Junst cntaiiny S, , (p,t) BUKOHETBCS:

i+3
S =20

j=i-3

e
2,2 1 T
ﬁJ:5ﬂ -9 44 44 9 1 0);
yuf)z——}——(Sl ~692 3195 5552 -1045 108 1) ;
(5) 7200
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() 4608
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(%) 2592
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(%) 1800
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(%) 1152
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(9 7200
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(=) 4608
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(%) 1800
(2 _ 1 4 & 4 1Y.
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() 1800
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2 __1 1 79 ) 27 aY
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y*) = (9 52 -885 7088 1235 -348 49);
-8 7200
ea__ L 4 12 157 1 267 - T
o) =115z ( 57 1088 267 -68 9) ;
e L — (1 23 -260 1612 535 -127 16);
() 1800
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(3) 2592
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9~ 7200

ey 1 T
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Juist cnaiiny S, (p,t) Gyae:
st = 31)
Z Y(x i Pi»

j=i-2

e
Gy _ 1 3 T
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(%) 144000
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yev-_1 —(-135 -257 7250 2934 -571 -5)';
3 9216
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Y- L (a0 —193 2822 1570 -266 -5)';
(%) 3888
a1 (-625 —4235 50958 32962 -5197 -135)
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(8 144000
qu):——}——(—S ~571 2934 7250 -257 -135)';
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y€4>=--1——(—5 ~1026 4838 14702 -189 -320);
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(31) _ L _ iy
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Puc. 1. He6inapuuii subdivision «3 B 4» Ha 0CHOBIi ciutaifny (1):

a) OyHKIis p(t):sin(St)+0,6Sin(11t), te[—0,45;1,52] Ta Il MOYaTKOBI Bif/IiKy;

6) pe3yabTtaT subdivision nicas ofHiel iTepanil.

Ha rpadikax (puc. 1) nojaHo npuk/aaj HebiHapHOro subdivision Npu NPOEKTYBaHHI KOXHUX 2-X IO-
crigoBHuX BiaikiB dyHkuii p(t)=sin(5t)+0,6sin(11¢t), t<[-0,451,52] (cyuinbHa kpusa) B 3-u BiaJi-
KU. B sKocTi niHIAHUX omepaTopiB MaciiTabyBaHHSl OpajiMch 4aCTKOBI BuUmajku cmjaiHy (1) Bigmosiz-

3
HO B TOYKax x=—%, x=—§, x:i, X:Z 3 MHOKMHH (5), KOTpUM, BiZIOBial0Th MacKu yfil)), yEil)), yg')l),

4 4
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yé’)l) . Ak BuAHO 3 rpadikiB, Npu HU3bKIiN 06YHCIIOBANIbHIN CKJIaIHOCT], 1110 HA/Jal0Th YaCTKOBI BUNIAJ KU CILJIali-
Hy (1), ogep:xaHO HAaGJIMKEHHS MPUHHATHO BUCOKOI IKOCTi anpoOKCHMMaii.

BHCHOBKHM. B po60Ti OoTpUMaHO MOHaA M'ATAECAT YACTKOBHUX BUIAJKIB JIOKAJbHHUX IMOJiHOMiaJIbHUX
CIJIAMHIB Pyroro NopsajKy nepuoro Ta Apyroro CTyneHs yTOYHeHHS Ta TPeTbOro NOPAJKY [epIIoro CTyme-
HSl YTOYHEHHS, 110 € 6JIM3bKUMU [I0 iHTEepIOIALIMHUX Y cepeHboMY. HoBi JiHiNHI onepaTopu MOXXyTh MaTH
BUKOPHCTAHHSA MPU po3pobLi NporpaMHoro 3abe3nevdeHHs] ONpall0OBaHHS YUCJI0BUX MOCIiJOBHOCTEH, IUd-
POBHUX CUT'HaJIIB Ta 306paxkeHb, 110 GYHKLIOHYE ¥ peKKUMi peasibHOro 4acy. llIBukozis po3paxyHkiB 3a6e3ne-
YYETHCS HU3bKOIO 00YHCII0BAIbHOI CKIAAHICTIO 3aPONIOHOBAHUX JiHIHHUX OepaTopiB.

[Topanbui focaiKEHHS MOy Th [OJISATATH B OTPUMaHHI HOBUX OllepaTopiB 06po6KH J|BO- Ta TPUBUMIPp-
HUX IOCJIiJOBHOCTEHN Ha 0CHOBi HaBeZleHUX B Po60Ti QyHKIiOHATIB.
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MPOEKT IH®OPMAIIIMHOI CHCTEMHU /11 350PY, OBPOBKH TA AHAJII3Y METEOJAHUX

AHomayis. 3a80aHHs MOYHO20 MA ONEpamuBHoO20 NPO2HO3y NO200HUX YMO8 Y PI3HUX 2e02padiyHuX pezioHax depicas Haby-
8ae ace 6ibWOT akmyaibHOCMIi ma 3ampe6y8aHocmi'y pi3HUX NnpuKkAadHuX cgepax HdcbKkoi disibHOCMI, 30Kpemay azpapHoMy,
2ocnodapcvkomy, 6ydieebHOMY, BUPOOGHUYOMY, MOP208OMY Ma Mypucmu4HOMY CEKMopax cy4acHozo 6isHecy. Memoto cmammi €
po3pobka npoekmy iHgopmayitiHoi cucmemu 045 360py, 06pobKU ma aHaizy MmemeodaHux 8eaukozo obcsizy. Peanizayis nocmas-
J1eHoi Memu neped6avace supiuieHHs1 HU3KU 3a80aHb: 1) su3Ha4eHHs1 ma Xxapakmepucmuka cneyugiku no6ydosu memeopos102iy-
HUX NPO2HO03i8 Ma 06pobKU cmamucmuyvHuUX 0aHux; 2) po3pobka koHyenyii pobomu cucmemu ma ii apximekmypu; 3) popmaniza-
Yist ma npogedeHHs1 mecmogoio 06pobKU 0aHUX 0151 BUSIBAEHHSL CUALHUX CMOPIH Yy cmeopeHitl ingpopmauyiliHili cucmemi. Haykosa
HOBU3HA. Y cmammi po32410aembCsl MOXCAUBICMb BUKOPUCMAHHSA HU3KU A/120pUMMI8 MAWUHHO20 HABYAHHS, 30KpeMa Mode-
J1etl Wmy4YHUX HellpOHHUX Mepexc Pi3HUX apXimekmypHUX munie, 01 aemomamusayii npoyecy eupiuieHHs1 3a80aHHS pezpecii
ma npu pobomi 3 yacosumu psioamu 0aHuX. Ik BUCHOBOK, y cmammi Ha20/10Wy€EemMubCsl, Wo po3pobaeHa iHgopmayilina cucmema
0151 360py, 06pPO6KU Ma aHAi3y MemeodaHux 8e/UK020 06csigy peaidye nogHull Yuka GyHKYIOHAILHUX npoyecie 3 no6ydosu
npozHo3i8 Ha N0200HULl cmaH Ha dekinbka 0i6 Haneped. Cymmegor nepesazoto NponoHO8aHoi cucmemu € ii ee6-opieHmosaHicmb,
Wo 00380.15€ 3pobumu KiHyesguil npozpamHuii npodykm kpocnaamg@opmeHuM, Macuimabo8aHuM u po3noodiseHuUM NPo2pamHux
pilleHHs1 0151 BUKOPUCMAHHS PI3HUMU MUNAMU KOPUCMY8aie 0151 BUKOHAHHS O0CAIOHUX YU NPUKAAOHUX 3a80aHb 3 06POGKU
MemeodaHux. [100anbWuM WASIXOM PO38UMKY cuCmeMu Moxce 6ymu do0a8aHHs Ni0MpuMKU HO8UX munie 8UXiOHUX JaHUX Npo
docnidxcysaHi 06 €kmu 3a pi3HUMU NOKA3HUKAMU mad iHmezpayisi eAeKmpoHHUX 3acobie ma naamgopm 015 6e3nocepedHb020
ompumaHHs1 daHux 3 dcepes (damuukie ma ceHcopis).

Karouoei caosa: ingpopmayiiiHi cucmemu, aHasiz daHux, 06pobka daHux, 36ip daHux, MemeooaHi.

PROJECT OF INFORMATION SYSTEM FOR COLLECTION, PROCESSING AND DATA ANALYSIS

Abstract. The task of accurate and efficient weather forecasting in different geographical regions of the state is becoming
increasingly important and in demand in various applied areas of human activity, including the agricultural, economic,
construction, manufacturing, trade and tourism sectors of modern business. The aim of the article is to develop a project
of an information system for the collection, processing and analysis of large-scale meteorological data. Realization of the
set purpose provides the decision of a number of problems: 1) definition and the characteristic of specificity of construction
of meteorological forecasts and processing of statistical data; 2) development of the concept of system operation and its
architecture; 3) formalization and testing of data processing to identify strengths in the created information system. Scientific
novelty. The article considers the possibility of using a number of machine learning algorithms, in particular models of artificial
neural networks of different architectural types, to automate the process of solving the regression problem and when working
with time series. In conclusion, the article emphasizes that the developed information system for the collection, processing
and analysis of large-scale meteorological data implements a full cycle of functional processes for building weather forecasts
for several days in advance. A significant advantage of the proposed system is its web orientation, which allows to make the
final software product cross-platform, scalable and distributed software solutions for use by different types of users to perform
research or application tasks for meteorological data processing. A further way to develop the system may be to add support
for new types of source data on the studied objects on various indicators and the integration of electronic tools and platforms
for direct data acquisition from sources (sensors and sensors).

Key words: information systems, data analysis, data processing, data collection, meteorological data.

AxTyanbHicTh npo6sieMH. IHPopManiiiHi TexHOIOTiI aKTUBHO BUKOPUCTOBYIOTHCSI B MeTeopoJiorii i po-
60Ti CHHOIITHKIB, 4epe3 Te, 1110 J03BOJISIIOTh HE TIIbKK aBTOMaTHU3yBaTH iX po6OTY, @ TAKOXK MiABULIUTH 3py4-
HicTb ii BUKOHAHHS 1 3HAaYHO NiZIBUIUTH TOYHICTh pe3yabraTy [1].

Cy4acHa MeTeopoJiorisi He 3MorvIa 6 PO3BUHYTHCH 6e3 BIIPOBa/KEHHS B Hei iHpopMaliiHUX TEXHOJIOTH
i 0co6IMBO CcynepKOMI'IOTEPIB, Ile NOB'SI3aHO 3 TUM, L0 PO6OTA CHHONTHKIB, 30KpeMa No6y/[0Ba MPOTHO3Y
MOTO/Y, BUMAra€ BeJIMKUX 069U CII0BATIBHUX i JIIOJCbKUX pecypciB. [lounHao4u BiJ npocToro no6yaoBu mpo-
THO3Y MOro/i1 3aKiHYYI0YH MoNepeKeHHSIM PO HAaCyBaHHS MOTOAHUX KaTacTpod, siki Moryiu 6 MpUBECTH [0
BEJIMKHUX JIFOJICbKUX KePTB i MacluTabHUX pyHHYBaHb [2].

BukopucTaHHsI 06YMCII0BAJIbHOI TEXHIKY | BiMOBiHUX MPOTpaM [103BOJISIE BUPIlIyBaTH 3aBJaHHS MeTe-
opoJiorii 3 BEJIMKOI TOYHICTIO, 3/1iICHIOBATH PO3PaXyHKU [IJisl BEJIMKUX TEePUTOPiH 3a 6i/ibIl KOPOTKUM Tep-
MiH. Y 3B’s13Ky 3 IJUM /laHa rajy3b BKpal CUJIbHO MOTPe6Ye PO3POOKH 3pyUHHUX i BUCOKONPOAYKTUBHUX MPO-
rpaMHUX 3aco6ax. Po3BUHEHA MeTeopoJIoris J03BOJISIE MOJIINIIUTH BaXK/IMBi aCeKTH XKUTTS JIOAeH: 301/1bI1y€E
epeKTUBHICTD Ci/IbCbKOTOCNOIAPChKO] rasysi, J03B0JISIE BU3HAYATH 6e3IeYHi JJIs XKUTTS JIIoJeld Micls, mpo-
KJIaZlaTH GiJIbLI ONTUMAaJIbHI TPAaHCIOPTHI MapUIPyTH, MiHIMi3yBaTH HACTiAKY NPUPOAHUX KaTacTpod [3].

AHaJi3 ocTaHHiX JocaifkeHb i ny6 ikanii. CyyacHUX MeTeopoJIoriB MOXKHA PO3/AIJINTH M0 BUAY AislJib-
HOCTI Ha HACTYIIHI KaTeropii a6o HayKOBi HANPSAMKH [4]:
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- ®i3nyHa MeTeopOoJIOTis], BUBYAE PO3POOKY palio/IOKaliiHUX | KOCMIYHUX METO/iB AOC/IiPKEeHHST aTMOC-
dbepHUX SBUIL.

- /JlunamiyHa MeTeopoJiorisi, BUBYae ¢pisuyHi MexaHi3aMu aTMOChEpHUX MTPOIIECIB.

- CuHONTHYHA MeTeOopoJIorif, HayKa Npo 3aKOHOMIPHOCTI 3MiHM NOTOAH.

- Kuimartosiorisi, BUBYa€e KJiMaT K CyKyNHICTb NOTOJAHUX XapaKTEPUCTHK 3a GaraTopiuHui nepiofn i ix
3MiHy.

- AepoJiorisi, BUBYa€ BepxHi mapu aTMochepH s JeKiJIbKOX JeCATKIB KiJloMeTpiB Bif moBepxHi 3eMJi.

11 BUKOHaHHS aHAJMITUYHOI pOOOTH HEOOXi/THO B3aEMO/IiSITH 3JIaro/KeHO i 3aiaTu 6e3.1i4 ¢paxiBuiB mo
BCbOMY CBITY, IKi KO>KHI TP roJuHU 30MpatoTh iHpopMariro npo noroay 3i Bcix JOCTYMHUX JHKepeJ, Jai mpo-
BOJATH iX 06pOOKY i OyAy0Th KJIIMaTHYHI KapTH, ONUCYIOTh rpadiyHUM METO/A0M NOTOYHUIN NOTOAHUHN CTaH
arMocdepH B pi3HUX perioHax [5].

Jani 3a oTpUMaHUMH KapTaMU NMPOBOJUTBCS aHaJIi3, 10 BUSBJSAE HeOOXiAHY iHpopMarliito, HanpuKIaz
aHaJli3 NOTOAHUX aHOMaJIiK /151 PO3yMiHHS iX MOTeHLialy /0 HepeTBOPEHHS y IPUPOAHi KaTacTpodu.

[IpykJIaiaMy METEOPOJIOTIUHHUX JaHHUX, 110 36U PAThCSA AJIs JOCIiXKEHD, €: MiCIle Ta Yac KOJIU 6yJIu 3Hs-
Ti MeTeosaHi, 6a30Ba iHopMais ska noTpi6Ha A5 NPUB’A3KU METEOJaHUX Ha KapTi, BUCOTA XMap BiJ piBHA
MOpH4, Ja/IbHICTb BUAUMOCTI, BUJ, XMap Y CEKTOPI, HAallpAM Ta WIBUAKICTB BITPY, TeMIlepaTypa NoBiTpA B 4ac
360py [laHUX, TOYKa pocH, aTMochepHHUi THUCK Ha PiBHI MeTeocTaHIii, aTMocdepHUM THCK Ha piBHI MoOD4,
MaKCHMaJIbHa Ta MiHiMaJsibHa TeMIepaTypa 3a 006y, orojHe ABHIIE Ta KiJbKicTb onaAis [6].

Ha 6a3i iux MeTeojaHuX OYAYIOTHCS MPOTHO3H MOTO/AM Ta GiJIBIIOCTI 3 yciX METEOPOJIOTIYHUX PO3PaXyHKIB.

OcHOBOIO /1J151 MPOTHO3Y NMOTroJY € 06JiK NepioJUYHUX | HenepioJUYHUX 3MiH METEOPOIOTiYHUX BEJTUIUH
i aBu moroau [7].

[lepiopnuHi 3MiHU Ti€l 4 iHLIO] MeTeoposIOridYHOl BEJIMYUHHU 06YMOBJIIOIOTHCS JOOOBUM i piYHUM X00M
i€l BeJIMYUHY, HenepioAUYHi — eBOJIIOII€I0 i mepeMil[eHHSIM CHHONITUYHUX 06 €KTiB: IUKJIOHIB i aHTULIMKJIO-
HiB, NOBITpsAHMUX Mac i aTMocdepHuxX GpoHTIB [8].

CHHONTHYHMI MeTO/ B JAHMH Yac € OCHOBHUM IPH PO3pOGIi JOBrOCTPOKOBOTO MIPOTHO3y noroau. Moro
CyTb NIOJIATAE Y TOMY, 1[0 HA NiJCTaBi aHaJi3y KapT NOroAu 3a KiJibKa MOC/AiJ0BHUX TEPMiHIB CKJIAAAETbCA
MPOrHO3 CHHONTUYHOTIO NOJIOXKEeHHS, IKUM NOJIAATa€ B IPOrHO3yBaHHI BUHUKHEHHS, NepeMillleHHA | eBosoLil
MOBITPSIHUX Mac, aTMocepHUX PPOHTIB Ta GAPUIHUX CUCTEM.

[IporHoCTHYHY KapTy CKJIaIal0Th HA TIEBHUM MOMEHT 4acy HacTynHol fo6u. Ha migcrasi fanoi kaptu ¢pop-
MY€ETbCA NPOTHO3 MOTOAY, AKUH € JIOTIYHUM NPOAOBXKEHHAM IPOrHO3y CUHONTUYHOIO NOJIOXKEHHH | BUXOAUTH
3 OCHOBHOT'O MMPUHIIUITY: IePEMIlLl[eHHS i €BOJIIOLisI CHHONITHUYHUX 06’EKTIB 3ilCHIOIOTh NIEBHI 3MiHM Ta BJac-
TUBi yMoBH norogu [9].

ToMy 3a mporHoCTHYHi 3HaYEHHS METEOPOJIOTiYHOI BEJIMYMHU B IEPLUIOMY HAGJIMKEHHI NTPUIUMAOThCSA X
3Ha4YeHHs BiJi palioHy, 3Bi/JKM O4iKYETbCS NMepeMillleHHs] CHHONTUYHOT0 00’€KTY, 0 palioHy, AJIs IKOr0 CKJIa-
JAETHCSA MPOTHO3 HOToAu. [Ipu TakoMy BeJIMKOMY 06Csi3i poOOTH Ta JaHUX HeObOXiAHUX A0 30epiraHHs AaHa
rajiy3b He MOXe 06ilTHCs 6e3 BUKopucTaHHSA iHpopManiiiHux cucteM (IC) Ta TEXHOJIOTIM.

3 KOXKHUM JHEM HeobXiJHUX MEeTeOopOJIOriYHUX PO3paxyHKIiB cTaE Bce Gisblie, yepe3 Te, 110 Bce Hijbiie
raJiy3ei BUsIBUJIMCS 3aJ1exHi Big iHdopmauii npo ctan atMocdepu a6o npo ii BuB, 1o 06yMOBJ/II0E HEO6Xi/-
HicThb B aHaui3i MeTeozaHux [10]. [Jns epekTrBHOrOo BUKOHAHHS 3aBJaHb MeTeopoJiorii cydacHi nporpaMHi
3aCTOCYBaHHA NOBUHHI MaTU HACTYIHI BJIACTUBOCTI: BUCOKY LIBUAKOZAIIO, THYYKICTb Ta 3pYy4HiCTH BUKOpU-
CTaHH4, JOCTAaTHIN piBeHb TOYHOCTI PO3paxyHKIiB, IPOCTUM NPoLeC HaJalITyBaHHA Ta iHTerpauii.

MeTo10 CTaTTi € po3po6Ka MPoeKTy iHpopMaIniiHOI cucTeMHu JJis1 360py, 00POOKHU Ta aHATI3Y METEOJaHHUX.

BuksiaZ, oCHOBHOro Martepiaiuy. [loyaTkoBuM eTanoM npu po3po6bui IC € mpoekTyBaHHS, METO JAHOTO
MPOLECY € BU3HAYEHHS IOJIOBHUX QYHKLiOHAJbHUX MOXJIMBOCTEN NMPOrpaMHOro 3abe3nedyeHHs, Horo apxi-
TEKTYPY, CKJIaI0Bi, @ TAKOXK KOMIOHEHTH. B 6isbiiocTi BunazakiB npoekt IC ckyaiaeTbCs 3 po3po6KHU roJIoB-
HUX Aiarpaw, siKi B rpapiuHOMy BUIVISZI J03BOJISIIOTh BUBHAYMTH YCi CKJIaZ10Bi. B ikoCTi 3ac00y npoeKkTyBaHHSA
BUKOpHUCTOBYEThCS MoBa UML, sika € crnerjiay1i3oBaHO0 MOBOIO MOZEJIFOBAHHS, IKY BUKOPHCTOBYIOTh pO3po6-
HUKH /11 rpadivyHOro MpeJcTaBJeHHS IPOrpaMHoro 3abe3nedyeHHs. 3rigHo npoekTy IC 6yze MaTu apxiTek-
TYpy THUIIOBOT'0 Be6-3aCTOCYBaHHS, 1[0 J03BOJISIE KOPUCTYBauyaM OTPUMYBATH YCi GYHKLiOHAIbHI MOXKJIUBOCTI
6e3 iHcTansanil. Pospo6seHa giarpama BapianTiB BukopuctaHHs IC HaBegeHa Ha puc. 1. OcHOBHUMHU BapiaHTa-
MU BUKOPHCTAHHS €:

1. lepersiag 3HaljeHUX aHOMaJIiH, KoprucTyBady Ha ¢opmMi IC Heo6xigHO BUOPATH MYHKT «IEeperJisif, aHo-
Mautiii». [licsia mepexoy Ha 110 CTOPiHKY KOPUCTYBa4Y 6a4MTh TAOGJIHI0 3 yciMa 3HAWZEHUMU aHOMaJIisIMU B
MeTeO0/laHUX, AOCTYNHUMH € GYHKLUIT GinpTpanii, omyKy Ta COpTyBaHHS.

2. [lepernsp 3i6paHux MeTeoAaHUX, KOpHUcTyBady Ha popmi IC Heo6XigHO BUOPATH MYHKT «MeTeofaHi».

3. lleperyisif po3paxoBaHUX NPOTHO3IB.

4. TMepernsap JaHUX B TaOJTULSX.
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5. [lomyk. /lo3BoJisie BiAIIyKyBaTH JJaHHI B TaGIMLAX 33 6yAb-AKUM KiatrodeM. KitoyeM Moxe 6yTH 6yib-
SAKUH TEKCT, [udpH, CHMBOJIH.

6. OHOBJIeHHa MeTeogaHuX. [licaa oHoBieHHA IC aKTUBYE aJrOpUTM NMOLIYKY aHOMaJIil B JJaHUX, AaJii Ha
BW/IYYEHHUX Ta «IUCTUX» BUOIPKaxX CHCTeMa po6UTh NPOTrHO3yBaHHS METEOAaHUX Ha HACTyNHi 3 706, 1110 BU-
KOPHUCTOBYETBCS ¥ KOCTi 6a3M NMPOrHO3yBaHHS MOrOJHUX SIBUIL. YCi JjaHHI sKi 06pOG/IIOI0TECS HA JAHOMY

eTamni 3anucyoThcs B 6a3y AaHux (B/).
7. OHOBJIEHHS NIPOTHO3Y Ta 3allyCK aJITOPUTMY NMOLIYKY aHOMaJIii.
8. MoXX/IMBICTh IPOBE/IEHHS TECTYBaHHSA ePEKTUBHOCTI HABYaHHSA WITYYHUX HEHPOHHUX Mepex (LILIHM) Ha

CipUX Ta YUCTHX MeTeoAaHuX. [Iporec TecTyBaHHS MOYMHAETHCS 3 TOTO, L0 MO/IeJIb JiJIsl TOLIyKY aHOMaJIil 06po-
6s1t0€ nanHi, popmye fBa civicky, Ha Akux LIIHM npoxofaTh HaBYaHHS [JIs1 IPOTrHO3YBaHHS MeTEOAaHHUX Ta I10-
O HUX AABUIL, MiCJIA [IbOTO L MOZeJIi IPOXOAATh TECTYBaHHA Ha CUPUX TA YUCTUX JaHUX AJI OLIHKH IX TOYHOCTI.
IC MOXHa pO3JIJIMTH Ha /iBA TOJIOBHUX KOMIOHEHTH: iHTepdelc Ta KOHTpoJep AJist poGOTH 3 aJITrOpHUT-
MaMHu 06pOOKH MoJiesiel IITYyYHUX HelpoMepex. [liarpamMa kJaciB KOMIIoHeHTa iHTepdeicy Ta KOHTPOJIEpY,
306pakeHO0 Ha puc. 2. Ha giarpami 306pakeHo PpyHKI[i0OHAIBbHY 3a/I€XKHICTh KOMIIOHEHTIB. Y 3B'SI3KY 3 THM, L0
e web-opieHToBaHa IC, To mpocTip K/1aciB po3po6IIOETHCS 3 TOUKU 30py OKpeMUX KoMIToHeHTiB. Ha w1iit gia-
rpaMi MOKHa pO3TJISHYTH yci 3aisHi knacu. Kinacu DataReader, DB Ta DataWriter Heo6xiaHi 151 po6oTu 3 B/],
30KpeMa JJIsl 3alMCy Ta 3YUTYyBaHHS AaHuX. KoxeH 3 UX Ki1aciB € 06rOpTKOIO Ha/ iIHTErPOBAaHMMHU B KJIaCaMHU
Ta MpaLo€e 3 JaHUMU Yepe3 Cllelia/IbHUM KOHTeHHep A 6iybin 3pydHol po6oTy 3 HUMU. Kinac DataReader
TicHO noB’si3aHUM 3 iHTepdeiicoM CTOPiHOK, BiH BUTATYe noTpibHi ganHi 3 B/l Ta nepejae ix 0 roJ0BHOTO
KJ1acy koHTpoJsiepa DataManager. Knac DataReader peasizye dyHkIiioHan ¢inpTparii, momykKy, COpTyBaHHS Ta
3MiHu cTopiHok. Kiac DataWriter peasnisye yHKIjioHasn 3anucy faHux B 6a3y. Bin 6epe gaHHi 3 BOX /pKepe,
3 KOMIIOHEHTA 00POOKHM Ta aHaJi3y MeTeOoJaHUX Ta KOMIIOHEHTA MAPCUHTY JJaHUX 3 30BHIIIHIX mxepeJt. Kiac

DB peasisye 6a3oBy Jioriky po6otu 3 B/I.

; MOHAMBIETE NOWYEY BEHHK
MOKAKBICTE COPTYABRHHA AAHNX

MORNMBICTE DiNLTRELT AEHRE

MOHNMBICTE finsTpELT
METEOAAHWC

MOMIMBICTE NEPEMALY " "==ae__
MATEOAEHNE

MOKNMBICTE NPEMALY
HHCTHE METEO/AHIN

MOMMMBICTE OHOBNERA
METEOAHMN o7

CTOPIHKA NepernAyY Ta

OHOENEHE] METEOQAHNY E ?

KOpHCTYEE

MOKAMBICTE NEpeEsDas ,'I
NpOrHO3iE MeTeaaamn

i
H MOMEICTE CKEHYBAHA CripHieL rEp_én'nn,ay
| aHOME
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e

i
H MOKAWBICTE COPTYBRHA A3HUX

i
| i J—————
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MOEJ’-HHiCTb OHOENEHRA

CTOPIHKA NDOTHOIYBAHHA
NporHazie

: Ly
p=]

szzza

WO¥NMBICTE NEPEMAY NPOTHOZE
HMCTHY METEDREHH

' "
1 MORAMBICTE NOLLYEY B AAHWE

MOHANBICTE hinsTpayil

MO wBIcTE iNETPEYT AaHWX g

WOHRWBICTE COPTYEAHA AAHHX

MOHAMBICTE NOWYSY B AAHHK

MOHAMBICTE iNETRELIN ARHWY
i

Puc. 1. liarpama BapiaHTiB BUkopuctanus IC
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[liAKOMIOHEHT /il NAPCUHTY JAaHUX 3 30BHILIHIX JKepeJs CKJIaAa€eThcs 3 IBOX kJaciB DataMiner i Parser,
OCTaHHIN peasnisye QyHKIIOHAT 300py JaHUX 3 30BHILIHIX /Kepesi, BukopuctoBytodrd HTTPS 3anpocu Ta 6i-
6siotexy BS4 nssa napcunry. Kinac DataMiner BUKOPHUCTOBYETBCS /151 00 €4HAHHSA YCiX BUJIYYEHUX AAHUX B
€IVHUHI CITMCOK JIJIsI MOAA/bINOT0 3aBaHTakeHHSA B B/l.

@ DataReader @ Row

string query Dict data
List<string> dataNamess

Search(string query)
Get() List<string> Get(string viewRule)
GetNext(int num) Set()

© DataManager

List<Row> data
List<List<string>> showlist © DB
string viewRule = ""

Show() Search(string query)
DB CreateDB() Remove(string query)
FilterBy(viewRule) Add(strning query)

SonBy(string viewRule, bool reverse)
signalSearch(string query)
signalUpdate()

@ DataWriter

List<Row=> newData
date lastUpdateDate

UpdateSignal()

SetDB()
_Savelog(lastupdateDate)
_Wnte()
© DataMiner |! \
List minedData | ©Forecastoeamon
List<=Row=> Update(date limit)
List<Row=> Join()

E
© Parser h

1
_ParseSourcel(date limit) ||

_ParseSource2(date limit)
_ParseSource3(date limit)

Puc. 2. liarpama kiacis IC

BJiok-cxeMa aJropuTMy 06pOOKM OTPUMAHHUX JAHUX i MOOYZOBU MPOrHO3Y Ha TPU 00U HaBeJeHa Ha
puc. 3, KOXKeH 3alKc NPOrHo3y MicTUTh iHpopMallito Ipo NOroAy i MPOorHo30BaHe 3a LIUMU JaHUMU MOTOHE
sIBUIIE, pi3HUIS MiXK 3aniMcaMu AopiBHIOE 3 roguHaM. Kpoku mo 6J10K-cxeMi HaCTYIIHI:

- YHTaHHS JAHUX 3 000X CIMCKIB;

- miaroroBka mogaeuni IITHM nig i gani;

- CKJIa[IaHHS IPOTHO3Y MEeTE0JaHUX;

- BHUKOHAHHS IPOTHO3Y MOTOAHOr0 siBUIla Mojestto ITHM;

- aHaJIi3 TOYHiCTb POGOTH BCiX MoAesielt Ta ix oljiHKa.

ba3oBa CTOpiHKa € CTOPIHKOIO Meperysaly MeTeoLaHUX, BOHA CKJIAJA€EThCA 3 [eKiJIbKOX esleMeHTiIB. [lep-
LM eJleMeHT, HeobXiAHUM 1711 pOO6OTH 3 CUCTEMOIO, 1ie BPXHS MaHeJ b Iepexoy MiX CTOpiHKaMHU.
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Ha niii nanesi po3TaloBaHi TpU KHONKYU JAJ51 IepexoAy MK CTOpPIHKaMU, NeperasAy MeTeoJaHuX, epe-
[JISIly MPOTHO3IB i Heper/isgAy aHOMaJIil IJITXOM HaTHCKAaHHS Bi/[TOBiZJHUX KHOTIOK.
KHomnka «OHOBUTHU [laHi» 3allyCKa€E OCHOBHUH aJIrOPUTM 0OpOOKHU JJaHUX, 1le OCHOBHA KHOIIKA 110 po6oTi 3

| Neuaron :|

CUCTEMOIO.

Mepeia Ha cTOPiHKY
Nepernmny nporHosis

HATHEHARHA HOHNKE
"CHOAKTH MpOrHoe"

MiproTossa HeRpOLEnes

“‘“\_ Hi

Uk GyB NpOrHO3 OHOBMNEH
Ginuure rogasy o0 weore?

Taw

k4

ém HOMRHOMD PAIKA Jlﬂ-DIHH\
\ METEOAHMNX /

4
BisopectanHa
HEHpOMBpesi qnm
MPOFHOYBAHKA
METE0RAHKY

k4

Bimoprucianms
HEHpOMERER qnn
CEPOrHOIYDEHIER TROTOEHHY
AR

L

Janwec posynuianio v Gasy
LAHAR,

'

Poopaxynoe TonocTi
POBOTEH HERpOME DN
[

Puc. 3. Bsiok-cxema aJiroputMy 06po6GKH OTPMMaHUX JaHUX i 106y 0Ba MPOrHO3Y
CtpykTypa rosioBHoi Tabauni B/l cucteMu HaBeZieHa Ha puc. 4.
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Puc. 4. Crpykrypa Ta6auni B/l no 3i6panux MmeTeogaHux

@®opMa Zi0jaHHSI HOBOTO 3alIMCy MeTeo/laHUX BKJ/IIOYAE B cebe HACTYIHI MoJIs:

- Id, mose inourcesnbHOrO TUMY, 36€pirae yHikaJbHUNA HOMeED 3aMHUCY;

- Datetime, 36epirae jaTy Ta yac BUKOHaHHS 3aMUCY;

- Place, 36epirae Ha3By perioHy B ikoMy 6yB 3p006JieHHI 3aNKC;

- placeNumber, 36epirae HomMep perioHy, B SKOMy OB 3p06JIEHUH 3aIKC;

- temperature, 36epirae 3HaueHHs TeMIepaTypy, 1110 6y/a 3adikcoBaHa B MOMEHT 3aNHUCY;

- wind_way, 36epirae HanpsiMoK BiTpy;

- wind_speed, 36epirae 3HaueHHs MBUKOCTI BiTpY;

- air_pressure, 36epirae 3HayeHHsI aTMOCPEPHOTO THUCKY;

- water_pressure, 36epirae 3HaueHHs1 aTMOCepHOIo TUCKY Ha piBHI Mopsl.

KoHuennisi po6oTu cucremu € HactynHotwo. [lepmum etanom IC 3aBaHTaxye iHdopMaljito mpo noroay, B
pasi sKI1o AaHi YacTKOBO 6yJsiM 3aBaHTaXKeHi paHillle To cucTeMa OHOBHUTH X, BUOPABILU TiIbKH Ti, 110 3'sIBU-
JIUCA 3 JaTU OCTAHHbOTO 3aIHUCY.

Jani gaHi nepegawTbcs Ha 06po6Ky Mozesi LITHM 3 nouykKy aHoMaitii, sska 3alucye iX B ABa CIUCKH, YU~
CcTUM» (B AKOMY 3HAXOASATHCS BCi 3aMKCH, Ki NpOUILIN nepeBipKy) i «cupuii» (B HbOro BXOAATH BCi OTpUMaHi
JlaHi mpo noroay), a yci 3HaiieHi aHoMaJIil 3aHOCATHCS B OKpeMy TabuIio B B/I.

HactynHum eTanom € niaroroBka mogeJi LIIHM fs1s1 nporHo3yBaHHs, Nic/isg 4oro o61/iBi napu NpoxoAsaTh
cBO{ cliMcKH 1 6yAy0Tb MPOrHO3 MeTeoaHuX i MOTOAHUX fABUIL. B npoueci 06po6ku AaHUX cucTeMa 36Upae
CTAaTUCTUKY aJITOPUTMIB POTHO3yBaHHSA JJIsI OA/IbIIOr0 NOPiBHAHHS epEKTUBHOCTI MOZeJIeH.

[lo 3aBepuIeHHI LIbOTO NpoLecy BiJl0YBaETbCA 3aKC pO3paxoOBaHUX NPOrHo3iB o B/, mporHos napy, sfika
pobusia po3paxyHOK Ha YUCTHX JAAHUX, 3alIUCYETHCS B CMIUCOK YUCTOTO IPOTHO3Y.

[IporHo3 gpyroi napu 3anMCyEThCS Y TOBHUI CIUCOK NPorHo3iB. [lic/isl 3aBeplieHHs npoleciB 06po6Ku Aa-
HUX KOPHUCTYBa4 EPEXOIUTh Ha BiAOBiZHY CTOPiHKY, e 306pakeHa CTOBMYACTA JiarpaMa 3 KoedillieHTaMu
OLiIHKH TOYHOCTI aJITOPUTMIB, BUBOJUTHCA KiJIbKICTh OTPUMAHHUX 3aMMCIB I YUCJIO 3HANIeHUX B HUX aHOMaJiH,
a TAKOX 3arajibHi BUTPATH Yacy Ha IPoLiecH 064YHC/IeHb.

BHCHOBKM Ta NepCneKTHBYU MOAAJIBIINX AOCTAiAXKeHb. Po3pobieHa iHpopManiiiHa cucTeMa AJist MeTe-
OPOJIOTIYHHX LEHTPIB /03BOJISIE POOUTH aBTOMAaTUYHUHN KOPOTKOCTPOKOBHH NMPOrHO3 NMOTOJHX Ta MPOBOAUTH
aHaJli3 MeTeoAaHUX 3aB/SIKU iIHCTpyMeHTaM cTBOpeHHs rpadikis. [0/10BHa nepeBara AaHoi cUCTEMHU B TOMY,
1110 BOHA J,03BOJISIE 3a/JisITH Ta OLiHUTHU Pi3Hi aJiIrOPUTMU NIPOTHO3YBaHHS 1 MOIIYKYy aHOMaJil, 30KkpeMa pis-
Hux MoJiesiedl LITHM. [ToganpiuM HISIXoM pO3BUTKY CUCTEMH € MiJIBUILIEHHS IKOCTi IPOTHO3yBaHHS Ta 30i/1b-
IIeHHS NiJTPUMYBaHUX 00CATIB JaHUX AJ151 06POOKH.
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AHAJII3 OCOBJIMBOCTEM TA 3ACOBIB PO3POBKH IHTEPAKTUBHUX CUCTEM
3 NIATPUMKOIO TEXHOJIOTTI IONOBHEHOI PEAJIBHOCTI JI/1 C®EPU OCBITHU

AHnomayis. B daHuii yac Ha puHKy cy4acHux npo2pamHux cucmem ma iHgpopmayitinux mexHo.102iti 0cO61UBUM HUHOM
pP038UBAEMbCSL HANPSIM 8IpMYaAIbHOT peaibHOCMI 1K 00HO20 3 3pYy4HUX nidxodie do nosinuieHHs: npoyecy IHmepakmugHo20
Has4aHHs ma eizyanisayii cknadHux cucmem, npucmpois ma okpemux esemMeHmis, 8axC/AUB0I0 2a1Y3310 IKO20 € MeXHOA02ii
donogHeHoi peanvHocmi. Memoro cmammi € npogedeHHsl aHai3y ocobausocmeti ma 3acobie po3po6Ku iHmepakmueHUX cuc-
mem 3 nidmpumkor mexHo.102ill donogHeHoi peanbHocmi 0451 chepu ocgimu 045 popmysaHHs KoHyenyii nodarbuwioi po3po6-
KU NOBHOPYHKYIOHANbHUU IHopMayitiHOi cucmemu niompuMKU 8UBYEHHs cmydeHmaMu Hag4aabHux ducyuniit. Peasiza-
yis nocmasaeHoi Memu nepedbayae upiuleHHs HU3KU 3a8daHb: 1) aHaai3 ocobausocmeti 3acmocy8aHHs MyAbmumeoitiHux
mexHo/102il y cghepi Hayku ma oceimu; 2) aHai3 mexHo/o2ill ma 3acobie po3po6Ku cucmem 3 eseMeHmMamu 8ipmyanbHoi
ma donosHeHoi peasbHocmi; 3) po3pobka KoHyenyii npoekmy cucmemu niompumku npoyecie oceimu. Haykoea Hosu3Ha.
Y cmammi nasedeHo nioxid 3 eukopucmaHHs mexHo/02ili dON0BHEHOI pearbHOCMI HA MO6IALHUX NPUCMPOSX, 3adisoqu
Moxcaugocmi Modyast kamepu nio yac i akmueisayii, d15 Ha6ymms npoyecy 8U8YeHHs MeopemuvHUX N0/A0HCEeHb 3 yHO08UX
ducyunin 6iabWo20 pigHs iHmepakmueHocmi 3acobamu cepedosuuja Unity. Ik 8UCHOBOK, y cmammi HA20/10WyEMbCl, Wo
mexHos102ii 8gipmyaabHoi ma dodamkoegoi peaabHocmi 003804151100Mb 3HAYHUM YUHOM CNPOCMUMU 8UPIWEHHS CKAAOHUX 3a-
edaHb 3 Hao4Hoi ma duHaMivHOi 8i3yanizayii okpemux docaidxncysaHux 06’ ekmis yu cucmem. [ Hyukicms ma yHigepcaibHicmb
cucmemu Unity 0038045€ peasizysamu NO8HOYIHHUX KAIEHM-CEPEepHUX NPO2PAMHUX 3ACMOCYB8AHb, WO MAI0Mb MOHKUL K-
€Hm y 8ue/510i Kpochaiamg@opmMeHo20 MOBi/IbHO20 3aCMOCY8AHHS MA Cep8epHOi YacmuHu, ujo Hece 8i0nogidabHicMb no npo-
yecax 06pobku daHux 015 3a6e3neveHHs npayezdamHocmi yciei cucmemu.

Katouosi caoea: inmepakmugHi cucmemu, 0ono8HeHa peaibHicmyb, 0C8IMHI npoyecu.

ANALYSIS OF FEATURES AND DEVELOPMENT POTENTIAL OF INTERACTIVE SYSTEMS
SUPPORTED BY AUXILIARY REALITY TECHNOLOGIES FOR EDUCATION FIELD

Abstract. Currently, the market of modern software systems and information technology is developing a special direction of
virtual reality as one of the convenient approaches to improve the process of interactive learning and visualization of complex
systems, devices and individual elements, an important area of which is augmented reality technology. The aim of the article
is to analyze the features and means of developing interactive systems with the support of augmented reality technologies for
education to form the concept of further development of a full-featured information system to support the study of academic
disciplines. Realization of the set purpose provides the decision of a number of tasks: 1) the analysis of features of application
of multimedia technologies in the field of science and education; 2) analysis of technologies and tools for developing systems
with elements of virtual and augmented reality; 3) development of the concept of the project of system of support of processes of
education. Scientific novelty. The article considers an approach to the use of augmented reality technologies on mobile devices,
using the capabilities of the camera module during its activation, to acquire the process of studying theoretical positions in
academic disciplines of a higher level of interactivity by means of Unity. In conclusion, the article emphasizes that virtual and
augmented reality technologies can greatly simplify the solution of complex problems of visual and dynamic visualization of
individual objects or systems. The flexibility and versatility of the Unity system allows you to implement full-fledged client-
server software applications that have a thin client in the form of a cross-platform mobile application and a server part that is
responsible for data processing to ensure the efficiency of the entire system.

Key words: interactive systems, augmented reality, educational processes.

AxTyanbHicTb nIpo6emMu. [HbopMaliliHa peBosolis i popMyBaHHS iHGOpMaLiHHOTO CyCNi/IbLCTBA BU-
cyHysM iHopMarito i 3HaHHSA Ha NepeAHiH MJaH COLiaJIbHOTO Ta eKOHOMIYHOTO PO3BUTKY. B maHui Jac B
Cy4acCHOMY CBiTi TOBCIOJJHO CIIOCTEPIraEThCs aKTHBHA iHpOpMaTH3aLlis IK BUPOOHUYHUX, TaK | HABYAJIbHUX
npouecis [1]. Lle o6yMoBieHO HEOOXiJHiCTIO 3a6€e3NedeHHs BiAAaeHOro pexxuMy po6oTu dpaxiBuis i yuHiB,
a TaKOX MOCTiIMHUM PO3BUTKOM i BJOCKOHa/IEHHAIM pUHKY iHpopManifinux TexHoJori (IT) i cuctem, dinb-
He Miclle B SsKOMY 3aliMaloTh M0O6i/IbHI 3acTOoCcyBaHHS [2].

3 MeTol0 3a6e3ne4eHHsI MAaKCHMaJbHOI'O CTYIIeHs THYYKOCTi y BUGOPI He06XiAHOI0 KOpUCTYBayaM QyHK-
IioHaJ/Ty 3’ABUJIACSA i OTpHMaJia aKTUBHHUHA PO3BUTOK MOJIeJIb OCBITHIX MOCJAYT i TEXHOJIOTIH, IKa BUKOPUCTO-
BYETbCS HU3KOI0 BeJIMKUX KoMnaHil y cdepi IT. TenaeHLii po3BUTKY Cy4acHOI CUCTEMHU OCBITH HEPO3PHUBHO
MOB’s13aHi 3 LMPOKUM BIPOBa/PKEHHSM B HaBYaJbHUH Npolec pisHUX $opM, MeTOAIB i 3ac06iB aKTUBHOIO
HaBuaHH4 [3].

OpHi€ero 3 NpoBiAHUX TeHeHIil iHpopMaTH3allil CycniJbCTBA € PO3BUTOK MY/JIbTUMEAiTHUX TEXHOJIOTIH, iX
NPOHUKHEHHS B pi3Hi cdepu coniasbHOrO XKUTTA: BUPOOHULTBO, 6i3HEC, HAYKY, OCBITY, MacOBY CIOKHUBALbKY
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KyJbTypy [4]. 3a6e3mnedyodyu 6araTcTBO 3MicTy i GopMuU, MOEAHAHHS Pi3HUX BUAIB TEKCTOBOI, rpadiuHoi, MOB-
HOI, My3W4HOI, Bifjeo-, oTo- iHpopmauii i pi3HOMaHITHICTE cr1OCO6iB iX BUIydYeHHs, i TexHOoI0Til OPMYyIOTH
MyJIbTUMe/J[iHHEe CHPUUHATTSA CBIiTY [5].

AKTyasnbHICTh AOCTKyBaHOI TEMAaTUKHU 06YMOBJIEHA aKTUBHUM | MAacOBUM BUKOPHUCTAHHSM TEXHOJIOTiH
JlonoBHeHOI peasbHOCTI (AR) B mpakTHI]i OCBiTH, IK HOBOI'O BUTKA B PO3BUTKY MyJIbTUMEIiHHUX TEXHOJIOTIH,
10 BiJKPMBA€E HOBiI MOXKJIMBOCTi B OpraHi3anii HaB4a/JbHOTO MPOLECY, @ TAKOX PO3BUTKY TBOPUYMX 3/i6HOC-
Tel y4HiB. BUKOpUCTaHHSA TeXHOJIOTII JOMOBHEHOI pea/IbHOCTI BiIKpMBA€E HOBI MOXKJIMBOCTI B opraHisarnii Ha-
BUYaJIBHOTO ITPOLIECY, a TAKOXK ¥ PO3BUTKY TBOPYHUX 3Jji6HOCTEN yuHiB. Takui B/ HABYaHHS CIPUSIE MiABULIEH-
HIO 3a/Iy4€HOCTI, KOMYHiKanii Mi>k TUMH, XTO HaBYa€eThCA i iHTEpecy Ao npeameTa [6].

Anasi3 ocTaHHiX JocaifkeHb i ny6uikanii. [cHyto4ya cucreMa oTpuMaHHs npodeciiiHoi ocBiTH B ii KJ1a-
CUYHOMY BUIJIsIAL, cpopMoBaHa paHille cborosHi He € eGeKTHBHOIO /151 TOBHOLIHHOTO BUPilleHHsI TPO6JeMHU
niroTOBKM MakbyTHIX KaApiB i ix BUXoBaHHSA. Y npoueci nepexoAy 6araTbox MO4YaTKOBHUX CII€Lia/IbHUX OCBIT-
HiX YCTAHOB B PEXXUM OpraHi3aniiiHo-mpaBoBOl aBTOHOMHOI ¢popMU OJHUM 3 KJIIOUOBUX PaKTOPIiB € aKTHUB-
HUI PO3BUTOK L{IJIbOBOI CIPSAMOBAHOCTI BIPOBa/PKyBaHUX OCBITHIX Mporpam. 3a J0NOMOr010 JaHOT0 aCeKTy
MPOBOAUTLCS MiZIBUILEHHS 006CATY BUOOPY YUHIB Pi3HUX PiBHIB i TUNiB 0cBiTH, 110 cripusie $OpMyBaHHIO BU-
poO6JieHHs aKLeHTiB Ha BUMOTHM Cy4YacHOT0 PUHKY npari. Kio4oBUM npu nboMy € po3po6Ka i BIpoBa/pKeHHS
niXoiB 10 CK/IaZlaHHS 3MiCTY i 3ac06iB HaBUYaHHS Y4YHIB 3 ypaXyBaHHSM BUKOPUCTAaHHSA cy4yacHoi HaykH [3].

CJ1iJ1 3a3HAYMTH, 1110 OJJHUM 3 HaN6i/iblI epeKTUBHUX HANPSAMKIB MiZIBULIEeHHS IKOCTi HIPOBEJIEHHS OCBIT-
HBOT0 IPOIECY € iHTerpalis MyJbTUMeAiHHUX 3ac06iB i TexHoJOTIH. [lops 3 UM, HEBi'EMHOK YaCTUHOIO
npolecy HaBYaHHSA CTalOTbh KoMI'IoTepHi iHpopmaniiHi TexHosorii [5]. CydyacHi MynpTUMe[iitHI TeXHOJIO-
rii (MT) miATpUMKH poueciB yTBOPEHHS aKTUBHO BUKOPUCTOBYIOTHCS B IKOCTi OCHOBH /151 OPMYBaHHS
HOBOTO HaNpsIMy HaBYaHHs, ToMy 10 MT 3acHOBaHi Ha BUKOPHUCTAaHHI iIHTEPAaKTUBHUX i 004YUCIIOBAJIbBHUX
MOXXJIMBOCTEH KOMIT'IOTEPIB, i3 3aiTHHAM MOB i TexHOJIOTil mporpamMmyBanHs. MT HaBYaHHS KOHIENTYab-
HO MOXYTb OYTH BHpPaKeHi y BUIJIA/i HA60py TeXHOJIOTil MiATPUMKH MPOLECIB YTBOPEHHS, 1110 CIPUSIOTh
epeKTUBHO BUKOHYBATH NMPOEKTYBaHHA i po3po6ku 3MicTy, dopM i MeTo/iB HaBYaHHSA [JIs MiJBULIEHHS
AKOCTi 3a6e31eYeHHsI HABYAJIbHOTO NPOLECY, SKi nepei6a4aloTh BUKOPHUCTAHHS MPOrPaMHUX TEXHOJIOTIH
inpopmanifiHuX 3aco6iB [2]. MysbTHMeAia SIK ABUILE Ta IHCTPYMEHT OCBITH SIBJISI€ CO600 KOMIIJIEKC MOB’S-
3aHMX i B3aEMOJiI0UMX allapaTHUX | IPOrpaMHUX 3ac006iB i TEXHOJIOTIH, AKUN 341 CHIOE MIATPUMKY KOPHUCTY-
BadiB B IX po6OTi 3 pi3HOPIAHMMH JaHUMU BEJTUKHUX 06CATiB, siKi opra”izoBaHi y Bur/saai ninicuoi indpopma-
[ifiHOTrO cepenoBuina. TakoXK, MyJIbTUMe/lia K SBUIIE, 03HAYAE SIKUNCh CIEKTpP iHpopMariiHUX TEXHOJIOTIN
JUIs1 Ha6iap1 epeKTHBHOIO BIVIMBY Ha KiHLIEBOro KopucTyBaya [4; 5].

MeTol0 CTaTTi € NpoBeZleHHS aHaJli3y 0c06JMBOCTEHN Ta 3ac06iB PO3POOKH iHTEPAKTUBHUX CUCTEM
3 MiATPUMKOIO TEXHOJIOTIH JoMOBHEHOI peasbHOCTI A5 cbepu ocBiTH A1 GopMyBaHHA KOHIenLii mo-
Jasbiioi po3po6Ky NOBHOOYHKIiOHAAbHUN iHPpopMaLifiHOI cHcTeMHU NiATPUMKY BUBYEHHS CTYAeHTAMHU
HaBYyaJIbHUX AUCLHUIIIH.

BukJsias 0CHOBHOTO MaTepiasy. Y 3B's13Ky 3 THM, 1[0 cTpiMKui po3BUTOK IT 3HaXoAuTh CBOE Bimo6paxeH-
HS B OCBITHbOMY Hporeci, Bce 6i/bIIoi aKTyaJbHOCTI B AaHil chepi HabyBatoTb MT y Burisai BiptyanbHoi
peasbHOCTi (VR), X04a BOHM CTa/IM 3aCTOCOBYBATHUCS BiJHOCHO HE/IABHO.

B nanwuii yac VR TexHos10rii 3aCTOCOBHI B pi3HUX OCBITHIX Mpo1iecax, B TOMy 4ucJi [6]:

1. Y x/1acuyHOMYy cepe/iHIO 260 BUILY OCBIiTY 3a paXyHOK MOKJIMBOCTEN [JONIOBHEHHS HaBYaJIbHUX 3aHATh
VR-cuMynsiLi€ro Ha KiJibKa XBUJIMH, 1110 BHOCUTB Gi/blile pO3yMiHHS MPOLECIB, [0 PO3IJIsAJaI0ThCH.

2. [lpu pucraHuiiHoMy HaB4yaHHI VR f03Bossie 06’'€fHAaTH yUHIB i BUKJIaa4yiB B €AMHOMY BipTyaJbHOMY
npocTopi, BipTyasbHOI K/1acHiM KiMHATIi, B peKHMMi peasibHOT0 Yacy 3abe3nevyoyd iHTepaKTUBHHUHM OCBITHIH
npotrec.

3. [lna camocTiiiHOTO 0CBiTH VR MOX€E BUKOPUCTOBYBATHUCS [Ji1 OCBOEHHS MOB, IPOXO/XKEHHS €KCKYPCii
abo BiABifyBaHHSA BipTya/JbHUX My3eiB, BUKOPUCTOBYIOUH CHeliaJbHi OKy/IpH i BCTAHOBUBIIN MOGiJIbHI /10-
JlaTKH Ha cMapTQOHHU.

[Nonynsipuum HampsimoM VR € TexHostorii po3mrpenoi peasbHocTi (AR), 10 BiApi3HAIOTHCA Bif HUX THM,
110 ZI0/Jal0Th PeaJbHOTO CBIiTY JlesKi iHTepaKTUBHI [Iapu ab60 eJleMeHTH TPUBUMIpPHOTO npocTopy. Takum 4u-
HOM, KOPUCTYBa4i cUCTEM 3 MiATPUMKOI0 AR MOXKyTh 5K i paHilie B3aeMoAisTH 3 Gi3UYHNUM CepesOBUILEM, OT-
PUMYIOUH NIPH Iie J0AATKOBY iHpopMaliro BiJ| CBOiX MpUCTPOIB abo AoaaTKiB. BukopucranHs AR TexHoJorid
B HaBYaHHi, 30KpeMa, [{03BOJISIE: MiIBUILUTH iIHTEPAaKTUBHICTh HABYAJIbHUX MaTepiasiB JiJ1s Y4YHIB, 110 pOGUTH
ix 6i/ibII 3pO3yMiMIUMHU i I[iKaBUMU; 3a6€3Me4YnTH Oi/IbLI TJINO60Ke 3aHYPEeHHS YYHIB B OCBiTHIH mporec 3a J10-
noMoroto BUKopucTtaHHs 3D-Bisyanizarnii i enemeHTiB reiimidikauii [7].

3actocyBaHHs TexHosoriii AR crpuse 6inbiu IKICHOMY HaZJaHHIO YYHSIM NPAKTHYHOIO JOCBiZy, 3HMXKYE
BI/IMB Pi3HUX Bi/|BOJIIKAIOUNX YNHHUKIB, IKi YCKJIaJHIOIOTB [TPOLieC CIPUHHATTA iHdopMauii i cnpolnye ckiaazHi
SIBUIIIA i MpolecH A4 iX ycBijoMmieHHs [8].
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B naHuii yac Ha pyHKY pileHb B 06.J1acTi AR icHye Kiibka miiaTgopm i mporpaMHUX pillleHp, o TiATPUMY-
I0Th TEXHOJIOTII Ta 3acCO06U PO3PO6KHU JOAATKIB, PO3T/ITHEMO AaJli HAMOIIbII aKTya IbHI 3 HUX.

1. Unity 3D - siB/1si€ 06010 KOMIIJIEKCHY CepeAy AJisi CTBOPEHHS Pi3HUX KOMIT'IOTEPHUX irop Ta iHTepaKTUB-
HUX IIpOrpaM [iJis Pi3HUX LiIbOBUX M1aTdOpPM i onepaniiHUX CUCTEM, iIMIIEMEHTYE Habip pi3HUX mporpam-
HUX 3aC06iB i TEXHOJIOTIH, 1110 BUKOPUCTOBYIOTHCS MPY po3po6Iii Mporpam, B TOMY YHCJIi TEKCTOBUH PeaKTOP
KOJy, KOMITI/IITOP, MOZYJIb HAaJIarO/PKeHHS 3 NiATpUMKOIo 3aco6iB AR / VR.

3aBAAKM MOAYIBHOCTI 1 THY4YKOCTI BUKopucTaHH4, Unity cnpollye BUKOHaHHA PYTUHHUX onepaLii npu
po3po61ii 10AaTKIB, B TOMY YMCJIi 3aBJSKH 6araToMy 4YUCIy maaTdopM, 10 NiJTPUMYE JBHUKOK CHCTEMH.

Cepepna Unity MiHiMi3ye npouec HanmMcaHHS KOAY, pobJITYM aKLIEHT Ha HaJAlITyBaHH:A iHTepdeicy i 06'eKkTiB
JlIOJIaTKH B iHTEepaKTHBHOMY BUIVISZ], LJISIXOM pefaryBaHHs clieHH i 1l mapameTpu3arii [9]. KomnoHeHTHU cKk1az,
cucteMHu Ha 6a3i Unity HaBeieHO Ha puc. 1.

B cucTeMi BUKOPUCTOBYETHCS KOMIOHEHTHO-OPIEHTOBAaHMH MifXiJ, KOJM PO3POOGHUK MOYMHAE MpOLeC
CTBOpPEHHS NMPOrpaMy 3 OKPeMHX 06'€KTiB, BUCTABJ/ISAIOYU NMOTPiOHI MapaMeTpH BimobGpaxeHHs i onucyrouu
MOPSAJ0K B3aEMO/IT Mi>k HUMH, B Mipy He0OXiZHOCT] JOMTOBHIOIOYH CLieHY Pi3HUMH KOMIIOHEHTaMH (Bizo6pa-
>KeHHs 260 yIpaBJIiHHSA 06'€KTaMH ).

3aBasku migrpumni ¢yHknii Drag & Drop B iHTepdeiici rpadiuHoro pemakropa cepefoBulla CTaBaTH
MOXKJIMBOIO 300paXKeHHsI KApTH KOOPAUHAT i paccTaBKi 06’EKTIB Ha CIleHi 3 TOJaIbIINM TECTyBaHHSAM POOOTH
nporpam# [10].

CytreBa nepeBara Unity 3D nosifirae B migTpuMIi i mocTiliHOMy OHOBJIeHHI 6i6sioTeku AcceT i muiariHis,
1110 PO3IMIUPIOIOTH | NPUCKOPIOIOTH MPOLEC PO3POOKH MPOTrpaMH.

Mixed and Augmented AR VR
Reality Studio (MARS) Apps Apps
T s e,

. . XR Interaction
AR Foundation < Toolkit

! !

XR Subsystems

XR Plugin

Unity XR SDK
o Al Al ’;\ | o Al
) M —— ) ) K
ARCore XR ARKit XR Oculus XR Windows XR Magic Leap VSP/3rd Provider
Plugin Plugin Plugin Plugin XR Plugin Party XR Implementati

Plugin

Puc. 1. KoOMnnoHeHTHUH CKJIaJ cMCTeMHU Ha 6a3i Unity

CksiagnicTio Unity € BUCOKe HaBaHTaXXeHHSI Ha O0OYMC/IIOBAJbHI MOXK/JIMBOCTI KOMI'I0OTepa, yepe3 1110 Ha
He Ha/JITO Cy4acCHOMY allapaTHOMYy 3abe3ne4yeHHi po60Ta 10 peH/lepUHTY i po3pobLi 0/JaTKiB CIIOBiIbHIOETb-
cs1. Po3po6ka MacmiTaGHMX, HACHYEHUX i CKJIAJHUX CLieH MOXKe HeraTUBHO NMO3HAYMTUCS Ha 3arajbHii npo-
JYKTUBHOCTI J0AaTKa, B 3B’A3KYy 3 UMM He0OXi/lHO NpoBeJleHHs Npolie;ypy onTUMizalil iioro po6oTy, 1110 He
3aBx/u ePpeKTUBHO i peHTabebHO.

Ille ofHUM He/I0JIiIKOM € JOCUTb BUCOKUM 06CAT 3aliMaHOr0 NMPOCTOPY J0AATKIB Ha 6a3i Unity.

2. Vuforia. OfHiero 3 HaMGibLI NONYIAPHUX TexHoJOTiM migTpuMku AR guis Unity € Vuforia, mo npeg-
cTaBJsie cob60to0 1aTGopMy A/ NiATPUMKHU npoleciB cTBopeHHs AR oAaTKiB A/1s1 NOPTaTHBHUX NIPUCTPOIB
(cmapTdoHiB i IU1aHILIETIB HAa pi3HUX OoNepalifHUX cUcTeMax).

JaHa niatdopmMa Z,03B0JIsIE 3aCTOCOBYBAaTH TeXHiYHO edeKTUBHI i mIBUAKO/IIOUI TexHO0TiI po3ni3Ha-
BaHHs rpadiuHUX 306pakeHb Ha OCHOBI iMILJIeMeHTallii a/IrTOPUTMIB i METO/IiB KOMIT' IOTEPHOTO 30py B dizuy-
HUX NIPUCTPOSIX AJs 3'€AHAHHS peasbHOTO CBIiTY 3 LMPOBOIO BipTya/lbHUM cepefoBUILeM. PaKTU4HO, BeCbh
uelt GyHKIioHaM 3HaXo04UThCA B Ha6opi Aus (SDK), skuit HaJlae po3poOHUKAM IHCTPYMEHTH /11 CTBOPEHHS
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AR popaTkiB. 3okpema, Vuforia SDK Hazjae HacTyIHI MOXXJIMBOCTI: 3BOPOTHI BUKJIMKH JJisl IOAIN; BUCOKO-
piBHEBUH JOCTyN A0 anmapaTHUX 6JI0KaM; KiJibKa 06'€KTiB BifcTe)XeHHs: 300pakeHHs,, MHOKUHHI MillleHi,
UUAIHAPUYHI MillleHi, MapKepH KaApy i 06’eKTHA MilleHb; B3aEMO/il 3 peaJIbHUM CBiTOM 3a /I0IIOMOTI010, Ha-
MPUKJIaZ, BipTyasbHUX KHOMOK [11].

KurouoBi komnoneHnTH AR B Vuforia nje: gani kamepu npucTporo; JaHi npo MiciesnaxomxeHHs (GPS); cen-
COpHI AiaHi, OTpUMaHi Yepes AAaTYUKH NPUCTPOI; 3ac06M HaK/IaZeHHS TPUBUMIipHOI KoMIT'toTepHOi rpadiku Ha
aKTUBHY cleny [8].

KomnonenTHui ckiaag Vuforia SDK HaBegeHo Ha puc. 2.

Cloud Target

Pixel Format
Conversion

Application

Converted
Frame

f— o — . — —

Tracker

Image Frame Multi Image Virtual
Target Marker Target Buttons

Render
Camera
Preview

Converted
Frame

Target
Snapshot

State
Pose

Detect New Objects

Track Detected Objects

Evaluate Virtual Buttons

Buttons

Puc. 2. KomnonentHui ckiaj Vuforia SDK

3. Unreal Engine, cucrema € 3aTpe6yBaHoI0 AJ1s1 cTBOpeHHsI KOHTeHTY B VR i AR, nmpaljtoe Ha 6a3i BUKOpHU-
cranHs MoBH C ++, a Tak caMo cepeioBuIa po3po6ku Blueprint.

[ligTpumysani Unreal Engine niatdopmu AR (Android, i0S), VR (Google VR, Oculus, Gear VR, SteamVR,
Windows MR) [9].

Cepen 6e3Jiui mosinuieHs, nepej6ayeHUX CUCTEMOIO, JOJAHUH PpeliMBOPKOM J0ONOBHEHOI peasbHOCTI
(Augmented Reality Framework), peanisye nifTpumky foaaTkis a5 i0S i Android, BUKOPUCTOBYOYM EUHUI
Ko/, 3 miaTpuMkoto yHkuii Light Estimation, Pinning, Alignment, Trace Results, Session State i Tracking. ®yHk-
Llig Bi3yaJsizalil KOHTPOJIepiB pyXy KOMIIOHEHTIB [J03BOJIS€ KOMaH/i OnlepaTUBHO J04aBaTy MoJeJib Bidyasi-
3auii Static Mesh. 3a 3amoBUYyBaHHAM Mojiesb 6yae Bignosigatu Oculus Touch, 3 miATpUMKOIO 3aBaHTaXKeHHS
NMpU3HAYeHUX [ KopucTtyBadya 3D-nmpoekTiB. [lis cnipoiueHHs npouecy po3roptaHHs Unreal Engine Buko-
PHCTOBYE CUCTEMY 3a/IEXKHUX KOMIOHEHTIB, miATpUMye cuctemu peraepunra (Direct3D, OpenGL, Pixomatic),
BiITBOpEHHS 3BYKY, 3aCOOU BiITBOPEHHS I0JIOCOBOTO TEKCTY, MOAYJI JIJIT POGOTH 3 KOMII'IOTEPHOI0 MEPEeX.
JonaTtkoBo, kopuctyBaui Unreal Engine MoxxyThb 3’eHyBaTu Maya i neperisiiaTu 3po6JieHi 3MiHU B peJjlakTopi
UE4 B pexxyuMi peasIbHOT0 4acy.

4. ARCore € koMmiekcHUM Hab6ip 3aco6iB (SDK) as1s1 po3po6bku npukaagHuX nporpam s cimeiicrea OC
Android nix cmaptdonu i niadmeTy. Po3po6HUKY BUKopUucToByoTh dyHKnioHan ARCore npu po3po6ii Mo-
ZyJiB 1 0AATKIB, 1110 BOJIOAIIOTh iIHTEPAKTUBHICTb, 3 BUKOPUCTAaHHAM MOX/IMBOCTel AR.

[Ipuknaz apxiTekTypu cucteMu Ha 6a3i ARCore HaBeZieHO Ha puc. 3.

ARCore ineHTH}iKyE rOpU30HTAIBbHI OBEpPXHi HA 300pa’KeHHI i CTEXKUTH 32 pyXOM KaMepH npuctpo. Cu-
cTeMa 6a3yeThCsl Ha TAKUX TEXHOJIOTISAX: pO3Ni3HAaBaHHSA eJleMeHTiB HABKOJIULIHBOTO CBiTY (MOIIYK FOPU30H-
TaJIbHUX MOBEPXOHb i po3paxyHOK ix pisnuHuX po3MipiB); AeTekuus pyxy o6’ekTiB (dikcalis BipTyanbHUX
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06’eKTiB B paMKax 3axX0IJIeHOI TOBePXHi MpH pyci cMapTdoHa); OLliHKa CTYIeHs OCBITJIEHOCTI ClieHH (3abe3ne-
YyeHHs peaklil BipTya/bHUX 00’€KTiB Ha iIHTEHCUBHICTh OCBITJIEHHS LIUIIXOM BHECEHHS GY/b-IKHUX LIYMiB a60
3MiH Horo Bi3dyasbHOrO cTany) [8].

P =z | WebView l
: < - .
V-Play Qt Plugin 5 Wikitude Plugin = . i
- 2D/3D Augmentations 3D Rendering
._ i0S ‘ il
Calibration Plugin Image Object/Scene SLAM Engine
Manager Manager Recognition Recognition LAM Engine
Core anage ANage SCOR) mecognit
Components
Geo AR Sk ARCore ARKit
Recognition
Compute Engine Intel x86 SSE ARMVF ARMvE GPGPU arm
p - optimizations timizations. timizations optimizations -

Puc. 3. TunoBa apxitektypa cucremMmu Ha 6a3i ARCore

ARCore BHUKOHYE NOIIYK KJacTepiB xapaKTepHUX TOYOK Ha 300pakeHHi, siki po3TallloBaHi Ha rOpPU30H-
Ta/IbHUX NTOBEPXHSX, Ha 6a3i Y0ro BOHU MOXXyTh BUKOPUCTOBYBATUCS JOAATKOM IIPX PO3MITIi MJIOIHH.

B ocHoBi Bciel Jioriku ARCore posTauioBaHa TexHoJioriss SLAM (siokasisanist i po3miTka), iMmieMeHTanis
SIKOI IPU3BOJUTD A0 PopMyBaHHs KapTH y BUMAAi rpadika 3D Touok. BoHU ABJIAIOTH CO60I0 MEBHUM YHHOM
po3pi/KeHUM XMapa, B IKOMY KOXKHa OKpeMa BifIMiTKa BiZjlOBiflae KOHKPETHHUM KOOpJMHATaM BipTya/JbHOTO
ONTUYHOr0 06'eKTa [9].

PosrisiHyBLIM HaBefeHi 3ac06U JJOLIIbHUM € 06paHHsA cucTeMu Unity, sk Hal6ibII TEXHIYHO PO3BUHYTOI
Ta yHiBepcasibHOI AJis1 3aBJaHb PO3POOKH iHTEPAKTUBHUX CUCTEM 3 NiJTPUMKOIO PO3IIUPEHO] peasbHOCTI.

TUnoBO10 NPONOHOBAHO KOHIIENIi}0 NPOEKTY CUCTEMH [l MiATPUMKH NPOLECiB OCBITH MoXe 6yTH MO-
6isibHe 3acTOCyBaHHS (3acHoBaHe Ha cucTteMi Unity), MeTa sikoro noJsisirae y 3abesnedeHHsi MOX/JIMBOCTeH iH-
TepaKTUBHOI'0 BUBYEHHS PSAAY M0JIOKeHb HaBYa/JIbHUX JUCLUILIIH /19 NiABULeHHS eQeKTUBHOCT] 3aCBOEH-
Hs MaTepiaJiB 3,06yBayaMy BUILO] YU cepeiHbOI OCBITH.

3aB/iaHHS MOGIIBHOI0 3aCTOCYBaHHS:

- opranisanis nepcoHi¢ikoBaHOro JJOCTyMy 3a JIOTiHOM i TapoJieM;

- peasiizallig NiATPUMKHU Npolecy BUBYeHHs iHpopMalii B paMKax KJIaCHUX 3aHATb 3 Ha4aJbHUX JAUCIU-
IJIiH IIJIAXOM BHECEHHS] B CUCTEMY eJIeMeHTIB pO3IINPeHO] peajbHOCTi;

- 3abe3neyeHHs MOXJIMBOCTeH OLiHKH PiBHA TEOPETHUYHOI MiATOTOBKY 3 HaBYaJIbHUX JUCLHUILIIH M-
XOM iHTerpaii TecTiB KOHTPOJIIO 3HAHb.

LisiboBa ayauMTOpis CUCTEMU MOXe CKJIaJaTUCA 3 YYHIB cepe/iHiX | BUIYCKHUX KJIACIB LIKIiJ i MOYaTKOBUX
KypCiB KoJIe/[XXiB, @ TAKOX A5 BCiX 6aKalouyMX 03HAWOMUTHCS 3 TEOPETUYHMMHU aclleKTaM{ HayaJbHUX JIHC-
LIMILIiH.

KitouoBi pyHKILiOHA/IbHI BUMOTH:

- peecTpalis A5 JOCTYNY B CUCTEMY;

- aBTopu3alif B cucTeMi 3a JIoriHOM i mapoJieM (B 3aXUILlEHOMY PeXUMi Bijo6paKeHHs);

- BUOGIip pexxuMy po60TH 3 10JjaTKOM (Teopist a60 NpaKTUKa);

- BUOIp po3/iNy TeOpeTUYHUX I10JI0KEHD;

- BUOGIip Nipo3Ainy aKTUBHOTO PO3Aiay AJisi BUBYEHHSI KOHKPETHUX HaBUYaJIbHUX MaTepiaiB;

- MpPOXOJKeHHS TeCTiB 3 06paHOi TEMaTHKWY;

- OILiHKa pe3yJbTaTiB TeCTYBaHHS;

- akTuBauis pexxumy AR uepes inTerparito APl kamepu MOGiJIbBHOT'O MPUCTPOIO;

- 3axoIlJIEHHS 300pa)keHHs 3 KaMepU MOOGiIbHOI'0 IPUCTPOIO;

- po3misHaBaHHS Mapkepa (306pakeHHsI NPUB’SI3KU 06'€KTA) HAa 300paXKeHHi 3 IOTOKY KaMepH MObiIbHO-
ro IpUCTPOIo;
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- 3aBaHTaXeHH# i akTuBalis AR 06’ekTa B pekMMi aKTUBHOI KaMepH MOGIIbHOI'0 IPUCTPOIO;

- JvHaMiuHe Bifo6pakeHHs (aHiManis) AR 06’ekTa B pexkMMi akTUBHOI KaMepH MOGIJIbHOT'0 TPUCTPOIO.

TosioBHI He QyHKIiOHAIBHI BUMOTH:

- kpocmiardopmMeHicTh (po6oTa nifg pisHUMH onepaniiiHuMu matdopmamy, Android, i0S);

- 006car nigcymkoBoro daiay 6inaa (Ha npukiaagi Android - apk makera) npoexty He 6isbuie 100 M6;

- 006cAr 3aiMaHoi onepaTuBHOI nam’ATi He G6ibuie 400 M6;

- peHpaepuHr moaesied AR Ha ekpaHi akTHBHOI KaMepH 10 BCiK 06J1acCTi 3aX0MNJIeHHS;

- KOpeKTHe BifobpakeHHs (MacmITabyBaHHs) eJleMeHTIB iHTepdelicy i po6oTa mporpaMu Ha JliaroHaJIsAX
eKpaHiB MOGIIbHUX MPUCTPOIB Bif 5 ArolMiB i Buie 3 03BosioM Big 800 Ha 600 mikceJtiB i BUIIe.

BHCHOBKM Ta nepcrneKTHBH NOAAIBIINX JOC/IiJKeHb. B pe3ybTaTi NpoBeeHUX JOCHiKeHb BCTAaHOB-
JIEHO, 1[0 Cy4YacHi M06i/ibHI TeXHOJIOTi | CHCTEMU pO3IHMPeHOi peaJTbHOCTI MAlOTh 3HAYHUN TEXHIYHUH IOTEH-
LjiaJ, AKHUU MOXXe MaTH NpHUKJIaJHe BUKOPHUCTAaHHA B paMKax OCBITHBOTO NMPOILECY B HaBYaJIbHUX 3aKJaJaX,
JI03BOJISIDYM CIPOCTHUTHU MPOLEC iIMIJIEMEHTAll IK 04YHOrO, TaK i JUCTAaHLiHHOTO peXMMY HaBYaHHS, L0 €
BKpal aKTyaJIbHUM 3aBJaHHAM B yMOBax iCHYl0401 CBITOBOI MaHAeMil.

Ha 6a3i BukoHaHOTO aHaJi3y iCHYIOYHX TEXHOJIOTiH PO3pO6KHU J0AaTKIB pO3LIMPEHO] peasbHOCTI A1 pi3-
HUX MPUKJIAJHUX chep MOXKHA 3pOOHUTH BUCHOBOK PO GaKTHUYHE JOMiHyBaHHS HAa pUHKY cucteMu Unity, sika
iMIIEMeHTYE BeJIMKY KiJIbKICTh 6i6J1i0TeK, 3aeXHOCTel i apTedakTiB, sIKi pO3UIUPIOIOTh MOXJIUBOCTI PO3-
POOKH 3i CTBOPEHHSI CUCTEM 3 eJIEMEHTAMHU JOTMOBHEHOI peasIbHOCTI. JIJIs MOJaIbIIOTO CTBOPEHOI KOHIIeMIIii
MPOEKTY iIHTEPaKTUBHOI CHCTEMH MOXKYThb 6yTH 06paHi HACTYIHI 3ac06U PO3POOKH: [JIsI HAIMCAHHS IPOrpaM-
Horo koxy - moBa C #, AJis CTBOpEeHHS NMPOEKTIB KJaciB i pejaryBanHa koay — cepenouiie Visual Studio,
JLJIS CTBOPEHHS CTPYKTYPH i iHTepdeicy 10AaTKYy, a TAKOX Mi/IKJIF0UeHHS TEXHOJIOTiH JOMOBHEHOI peaIbHOCTI
cuctemu Unity.

[lepcieKTUBHUM HANPSIMKOM NMOAAJBLINX AOCII/PKEHDb € aHa/I3 HMIJISIXOM pPO3pPO6KH KOPIOPATHBHUX MO-
OITbHUX I0JATKIB i cHCTeM, 10 BKJIFOYAIOTh B CBiM CKJIa/| HAUGI/IbII Ii1bOBI QYHKLIT 3 MiATPUMKH HaBYaJIbHO-
r'o MPOLECY /sl CTBOPEHHS €JMHOr0 YHipiKoBaHOr0 M06iILHOTO cepBicy A iHTerpauii KoMIIEKCY pillieHb B
cdepi ocBiTH Ha JiepKaBHOMY piBHi.
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PO3POBKA CUCTEMH NIATPUMKHU MPUAHATTS PILIEHD
A1 MEHE/KEPA 3 YITPABJIITHHA IT-NPOEKTAMU

AHomauyis. I[Ipobaema epekmugHo20, A8MOMaMuU308aH020 Ma WEUIK020 NOWYKY a0eK8amHUX 8apiaHmie supiueHHs
51K onepayitiHux, mak i cmpameziyHuUxX NnuMaHbs, cy4acHumu meHedxcepamu IT-npoekmie He € gupiwieHo0 y nosHil Mipi ma
nompe6ye 3acmocy8aHHss He MiAbKU AKICHUX, a U KiaibKicHUM hidxodie do oyiHKu Halibinbw iMOBIpHUX a/1bmepHamus.
Memoro cmammi € onuc ocobaugocmell po3pobku cucmemu niompumku nputiHammsi piuieHs 0.1 MeHedxucepa 3 ynpasaiH-
Hs1 IT-npoekmamu 045 popmanizayii cknadnux cumyayii 3 geaukoro Kinbkicmio aabmepHamus. Peaaizayisi nocmagaeHoi
Memu neped6avae supiwieHHs HU3KU 3a80aHb: 1) aHaxi3i cyyacHux achekmie ma npobaemamuku npoyecy npuliHimmsi
piweHb MeHedxcepamu npoekmis i3 ypaxy8aHHsM ix eupobHu4oi disabHocmi; 2) aHanizi memodie oyiHKuU UMOBIpHUX a1b-
mepHamus; 3) po3pobyi koHyenyii, a1zopummy ma 0CHOBHUX opM iHmepdelicy 0415 06pobku daHux kopucmysavem. Ha-
YK08a HOBU3HA. Y cmammi p032110aembCsi MOKCAUBICMb 3CMOCY8AHHA Memody aHaAi3y iepapxill y cykynHocmi ¢ me-
modamu cucmemHo20 aHaAi3y 015 supiuleHHs1 3a80aHHs1 asmomamu3ayii OYiHKU MOXCAUBUX A1bMEPHAMUBHUX cYeHapiis
pO38UMKY cumyayiii WAsIXOM po3paxyHKy CKA1a008Ux 8eKmopie ma YuceAbHUX NOKA3HUKIB. Ik 6UCHOBOK, y cmammi Hazo-
JI0WYEMbCS, WO cucmeMu nidmpumku nputinimmsi piwueHs Ha 6a3i BUKOPUCMAHHA Memodie ma as120pummie CucmemHo20
aHanisy, 30kpema memoda aHa.izy iepapxiil, € epekmueHUM MexXHIYHUM 3ac060M asmomamu3sayii npoyecy oyiHku pizHuUx
eapianmie 0iti meHedxcepis IT npoekmis y pizHux cyeHapisx po3gumky nodiii nid 4ac 8UKOHAHHS BUPOGHUYUX NPOEKMmia.
Pesyiomamu po3pobku cucmemu niomeepdxcyoms ii 3ampebysaricms, yHKYiOHAIbHICMb Ma HAO4YHICMb 0151 BUKOPU-
cmaHHa meHedxcepamu IT npoekmie ma iHWUMU KepyoHUMU Nocadosysmu 0151 3MEHWEHHS UMO8IpHOCMI NOMUAKU Yepe3
Arwdcwbkuli gakmop. PeasizosaHi y cucmemi 8i3yanvHi moscausocmi nepezasdy ma 3icmag/ieHHs pi3HUX a/bmepHamue
00HY 3 00HOH 00380/15110Mb 3a6e3nevyumu 0oCMamHill pieeHb NOPiIBHANbHO-AHAAIMUYHUX MOXCAUBOCMell MeHedxcepd npo-
ekmy nid yac npuliHImms piwieHHs1.

Kawuosi cioea: cucmemu niompumku nputiHsimmsi piweHv, ynpasaints IT npoekmamu, Memod aHanizy iepapxiti.

DECISION SUPPORT SYSTEM FOR THE IT PROJECT MANAGEMENT MANAGER

Abstract. The problem of effective, automated and rapid search for adequate solutions to both operational and strategic
issues, modern IT project managers is not fully addressed and requires the use of not only qualitative but also quantitative
approaches to assess the most likely alternatives. The aim of the article is to describe the features of developing a decision
support system for an IT project management manager to formalize complex situations with many alternatives. Realization
of the set purpose provides the decision of a number of tasks: 1) the analysis of modern aspects and problems of process of
decision-making by managers of projects taking into account their production activity; 2) analysis of methods for assessing
probable alternatives; 3) development of the concept, algorithm and basic forms of the interface for data processing by the
user. Scientific novelty. The article considers the possibility of applying the method of hierarchy analysis in combination with
methods of system analysis to solve the problem of automating the assessment of possible alternative scenarios by calculating
the constituent vectors and numerical indicators. In conclusion, the article emphasizes that decision support systems based
on the use of methods and algorithms of system analysis, including the method of hierarchy analysis, are an effective technical
means of automating the process of evaluating different actions of IT project managers in different scenarios during production
projects. The results of the system development confirm its demand, functionality and clarity for use by IT project managers
and other management officials to reduce the probability of error due to the human factor. The visual capabilities of viewing
and comparing different alternatives implemented in the system allow to ensure a sufficient level of comparative and analytical
capabilities of the project manager during decision-making.

Key words: decision support systems, IT project management, hierarchy analysis method.

AxTyanbHicTh Npo6eMu. B jaHuil yac MOXKHA criocTepiraTi 3poCcTaHHs 06CATIB i BUCOKOIO CTYIEeHs He-
YiTKOCTI, 1110 HaJIXOAUTH J10 KEPIBHUKIB i MeHemkepiB, piHaHCOBOI, opraHizawiiHoi, TexHiuHOI Ta iHIIOI BUJIB
inpopmanii. Uepes 1je HEOOXiJTHUM € BUKOPUCTAHHSA iHGOpMaLIMHUX CUCTEM i MPUKJIAAHUX MPOrPaMHUX IMPO-
JYKTIB, 110 [J03BOJISIIOTh MOJIETHINTY NPOLeCH NPUUHATTA pillleHb LIJIIXOM aBTOMaTH3allii npoleciB nepe6opy
MOXXJIMBUX 1 HalGiIbLI IMOBIpHUX clieHapiiB 3 6e3.1i4i asibTepHaTUB [1]. He AUB/IsSYMCh HA HAsABHICTb FOTOBUX
MPOTPaMHUX NPOAYKTIB He BCi 3 HUX MOXYTb OYTH MIBHJIKO i IPOCTO iHTErpOBaHi B peasibHi NMpolecy npari B
KOHKpPEeTHUX OpraHisallisx B uepes iXHI0 CKJIa/IHICTb, HepeHacuieHoCcTi QYHKIiSIMU i BUCOKOIO BapTiCTIO JIilleH-
3iit. ToMy, BUBUEHHSI MOXXJIMBOCTEH, 3ac06iB i TeXHOJIOTIH [1/1s1 pO3pO6KHU CUCTEM MiATPUMKU NPUUHATTS pillieHb
(CIIIIP) € akTyanbHOIO i 3aTpebyBaHO 3aBIaHHSAM B Cy4yacHOMY 6i3Heci [2].

CyyacHa KOMaH/ja pO3pOOHUKIB pi3HUX MpPOrpaMHUX pillleHb B MiHiMasibHOMY Habopi (Bif 4-6 4oJi0oBiK)
HalyacTillle BK/II0Ya€ B cebe HACTYIHI cniBpob6iTHUKIB [3]:

1. IIporpaMicT - 3AiMiCHIOE HaMCaHHSI KOAY IPOTPaMHOTO NPOAYKTY B paMKax poekTy. Moxke MaTH 0iHY 3
JIBOX creniastizaniit (a6o o6uaBi Biipasy): front-end (iHTepdelic cuctemu) a6o back-end (cepBepHa cTopoHa).
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2. TecTyBa/IbHUK — BUKOHYE NepeBipKHU Ta 3aTBep/KeHHs QYHKILiOHANy POrpaMHOro NPOAYKTY, CTBOpe-
HOT'0 PO3POOHUKAMU.

3. /luzaiiHep - 3/iliCHIOE TPOEKTYBaHHs iHTepdeicy cucTeMH i OKpeMux ii KOMIIOHEHTIB, 3 ypaxyBaHHIM
edekTUBHOTO i iIHTYITUBHOI0 B3a€MO/il KOPUCTYBaya 3 MPOTPaMHHUM IPOLYKTOM.

4. Timaif — Jiflep KOMaHAY, AKUN 3/iMCHIOE TEXHIYHY NepeBipKy i po3MnojiJ 3aBaHb B paMKaxXx KOMaHAU
PO3pOOHUKIB i Hece BiANOBiAAIBHICTE 3a JOTPUMAHHA SIKOCTI i TEpMiHIiB pO6OTH.

5. AxMinicTpaTop - BUKOHYE KOHOIrypauiro i TexHiYHy NifTPUMKy po6OTH amapaTHOro 06J/afHaHHSA Ta
p06040ro MpOrpaMHOro OTOYEHHS /15 YJIEeHIB KOMaH/H.

6. Crieniastict mo 6a3ax JaHUX — IPOEKTYE JIOTIYHY CTPYKTYPY i B3aEMOZAit0 Mixk cyTHOCTAIMU B/l

Y 3B’13Ky 3 pi3HUM XapaKTepoM JislIbHOCTI KOXXHOTO CHiBpOOITHMKA HEOOXiJHUM € KOOpAHWHAIis i
IIJIAHYBAaHHA X Npali 3 MeTO BUKOHAHHSA NPOEKTY B TEPMIHU | Ha HaJIe)KHOMY DPIiBHI AKOCTI, a TAaKOX
MOLIYK 3aMOBHHUKIB. /laHi 3aBAaHHs JooMarae BUPiIIUTH MeHepKep, KU € 0c06010 NPUHMAIOTh yIIPaB-
aiHcbki pimenns (JIIP) [4].

Anasi3 octaHHixX gocaimxkens i my6aikanii. CyqacHuin menemxkep (MII) npeacrasisie co6or daxiBus
IIMPOKOTO KOJIa KOMIIeTEeHIiH, AKUH 3/[iCHIOE YIIPABIIHCBKY JislJIbHICTIO B KOHKPETHIHN npeAMeTHiH 06.J1acTi,
MOB’s13aHOI 3 BUPOGHUYOI0 JislJIbHICTIO KOMNaHii.

Januii daxiBenp, K MpaBuJIo, 3aliMae NocTikHy nocay B ¢ipMi, TOMy BiH HazileHUH HEO6XiJHUMU MOB-
HOBa)XK€HHSIMH /I ONlepaTUBHOI0 NPUMHATTSA yIPaBJIiHCbKUX PillleHb Pi3HOT0 CTyNeHd BiJiIOBiAaJlbHOCTI.

KirouoBuMu oneparnisiMu B fisiipHocTi Tunosoro MII € HactynHi [5]:

1. YcraHOBKa Liijiel, TOGTO MeHeKep BU3HAYA€E | po3MOJiJisie 3aBAaHHA B iCHYIOUUX Ipynax LijeH, npu-
WMaryu pilleHHS PO NOPAJOK Ail, CIPAMOBAHUX JJIS1 JOCATHEHHS BCiX LiJIEed.

2. Opranisauis npouecy gisgjbHOCTi koMnaHil. Lle Ma€e Ha yBasi aHaJ1i3 K/IOYOBUX BU/IB JisIIbHOCTI, 3aX0-
JiB, 1110 BXKUBAKTbCA i pillleHb, pO3/iJif€ IX Ha OKpeMi KepOBaHi CyKYITHOCTI, IKi B CBOIO Yepry MOAIJIATbLCA Ha
KOHKpeTHi TpyoBi 3aBAaHHsA. [lic/is boro Moe 3/ilicHIOBaTHCA MiZi6ip BUKOHABI[IB A/ KOHTPOJIIO i BUKO-
HaHHS 10CTAaBJIEHUX 3aBJaHb.

3. IligTpuMKa npoueciB MoTHBalii i KOMyHikalii B opraHisauii. /laHa onepauisi 3ZjiHCHIOETbCS LIJISIXOM
CKJIaJIaHHS TPYA0BOr0 KOMaHAH 3 BiJioBigaibHUX Jofel. [IoTiM mpoBoAUTHCS po3po6Ka 3aX0/iB Mi/IBUIIEH-
HS IPOAYKTHUBHOCTI JislJIBHOCTI CiBpOGITHUKIB 1 3ac06iB BU3HAYEHHS SIKOCTI Iparii.

4. BcTaHOBJIEHHS MOKA3HUKIB i OJUHUIb BUMipIOBAaHHS €PEeKTUBHOCTI AiJIbHOCTI KOMITaHii.

Horo 3aanHs 3a6e3neyn Ty pO3yMiHHA i OpiEHTAIiI0 CTiBPOGITHUKIB HA pe3y/IbTaT, IPUYOMY K Ha BUKO-
HaHHA ONepaTHUBHUX 3aBJaHb, TaK | HA JOCATHEHHSA JOBTOCTPOKOBUX NEPCHEKTUB.

lle mocAraeTbca 3aBAAKU aHaJi3y, OLIHLI Ta iHTepnpeTalii OTpUMaHUX pe3yJbTaTiB 32 OKpeMi nepiogu
4acy.

5. [lizBueHHS piBHS CBO€EI KOMIeTeHIii i 3HaHb CHiBPOGITHUKIB, 1[0 /103BOJISIE 3a6€3ME€YUTH 0COOUCTIC-
HUH picT | niBUIUTH epeKTUBHICTE po60TH QipMH.

Cnenudika BukoHyBaHux MII 3aB/jaHb 3yMOBJIIOE TBOPYUH iHTEJNIEKTYyaJbHUN XapakKTep AissabHocTi. Of-
Hi€I0 3 KOHIENTYaJbHUX 3aB/laHb MeHe/Kepa € MiABULIEHHS NPOAYKTUBHOCTI BUKOPHUCTAHHS JIIOJCbKUX 260
¢diHaHCcOBUX pecypcH KoMmaHil [6].

KirouoBuMu 3aBaHHAMU 1o aBToMaTu3anii npani MII € HactynHi [3]:

- edeKTHBHA i CBOEYACHA MiATPUMKA MPOIECIB ONEPATUBHOI islIbHOCTI, OpraHi3allis 3aBJJaHHs KOHT-
poJito i 06JTiKY;

- ¢opMyBaHHS pPi3HUX TUIIB eJIEKTPOHHUX JJOKYMEHTIB /11 IapTHEPIB, B TOMY YU C/i paxyHOK-QaKTypH,
MOAATKOBI HaKJIaZiHi, 11J1I0Bi Npono3uLil, cneniajabHi MPONO3uULil /11 3aMOBHUKIB;

- omnepaTUBHE OTPUMaHHs i popMyBaHHS 3BiTiB IPO NOTOYHUM cTaH i 3HaYeHHS GiHAHCOBUX NOKA3HHUKIB
B oprasisariil 3a o6paHui nepioz yacy;

- onTHUMi3alisf BUTpayarTbCs BUTPAT HA PO6OTY CHiBPOOGITHUKIB KOMaH/M 3a JJONOMOTO0I0 MiZiBUILEHHS
cTyneHst epeKTHBHOCTI BUTPAT po60OYOTo Yacy IJISIXOM M036aBJIeHHS BiJj pyTHHHOI pO6OTH;

- 3MeHIIEeHHS HETaTUBHOTO BIJIMBY JIIDJACBKOro ¢paKkTopa Ha KJI040Bi 6i3Hec-npoLecy;

- 3axulleHe 36epiraHHs JaHUX;

- 306inblLIeHHS 3arajJibHOTO PiBHS SIKOCTi 06C/yroByBaHHS KJi€HTIB.

B yMoBax icHyw040i eKOHOMIiYHOI KpHM3W 3HAYHO 3MiHIOIOTHCA NpiopuTeTd. [o HaNUGIIBLI MONYJIAPHUX
TpeH/iB B chepi aBToMaTu3auii AissibHOCTI cydacaux MII caif BigHectH [7]:

- 3aCTOCYBaHHA XMapHUX TexHoJIoril. KytouoBa BiAMIHHICTb Takoro MeToAy NOJIAra€ y BiACyTHOCTI BJIac-
HOT0 cepBepa B KoMIaHil. Y npeAcTaBHUKIB MaJioro 6i3Hecy MoAi6HI CHCTEMH KOPUCTYIOTHCS BUCOKOIO MOMY-
JISIPHICTIO, 1110 06YMOBJIEHO 3HMKEHHS BUTPAT HA 00CIyroBYBaHHSA 00J1a/{HAHHS;

- aBTOMaTH3alif MexaHi3MiB opraHisanii MapkeTUHTry mgaxoM iHTerpaunii CRM-cucreMm, cucteM ynpaBJiiH-
HA i miA60py KOHTEKCTHOI peK/IaMu, CUCTEM 6Gi3Hec-aHaliTHKH [8];
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— PO3BUTOK TEXHOJIOTi B3a€MOZI1. AKTUBHO PO3BUBAETHCSA HANPsAMOK M2M - Machine to Machine, 110 31u-
KY€ y4acTh JIIOJWHHU y BUPOOHUYHMX NPOIlecax, TOMY 1110 YCK/IaJHEHHS NPOBeleHHs Gi3Hec-npoleciB Ta iHTe-
rpauii 06/1aZfHaHHSA He 103B0OJIsSIE CHiIBPOOITHUKY aJleKBAaTHO pearyBaTu Ha Mogudikaniro cutyarnii;

- BUKOpHCTaHHA iHcTpyMeHTiB Big Data. Baxx/iuBUM HampsiMKOM € afianTanis 3aco6iB npoBeseHHs 6i3-
Hec-aHaJIiTUKH J10 36epexeHrx 06J1iKOBUX AaHUX [9];

- MeTOJM aHaJi3y JaHux B online pexxumi. Cuctemu nigTpumMku fistipHocTi MIT opranisaniii Bce yacTime
MOYMHAIOTh €BOJIOLIOHYBATH B chepi 06po6KH TpaH3aKIii B pexuMi real-time, 1o 3a6e3neyye cHHXpOHi3a-
ito onepanii, uo npoBoaaTecs [10].

B pamkax 3ara/lbHOCMCTEMHOI KOHLeNLil aHa/1i3y Ta OLiHKU aJbTepHAaTUBHUX CLieHapil ynpaBiiHHA Npo-
eKTaMH BUKOHYIOTb 32 ZI0OTIOMOT010 Pi3HUX MeTo/iB [4-8], ki B 3araJibHOMY BUNIAJ[KY JiJIATbCS Ha leTepMiHO-
BaHi, iMOBipHicHI, ekcriepTHi, MeTOAM OLIHKY B yMOBaX HEBU3HAYEHOCTI HECTATUYHHUX IPUPOJH, KOMOIHOBAHI.
Pe3ynbTaTi NopiBHAJIBHOTO aHAJIi3y [[UX METO/IB HaBeZeHO y Tabuii 1.

PosrisiHyTi MeToAu € NOLIJIBHUMH y Pi3HUX CUTyalisix Ta NMPOeKTax, OJHAK yci BOHU NMOTPeOYIOTh
3HAYHUX BUTPAT 4Yacy Ha iHTepnpeTarilo pe3yabTaTiB, TOMY 6i/1b1I JOIiIbHUM AJ5 HALI0l po60TH € BUKO-
pUCTaHHA iEpapXiyHUX METOAIB IPUMHATTA pillleHb.

MeTo10 CTaTTi € po3po6Ka CUCTEMH HiATPUMKU NPUHHATTSA pillleHb AJ1 MeHepKepa 3 ynpasJiiHas [ T-npo-
eKTaMH Jiyis GopMatisalii CKIaHUX CUTYaIlii 3 BEJIUKOIO KUIbKICTIO aJIbTEpPHATUB.

Ta6aung 1
MeToAU OLiHKY a/IbTEPHATHB NPU NPUIHATTI pillleHb

MeToza Hasga IlepeBaru Hepouiku

MoKIUBICTb 06UYMCIEHHS UMOBipHOCTEH

MapkiBcbKOIro . . .
CTaHIB CUCTEM 3 BiIHOBJIEHHSM I

OHepyBaHHH TIIBKU ABOMaA MOXJINBUMHU

aHa/IU3y CTaHaMH eJIeMeHTIiB CUCTEMHU
) . MHOXXWHHUMHU CTaHaMHM Jerpaganii
JleTepMiHOBaHMH ) -
ApanTanis Ao 6yAb-KOro PO3N0ALTY HeMoxJ/1MBO afieKBaTHO MOZe/NI0BATH
MomnTe-Kap.io BXiZIHMX JJaHUX. BiflHOCHa npocToTa nozii 3 Ay>ke BUCOKOIO abo Jiyxe
Mozesied i 3pydHiCTh pO3IMUpPEHHS HU3bKOI WMOBIPHICTIO NOSIBH
MeTop, HasBa [lepeBaru Heponiku
Jlns 3acTocyBaHHA METOLY JOCUTh TpyZoMicTKICTh BU3HaUYE€HHA BCiX
Baitecopcpxux | SHAHHA anpiopHoi iHpopmariii, orivHO B3a€EMOJiN B Mepexxax balieca yepes
WmoBipHicHUMI Mepex BUBe/IeHi 3aTBep/pKeHHs JIeTKi i HeOoO6Xi/IHICTb OTPUMaHHSI YMOBHUX
P pO3yMiHHS, BAKOPUCTOBYIOTbCS HMOBIpHOCTeH 3a J0IOMOT 00
Cy6’'eKTUBHI iMOBipHicHI o1[iHKH eKCIIepTHUX METO/IB
: Hepoutik BifoMocTel no GpyHKIisAM
. MOo>%/IMBICTb CIIPOLIEHHS AOJ A . bynxn .
ExcnepTHHX HeuiTkux posmnozainy napameTpis. CopolieHicTb
: PO3paxyHKOBUX MaTeMaTHYHUX o
OILIiHOK MHO>HH Moz et PO3paxyHKOBHX MO/JieJiel 3HUKYE
BipOTiAHICTB OLiHOK
Jlepesa Jlo3BoJisi€ 3AiHCHUTH aHa/Ii3 HeBu3HaueHicTb o1iHOK IMOBipHOCTEN
HeCl‘IpaBHO pi3HOMaHITHUX PpaKTOpiB, BpaxyBaTH 6a3uMCHUX MO/l BIUTMBAE HA OLiHKY
cfei/i BIJINBY BiMOB Ge31nocepejHb0 HMMOBIipHOCTI i BipOTiAHICTb BUHUKHEHHS
. L . MOB’sSI3aHUX 3 KiHLIEBUM IOZi€I0 KiHLIEBOT0 MOA{l
WmoBipHicHHI
PesynbTaTn 3acTocyBaHHS METOAY, . .
. . Ck/1afiHiCTE y BU3Ha4Y€HHI TOYHHUX
Jloriko- MIiCTATb 3Ha4eHHs BaroBUX 3Ha4eHb . : "
N - . . . N 3HauyeHb IMOBIpHOCTEH Yepes
WMOBIpHiCHUI | eJiIeMeHTIB, 10 A03BOJISIE€ OLiHUTH iX o
. CTaTUYHOTIO XapaKTepy NoAii
3HAYUMICTh
OuiHKK B yMOBax OCJIIKEeHHA . . . .
1 y . A A . TpuBanui aHani3 y yaci. O6MexeHicTh
HeBU3HA4YeHOCTI Hebe3neKku 3acTOCOBHICTB 0 LIMPOKOTO KJacy o
- . . 3aBJlaHHSAMU IPOEKTY, 06J1aCTIO i LinsaMu
HeCTaTHUYHOI i mpanes- CUCTeM, IPoLeciB i nponeayp )
. JOCIKeHHs
IpUpOAU JLaTHOCTI
MeTop, HasBa [lepeBaru Heponiku

. TouHe rpadiyHe npeacTaBaeHHS
OuiHKY B yMOBax pad peA

HEBH3HAYEHOCTI AHaunizy JleTaslell BUpillleHHs TPOGJIeMH. 3acTocyBaHHA AiarpaMH AiepeBa pillleHb
HeCTATHYHOL JepeBa MoXXJIUBICTb PO3PaXyHKY MO>Ke IPUBECTH J10 3alBOT0 CIIPOLIEHHA
pilleHb ONTUMaJIbHOTO LULJIAXY BUPIlIeHHSA caTyauii
NPUPOAU
npo6sieMu

Buksiag ocHoBHOro Martepiasy. CIIIP B HamomMy BUNIAAKY SIBJIsIE CO6010 iHTepaKTUBHY iHopMaliiiHy cucTe-
My, sika HaJiae MII inTepdeiic /11 BUKOPUCTAHHS JaHUX | MoZiesiel /151 aHaMi3y i BUpillleHHS HeOOXiIHUX 3aB/IaHb
3 MEeTOI0 BUPOGJIEHHS pEKOMeH I} 111010 MPUMUHATTSA yrpaB/iHCbKuX pimiensb [11]. Konuentyanbho CIIIIP inTe-
I'PY€E B CBOEMY CKJIa/li PYHKI[IOHAI POOOTH 3 iIHTEpaKTUBHUMHU 3allUTAMHU Ha MPOCTiil MOBI.
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KirouoBuMu ¢yHKIioHaIbHUMU MOXIUBOCTSAMU cTBopeHoi CIIIIP €: BBeseHHs naHux, dinbTpanis i arpe-
I'yYBaHHS JJaHUX, BUKJIIDUeHHs Ay6JbOBaHUX JJaHUX, 36epiraHHd i aHai3 gaHux [12].

OcHOBOMOJIO}KHUM KOMIOHEHTH po3pobJieHoi CIIIP € nactynHi:

1. InTepdeiic kopuctyBaya. JIIIP BukopucroBye popmu inTepdelicy a1 BBeZileHHS IpeaMeTHOI iHpopMa-
1ii i koMaH/, B CHCTeMY, a TAKOX /1Sl OTpUMaHH# i Bijo6paxkeHHs BuxifiHoi iHpopmanil. Komanu mo B3aemo-
Jii 3 cCTEMOI0 MOXKYTh BKJIIOYATH B cebe mapaMeTpH, siKi peryIaMeHTYIOTh PoIec 06pO6KHY i BUKOPHUCTAHHS
36epexxeHUX 3HaHb. HeobxifHa iHpopMaliis BUgaeThcs y Gopmi 3HaueHb, siKi 36epiratoThCsl B IeBHUX KOJIEK-
LiFgX JaHHUX.

2. baza 3nanb (b3) MicTuTh Ha6opU BUsBIEHUX GAKTIB, AKi GopMasi3yl0Th NPOGJIEMHY 06J1aCThb, BUSBJIS-
104U JIOTIYHHUM B3a€EMO3B’s130K BCiX ¢akTiB Mix co6ot0. Hail6inbw kputuuHuMu ajst b3 € Habopu JioriuHUX
npasuJi. OkpeMe NpaBUJIO J03BOJISIE OAHO3HAYHO BUSHAYUTH NOPAAOK il IPpU BUHUKHEHHI KOHKPEeTHOI CH-
Tyalii, i BK/JII0Ya€ [0 CBOTO CKJIa/ly: YMOBa, fIKa MOXKe BUKOHYBaTHCs ab0 He BUKOHAB, i [iisl, BUpoGJieHe NP1
BUKOHaHHI 3alaHOl YMOBH.

3. IuTepnpetatop, e MoJesb, SKUU 3[iIICHIOE B IEBHOMY MOpsAKY 06po6Ky 3HaHb y B3. Jlorika ¢pyHk-
LIOHYBaHHA IHTeprnpeTaTopa 3BOAUTHCA A0 NOCAIJOBHOIO aHa/i3y CyKyNHOCTI JIOTIYHUX NpaBuI. Y ToMy
BUNA/IKy, KOJIU YMOBa, IKe€ MiCTUTbCA B OKPEMOMY NpPaBUJi, JIOTPUMYETbCA B MOBHIN Mipi, TO BUKOHYETBCA
3a/laHuM BIJIMB, @ KOPUCTYBad OTPUMYE MOXKJIHUBICTb O3HAHOMHUTBCS 3 pe3ysbTaTaMHU MiJ60py NOTPiGHUX
pilieHb 3ajayi.

4. Mopynb 06po6ku aanux CIITP, Heo6XiiHUI CTBOPEHHS JIOTIUHOI NOC/iJOBHOCTI iepapxiii npaBu. B b3,
Ha OCHOBI BUKOPHUCTaHHS METOAY aHaJi3y iepapxiit (MAI), akuil npeacTaB/isie MATEMAaTUYHO OGI'PYHTOBAaHUM
nifxiz 1o BUpilleHHs Mpo6JsieM NpUiHATTA pinieHb MIT Ha 6a3i BUKOpUCTaHHS CHCTEMHOTO aHaJIi3y.

MAI He persiameHTye MII 2KOpCTKO 3a/iaHe, HAMGIMBLI TpiOpUTETHE pillleHHS, Ha/Ial0YX FHYYKi MOXKJIUBO-
CTi MOLIYKy MiJIX0AAL01 aJIbTePHATUBH B iIHTEPAaKTUBHOMY peXHMi, 110 J103BOJISIE HalKpaluM YruHOM cdop-
MyBaTH PO3YMiHHSAIM IpoLecy pilleHHA 3aJadi. B paMkax Hamoi cucteMu peasisanisa MAI posrasgae Bifipasy
KisbKa BapiaHTiB BUpilIeHHS 3a/a4i, 6a3yeThCsl HA 33ZlaHOMY YMCeJbHOMY KpuTepii (06MexeHHi), 3a AIKUM
3/iMCHIOETBCS NepeBipKa i olliHKa 3aX0AiB pillleHHs Ta onepye 3alaHUMU JIOTIYHUMU YMOBaMH, B SIKUX Bi10y-
BA€ETHCS aHaJi3 i pillleHHs MocTaB/eHOI MPo6JieMH, a TAKOX BiZJlOMiI MPUYMHY, 1110 BIVIMBAIOTh HA BUOIp KOH-
KpeTHOr0 pillleHHs.

CTpyKTypyBaHHs AaHOI 33/1a4i Bi/j0yBa€TbCS y BUTJIs/i CKJIa/JaHHS iepapxiuHoi cxeMHU 3 JleKiibKOMa piBHS-
MU [JIJ11 ONUCY LjiJIel, OLiIHOYHUX KPUTEPIIB i JONYCTUMUX aJbTepHATHUB.

CtBoproBaHa iepapxisi 6yiyeThCs 3 BEPIINHHY, IKA € Bilo6GpakeHHsIM r'0JIOBHOI MeTH po3B’sI3yBaHOi 3a/aui,
yepes poMixkHi piBHI, siKi mpecTaB/IAIOTb C06010 yHidiKoBaHI KpUTepii MOPiBHAHHSA, 10 HUKHBOTO PiBHS, 1110
Mae BUIVISA 6e3J1ivi JoNyCTUMHUX albTepHAaTHUBHUX BapiaHTIB JiM.

Ha 6a3i BUKOHaHHS NapHUX NOPiBHSAHDb €JIeMEHTIB CUCTEMU KOXKHOTO PiBHSI OTPUMaHi pe3y/sbTaTU NPUBO-
JATHCS 0 YUCTIOBOI0 3HAYEHHS 3a JJONIOMOT010 ClelliabHOl TaGIHI.

[licsis iepapxiuHOTO BiATBOpPEHHS BUPillyBaHOI Npo6JeMHU BUKOHYETbHCS 0OYA0Ba MaTPUILli MOPiBHIHHSA
JOIMYyCTUMUX KPUTEPIIB i YHNCeJIbHUN PO3PaxyHOK BCiX 3Ha4eHb NPIOPUTETIB N0 KOXKHOMY 3 KPUTEDIIB.

B cucTeMi Bci eleMeHTH NOPiBHIOIOTHCA NONApHO N0 BiJHOIIEHHIO [0 iX 6e3MmocepeHbOrO BIVIMBY Ha 3a-
raJIbHy XapaKTepUCTUKY (pilneHHs).

CTyniHb iHTEHCUBHOCTI OLIHIOETHCS HAa 6a3i BUKOPUCTAHHS IIKaJIW B 6a/IbHUX OLiHKax Big 1 10 9.

[licjist bOTO BUKOHYETHCS PO3pPaXyHOK KoedillieHTiB BaXK/JIMBOCTI [I/is1 eJleMeHTiB KoxXHOro piBHA. [Ipu
LIbOMY IlepeBipseThbCA y3rofxeHicTb cymxeHb MIL IlopiBHIOIOTBCA pe3yibTaTH, OTPUMaHI Ha HUKHbOMY DiB-
Hi, TO6TO Habip a/JbTepHATUB, OTPUMAaHUN MiXK CO60I0 OKPEMO N0 KOXXHOMY 06paHOMy KpHUTepilo NpoOMi>KHO-
ro piBHs. Ha 6a3i nporo 3/jiliCHIOETbCS MiZIpaxyHOK KiJIbKiCHOrO iHAMKaTOpa IKOCTI KOXHOI 3 aJIbTEpHATHUB
i BUSHAYeHHA HalKpallol aJbTepHAaTUBU. BU3HaYa€eTbCs NMiZICYMKOBe 3HaY€HHS Baru KOXKHOI aJlbTepHAaTUBU
JIAXOM MHOXE€HHS Ha IIPIOpUTET BiANIOBIZHOTO KPUTEPit0 Ha BULLOMY PiBHI i MOAaJIbIIUM ITiZICYMOBYBaHHAM
[0 KOXKHOMY eJleMeHTY BiANOBiJHO 10 KpUTepiiB, Ha fAKi BIJIMBA€E eJleMeHT. AJITOPUTM POOGOTH CUCTEMH Mae
HacTynHu# Buraj (puc. 1). CnoyaTKy BUKOHYETbHCS 3aBaHTa)KeHHS rosioBHoi ¢opMu cucTeMi, Aasli Kopuc-
TyBa4 BBOJUTD KUJIbKICTh eJieMeHTiB 2-T10 i 3-ro piBHIB A1 mo6y10BY BigmoBigHUX MaTpunb. Ha 6a3i nporo
JAUHaMi4HO reHepyThCs BiiMOBiJHI KOMIOHEHTHU iHTepdelicy KOpUCTyBaya i 3A4iHCHIOETbCSA CTBOPEHHS i€-
papxii i MaTpHULb [JI KOXKHOTO PiBHA ajJibTepHAaTUB. HaCTYMHUM KPOKOM € BBeJIeHHA KOPUCTyBadeM JaHUX B
MaTpUIb aJIbTEPHATUB, KO BBeJIeHi JJaHi Ha/laHi B KOPeKTHIN popMi, TO BUKOHYETHCS PO3PaXyHOK MiZiCyM-
KOBOI MaTpuli aJbTepHATUB. Jlai, K110 KopUcTyBay BUGUpae nobyoBa rpadiyHoi Bidyanisarlii pe3ynbraTiB
PO3paxyHKYy, TO BiAOyBaeTbcs reHepauis BianoBigHux rpadikiB B Kpyrosoi i croB6ypoBux popmax. Hactym-
HHUM KPOKOM € MOX/IMBIiCTb 36epexeHHs OTPUMaHUX pe3yJIbTaTiB B OKpeMUH ¢aii, 3 IKoro Npu Heo6XiAHOCTI
MO>HA 3HOBY 3aBaHTaXUTH /laHi B CUCTEMY.
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Puc. 1. 3arajbHU# aJITOPUTM B3a€EMOZAII KOPHCTYBaya 3 CHCTEMOIO

[Ipyuksaz po3paxyHKy NOKa3HUKIB Ta BEKTOPY NPIOPUTETIB 3a KpUTEPIiEM 2-T'0 piBHA HaBeJleHO Ha pUC. 2.

Kparrepii - Hasna Bexrop
CICMETH, Piseis 2 NPIGPHTCTIE
Hasga enewmenra 3.1 1 2 3 4 5 0 325860199327
Husna encsenra 3.2 12 1 2 3 4 0. 2497709001 53
Hazea encmcrra 3.3 13 12 1 5 u 0. 224245254437
Hazma enescrra 3.4 114 13 166 1 5 0029131585022
Hasna encmenTa 3.5 (Fx] 1i4 17 Li5 1 0 040990761062
[Lmax=55061352 [HC=01265338  [OC=11.2976612v
Poapaxymok I Kpyrona aiarpama | licmorpaa I

Puc. 2. [IpukiaZ po3paxyHKy IOKa3HUKIB Ta BEKTOPY NPiOpUTeTiB 3a KpUTepieM 2-ro piBHA

[licns npoxopKkeHHs ycixX eTalliB OLIIHOK 338 KOXKHUM KpUTepIEM 10 ycix piBHAX iepapxil popMyeTbcs KiHlle-
Ba MaTpHL PO3paxyHKIiB, NpUKJIaJ HaBeJleHO Ha pHUcC. 3.
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Kinuesa Marpuns A -0 x|
[ [0.149373136132 [0.474230146864 [0376396717004 [Baransmi sarn

| Hasga enemenra 3.1 [0.395860199327 |0.564657911783 [0.593472083145 [0.550289627605
| Hassa enemenra 3.2 [0.249770900153 [0.196161321485 |0.224325835682 [0.214770183057
| Haspa enementa 3.3 [0.224246254437 [0.101266934724 [0.093909210233 [0.116867318074
| Hasma enementa 3.4 [0.089131885022 [0.071751347114 [0.045416099032 [0.064435031649
| Ha3pa enementa 3.5 [0.040990761062 |0.066162434834 [0.042876771908 [0.053637839614

Puc. 3. Pe3yibTyl0uya MaTpHLd pO3paxyHKy CUCTEMOI0 BapiaHTIiB aJlbTepHAaTUB

CucreMa CK/IaJa€ThCA 3 HACTYNHUX GOpM:

1.Tosr0BHA popMa — MiCTUTH BifIOBiAHI KOMIIOHEHTH ZJis1 BU6OPY KiNbKOCTI esileMeHTIB 2-ro i 3-ro piBHiB,
N0JIa/IbIIOTO iX iMEHyBaHHSA Ta BU3HAUYeHHS B paMKaX CUCTeMU. Takox 1 ¢popMa MiCTUTb KHONKHU JJIsl CTBO-
peHHs MaTpULb i iepapxiil.

2. PopMa CTBOpPeHHS MaTpHLi - J03BOJISIE 3a JONOMOT0I0 TabULi 3A4iICHUTH BBeJIeHHS [JAHUX B 0CEpPEJIKY
[LJ151 pO3paxyHKy BeKTopa NPiopUTEeTIB i BiANOBiJHUX 3HaYeHb. Ha 6a3i oTpruMaHuX po3paxyHKIB CTa€ MOXKJIU-
BUM N06Oy10Ba BiINOBiAHUX iEpapXill aJibTepHATUB.

3. Onuii MaTpuui - f03BoJisie 34iMCHIOBAaTH 3MiHY KOJbOPY HaJalITyBaHb, MaKCHMaJbHUU MpPiOpUTET,
M’SIKiCTb 3MiHU NpiOpUTETY Ha JiarpaMi abo B po3paxyHKax.

4. Onuii iepapxii - J03B0JIsSIE BKJIIOYATH MOXKJIUBICTh Ha3WUBATHU e€JIEMEHTHU iepapxii B aBTOMaTUYHOMY pe-
KUMi, BUAIATH piBHI iepapxilt okpeMo i aKTUBYBaTH peXKUM 30epeKeHHsI pecypciB CUCTEMHU AJis1 ONTUMI3anil
BUKOPHUCTaHHA PO3pPaxyHKOBUX eTalliB.

BHCHOBKM Ta NepCcneKTHBH NOAAIbIINX AOCAiKeHb. Po3po6siena CIIIP go3Bossie MII: aBTOMaTU3yBa-
TH NpoLec OLiHKY 06CTaHOBKH, 3iMICHUTH BUOIp KpUTePiiB i OLiHUTH iX BiAHOCHY BaX/IUBiCTb; 3reHepyBaTU
MOXJIMBI pillleHHS; 341MCHUTH OLIHKY aJIbTepPHAaTUBHHUX CLieHapilB NPUHUHATTA pillleHb 3 YNPaBJiHHA NpolLe-
COM p03p0o6KHY; 3a6e3MeUuTH NOCTINHNI 06MiH iHopMalieto Npo 06cTaHOBKY NPURHATHX pillieHb i JonoMor-
TH Y3TOJUTH TPYINOBI pillleHHs; 3AiACHIOBATU aHaJli3 MOXJIMBUX HACAIAKIB IPUUHATHUX pillleHb; IPOBOJUTHU
36ip JaHUX i OLiHKY pe3y/bTaTiB aHai3Yy.
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ANALYSIS OF THE MEL SCALE FEATURES USING ELECTROGRAPHY
AND SPEECH SIGNALS BY PARAMETERIZED KNN AND XGBOOST

Abstract. Recognizing human emotions and speech is something that has always been an exciting research topic for
scientists. In our work, we show that the parametrization of a vector is obtained and carried out from a sentence divided into
an emotionally-informational containing part and an effectively used informational part. There are several characteristics of
speech that distinguish it between utterances. Pitch, timbre, intensity, and vocal tone classify speech into multiple emotions. We
have supplemented them with a new function of speech classification, which consists in dividing a sentence into an emotionally
charged part of a sentence and a part that carries only informational load. Therefore, we can conclude that the speech pattern
changes under the influence of different emotional environments. Since the identification of the emotional states of the speaker
can be made on the basis of the Mel scale, MFCC is one of such options for studying the emotional aspects of the speaker’s
utterances. In this paper, we implement a model to identify multiple MFCC emotional states for two datasets, classify the
emotions for them based on MFCC characteristics, and compare them accordingly. Overall, this work implements a dataset
minification-based classification model that uses averaging functions to improve the level of classification accuracy in various
machine learning algorithms. In addition to the static analysis of the author’s tonal portrait, which is especially used in MFFC,
we propose a new method of dynamic analysis of a sentence in processing and research as a new linguistic-emotional entity
pronounced by the same author. Due to the ranking by importance of the characteristics of the MEL scale, we can parameterize
the coordinates of the vectors being processed using the parameterized KNN method.

Language recognition is a multilevel pattern recognition task. Here, acoustic signals are analyzed and structured as a
hierarchy of structural elements, words, phrases and sentences. Each level of such a hierarchy can provide time constants:
possible word sequences or known pronunciation types that reduce recognition errors to a lower level.

The analysis of the dynamics of voice and speech is suitable for improving the quality of human perception and the formation
of human speech by a machine. It is within the capabilities of artificial intelligence. Emotion results can be widely applied in
e-learning platforms, automotive systems, medicine, etc.

Key words: machine learning, speech recognition, emotion recognition, MFCC, supervised learning, decision trees,
MEL scale.
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AHAJII3 MOBJIEHHEBUX OCOBJIMBOCTEM IIIKAJIA MEJI 3 BAKOPUCTAHHAM
EJIEKTPOI'PA®IYHUX I MOBHUX CUTHAJIIB TIAPAMETPU30BAHUM METO/ZIOM KNN I XGBOOST

AHomayis. Po3nizHagaHHs1 eMoyill ma n100CcbKoi Mo8U 380U 6Y/10 3aXONAYUM BUKAUKOM 015 84eHUX. Y Hawill
pobomi 04151 8eKmopa 0aHUX, OMPUMAHHO20 3 pedeHHs, peanizyemucs I eheKmusHO 3acmocos8yemscsl napamempusayis
Yb020 8eKkmopd, po3difeH020 Ha Micmumb emoyiliHO 3abapseHy vyacmuHy i iHgopmayiliHy wacmuHy. BupasHicmo
J1H00CbKOI MOBU NOCUNIOEMbBCA eMOoYisiMU, IKI 8BOHA nepedac. IcHYe Kinbka xapakmepucmuk ma ocobausocmeti Mo8u, sKi
po3pizHsitomb ii ceped 8uca108.1108aHb, MO6Mo pi3Hi nposidHI Xapakmepucmuku, maki sk gucoma, memép, 2yvHicmos. Mu
donosHUNU iX HOBUM KAACUPIKAYITHUMU 03HAKOK MO8U, WO Nos2d€ 8 nodiai npono3uyii Ha emMoyiliHO HaBAHMANCEHY
yacmuHy npono3uyii i yacmuHa, sika Hece minbku iHpopmayiline HagaHmaxceHHs. Takum yuHoM, emasoHHA Ppasa 3
daHozo kaacy emoyiill 3MIHIOEMbCS OCKi/lbKU 8ubip 8id06ysaemucs 3 8idnogidH020 Kaacy emoyill 045 nidpaxyHky if
gidcmaHi mMemodom napamempus3ogaHozo KNN / 3pa3ok Mo8u 3MIHIOEMbCS, KOAU 8IH Nid0deEMbCs 8n/augy pi3HUX
emoyitiHux cepedosuwy. OcKi/bKU 8U3HAYEHHS eMOYITHUX CMAHI8 MO8YS1 MOxce 6ymu 8UKOHAHO HA ocHosl wkaau MEL,
MFCC € 00Hum 3 makux eapiaHmie eug4yeHHs eMOYiliHuUX acnekmie 8uc/1084108aHb MogYsl. Y yili po6omi Mu peanizyemo
Modesb 0415 8U3HaYeHHs dekiibkox emoyitiHux cmaHie 3 MFCC 045 dekinbkox Habopie daHux, kaacugikyemo emoyii 015
HuX Ha ocHosi xapakmepucmuk MFCC i daemo gidnogioHe nopisHsiHHA. OKpiM cmamucmu4H020 aHa/1i3y MOHA/bHO20
nopmpemy asmopa, akull 3acmocosyemucs, 30kpema, y MFFC, mu 3anponoHysaau Hosuii Memod JuHAMiYHO20 aHAAi3y
Juuie me, Wo CKa3aHo pazamu, Ik H08d AIH28ICMUYHO-eMOYIliIHA CYyMHICMb 8UPO6IEHOT meM camMumM agmopoMm. 3a80sKu
PaH}CYB8AHHIW 32I0HO eaxcaueocmi ocobsausocmell 2040c080i WKaAU HaM 80a/n0Cs napamempudyeamu KoopouHamu
eekmopis, siki 6ydymu 06pobasmucsi Memodom napamempu3zosaHozo KNN.

PosnizHasaHHs Moeu - ye 6azamopieHesa 3adaya po3ni3HasaHHs obpaszie. Tym akycmuuHi cuzHaAu aHAaAi3ylOmses
i cmpykmypyromucs 8 iepapXilo cmpykmypHuUx esemeHmis, cais, ¢pas i nponosuyiil. Koxcen pieeHb makoi iepapxii mooice
nepedbauamu desiki mum4acogi KOHCMaHmMu: Moxcauei nocaidosHocmi caie abo eidomi eudu gumosu, ki 00380/45110Mb
3MeHWUMU KiAbKicmb NOMU/I0K PO3Ni3HABAHHS HA 6i/1bW HU3LKOMY PIBHI.

AHaniz 2os0cy | duHamiku moeu doyinbHUll 015 nid8UWeHHs1 sKocmi cnpuliHsimmsi A00UHO | POPMYB8aAHHSA A0ICbKOT
MOBU MAWUHOI0 | 3HAXOOUMbCS 8 MexHcax Moxcausocmell wmy4Ho2o0 iHmesekmy. Pesyibmamu 8usHaveHHs: eMoyitl MOXcymbo
WUPOKO 3ACmMOco8ysamucsi 8 n1amg@opmax eAeKmpoHH020 HA8YAHHS, A8MOMOBIIbHUX 60pMO8UX cucmemax, MeduyuHi i m. 0.

Karwouoei cinoea: mawuHHe HAB4AHHS, pO3NI3HABAHHS MO8U, po3ni3HasaHHs emoyitl, MFCC, KoHmpo/ab08aHE HABYAHHS,
depesa piweHs, wkasa MEL.

Introduction. We use Miller function and scale in order to receive the emotion score differences. In
fact, the vocal acoustics are full of emotional cues, so it is possible to analyze the speaker’s emotional state.
A sentence was divided by us into two parts as far as the expression of emotions frequently occurs either
at the beginning or at the end of a sentence. We refer a beginning and an end of a sentence, referred to the
emotional content expressing by an author to the first part. Then, to the second one we refer a middle of a
sentence containing only the informational and narrative part. It serves to vector parameterization in KNN
for speech emotions. Emotions can be recognized both from text and sound. Each of them has different
approaches to identify the emotional state of the speaker. Moreover, the emotions are a communication
bridge among the speaker and the listener. An interaction between individuals is way more clear and
effective when the emotions are used in utterances. They play a pivotal role in engaging of a human
being in a group discussion and can tell a lot about the one’s mental state [1]. The information hidden
in emotions ignited the process of the evolution of the speech recognition field commonly referred as
automatic speech recognition. Several models of retrieval and interpretation of emotions from images
of speaker’s face and the recordings of his expressions, voice and tone during a conversation has been
proposed by researchers. The utilization of physiological signals in the same manner has also been
discussed [2]. The significance of emotions in communication can hardly be overestimated since they
express the speaker’s intentions to his listeners. There are several spoken language interfaces available
today that support automatic speech recognition. By collecting the samples, such systems are providing
a base for the speech recognition field [3]. The currently available speech systems are able of processing
naturally spoken utterances with high accuracy, but the lack of emotional component makes the ASR
systems less realistic and meaningful. There are several real-world fields that may benefit from the
recognition of the emotional context of an utterance, such as entertainment, emotion-based audio file
indexation, HCI-based systems etc. [4].

There are some of the selected features, which can be trained to classify, recognize and predict emotions.
There are several emotions that can be extracted from the utterances. Few of the universally enlisted among
them are Happiness, Fear, Sadness, Anger, Neutral, and Surprise. These emotions can be recognized by any
intelligent system, constrained by computational resources. The implementation of the emotional sector of
speech makes the human-computer interactions more real and efficient. The analysis of voice and speech for
the sake of enhancing the quality of human conversations is reasonable and within the bounds of possibility.
The results of emotion detection can be broadly applied in e-learning platforms, car-board systems, medical
field etc.
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The remaining sections have the following content: Section 2 contains literature observation on the topic,
Section 3 is dedicated to the description of the problem, Section 4 carries the details of method implementation
and results achieved under problem solution and finally Section 5 is the conclusion. In this paper we prove
efficiency of the concept of using only 12 MFCC from 39, have identified which 12 MFCC to use for speech
and emotion analysis. The dataset used for this experimentation is EMODB. Variants of supervised learning
approaches have been implemented to classify emotions from two databases EMODB and SAVEE.

Literature Review. As well known KNN makes prognostications on time by quick calculating the similarity
between an input sample and each training exemplar. Spectral analysis is a promising technique for detecting
emotions from sample speech. Its purpose is to use a database in which the data points are separated into
several classes to predict the classification of a new sample point. Spectral analysis is a promising method of
emotion detection from samples of speeches. Prosodic features of speech signals can also be used for analyzing
emotions since they contain emotional information. Researchers explored the role and context of emotionsr
by using a set of 88 features called eGmaps [5]. Speech patterns can be obtained from combination of various
speech features acquired from speaker’s utterances. Feature selection plays a pivotal role in the differentiation
of different emotions of the same speaker from his speech [6] and it relies on selecting the best features from the
signal. Different human languages have different accents, structures of sentences, and speaking styles [7] thus
making the identification of emotions from utterances challenging. Various aspects of spoken languages alter
the extracted features of the sound signal. It is possible that a sample speech may have more than one emotion
which means that each emotion corresponds to a different part of the same speech signal, which complicates
the setting of boundaries between emotions. An attempt has been made to study models of the multilingual
emotion classification in literature [8].

w0
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The substantial advancement in technology has boosted the development of the emotion recognition
fields [9; 10]. Call-centers and remote education for example [11] Existing speech recognition systems can be
improved by implementing spectral analysis [12].

Authors have identified classes of features extracted from speech electrography and signals.There is an
important aspect of SER that includes characterization of emotional content of a speech [13]. Several speech
features are obtained from speech acoustic analysis and can be used to detect and predict emotions [14]. The
aim of selecting speech features is to determine properties that can improve the rate of classification emotions
from a set [15]. The machine learning models are flexible enough to adapt themselves to any model that studies
emotions and show good performance in predicting tasks based on selected features [16].

Authors identified classes of features extracted from emotional speech features electrography and speech
signals. There is an important aspect of SER that includes characterization of emotional content of speech
[13]. Several speech features are obtained from speech acoustic analysis and can be used to detect and predict
emotions [14].The aim of selecting speech features is determination of properties that can improve rate of
classification for emotions from a feature set [15]. The machine learning approaches are flexible enough to
adapt themselves to any model that studies emotion and show good performance perform well predicting
tasks based on selected features [16].
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Speech, Emotion and Classification. Emotions are intertwined with mood, temperament, personality,
sentiment and motivation [17]. Emotions can be understood as a complex feeling of the mind that results in
physiological and physiological changes. Human thoughts and behavior is influenced by emotions and there are
instances of changes in body when it encounters different emotional states [18]. Literature [19; 20] proves that
there is a considerable influence of emotional syndromes on human actions and reactions. Several applications
created by researchers rely on emotion detection as an integral component for identification of behavioral
patterns [21; 22]. Speech features can be extracted from various sources to accomplish predictive analytics. The
list of sources includes vocal tract, excitation source and prosodic extraction.

Emotions can be broadly studied using both discrete and continuous approaches. Different classes represent
different kinds of emotions and the continuous approach of studying of emotions is a derivation based on
combination of several psychological measurements on different axes [24]. Speech Emotion Recognition in
the main identifies emotions on the basis of categorical approach, which depends on usage of common words.
Researchers derive emotions from expressions of face, speech and various physiological signals. The analysis of
facial expressions is a great way to find emotions [25-29] since human face displays emotions very aptly even
without a single word uttered. Voice recordings are potentially important for expressing the speakers’ mental
state and their intentions. Speech features can be studied as vectors for detection of emotion from a data set.
[30-32]. The autonomous nervous system allows to assess an emotion and thus utilize physiological signals
like ECG, RSP BP to recognize people’s emotions and possibly help cure mental illnesses [17].

We took into consideration the line of temperament. We also integrate the state in which a representative of
this type of temperament may be. There are 8 axes of Miller are applied by us. Also it is optimal to take 8 axes.

SER [23] — Speech Emotion Recognition
System (Component and tasks)

Feature Extractor Emotion Classifier

Takes signal input|Map the speech with
and generates | one or more emotions
emotion feature

Emation
categories
Learning abgorithm:
support vectar mathing
training — Features
speech representation }_-DIH:D_‘
data

Learning model

Unseen Features
spesch feature Predicted emotion
data reprasantation categories

Fig. 1. Framework for supervised emotion classification [23]

Consciously controlling the volume level, for example, to emphasise a secret, even an angry person can make
the voice calmer and quieter in order to show that it was a secret, a question or the essence of the issue. On
the contrary, in order to highlight the characterisation of some hero of his story, the speaker can consciously
increase the amplitude of the voice.

Physiological features of voice and hearing. It takes into account the average amplitude (frequency) and
other characteristics of the person’s voice, obtained on the basis of data from the database.

Giventheaboveassumptions,ifwe wish toapproach the study oftemperament, we firstneed anunderstanding
of emotion. Such understanding is not easy to come by a glance at a typical textbook of psychology will show
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that «emotion» is used to refer to a ragbag of apparently disconnected facts and is never itself clearly defined
at all. Yet, within one branch of psychology, namely, animal learning theory, there has long been a reasonably
clear consensus that emotions consist of states elicited by stimuli or events which have the capacity to serve
as reinforcers for instrumental behavior. This, for example, is the framework within which Miller analyzed the
concept of «fear» and its role in avoidance learning [69]. The term temperament has considerable overlap with
dimensions of personality and with emotional, cognitive, and behavioral functions.

Emotional Speech databases. There is need of suitable databases to train the emotion recognition systems.
Researchers suggest several existing databases aligned with the task of detecting and classifying the emotions.
These data bases can be categorized into three broad domains that cover acted emotions, natural emotions
and felicitated emotions [33]. Out of the three mentioned domains enacted emotions are frequently supported
by research since they are strong and reliable. EMODBis one of such highly used database for emotional
classification. SAVEE is yet another enacted emotion database used for studying emotions. EMODB is a berlin
database for emotions while SAVEE is an English database specifying various emotions.

Statistical Data Corpus. Three databases has been utilized for training and testing:

1. BERLIN DATABASE

2. SENTIMENT DATABASE English

3. SAVEE DATASET

Berlin Database was created in 1999 and consists of utterances spoken by various actors. EMODB has different
number of spoken utterances for seven emotions [34]. Emotions included in the database are anger, boredom,
disgust, fear, happiness, indifference, sadness. The dataset contains more than 500 utterances spoken by 51 male
and 60 female actors from the age 21 to 35 years. The emotions labelled in EMODB are listed in Table 1.

Surrey Audio-Visual Expressed Emotion (SAVEE) [35], [36]. The increasing demand of research in speech
analysis led to the development of SAVEE database recordings to help study automatic emotion recognition
system. The database contains recordings from 4 male actors in 7 different emotions, 480 British English
utterances in total.

TIMIT corpus was used for sentence selection and contains phonetically-balanced emotions. The data were
recorded in a visual media lab with efficient audio-visual equipment. The recordings were then processed
and labelled. 10 subjects under audio, visual and audio-visual conditions evaluated quality of performance,
of the recordings. The actors of the database utterances were four male speakers annotated as DC, JK, JE, KL.
The speakers who contributed for recordings were postgraduate students and researchers at the University
of Surrey. The age of speakers lies between 27 to 31 years. Seven discrete categories of emotions described
as anger, disgust, fear, happiness, sadness and surprise were recorded [37]. The focused research was carried
out on recognizing the discrete emotions [38]. Table 2 compares the features of both the datasets used in
experimental analysis.

Table 1
EMODB Labels
Letter Emotion(German) Emotion (English)
w Arger (Wut) Anger
L Langeweile Boredom
E Ekel Disgust
A Angst Fear/Anxiety
F Freude Happiness
T Trauer Sadness
N Neutral
Table 2
Comparison of EMODB and SAVEE
Attributes EMODB SAVEE
No.of speakers 111 4
Age of Speakers 21 to 35 years 27 to 31 years.
No. of utterances 500+ 480
Language German British English
Emotions angry, happy, anxious, fearful, bored disgusted, |anger, disgust, fear, sadness, happiness, surprise,
neutral neutral
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Feature Extraction [39]-[41]. The core step for recognizing speech or emotions from speech is extracting
the features of speech. The process of feature extraction refers to identifying the components of the vocals from
the audio signal. The audio signal is good source of linguistic information if the noise is discarded in the signal.
There is another interpretation of feature extraction which says that it is characterization and recognition
of information specifically related to the actor’s (speaker) mood, age, gender. The general process of feature
extraction involves transformation of raw signal into feature vectors, which suppress the redundancies and
emphasize on the speaker specific properties. The properties are like pitch, amplitude, frequency. The speaker
dependencies such as health, voice tone, speech rate and acoustical noise variations may vary the speech signal
during the testing and training sessions due to [31], [42], [43]. The shape of the vocal tract filters the sounds
generated by human beings which if determined efficiently can be used to derive phoneme representation of
the speech sample with high accuracy.

The features to be extracted from speech can be studied under three categories named as High level Features
which may include phones, lexicon, accent, pronunciation; Prosodic and Spectra-temporal Features that can be
studied as pitch energy duration, rhythm, temporal features) and Short term spectral and prosodic Features
pertaining to spectrum glottal pulse [44]-[46]. Short-term spectral features aid in better prediction with higher
accuracies for various applications. The spectrogram analysis can be used for information extraction from the
short term spectral features. Linear Predictive Cepstral Coefficients (LPCC), Mel-Frequency Discrete Wavelet
Coefficient (MFDWC), Mel-Frequency Cepstral Coefficients (MFCC) are most commonly used short term
spectral features for speech analysis [31], [42], [47].

MFCC. MFCC are considered as the commonly used acoustic features for the task of identifying the
speaker and the properties of the speech. MFCC takes into account human perception sensitivity with
respect to frequencies. The combination of both is best for speech identification and differentiation. The
importance of MFCC is inspired by the fact that the shape of vocal tract that includes tongue, teeth, throat
etc. filters the sound generated by human speakers. The accuracy in determining the shape enables easy
analysis of the sound that comes out through the vocal tract. The accurate in determination of the shape
of sound can help in finding the phonetic information. The task of MFCC is to accurately represent envelop
of the short time power spectrum of the sound when it traverse through the vocal tract [41], [47], [48].

Mel Frequency Cepstral Coefficients (MFCCs) were identified as a feature and is widely applicable to
automatic speech recognition and identification of speaker. The correlation among the actual and heard signal
frequencies can be derived efficiently by incorporating Mel scale. Davis and Murmelstein were pioneer in
identifying MFCC as sound feature in the 1980’s. MFCC ever since its discovery has been considered important
feature for analysis of speech signals. There are few other features along with MFCC,like Linear Prediction
Coefficients (LPCs) and Linear Prediction Cepstral Coefficients (LPCCs) that were coined before MFCC and
remained the main features for automatic speech recognition (ASR), especially with classification algorithm
such as HMM [49]. In practice 8 to 12 or 13 MFCC are considered for representing the shape of spectrum and
hence are used for speech analysis [50].MFCC are highly preferred choices in automatic speech recognition
systems [51]. Authors found that MFCC is effective for end to end acoustic modelling using CNN [52], [53].
MFCC is widely used feature while considering speech modelling [54], [55]. MFCC based comparative study of
speech recognition techniques was conducted by authors who found that MFCC with HMM gave recognition
accuracy of 85 percent and with deep neural networks the score was 82.2 percent [56]. Computation of MFCCs
includes a conversion of the Fourier coefficients to Mel-scale [57]. Mel-scale are the most popular variant used
today, even if there is no theoretical reason that the Mel-scale is superior to the other scales [58].

Decision Tree Classifiers. There are several machine learning algorithms that can be applied for recognizing
speech emotions. The algorithms can be used independently or in hybrid mode for classifying emotions.
Decision tree are one of the machine learning algorithms that can be used for classification task [59], [60]. The
Decision tree uses the supervised learning approach that works on labelled data. The data is split into train and
test subsets for carrying out the classification task. The current work uses Random forest, KNN and XGBoost
algorithms for classifying emotions. All the mentioned algorithms are the variations of decision tree classifiers
and a brief description of each classifier is given below [14].

Random Forest. One of the most flexible and easily implementable learning algorithm in machine learning is
Random Forest. The algorithm provides better solutions over basic decision trees. The random forest depends
on few parameters which if tuned can provide good results.The algorithm is widely used due to its simple
and flexible aspect of implementation. Random Forest supports both regression and classification task while
modelling a solution. It is supervised learning technique that creates random forests. The ensemble decision
trees are referred to forest and mostly use bagging for training [51, 52]. The importance of regressive bagging
lies in the fact that it increases the overall results. Multiple decision trees are build and together to increase
efficiency in random forest algorithm.
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Random forest generation uses same hyper parameters that are used for decision tree or a bagging classifier.
The class of classifier does not require combining the decision trees to bagging classification algorithm. The
algorithm proceeds by searching for the best feature from available features subset. The selected feature will
then be used for splitting the node. The node split diversifies and enhances the results. The relative importance
of each feature is measured while prediction. SK-learn tool can be used to measure a feature importance. The
tool reduces impurity at the tree nodes that use the feature, across all trees in forest. Score for each feature is
automatically computed after training. Features and observations are randomly selected by random forest and
averaged for building several decision trees. The decision uses rules and facts for decision making and trees from
over fitting. Random forest prevents it by creating subsets and combining them to subtrees. The only limitation
of random forest is slow computation which is affected by number of trees build by random forest [61].

XGBOOST. XGBoost [61] uses gradient boosting technique to ensemble decision trees. XGBoost is stands
for “eXtreme Gradient Boosting”. Small, medium structured and tabular data uses XGBoost for classification.
XGBoost is studied as improvisation upon the base GBM framework. Optimization and algorithmic techniques
are used to improve the base framework of GBM. Regularization is used to enhance the performance of algorithm
by preventing data overfitting The algorithm automatically learns best missing values depending on the training
loss and handle variety of patterns of sparsity more efficiently. It also has built-in cross-validation method at
each iteration.

XGboost is sequential tree building algorithm implemented by parallelization. The interchangeable nature
of the loops determine the base of building algorithm.The external loop is responsible for maintaining the tree
count, and features are calculated by the internal loop. Loops are interchangeable and thus enhance run time
performance. All the instances are globally scanned, initialized and sorting is done using parallel threads. This
switch of loops increase the algorithmic performance. The parallelization overheads in computation are offset.
The tree splitting within GBM framework for stopping the split is greedy in nature. Splitting of tree at node
depends on the negative loss criterion at the point of split. XGBoost uses ‘max_depth’ parameter as specified
instead of criterion first, and pruning of the trees is done backward. The computational performance is improved
significantly by using this ‘depth-first’ approach improves [61].

Sklearn KNeighbors classifier and KNN. The early description of KNN was found in 1950. KNN is labour
intensive approach for large datasets. It was used for pattern recognition initially. The learning of KNN is based
on the comparison test data with train data such that both have similarities. A set of N attributes describe the
tuple data. An n- dimensional space is used to store all the training tuples where each of them corresponds to
a point in space. The pattern space for k training tuples that are closest to unknown tuple is identified by the
K-nearest neighbor classifier. The closest found points are referred to nearest neighbors and euclidian distance
defines the nearness of the neighboring clones [62].

The Euclidean distance between two Co tuples represented by A8, := {244, AR, ..., AR, DA}, AR, := {A&,4,
@Aa,; ...., B@,@E} is obtained using following calculation,

d(4,4,)= N (a, —a, ): ) (1)
V2

And in case of parametrized KNN we use in particular case the following generalization of formula (1):
—_—

“I{Al"'!.':-]"]}- 1|I||2 W, |:.rr|_ =iy, }.‘ ’

After we chooseaclass ¥ maximizing this distance. Weights depend on the neighbor’'snumber w (x_, }- W (f) .
For brevity, we denote these quantities by w,. In general case we utilize some realizations of classification by
formula

a(x)=arg max[.x ()= y]w, (2)

where x(i) are points near testing point ¥ and ¥ is assumed by us class of object ¥.

Thus the difference of values of attribute in 4; and A4, is obtained. The difference is then squared to
accumulate total distance count. Attributes with large ranges can outweighs attributes within small ranges
(binary attributes).

To normalize data, we will use Z-scaling based on the mean value and standard deviation; dividing the
difference between the variable and the mean by the standard deviation. In practice, minimax scaler and
Z-scaling have similar applicability and are often interchangeable. However, when calculating the distances
between points or vectors, Z-scaling is used in most cases. And the minimax is useful for visualization, for
example, to transfer the features encoding the color of the pixel into a range of [0... 255] [2].
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Recall that Z-scaling based on the mean and standard deviation is dividing the difference between variable
and mean by standard deviation;

s=2"H, 3)
a

where WL is an expected value and & is the standard deviation of the value.

Because the K-Nearest Neighbours Algorithm (hereinafter the KNN algorithm) is about the distance from
a point to a class, Z-scaling is usually used for its application, as it is known that in calculating the distances
between points or vectors in most cases the result of Z- scaling is much more accurate.

The main advantage of Z-scaling is that it preserves the normal distribution of a random value.

Z-normalization keeps a distribution normal if it was, and a non-normal distribution converts to a non-
normal distribution too. As a result of such a transformation, we get a value with 0-th mean (mean) and 1
dispersion.

Normalization is applied to each attribute value to resolve the issue.

Most common class is assigned to unknown tuple among its k-nearest neighbours. If the value of K equates
1, the unknown tuple is assigned the class of the training tuple that is closest to it in pattern space. Real value
prediction are returned by KNN for unknown value tuples. The unknown values the classifier of KNN returns
the average of the real valued labels associated with K-nearest neighbours of unknown tuple [62]-[64].

Min-max scaler keeps outliers so we have to use robust scaler of statistics that are robust to autliers. As
an alternative normalizatio we propose to use Z-normalization (Z-scaler). This normalization holds a normal
distribution.

Problem Statement. Authoritative literary sources mention MFCC as an important feature for analyzing and
classifying various aspects of speech. Some of them state that only 13 MFCC features are sufficient enough to
be considered for experimentation. There is currently no experimental validation for this statement. Moreover,
there is no sufficient research on the identification of these 12 MFCC from the extracted 20 base features of
Mel scale. MFCC also have derivatives of base features named as delta and double delta. The aim of the work
is to establish experimental proof of considering only 8 to 13 MFCC from extracted 39 features of MFCC [23],
[50]. The current work conducts experimental analysis on MFCC obtained from EMODB, a Berlin database that
consists of more than 500 utterances, which were recorded from 111 both male and female speakers from
various age groups.

Experimental confirmation of results. To reach more effectiveness we utilize parametric KNN method.
To present a number row, you have to look at the dynamics of the signal change. In large sentences, emotions
are placed either at the end of the sentence or at the beginning. Therefore, when parameterizing the distance
vector, it is important to set weighting factors in such a way as to distinguish the significance of the start of the
sentence distance and the distance to the end of the vector coordinate.

When applying discriminant recognition techniques to the object, the feature vector is displayed in five-
dimensional space. The training matrix will be defined as the data matrix:

W W W, WL, W, W,
Wy Wi Wy Wy W, W
Womwy, Wy Wy Wy, Wy Wy

W,

W

' L]

45
£ o Wy Wy W, W,

We highlight five characteristics: in addition to the three mentioned in the beginning, we will highlight the
beginning of the sentence and its end, as they are emotionally loaded. They carry not only an information load,
but also an emotional one. When analyzing the beginning and the end of a sentence, we will take into account
how much each feature has changed relative to the average characteristics of the speaker. Therefore, forming

a data-vector with 5 coordinate we substitute in the i-th coordinate characterizing the amplitude the ratio

. :”(.a} -1, of the amplitude of the current phrase &, to the average value M {a} of the amplitude of the person’s

voice.

The columns of the matrix W contain the weighting factors [66]-[67, 71] that most characterize this class
of emotion, and the rows contain the features extracted from the phrase. For example, high amplitude is most
characteristic for the emotion of aggression. The corresponding weight coefficient in the aggression column
will be larger. Knowing the average values of the features of speech, we construct the matrix based on the
changes in the parameters.
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The following simulations and experiments were performed. The flow graph in Fig 2 shows the steps carried
out for the experiment.

The experiment was done on MFCC extracted from the EMODB and SAVEE data set. Four subsets of MFCC
features comprising 20 cepstral constants were analyzed for feature importance. This was done to identify
which 13 MFCC should be used for speech emotion analysis. The result of each subset using different classifiers
areas shown in Table 3. Each subset was used to classify emotions using supervised learning algorithm (variants
of decision trees).It was observed that the results obtained using 20 MFCC over set of first 13 was very near to
each other. There was no effective and substantial difference in the accuracy scores for classification while using
13 and 20 MFCC subsets. Increased number of features often increase the complexity of the system and so if 13
MFCC are used instead of 19 MFCC the results will not suffer much loss. The validation of the experiment was
also done by extracting important features from PCA Analysis It was seen that most of the important features
corresponded to initial 13 MFCC extracted from dataset. The accuracy score of classification on EMODB using
MO0-M12 was 52%, 50%, 47%, 41% using subsets M0-M19, M10-M12, M15-M17 and M16-M19 respectively
using Random Forest classifier. KNN shows 56%, 44%, 45% and 42% accuracy score using subsets M0-M19,
M10-M12, M15-M17 and M16-M19 respectively. XGB showed poor performance on the original extracted
dataset for classification task.SAVEE results as shown in Table 4 depicts accuracy sores of RF using subsets
M0-M19, M10-M12, M15-M17 and M16-M19 are 57%, 55%, 50%, 50% respectively. For KNN the performance
of four subsets is 67%, 54%, 55%, 50%.XGB showed poor performance on all the subsets. The results obtained
in Table 4 and Table 5 clearly indicate that selecting M0-M12 would be a better choice for features from MFCC
data set. It can be seen from the results that first 13 Mel coefficients can successfully be used for playing with
speech over using 20 features. This selection shall only optimize the results but also reduce the complexity of
the model thereby reducing the computation time.

Microphone Input
Speech Detection
Speech Signal
Segmentation
Speech Segment

Pre-Processing

Feature Extraction

Emotion Recognition

Predicted Emotion Class

Fig 2. Flowgraph of the emotion classification using decision tree classifiers

Table 3
Label encoded emotions for EMODB
Emotion EMODB Emotion SAVEE Encoded label

Fear/Anxiety Anger 0
Disgust Disgust 1
Happiness Fear 2
Boredom Happiness 3
Neutral Sadness 4
Sadness Surprise 5

There after the dataset was minimized and re-experimented for feature importance and classification. The
accuracy of results for classification increased effectively but the set of important features still contained features
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MO to M12 that initial 13 features. The reason behind this is that as the sound signal passes through the vocal tract
and comes out as the utterance there is a subsequent addition of noise to the originally generated signal. Addition
of noise disturbs the energy whose log is computed as the base of MFF extraction. The induction of noise imputes
the signal at later levels so the original signal remains intact for usage in analaysis [65]. The features present here
can be successfully used for better results as compared those extracted towards the end of the sample of each

speech signal.

Table 4
Results of EMODB with subsets of MFCC
MFCC M0-M19 M0-M12 M15-M17 M6-M19
RF 52% 50% 47% 41%
KNN 56% 44% 45% 42%
XGB 40% 38% 28% 27%
Table 5
Results of SAVEE with subsets of MFCC
MFCC MO0-M19 MO0-M12 M15-M17 M6-M19
RF 57% 55% 50% 50%
KNN 67% 64% 55% 50%
XGB 30% 38% 30% 30%

The results in table 4 and Table 5 shows that M0-M19 and M0-M13 has nearly similar results for accuracy
on classifiers. The datasets in Table 3 and Table 4 used the non-manipulated MFCC extracted from the speech
utterances in in EMODB and SAVEE.

For further analysis the datasets were minimized and preprocessed using min max scaling. The important
features identified for the minimized data using principle component analysis are in Fig 5 and Fig6. The x-axis
of the plot shows various classes of emotion and y axis plot shows the MFCC features.

Fere gal ot vi D dt-Buben

Perrpal Comprert |

Fig. 5. Principle component Vs Class Distribution for EMODB

Teacgs (ompoee

Fig. 6. Principle component Vs Class Distribution for SAVEE
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The results of using 13 MFCC from minimized datasets EMODB and SAVEE are shown in Fig. 6(a), 6(b),
6(c). SAVEE results can be seen in Fig. 8(a), 8(b), 8(c). The plots in the mentioned figures clearly displays the
precision. Recall and F1- scores for emotions in both the datasets using variants of decision trees.

Results showed that for EMODB all the three classifiers defined fairly variable results. Boredom (91%),
anger (74%) and sadness (100%) had highest precision for random forest XGB and KNN respectively in EMODB.
For SAVEE a higher precision rate for Disgust (84%) was identified using random forest. KNN and XGBoost
identified sadness more precisely over remaining six emotions where the scores for sadness were 84%, 70%
and 74% with KNN, random forest and XGBoost respectively. A common conclusion was obtained from the
results of both the datasets that sadness was commonly identified with highest precision using KNN. So KNN
can be effective for studying the emotion sadness in emotion analysis.
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Fig. 6 (a). Emotion Vs Precision score for first 13 MFCC using KNN,
Random Forest and XGB classifiers on EMODB
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Fig. 6 (b). Emotion Vs F1-score for first 13 MFCC using KNN,
Random Forest and XGB classifiers on EMODB
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Fig. 6 (c). Emotion Vs Recall score for first 13 MFCC KNN,
Random Forest and XGB classifiers on EMODB
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Fig. 7 (a). Accuracy score for Emotion classification using parameterized KNN, Random Forest
and XGB classifiers on EMODB
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Fig. 7 (b). Accuracy score for Emotion classification using parameterized KNN, Random Forest
and XGB classifiers on EMODB
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Fig. 9. Accuracy score obtained with first 13 MFCC using KNN, Random Forest and XGB
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Conclusion. Speech features have always remained the one of the regressively studied topic in research.
Speech or utterances contain vital information regarding the intention, emotion and psychology of the speaker
[70]. The paper studied the use of one such speech feature called MFCC and utilized it to classify emotions
using two datasets. The work also tried to establish the importance of using first 13 MFCC when we have a set
of 20 Mel constants that can be extracted for speech based on the vocal physiology of human mouth. Accuracy
scores for emotion classification using variants of decision tree approach has been obtained for EMODB and
SAVEE for two datasets. KNN was identified as the common classification algorithm for both datasets. The
score of sadness as obtained from KNN were highest for both the datasets. The results of the experiments can
be utilized for predicting emotions and personality of the speaker. The results can be integrated with various
application pertaining to human psychology and medical treatments.
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ANALYTICAL OVERVIEW AND SYSTEM ANALYSIS OF ORGANOPHOSPHATES FILTRATION
IN THE AGRICULTURAL SECTOR OF THE EUROPEAN UNION

Abstract. This research focused on reviewing organophosphate monitoring in European countries that was carried out by
various researchers independently to National authorities or official European monitoring bodies, during the last ten years. A
modified QUEChERS method (a solid phase extraction technique for detection of pesticide residues in food) seems to be the most
preferable method used lately in private or educational laboratories, while ultra high pressure liquid chromatography (UHPLC)
systems, are gradually gaining ground in trace analysis. Considering the collected published data, organophosphates seem not
to be so intriguing to monitor and research, besides being still one of the most frequently applied pesticides used for cultivation
purposes today. The question is, will public health be exposed to adverse effects of produce sold, especially in local markets, without
the necessary “free from pesticide residue” certification? Traceability and food labeling techniques can provide evidence for certain
production methods (eg organic food) or specific food product origin, while facilitate traceability in case of MRLs violation.

Key words: pesticides, organophosphates, residual analysis, agricultural sector.

AHAJIITUYHUH OIIAA TA CACTEMHUM AHAJII3 (DIJIHEPAHI'I' $®OCPOPOPTAHIYHHUX KHUCJ/IOT
B ATPAPHOMY CEKTOPI EBPOIIEMCBKOI'O COI03Y

AHnomayis. e docaidscenHsi 6y/10 30cepeddiceHo Ha nepezasidi MOHIMopuHzy gochopop2aHivHUX KUCaA0mM y €8poneticbKux
KpaiHax, sikuli npo8oduacsi piaHuMu docAIOHUKAMU He3a/1eX4CHO 810 HAYIOHAIbHUX 0p2aHie 81adu abo odiyiliHux eeponeticbKux
MOHIMOPUH208UX 0p2aHie Npomsi2oM ocmaHHix decsimu pokie. Modugikosaruil memod QUEChERS (memod meepdogasHoi
ekcmpakyii 015 susieneHHs 3aauwkie necmuyudie y xapyosux npodykmax), 30aemucsi, € Halibi1bW NepesajdcHUM MemoooM,
SKUL OCMAHHIM YACOM BUKOPUCMOBYEMbCS Y NPUBAMHUX YU 0C8IMHIX 1a60pamopisx, modi ik cucmemu piokoi xpomamozpagii
Hadsucokozo mucky (UHPLC) nocmynoso 3asoliogylomb ¢80t nonyaspHicms. aHaAiz. Bepy4yu do ysazu 3i6paHi ony6aikosaHi
daHi, opaaHogpocdhamu, 30aemucsi, He HACMIALKU THMpPU2YIoUil 0151 MOHIMOPUH2y ma d0cAidxHceHb, Kpim mozo, Wo 8oHU doci
€ 00HUM i3 Halluacmiwe 3acmocogysaHux hecmuyudis, siKi BUKOPUCMOBYIOMbCsl 0151 BUPOWYBAHHSI HA CbO200HIWHIl OeHb.
IlumauHs nossizae 8 momy, yu 6yde epomadcvke 300p08°s niddaHe He2aMUBHOMY 8NAUBY peaJli308aHoi npodykyii, 0co6.au80 Ha
Micyesux puHkax, 6e3 HeobxidHoi cepmudbikayii «6e3 3a1uwikie necmuyudie»? Memodu eidcmedceHHs ma MapKy8aHHS Xap408UX
npodykmie mMoxcyms Hadamu dokasu 04151 neesHux Memodie supobHuymaea (Hanpukaao, op2aHiyHUX Xxap4oeux npodykmis) a6o
cneyu@ivH020 NOX0OHCeHHS Xapyosux npodykmis, 00HOYACHO No/ie2Wy4U npocmedxcysanicms y pasi nopyweHHs M/ITOB.

Kaiouosi caoea: necmuyudu, opeaHogocamu, 3aauwkogull aHais, azpapHuli cekmop.
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Overview. Agriculture.Agricultural products are produced throughout the world, providing the basis of hu-
man nutrition with vitamins, minerals and fibers [1], while many national economies depend on agricultural
practices. Yesterday’s agriculture was based on conventional cultivation methods, and focused only on mass
production, without quality control schemes and insufficient control measures. These cultivation methods act
like a chain, starting with producers experiencing continuous fluctuations and instability in their production
and hence, their income, next the consumers not able to distinguish if a product falls within the acceptable safe-
ty region, its quality or its origin, and finally the increased risk to human health and the environment as shown
from the following years of such practices [2; 3; 4].

Ways of agriculture however, have changed considerably during the last decades. The industrial takeover
produced mono-cultured agricultural production in developed countries, with local economies evolving into
global economies and focused more on qualitative production than quantitative. The introduction of green-
house cultivation, mainly in the Mediterranean region, offered a “controlled environment” in order to produce
specific products otherwise not possible.

The introduction of a wide variety of pesticides for all types of treatment, fertilizers for all types of deficien-
cies, agricultural tools and instruments and new irrigation systems, gave a new impulse in the agriculture sec-
tor, increasing gradually the agricultural income, but at the same time, introducing new or recurring problems
(contaminated soil and ground water, polluted air, food-borne illness, toxic chemicals in foods, animal feed and
fiber) so much in the rural exploitation, as well as in the wider environment and consequently, in the social
structure [5]. One of the main reasons this occurs is due to the thoughtless and reckless use of pesticides from
non-trained farm producers.

In Europe, certain legislations, regulations and directives have been established by the European Parliament
focusing on placing of plant protection products on the market (Regulation (EC) No 1107/2009), maximum res-
idue levels of pesticides in or on food and feed of plant and animal origin (Regulation (EC) No 396/2005), laying
down rules for making available on the market of EU fertilizing products (Regulation (EU) 2019/1009) and bio-
cidal products (Regulation (EU) No 528/2012) and establishing a framework for Community action to achieve
the sustainable use of pesticides (Directive 2009/128/EC) [6; 7; 8; 9], while pesticide monitoring reports are
published for all European countries every year [10]. Additionally, European Community’s Rapid Alert System
for Food and Feed [11], publishes weekly overviews of alerts and information notifications on its website, with
chemical hazards being one the reported hazard categories. Additionally, the European Commission publishes
EU statistics on pesticide sales in regards to geographical location, year, unit of measure and pesticide groups and
an updated EU pesticide database that categorizes products/active substances as “approved” or “not approved”.

Pesticide Usage. The basic agricultural pesticide categories, based on plant protection activity, are insecti-
cides (insects), fungicides (fungi) and herbicides (weeds). The most common non organic insecticides applied
are organochlorines, organophosphates, carbamates, neonicotinoids and synthetic pyrethroids. Although spe-
cific categories have been banned in EU countries (eg organoclorines).

Even though pesticides are designed to target specific organisms, this is not guaranteed. Chemical structures
differ in both within and between these categories and their induced modes of action cause collateral damage
to unwanted species. This can lead to an abruption in the ecosystem, un-stabilizing the natural processes of the
environment and increasing the health risk to humans as the induced toxicity varies widely within each type of
group [12; 13; 14; 15; 16; 17; 18].

The importance of pesticide residue exposure plays a pivotal health roll for producers and their families that
are exposed directly, as well as the general population that is exposed indirectly via marketing and application
of pesticides, domestic vegetable cultivation, close proximity to rural areas of agriculture fields and by the con-
sumption of exposed food and water [19; 20; 21; 22; 23; 24; 25; 26]. This has been noted especially for intense
cultivated European countries (i.e. greenhouse in Spain, Portugal, Italy and Greece), where pesticides have been
used at least for three decades. The lack of proper information (what pesticide for what crop, adverse health
effects, safety measures etc.), false estimations (pesticide dosage per crop) and training (correct clothing and
storage, application tools, how and when to apply the pesticide mixture, safe harvesting post period, disposal of
the empty packages etc.) result in a silent chronic exposure detrimental to human health and in some cases of
acute exposure, fatal to human health.

Organophosphates. Organophosphate pesticides was one of the most important preferred categories due to its
increased activity against a wide spectrum of insects at relatively low application doses. Organophosphates and
carbamates had replaced organochlorines world-wide as they were regarded safer for their toxic impact, although
today, most organophosphates have started to be banned as they are now being replaced by other insecticidal prod-
ucts (especially synthetic pyrethroids) that have an even less toxic impact.

Organophosphate insecticides have been widely used for more than three decades in the U.S. accounting for
almost 30% of the global insecticide market sectors [EPA, 2017].
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Sales of insecticides based on organophosphates, in regards to the 27 geopolitical entities of the EU, of the
year 2018, show the immense level of this preferred insecticide group as shown in Fig. 1.

Fig. 1. Volume of pesticides sold by type of pesticide (based on organophosphates) within the current
27 EU member states for the year 2018. [Eurostat (2020). Sales of pesticides by type of pesticide.
Retrieved from: https://ec.europa.eu/eurostat/databrowser/view/tai02 /default/bar?lang=en]

A few of the most used organophosphates that are not approved based on the EU pesticide database, are
Parathion, Phoxim, Chlorpyrifos, Azinphos-Methyl, Fenitrothion, Dichlorvos, Diazinon amongst others, al-
though some are approved, but as for all active substances, there are specific restrictions of use (Phosmet,
Malathion i.a).

They were the most widely pesticides sold in USA and European countries, while some of them are even
registered for public health applications [27; 28; 29; 30].

Organophosphorus pesticides are esters of phosphoric acid and their derivatives have a main mode of ac-
tion via inhibition processes of acetylcholine esterase (AChE). AChE is a known key enzyme of the cholinergic
system responsible for the breakdown of acetylcholine that function as a neurotransmitter. Inhibition of this
enzyme results in accumulation of the neurotransmitter acetylcholine (ACh) at the synapses and overstimula-
tion of nerves and muscles.

Organophosphorus pesticides exhibit a high activity /low persistence time, are relatively unstable in the en-
vironment and degrad quickly to toxic bi-products. Nearly 75% of organophosphate pesticides are metabolized
to dialkyl phosphate metabolites (DMP, DMTP, DMDTP, DEP, DETP, DEDTP), which do not inhibit acetylcholines-
terase enzymes. These metabolites are not considered toxic, but they rather provide an exposure marker of the
parent pesticide, suggesting a possible recent exposure. Since dialkyl phosphate metabolites may also exist in
the environment as an organophosphate degradation product, the detection of these metabolites in urine may
also indicate the person’s exposure to the metabolite itself.

Additionally, since each of these six urinary metabolites can be produced from more than one parent pesti-
cide, the metabolite detection alone is not enough exposure evidence to a specific pesticide and further investi-
gation is needed. In contrary to dialkyl phosphate metabolites, other specific metabolites can also be produced
by organophosphate pesticides, from one or only a few parent pesticides (eg malathion dicarboxylic acid can be
produced from malathion). The detection of the specific metabolites suggests both exposure to parent pesticide
and presence of metabolite in person’s food or environment, [31]. Health concerns linked to organophosphate
exposure are either acute or chronic. All levels of exposures have a particular toxic impact that is amplified or
reduced based on age, underlying diseases, demographics etc.

Organophosphate residual analysis. Pesticide residual analysis is a methodology, used for the investigation
and quantitation of banned or registered pesticides that may occur in an agricultural product. A residue is a
trace (mg/Kg, ug/kg, ng/kg) of a substance, present in a matrix. The European Union has established a pesti-
cide maximum residue levels (MRLs) for each legal pesticide, in order to avoid high limits of residual quantities.

The analytical techniques for the identification and quantification of pesticide residues are being devel-
oped and improved continuously. Gas chromatography is good for detecting volatile and thermally stable com-
pounds, high-performance liquid chromatography is for non-volatile and high molecular weight samples and
capillary electrophoresis (CE), is best for less consumptions of organic solvents with faster compound separa-
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tion processes [75, 76]. Although official analytical methods exist (eg AOAC International: Association of Ana-
lytical Communities, SANCO documents from European Commission Directorate General Health and Consumer
Protection, Ministry of Public Health in Netherlands etc), multi-residue in house methods are developed and
followed by the vast majority of laboratories throughout Europe, mainly due to the great variety in sample
preparation and detection apparatus that can be used. Considering organophosphate analysis in vegetables, a
number of sample preparation steps are followed before the analysis takes place. Sub-sampling, homogeniza-
tion, extraction and clean-up are considered of major importance steps since they can introduce a significant
uncertainty into the final result.

Vegetable samples are reaching laboratory in certain quantities (usually 1 Kg or more), consisted from a
number of individual products (eg 1-2 cucumbers, 3-5 tomatoes, 5-10 peppers). In order to acquire a represen-
tative result all individual items are chopped, homogenized in a blender and further divided in smaller quanti-
ties (eg 50 or 10g). These sub-samples can be stored at -20°C or immediately utilized.

After sample preparation the extraction step is followed in order to move (extract) the organic contami-
nants, such as the organophosphate pesticides, from the solid phase of the vegetable to a liquid one. Analytes
are isolated from the primary matrix and their concentration is increased above the detection limit, for the
specific analytical technique to be followed [32]. Many extraction techniques have been reported in the liter-
ature, with the most frequent to be : liquid-liquid extraction (LLE), solid-phase extraction (SPE), accelerated
solvent extraction (ASE), gel permeation chromatography (GPC), microwave-assisted extraction (MAE), ma-
trix solid-phase dispersion (MSPD), supercritical fluid extraction (SFE). During the extraction of vegetable
samples a number of interfering compounds are co-extracted with the analytes (eg fats, carbohydrates, water,
chlorophyll) [32], hence the need of an additional analytical step in order to purify the extract (clean up step).
Solid phase extraction, gel permeation, sulphuric acid treatment or saponification are some of the techniques
used for purification purposes.

Liquid-liquid extraction is a widely used method used for the isolation of pesticides from fruit and veg-
etable matrices, initially based on two basic approaches: acetone followed by partitioning with dichloro-
methane and petroleum ether and extraction with ethyl acetate at the presence of sodium sulfate. These two
approaches have been modified by many laboratories in order to take into consideration health and environ-
mental aspects [33]. Even though acetone is completely mixed with water there is a need of a non-polar sol-
vent in order to enhance a distinct separation from the water phase, a fact that may lead to lower recoveries.
Ethyl acetate is not completely miscible with water; hence water can be removed by the excess of sodium
sulfate [34]. A typical example of liquid-liquid extraction is the addition of ethyl acetate, anhydrous Na,SO,4
and NaCOs; to the weighted sample, homogenization with Ultra-Turrax, filtration and concentration prior to
analysis [35]. In recent years acetonitrile extraction has an increased use, particularly after the development
of the QUEChERS method, where anhydrous NaCl with MgS0O, are used, leading to increased recoveries of
polar compounds [36].

Liquid-liquid extraction can be used with out further purification steps, or it can be combined by various
clean-up steps, in order to minimize matrix effect, improve ruggedness, decrease LOQ and prohibit contamina-
tion in detection apparatus [35; 37]. Supercritical fluid extraction (SFE), solip-phase microextraction (SPME),
stir bar sorption extraction (SBSE) and matrix solid-phase dispersion (MSPD) are additional purification steps
after the first extraction of the vegetable matrix. SFE can lead to a pure extract but with high instrumentation
cost and a large number of parameters needed to be optimized [38; 39; 40], while SPME can provide a fast and
cheap method more oriented to qualitative analysis [41]. SBSE has been reported as an efficient method for less
polar pesticides [42] and MSPD can utilize reversed phase material (C;g and Cg) and Florisil sorbent for more
polar pesticides [43; 44; 45].

Solid-phase extraction (SPE) initially used Florisil and Silica sorbents, due to strong adsorption of organo-
phosphates, while later graphitized carbon black (GCB) sorbents were used, in order to increase pigment re-
moval from fruit and vegetable extracts [46; 47; 48; 49]. Since carbon sorbents did not eliminate matrix prob-
lems, the use of reverse phase C;g was introduced in order to remove non-polar co-extractives from vegetable
extracts [50; 51; 52]. Chemically bonded stationary phases (aminopropyl, -NH;), primary-secondary amine
(PSA) and strong anion exchanger (-SAX) were also used in multi-residue pesticide methods. The bonded nor-
mal phase SPE columns (with PSA and -NH,) has been reported as an effective step in order to reduce fatty ac-
ids, while C;g and -SAX remove less matrix co-extractives from the vegetable extract. Researchers [50; 51] have
also reported the combination of two or three SPE columns (GCB, C1g, -SAX, PSA, -NH,) as an effective clean-up
step of sample extracts. SPE sorbents were also used by Anastassiades et al [36] during the development of the
QuEChERS method with improved removing of matrix co-extractans and reduced laboratory handling. Letohay
and others [53; 54] further modified the QUEChERS method, in order to improve recoveries for a wide range
of pesticides from various non-fatty matrices, with pH from 2 to 7. Dispersive solid-phase extraction (DSPE)
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was called the method, where after liquid-liquid extraction the SPE material was mixed with a portion of the
vegetable crude extract. DSPE with a combination of PSA and GCB can be used for vegetable samples high in
carotinoides (eg red pepper) or chlorophyll (eg lettuce), while QUEChERS method with a combination of C;g
and PSA has been used for a large number of pesticides from various food matrices, [33]. Gel permeation chro-
matography (GPC) is usually used for fatty matrices with high molecular weight co-extractants, but with an
increase in solvents amounts and laboratory time.

Organophosphate pesticide detection is usually performed with gas chromatography (GC) coupled with ni-
trogen-phosphorous detectors (NPD), following specific temperature programs. The use of auto-samplers facil-
itates analysis and eliminates errors. The use of programmed temperature vaporizer (PTV) can facilitate large
volume sample injections. Confirmation of positive samples can be performed with mass spectrometers-detec-
tors (MS or MS/MS), usually either with electron impact ionization (EI) in full scan mode (as a means to evaluate
clean-up efficiency) or selective ion monitoring (SIM) (evaluation of recovery efficiency) or atmospheric pres-
sure chemical ionization mode (APCI). Liquid chromatography (LC) can also be used coupled with mass selective
detectors (MS, MS/MS) with atmospheric pressure chemical ionization (Pizzutti, 2007). Ultra high pressure lig-
uid chromatography (UHPLC) systems, working with higher operating pressures than in normal LC are gradually
gaining ground in pesticide analysis, [56].

Review of Results - Discussion. This paper focused on reviewing organophosphate pesticide monitoring
in European countries that was carried out by various researchers, independently to National authorities or
official European monitoring bodies, during the last five years. Results showed a limited amount of information
available for organophosphate pesticides. Even though hundreds of papers are published about pesticide mon-
itoring in agricultural products and the vast majority of work deals with the development of new multi-residue
in house methods, new sampling preparation methods, modern analysis apparatus, validation of new methods
or evaluation of various pesticide analysis parameters, organophosphates are not preferred by private or edu-
cational laboratories in their analysis schedule. Organophosphates seem to be forgotten by researchers these
days. Nevertheless, the review found a limited number of scientific publications and selected representative
information of these data is presented in Table 1, so as to highlight the various sample preparation techniques,
the analysis apparatus used, as well as any validation that is performed in order to prove method suitability, as
far as organophosphate analysis is considered.

Data are presented in Table 1, initially categorized by country, vegetable commodity, number of samples
monitored and number of various organophosphates analyzed. The majority of countries found during this
review to deal with organophosphates are: Spain, Greece, Netherlands, Portugal and Italy. This is well explained
since these countries are the main source of vegetable production through out Europe, due to excellent climate
conditions (most of them being Mediterranean countries). Nevertheless other countries are entering vegetable
market such as Bulgaria or Czech Republic.

Considering sample preparation for organophosphate analysis, all laboratories sample a significant amount
of vegetable (1 or 2 Kg), consisted of various vegetable individual items, washing is avoided, vegetables are
chopped and homogenized in mixers. Sub-sampling is usually used, in order to end with a representative quan-
tity of the initial sample and not jeopardize the trace analysis. Efforts are taken, in order sample preparation
and the following extraction or purification steps to be identical and with small variations in the final procedure
to end with different extracts for different pesticide categories. Extraction is followed by all researchers, with
liquid extraction being the most common method, using acetone, ethyl acetate or acetonitrile. There are cases
where supercritical fluid extraction (SFE), single drop microextraction (SDME), accelerated solvent extraction
(ASE), matrix solid phase dispersion (MSD) or stir bar sorptive extraction (SBSE) are used. Some researchers
did not use any further purification steps, while those who use clean-up procedures prefer solid phase ex-
traction with GCB or SAX and PSA. Modified QUEChERS method with acetonitrile seems to be the most prefera-
ble method used lately in private or educational laboratories, since it improves extraction [53; 57] and provides
acceptable recovery rates, resulting to a simple, cheap and reliable sample preparation technique (extraction
and purification) in order to meet the low levels required by European MRLs standards [58].

The sample preparation techniques, used for extraction and purification of vegetable samples before the
sample analysis, exhibit a number of variations in initial matrix amount required, solvent usage, toxic or flam-
mable chemicals disposal, time and laboratory work required. Liquid - liquid extraction techniques are report-
ed as time consuming with large amount of solvents usage. The use of Soxhlet apparatus reduces laboratory
cost but it still requires large amount of solvents, while microwave assisted Soxhlet extraction reduces sample
preparation time. Ultasonification extraction has been reported to facilitate the solvent leaching process. In
order to further reduce extraction time and solvent usage microwave assisted extraction (MAE), accelerated
solvent extraction (ASE) and supercritical fluid extraction (SFE) can be used, providing a better analyte desorp-
tion and diffusion from the solid matrix. These techniques can lead to lower temperature requirements, higher
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extraction rates, less solvent usage, while in certain cases (eg SFE) can produce extracts with no further clean
up step required [32]. Additionally to liquid extraction, solid adsorbent materials can be used for extracting an-
alytes from the vegetable matrix. Solid-phase extraction (SFE), solid-phase microextraction (SPME), matrix sol-
id-phase dispersion (MSPD) and stir-bar sorptive extraction (SBSE) are reported to provide more advantages
comparing to liquid - liquid extraction techniques (simultaneous concentration of analytes and removal of in-
terfering compounds, less solvent usage, more samples analyzed in shorter times), [32]. Solid phase extraction
techniques involve purification of analyte extracts while gel permeation is mainly used to purify extracts with
an increased fat content.

Organophosphate detection is carried out with GC-NPD, while there are cases where GC-ECD methods have
been developed. Confirmation is performed by the majority of researchers, usually using GC-MS, GC-MS/MS
or LC-MS/MS. Currently, the use of LC-MS or triple quadrupole MS for pesticide trace analysis is increasing,
despite the high purchase cost for private or education laboratories. Additionally, all laboratories have devel-
oped some sort of validation procedure, evaluating recovery (Re %), relative standard deviation (RSD %), limit
of detection (LOD in mg/Kg or pg/Kg) and limit of quantitation (LOQ mg/Kg or pg/Kg), (Table 1), along with
other parameters not shown in Table 1 (eg precision, linearity, uncertainty etc). These values were found most-
ly within SANCO requirements [59]. There is not enough information about the accreditation status of these
laboratories (ISO 17025) or the participation in official proficiency tests.

Table 1
Selected published data on pesticide monitoring with focus to organophosphates
Food description Detection ChMethod.Va.lldatlon
Sample preparation Apparatus aracteristics (range) Refe-
Matrix (Extraction, and/or Clean-up steps) | (Characte- LOD LOQ rences
.. 0, 0,

Country Sno | OPPs ristics) Re (%) | RSD (%) (ng/Kg) (ng/Kg)
Spain 23 2 Liquid extraction (acetonitrile) PTV - GC- 80-96 1-7 1-2 1-4 [60]
Vegetables Solid phase extraction (multi - layer ITMS

Superclean Envi Carbll / PSA SPE
cartridge, acetonitrile : toluene)
Greece 13 8 Single - drop microextraction (SDME) GC - NPD 299-51 | 49-87 0.6-10.0 - [61]
Vegetables
Spain - 5 Liquid extraction (acetonitrile, acetone, | GC- NPD 71.3-115 21-7 0.1-3.8 0.5-12.6 [62]
Vegetables ethyl- acetate) GC - MS
(SIM)

Austria - 22 | Modified QuECheRs method GC-MS 70-132 2.9-17.3 0.4-48.2 1.2-161 [63]
Vegetables (acetonitrile)
Spain - 1 Liquid extraction (dichloromethane) GC / PFPD 89.2-92 | 82-149 3 10 [64]
Vegetables
Spain - 5 Supercritical fluid extraction (SFE) RPLC - GC - - 1.49-7.66 - [65]
Vegetables LVI-GC-NPD
Spain 429 11 Liquid extraction (ethyl - acetate) GC-NPD 60-92 5-18 0.01-100 [66]
Fruits
Spain 116 1 Liquid extraction (ethyl - acetate) LC-MS 72 19 - 20 [45]
Fruits
Bulgaria - 5 Liquid extraction (acetone) GC-ECD 74-114 2-16 1-5 5-10 [67]
Fruits Solid-phase extraction (GCB, SAX-PSA) | GC-MS
Vegetables
Slovak - 7 QuEChERS method (acetonitrile) GC-NCI-MS - 1.7-8.1 | 0.0068-0.113 | 0.0234-0.160 | [68]
Republic GC-EI-MS 6-7.5 0.14-0.5 0.36-1.66
Fruits
Czech - 37 | QUEChERS method (acetonitrile) UHPLC-TOF - 2.25-13.63 - <10 [69]
Republic (clean up- PSA) MS
Portugal 28 11 Dispersive liquid-liquid microextraction | MD - GC/MS | 66-106 3-20 0.2-4.1 0.06-1.24 [70]
Fruits (DLLME)
Portugal - 7 QuEChERS method (acetonitrile) LP-GC-MS 74-90 4-12 1.2-4 - [71]
Fruits
Czech - 2 Liquid extraction (acetonitrile) LC-MS/MS 93-94 7-8 - 9-11 [72]
Republic GC-MS
Fruits
Slovak - 4 QuEChERS method (acetonitrile) GC-EI-MS - 3.4-5.3 0.033-0.055 0.11-0.18 [73]
Republic GC-NCI-MS 7.5-12 0.08-0.34 0.27-1.13
Fruits
Vegetables
Spain - 2 QuEChERS method (acetonitrile) GC-MS (SIM) | 84.9-98.2 | 2.0-4.6 0.2-0.3 - [74]
Vegetables GC-MS/MS - 6.0-7.5 0.1-0.3
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Conclusions - Recommendations. Even though European legislation exists and applies strict guidelines
and regulations in order to reduce the use of persistent pesticides and encourage the development of target
specific pesticides, this review shows a tendency in pesticide research towards more new and modern chem-
ical molecules that are used in today’s agriculture. Organophosphates seemed to be old fashioned among
various laboratories in European countries, even thought they are still used for cultivation purposes. Certainly,
we should take into consideration the existence of National laboratories in each European country, which are
monitoring pesticides and informing European Union in order to produce specific reports. Considering pri-
vate laboratories in each country, we should acknowledge that routine analysis is taking place and certainly
organophosphates are monitored among the other pesticide categories. In this case, we should underline that
private laboratories operate with agricultural samples originating from independent farmers, farmer groups,
super-markets or factories that export vegetables abroad, to other European countries and the majority of
samples are analyzed as a prerequisite for certification purposes. So, assuming all agricultural products ex-
ported to other European countries are certified and the requirements of each certification scheme are strictly
followed, we could conclude that public health is not questioned. But, what happens inside each European
country, where certification is not necessary for selling agricultural products (as a marketing requirement)
and products reach consumers, sold in local markets or supermarkets, with only National authorities been re-
sponsible for inspection and monitoring? Analysis cost, insufficient laboratory methods (eg pesticide metab-
olites that are not covered by in-house methods), new pesticides or foreign imported pesticides, are some of
the parameters that may limit the successful pesticide monitoring from National authorities. Not only organo-
phosphates but all pesticides are in question and there is not substantial evidence (published data) to prove
that farmers have been using legal-registered pesticides or they have followed the necessary pre-harvest days
after pesticide usage (strictly defined for each pesticide).

Finally, we should underline the importance of accreditation to all major pesticide categories from National
laboratories and the usefulness of specific agricultural sampling protocols, which would take into consider-
ation cultivation process, product origins, marketing strategies, as well as weather fluctuation and consumer
demands. Certification schemes used for vegetable cultivation in European countries (such as GLOBALGAP, for-
merly known as EUREPGAP) should become a prerequisite, not only for produce intended to be sold abroad but
also for produce that is sold inside each country. Traceability and food labeling techniques can provide evidence
for certain production methods (eg organic food) or specific food product origin, while facilitate traceability in
case of MRLs violation.

Abbreviations:

Sno : number of samples analyzed, OPPs no : number of organophosphate analytes analyzed, Re (%) : recovery %, RSD
(%) : relative standard deviation %

LOD (mg/Kg): limit of detection, LOQ (mg/Kg): limit of quantitation,

PTV - GC- ITMS : programmable temperature vaporization injector - gas chromatography with ion trap mass
spectrometry

GC-NPD : gas chromatography - nitrogen phosphorous detector

GC - MS (SIM) : gas chromatography - mass spectrometry with selected ion monitoring

GC / PFPD : gas chromatography - pulse flame photometric detection

RPLC - GC : reversed phase liquid chromatography - gas chromatography

LVI-GC-NPD : large volume injection - gas chromatography - nitrogen phosphorous detector

LC-MS : liquid chromatography - mass spectrometry

GC-ECD : gas chromatography - electron capture detector

GC-NCI-MS : gas chromatography -negative chemical ionization mass spectrometry

GC-EI-MS : gas chromatography - electron impact ionization - mass spectrometry

UHPLC-TOF MS : ultra high performance liquid chromatography - time of flight mass spectrometry

MD - GC/MS : multidimensional gas chromatography - mass spectrometry

LP-GC-MS : low pressure gas chromatography - mass spectrometry
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PO3POBKA IHOOPMALIIHHO-AHAJIITUYHOI CACTEMH
3 MPUAHATTS PILIEHDb B KPEAUTHOMY CKOPUHTY

Anomayis. BnposadcenHs iHgopmayilinux cucmem do giHaHcogoi 2any3i € nonyasapHuM piuleHHsAM 8xce noHad 20 po-
Kie. L|e nog’s13aHo 3i cmpiMKUM 3pocmaHHAM PiHAHCOB0-eKOHOMIUHUX PO3PAXYHKI8 ma KaieHm-opienmosaHocmi hiHaHco8ux
3aksadie. Binbwicms onepayiii, ski cmocyromucst po3paxyHkie, piHaHCO8UX 06HUCAEHb, CUCMEM KpedUumy8aHHsl, MOWwo, 8UKO-
HyIOmMbCs 3a80aKU po6omi 3 iHpopmayiliHo-npozpamHuMm 3ab6e3nevyeHHAM. Lle 00380.4151€ MiHIMI3y@amu noMuIKu onepamopis
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cucmemu, 36epicamu yugposy popmy dokymenmayii, enpoeadsicyseamu pisHi IHmepHem-cepgicu 045 nonyasipusayii pinax-
cosux nocaye.

Memoto cmammi € onuc npoyecy npoekmysaHHsl ma 8U3Ha4eHHs1 PyHKYIOHANbHOT 102TKU pO3pO6KU NPO2PAMHO20 3AC00Y
3 npuiliHamms piweHb npu aHai3i Kaienmie e piHaHcosux ycmaHogax. Peasizayis nocmasaeHoi memu nepedbauace supiwieH-
Hs1 HU3KU 3a80aHb: 1) hopmysaHHs 02iKU oyiHKU 8XIOHUX Kpumepiis 8id Kaienmis; 2) npoekmysaHHsl KoHYenyii cucmemu 3
BUKOPUCMAHHAM PYHKYIoHA1bHOT Mogu npoekmysaHHsi UML; 3) pospo6ka demoHcmpayitiHoi eepcii ingpopmayitiHoi cucme-
MU HA 0CHOBI chopMOBAHO20 NPoeKMy ma 8U3HAYEHHOI PYHKYIOHANbHOI 02iKU.

Haykoea Hosu3Ha. CnpoekmogaHe ma po3pob/eHe piuleHHs1 BUKOPUCMOBYE noJe2uleHi Memodu 06po6Ku 8xi0HOT iH-
dopmayii, wo do3604s€ 36iabwWUMU WBUIKICMb 06PO6KU 3a5180K 810 Kopucmyeauis. B po6omi 3acmocogytombcsi QUHAMIvHI
Memodu aHaAai3y exioHux pakmopis i3 3acmocysaHHsImM dodamkosux 308HIWHIX nepegipok Kaienmis. 3acmocosaHi 3acobu
PO3pOOKU onmuMi3ylomb pobomy cucmemu, 3a paxyHoK 3acmocyearHs web-3aco6ie po3poOKu.

AK 8UCHOB0K, y cmammi Hazo0uyembcs, Wo cy4acHull kpedumHull CKOpuHz € aKmyaabHoK ceporo 3acmocy8aHHs 8
pi3HopisHesux iHaHco8UX ycmaHo8ax, ma Mae ska4amu 8 cebe yHKYioHabHI 3axo00u 3 06pobKu exidHoi iHgpopmayii npu
nputiHsimmi piwieHb 8 KojcHoMy iHdugidyanbHoMy gunadky. 3acmocosaHuti Memod 06po6Ku 8xiOHUX daHUX 00380151€ MIHIMI-
3ysamu yac Ha 06po6kKy daHux ma 36i1bwumu 8uxioHy mouHicms pekomeHdayiii 0415 kpedumHoi cnpasu. HagedeHi npoekmy-
8aHHS1 003801UU BUSHAYUMU SIKICHI 3ac06U peanizayii npo2pamHoi YacmuHu, a makoxc cgpopmysamu HeobxiOHi mexHo102iUH]
KoMNnoHeHmMu 045 peanizayii ingpopmayiiiHoi cucmemu. Ilodasbwium po3eumkKoM cucmemu Modice 6ymu 3acmocy8aHHst 6116
SKICHUX 3ac006i8 06p0o6Ku 8xidHOT iHhopmayil, po3wupeHHs Memodie Nouamko8020 diazHOCMy8aHHs KAIEHMI8 ma 8nposadyiceH-
HS1 Mampu4Ho20 Memody 3611bWeHHs1 MOYHOCMI KiHYyeg020 Npo2HOo3y 0151 KoxcHOI okpemoi gpiHaHcoeoi cnpasu.

Kawuoei cnoea: kpedumnuii ckopuHe, hiHaHcosutl meHedxcmeHm, 06pobKka 3anumie, nputiHsimmsi piuwieHs, web-cucmemu.

DEVELOPMENT OF INFORMATION AND ANALYTICAL SYSTEM
FOR DECISION MAKING IN CREDIT SCORING

Abstract. The introduction of information systems in the financial sector has been a popular solution for over 20 years.
This is due to the rapid growth of financial and economic settlements and customer orientation of financial institutions. Most
operations related to settlements, financial calculations, credit systems, etc., are performed by working with information
software. This allows you to minimize the errors of system operators, save the digital form of documentation, implement
various Internet services to promote financial services.

The aim. The purpose of the article is to describe the process of designing and determining the functional logic of software
development for decision-making in the analysis of customers in financial institutions. Realization of the set purpose provides
the decision of a number of tasks: 1) formation of logic of an estimation of entrance criteria from clients; 2) designing the
concept of the system using the functional design language UML; 3) development of a demonstration version of the information
system on the basis of the formed project and the defined functional logic.

Scientific novelty. The designed and developed solution uses simplified methods of processing input information, which
allows to increase the speed of processing requests from users. The paper uses dynamic methods of analysis of input factors
with the use of additional external customer reviews. Used development tools optimize the system through the use of web-
development tools.

In conclusion, the article emphasizes that modern credit scoring is a relevant area of application in multilevel financial
institutions, and should include functional measures for processing input information in decision-making in each individual
case. The applied method of input data processing allows to minimize time for data processing and to increase initial accuracy
of recommendations for credit business. The given designs allowed to define qualitative means of realization of a software part,
and also to form necessary technological components for realization of information system. Further development of the system
may be the use of better means of processing input information, expanding the methods of initial diagnosis of customers and
the introduction of a matrix method to increase the accuracy of the final forecast for each individual financial case.

Key words: credit scoring, financial management, request processing, decision making, web-systems.

AKTyanbHicTh Np06JIeMH. 3aB/JaHHS KPeAUTHOIO CKOPUHIY BUHUKA€E B 6aHKaX i IHIIUX KPEJAUTHUX Op-
raHizauisgx npy NpUUHATTI pilleHb IPO BUJAYy KpeAUTiB. 3aBJaHHS MOJISITa€ B TOMY, 106 Ha OCHOBI Jesikoi
inpopmanii mpo 3asiBHHKA OGI'PyHTOBAHO MPUHHATH PilllEeHHS — YM BAPTO HOMY BHAABATH KPEAUT, i AKIO
TaK, TO Ha KUX YMOBax. fKiio MoBa e npo ¢pisudHux ocib, To BuxigHOIO iHPopMauiew A Kiaacudikaril
MO3UYAJIbHUKIB Ha «JOOPUX» 1 «IIOraHUX» € CTBOpPEHA KJIIEHTChKA aHKeTa, iHpopMaliisi Mpo MUHYJ KPeAUTH
M03WYaJIbHUKIB (KpeJUTHA icTOpis), B eAKUX BUNAJKaxX — iHQopMaLis Mpo pyxX KOIITIB HA paxyHKaX MO3H-
yaJIbHUKA. B aHKeTi BKa3yeThbcs cyMa i npu3HayeHHs KPeAUTY, BiK, CTaThb, COLia/IbHUH CTaH, 0CBiTa, mpodecis
Towo. CniBpo6GiTHUKM GaHKY MOXXYTb BHOCHUTH J0JATKOBI BiZJOMOCTI, HanpuKJIaj, MCUXOJIOTIYHUHM MOPTPET
M03WYaJIbHUKA 260 pe3ysbTaTH NepeBipKy, NPOBEEHOI c1yx6010 6e3neku 6aHKy. B pesynbrarti popmyeThces
ONMC NO3WYAIBHUKA, 1[0 MicTUTh BiJ 20 10 200 03HAaK, 3aJI€)KHO Biji BUKOPUCTOBYBAaHOI 6AHKOM METOANKH
OIiHKHM KpeJuTOoCIpoMoXKHOCTi [1-3].

[lopsiz 3 knacudikarniero 6aHK BUpillye 3aBJaHHS BU3HAYEHHS PU3HUKY, IKUW Hece B co0i BH/jaya 3anuTa-
HOTO KpeJUTy B KO)KHOMY KOHKPETHOMY BUIIQAKY | NPUUHATTA pillleHHA NPo NPUHHATHICTb TAaKOTO PU3UKY
JU1sl KpeauTHoro noptdess. [Ipy boMy 6aHK HaMaraeTbcs MiHIMi3yBaTH PU3UK | MAaKCUMi3yBaTH NPUOYTOK
LIJISXOM BapilOBaHHSA YMOB KPeAUTY, 110 BUJAETHCH — CTABKH, CyMHU, TepMiHy To1o. Jlyig BUpilleHHsa LUX 3a-
BJIaHb, AJITOPUTM MTOBUHEH BU/IABATH He TiJIbKK caMy Kyiacuikariito, ajie i ol[iHKy HMOBipHOCTi TOTO, [0 J1a-
HUH 03WYa/IbHUK HAJIEKUTB 10 KJIacy «oraHux». KpiM Toro, noBUHHA 6y TH MOJIMBA GibLI TOHKA Ki1acudi-
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Kallisl pU3HKIB, HXK «IIOraHUI» /«L0OPUK»: KPEAUT MOXKe IOBEPTATHCS He MOBHICTIO, 260 3 3aTPUMKaMH (1[0
TSTHE onepaliiiHi BUTpaTH), abo JOCTPOKOBO (1[0 TATHE BTPATY YaCTHHU NPUOYTKY) [4].

OpnHe 3 HAWGIIBLI iICTOTHUX 0OMEXeHb IOJISTAa€ B TOMY, 1[0 aJrOPUTM KJacudikanil no3ndasbHUKIB I0-
BUHEH OYTH NMPOCTHUM, 3p03YMIJINM KPEAUTHOMY eKCIIepPTY i HOBUHEH JOMYCKATH 3alKC Ha NIPUPOJHIA MOBI B
TepMiHax mpeJAMeTHOI 06J1acTi.

[l monepeHLOro KOHTPOJII0, 6aHKH | KOMNaHii-mpoJaBIii po3po6JIsi0Th NpaBuaa 0GopMJIEHHS KPEeAUT-
HOI JJOKyMeHTalii, a TAaKOX [epeBipKU JOKYMEHTIB, IpeCTaBJeHUX NOTEHLIMHUM KpeJUTHUM N03UYaJIbHU-
KOM. Y HUX CliBpOGITHHKAM PEKOMEHAYEThCS 3BEPHYTH yBary Ha:

- MOBEJiHKYy N03UYaJbHUKA;

- HOTro 30BHIllIHIN BUTJIS;

- 306ir indopmauii npo KpeAUTHY icTOpir0 MO3MYATBHUKA, BiZ06paxeHy B Pi3HUX JOKYMEHTAX;

- MpONOPLiMHICT NPUOYTKIB KJIi€EHTA 3 po3MipaMu KpeAUTY i BapTiCTIO MOTEHIIMHOI MOKYIKY;

- JidcHicTh macnopTa Ta BUAMMI 03HAKH MiZPOOKH JOKYMEHTIB (HapUKJIaJ, IOTEPTOCTI B NACIOPTi, Caiau
nepekseroBaHHs ¢poTorpadil, HeuiTKa ApPyK, 3aKiHYEHHsI CTPOKY Ail macnopTa, HEBiAMOBiAHICTD MmiANKCIB NO3U-
YaJIbHUKA B PI3HUX JJOKYMeHTax) [5].

KpiM TOro, CKOpMHTOBi KapTH CKJIaAA0ThCA 3 ypaxyBaHHAM HaNpallbOBAaHOI'O JOCBIZY, YAOCKOHAIIOThCSA
peKoMeH/aii 10/10 BUSBJIEHHS He[06pOCOBICHUX 0Ci6 (BifciBaHHS HA MepIIOMY eTarli — MeTO/, Bi3yaJbHOTO
npodaiiinra). Psj aBTopiB Bil3HaYalOTh BIIPOBA/>)KEHHS aBTOMAaTU30BaHUX CUCTEM OLIiHKY KPEJUTHOTO I10-
3WYaIbHUKA, IK HAUO1/IbII AiEBUH MeTO/1 BUSIBJIEHHS IIaXpalcTBa.

AHani3 octaHHiX AocaifkeHb i ny6Jikaniid. Buxoasyu 3 aHasi3y aKTyaJbHOCTI 03HauYeHOI mpobJyieMu
3aB/JaHHS MOJISATAE B pO3pOOIi MeToy Ta iHCTpyMeHTapito SKUH HOro peaJsiidye, Ta JO3BOJIUTDb BUSBUTH, OIli-
HUTH i CHPOrHO3yBaTH KPEJUTHY NMOBEAIHKY 37,06yBavya po3piOHOTO KpeAUTY, BUK/IOYAKYH AaHi Ipo Horo
¢$iHaHCOBI CIPOMOXKHOCTI, SIKi He MPeJCTABJISETbCS MOXKJIUBUM MiJATBEPAUTH OJHO3HAYHO HA MOMEHT OTpPH-
MaHHS KpeJUTY, ajle IPY [bOMY He BUKJIIOYA4X MOXKJIUBICTb OAAJbLIOrO iX JJONIOBHEHHS.

CKOPHHT SIK MeTO/] OL[iHKHA PU3HUKIB B p03APi6HOMY KpeAUTYyBaHHI B JaHUH Yac HabyB HAHLIMPIIOro 3a-
CTOCyBaHHs. PU3HK, B Ilepilly Yyepry, 3aJIeXXUTh BiJl TOro, HACKIJIbKHU 00pe OLliHEHa MOXJIUBICTb MOBEPHEHHS
KpeAUTHHUX KOIITIB [6-7].

[lopsz 3 04eBUAHMMHU NepeBaraMu CKOpMHIOBUX MOJeJlell BU3HAYalOTh:

- ILIBU/KICTb | HeynepepKeHIiCTb NTPUUHATTA pillleHb;

- MOXJIMBICTBb JuBepcudikaLii KpeAUTHOr0 PU3UKY MiXK MO3WYaJbHUKAMU, TOGTO MOXK/IUBICTb epeKTHB-
HOT'O YIIPaBJIiHHS KpeAUTHUM nopTdesiem;

- BiACYTHiCTB TPUBaIOro HaBYaHHS CIiBPOGITHUKIB KPELUTHOTO eapTaMeHTY;

- MOXJIMBICTb IPOBECTU eKCIpec-aHasli3 3aABKHU Ha KpeUT B IPUCYTHOCTI KJIi€HTA.

ExkcnepTu Bii3Ha4aloTh i 63114 HeZjoTiKiB, Ki B TOBHIN Mipi MpOSBJISIIOTHCS HA POCIHCHKOMY PUHKY pO3-
JpiGHOTO KpeAUTYBaHHS, a CaMe:

- CKODHMHIOBI KapTH CKJIQZAKTbCA A/ KOHKPEeTHUX KpeJUTHUX IPOAYKTIB i 3aBAaHb aHai3y;

- CKOPHHTOBi KapTH MalTbh 00MeXeHUW TePMiH CIOXKHUBAHHSA: TPUBAJIICTh NEPioAy aKTyaJbHOCTI 3aje-
YKUTb BiJi XxapakTepy i MacmTaby 3MiH B eKOHOMILli i MOke BapiloBaTHCS BiJj pOKY /0 [eKiJIbKOX POKiB, SIKIO
nepiof 3MiHU TeHJEHLiM MO>XHA NOPIBHATHU 3 EPiIOJOM HAKONUYEHHS JJAHUX CTATUCTUYHOIO aHaJli3y, TO CKO-
PUHI0OBA KapTa MOXe CTaTH 3aCTapiJoro BXKe 0 MOMEHTY ii pO3paxyHKY;

- CKOPUHIOBi MoJiesi 6yAyIOTbCS Ha OCHOBI BUOIpKU 3 YKcJia HAalbibIl «paHHIX» KJIIEHTIB, ajle Ha JaHUHN
MOMEHT B MpoOIleci KpeAUTYBaHHS 3aisHi BXXKe He TiJIbKW HaWG6iabIl HaAiMHI (Hali3aMoXKHilI, HaWsAKicHiIIi)
MO3WYaJbHUKHY, JaJli Ijel Mpolec pO3BUBAETHCSA CTPIMKO i AKICTh MO3UYaJbHUKIB 3HIKYETHCS;

- CKOPHHT He 3aXMIIA€E BiJ] MO3UYaJIbHUKIB, IKi HOBIIOMJISIIOTb PO ce6e YaCTKOBO HeNOCTOBIpHI JjaHi;

- BUSBJISIE IaxpaiB Jivuie GopMaJbHO (HAMPHUKJIAJ, BUKOPUCTAHHS OJHOTO i TOTO  IMacnopTa Ipu Heo-
JIHOPa30BOMY OTPUMAaHHi KpeauTy);

- po3po6Ka, BIPOBA/PKEHHS, 00CJYrOBYBaHHA CKOPUHIOBUX CHUCTEM, L0 MiCTATh LieHTPasli3oBaHi 6a3u
JlaHUX, BUMara€e BUCOKHX BUTPAT, 1110 3HAYHO 3HMXKYE peHTabe/bHICTb 6i3Hecy;

- BU3HaAYeHHS OLIiHOYHHUX O03HAK MPOBOJUTHLCS TiIbKM Ha 6a3i iHpopMallii mpo THUX KJiE€HTIB, SKUM OaHK
B)Xe Ha/|aB KpeJuT, i HeBiJOMO, CKiJIbKH KJIIEHTIB YNyCTUB OaHK;

- MacoBa HeJ0OCTOBIPHICTDb 3asABJIEHUX JAHUX.

14 BUpilIeHHA aHAJOTIYHUX 3aBJaHb aHai3y, iHTepnpeTalii Ta TPOrHO3yBaHHS, IIUPOKe 3aCTOCYBaHHA
3HaXOJSATb iHTe/IeKTyasbHi iHpopMaLiiiHi cucTeMy, IKi 03BOJISTh MiHIMi3yBaTH NOMUJIKU B pOOGOTi KpeauT-
HHUX MeHeJpKepiB, Ta 36I/IbIIUTH SKiCTh epeBipKy KJaieHTiB [8-10].

MeTo10 CTaTTi € onuc 0CcO6JIUBOCTEN PO3POOKU QYHKI[IOHATBHOI YacTUHU AJid iHpopMaLiiiHo-aHamiTHY-
HOI CMCTEMHU 3 NPUHHATTA pilleHb B piHAHCOBOMY CKOPHHTY 3 MOXKJIMBUM 3allpOBa/PKeHHSAM CUCTEMHU B Kpe-
JUTHO-)iHAHCOBUX YCTaHOBAX.
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Buksas ocHOBHOro mMarepiaiy. lleHTpanbHa napajurMa iHTeJeKTyaJbHUX TEXHOJIOTIM CbOro/iHi — 06-
po6Ka 3HaHb, CUCTEMHUM s1/IpOM SIKUX € 6a3a 3HaHb (b3) abo moenb npeMeTHOI 06/1aCTi.

[HIMH migxig o0 BU3HAYeHHs 06CATY BUGIPKU — HA OCHOBI KPHUTEPil0 MOTYKHOCTI MpU 3aBJaHHi MaKCH-
MaJIbHO-/JIOMYCTUMOI IOMUJIKH OLiHKU CIiBBiIHOIIEHHS «IIOTAaHUX» i «J00PUX» MO3UYAJIbHUKIB y reHepasib-
Hil cykynHocTi. HaBpyanbHa BU6ipKa Mo3u4aIbHUKIB AJ1s HO6Y0BU MOJeJ i MIOBUHHA BiZl06paXKaTy reHepasib-
HY CYKYINHICTb BCiX MOTEHI[IHHUX NMO3UYAJIbHHUKIB 3 HEBIIOMUMHU JIOJISIMU «IIOTAaHUX» 1 «ZJ0OPUX» KPEAUTIB.
[Ipunyctumo, MU X04eMo 6yTH BleBHEHUM Ha 95%, 1110 cliBBiZjHOIIEHHS «[TOTaHUX» | «J0OPUX» T03UYaIbHU-
KiB B HaBYaJ/IbHiW BUGIpILi NIOBUHHO Bij06paXkaTH reHepasbHy MOMYJIALiI0 NO3UYATbHUKIB. 3HAIOUH PO3TOALT
3aJIeXKHOI0 3MiHHO Ha TECTOBUX JAaHUX, MOXKHA 33 $OPMYJIOI0 pPOo3paXyBaTHU HEOOXiAHUM 06cAT BUGIpKU:

Z2w*(1-w
n= Y A(2 ) (1)
w

Jle po3mois, BU3HAYAETHCA B 3aJI€2KHOCTI BiJi 06paHOT0 PiBHA HAIMHOCTI Yy, W — 4aCTKa «MOTaHUX» KJIi-
€HTIB 32 TECTOBOIO BUGIPKOIO, AW — MAaKCUMaJIbHO Z0MyCTUMa I'PaHWYHA TOMHJIKA OI[iHKH YaCTKU ITOTaHHUX»
[103UYaJIbHUKIB.

[Ipu BU3HAYeHHi MiHiMaJIbHOTO 06CATY BUGIPKU MOKHA CKOPUCTATHCA i GOpMYJIot0 iHTepBaIbHOI OI[iHKH
reHepaJibHOI YaCTKU:

(2)

Ze P - onjiHI0BaHa YyacTKa «OTaHUX» MO3UYaJbHHUKIB y FreHepajbHil CYKYNHOCTI, W — 4acTKa «IOTaHUX»
M03UYAJbHUKIB 332 TECTOBOIO BUOIPKOI0, N — 0OCAT MOYaTKOBOI iCTOPUYHOI BUGIPKHY, Zy — 3HAYeHHs CTaHAapT-
HOT'0 HOPMaJIbHOT'0 3aKOHY PO3IO/i/ly, BA3HAYAETHCS B 3aJIEXKHOCTI BiZj 00paHOTO piBHSA HAaAIHHOCTI Y.

[l BUBHaYEHHs eTamniB B3aEMO/Iii MeHe/Kepa 3 KJIIEHTOM Ta iHpopMaliiHO CHCTEMHOIO BUKOPHUCTOBY-
€ThCS JliarpaMa CTaHiB, Ha AKil Bio6GpakaeThCs MOCTILOBHICTD il 3 ypaxyBaHHs JIOTi4YHOI CKJ1aZ{0Boi, puc. 1.

[amyk kicwra B Gazi Ananis KnieHTa
¢~ CTBOptHHA s - ™
wf ) [ Iepemipka Ha Dﬂpﬂﬁm B a3
. . KpcRHTIIONG HASBHICTh KRINTIR, AAHHX
DecncHHA peIyLTATIE
BpaxyBaHHE BXLTHHY YMOB Kniewra obpodacss
S - r ‘mm
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Puc. 1. [liarpama cTaHiB po60TH MeHeKePY 3 KpeAUTYBaHHA

IHpopmMarifiHa cucTeMa Ma€ KJIiEHT-CePBEPHY apXiTEKTYpY, 110 J03BOJIsIE 06PO6JIIOBATH BEJHUKY KibKICTb
aHasiTH4yHOI iHpopManii B 3anexkHOCTi BiJj cGOpMOBaHOT0 MOYATKOBOI YMOBH. Ba>K/IMBUM KOMIIOHEHTOM CHC-
TEMU € BU3HAYEHHS JJOCTOBIPHOCTI JaHUX KJIEHTA Ta MOBEJiHKH CUCTEMH B MpPOIECi GJIOKYBAaHHS KJIEHTA
10 IOTOYHIM cnpaBi, puc. 2. lleil aaropuTM Ma€ BU3Ha4YaTH NOBHY NpoLeAypy Aill MeHeJpKepa B CUCTEMI, /s
3anobira”HHs MaxpanCbKUX CXEM.

LlisboBe BU3HA4YEHHS JIOTiKO-PYHKI[iOHANBbHOI CKJIa10BOi iHpOpPMaIliHHOI CHCTEMU [103BOJISIE CIIPOEKTYBa-
TH PyHKI[iOHA/IbHI 0c06IMBOCTI TpoeKTYy. JJJ1s I[bOr0 3aCTOCOBYIOTh CTaHAAPTH MpoeKTyBaHHs Ha MoBi UML 3
PO3pOOKOI0 ZiiarpaMu BapiaHTiB BUKOPUCTaHHS, pUC. 3.
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[oy10BHUM PyHKI[iOHABHUM Jil0YMM aKTOPOM CUCTEMH € — MEHE/PKEP 3 KPeAUTYBaHHS, AKUH BUKOPHCTO-
By€ iHpOpMaLiiiHy cucTeMHU J1/15 NEPEBIPKH [J0JJaHUX JAaHUX KJIIEHTOM, Ta CTBOPEHHS KPeJUTHOI CIPaBH 3TiZiHO
BU3Ha4YeHOi ¢popMu. /[0 rosioBHUX PYHKIIOHATBHUX CKJIaIOBUX KOMIIOHEHTIB AiarpaMu BapiaHTiB BiIHOCATE:

- MixHapoJHe KpeJUTYBaHHS — QYHKI[is MPOrpaMHOi CUCTEMH siKa aHaIi3ye KPUAUTHI JJOMOBJIEHOCTI B
MiXKHapoAHIHM BatoTi. € cneniasizoBaHUM MPOTPaMHUM pillIEeHHSIM sIKe oloMarae 6iib1LI yBaKHO opraHisyBa-
TH KpeAYTHE JOMOBJIEHHS.

Cunxponrizamia 3 Bl 6anxy

: ey e ™y
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Puc. 2. /liarpama cTraHiB po60TH MeHeAKepy 3 6JIOKYBaHHAM KJIi€HTa

- [IlepeBipka KJyieHTa - QYHKIIiS MOMIYKY KJIi€EHTA Ta HASABHOCTI B HHOTO NOTOYHUX, 3aBePIIeHUX KPEUTIB,
abo 4u € B HbOT'O GOPrH.

- YopHUH nepesiik KOPUCTYBaUiB — J03BOJISIE COPTUPYBATH KJIEHTIB, sIKi MalOTb 3a60proBaHOCTi Ta He
CIJIAYYIOTh KPEeAUTHI JJOMOBJIEHHS.

- YMOBU KpeAuTyBaHHs — Habip nmpaBuJI sKi J03BOJISIIOTh OTPUMATH KpeJUT B 3aJIEXKHOCTI Bif 06paHUX
dyHKI[iOHAIBHUX MOXKJIUBOCTEM.

- 3asioroBe MaiiHO - oNKC MaliHa fIKe JOAAETHCS [0 KPeJUTHOI YMOBH Ta € FapaHTOBAHOM 3acTaBolo ¢i-
HaHCOBOI MO3UKHU. MoXKe BKJ/IIOYATH B cebe Habip BXifHOI iHpopMallii 3 1eTaJlbHUM ONHCOM.

- 3amuT A0 iHIIMX KPeJUTHUX YCTAaHOB — QYHKILis nepeBipKU K/i€eHTIB piHaHCOBOI yCTaHOBU Ha HasiB-
HICTb KpeJUTHUX KOHTPAKTIB B iHLIIKX 6aHKax. Lle 03B0JIsI€ MiABUIUTH HAAiHICT GOPMYBaHHS KpeIUTHUX
JIOMOBJIEHb Ta CTBOPEHHS CIellia/li30BaHUX CKODUHTOBUX MOJeJEeN.

- BupaTtu kpeguT - pyHkuis popMyBaHHS KpeJUTHOI CIIpaBU Ta AOTrOBOpPY 3TifHO cdopMoBaHoi iHdpopMa-
1ii. BUKOHY€ETbCSI pa30M 3 MOAY/IEM IPUUHATTA pillleHHS.

- Bumoru kpeAUTYBaHHS — OMIIist KOHTPOJIIO Pi3HUX BapiaHTIB KpeJUTyBaHHS B 3a/I€2KHOCTI Bi 06paHux
npono3uniil. Moxke CyTTEBO BIUIMBATH Ha BUGIp CUCTEMU B 3aJI€3KHOCTI BiJj 00PaHOTO pe3yJsbTaTy.

- IlpuyrHa KpeaUTYBaHHA - J03BOJISE CUCTEMI NPUMHATTA pillieHb GiJIbLI leTaAbHO aHali3yBaTH MOTOY-
Hy iHdopMallilo 1[0Z10 KO)KHOTO OKPEeMOro BUNAJKYy KpeAUTyBaHHS Ta 36i/blIyBaTH TOYHICTh GOpMyBaHHS
KpeJUTHOI ClIpaBH.

- IloTO4HI KpeIUTH — MOXKJIUBICTh NeperyisAy yCix IOTOYHUX KPeAUTHUX CIIpaB Ta BapTOCTI HaJaHUX I0-
cyT pisHUMU MeHeKepaMu GpiHaHCOBOI ycTaHOBH. 36epirae B cobi rHy4Ky cucteMy GinbTpauii Ta neperasy
iHpopmauii.

- Bisyanizanis niatexiB - f03Bossie 6yayBaTy rpadiky JUHAMIKK BUIIAT Ta CPOPMOBAHUX KPeJUTHUX
Jlopy4YeHb 3riHO po60TH PpiHAHCOBOI yCTAHOBH.

- BopxHUKM - BUBe/leHHs NepeJiky 3 6a3 JaHuxX iHpopMaLii CTOCOBHO KJIi€EHTIB sIKi He BUKOHYIOTb ¢i-
HAHCOBI JOPY4YeHHA Ta He CIJIaYyI0Tb KOHTPAKTH.

- /JluHaMika BUIJIAT — MOXKJIMBICTB BiZICTEXKyBaTH Ta COPTYBATH YCi IJIaTeXi BiJ KJII€HTIB yCTaHOBHU.

- /JloAaTy 3anuT ;0 BUKOHABYOI CIy0U — GOpMYBaHHSA JINCTA [0 BUKOHABYOI C/1y»K61 KpaiHH 3 ZJ0JaHHAM
nepcoHabHOI iHpopManii KJIi€EHTa, AKUN BiAMOBJISETHCSI BUKOHYBATH pPillleHHS] KPeAUTHOTO JOMOBJIEHHS.

Inpopmayivini mexuonoeii ma cycninbcmeo. Bunyck 2. 2021 89



Information Technology and Society. Issue 2. 2021

- JlopaTy nepcoHasbHi JjaHi - QyHKIis 3aBaHTaKeHHs rpadivHUX MaTepiasiB A0 nepcoHanbHOI iHOopMa-
Lii KopUucTyBayiB.
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Puc. 3. liarpama BapiaHTiB BUKOpUCTaHHA iHdopManiiiHOI cucteMu

[IpoekTyBaHHs 6a3U JaHUX € BaXKJIMBOIO CKJIaJ0OBOI0 OyAb-KOr0 MporpaMHoro npoekty. Cepen po3ris-
HYTHX 06a3 JjlaHuX, 6ys0 06paHo PostgreSQL sik onTuMasbHe MOENHAHHSA [ cydyacHUx web-npoekris. Take
pileHHs TiATPUMYE A06pPY MacIITabOBAHICTb Ta aZaNTallilo0 AJis POGOTH 3 Pi3HUMU BUMOTaMHU BiJl KJIIEHTIB
Ta cepenoBUINA po3po6ku. [uis Bidyasisalii cipoeKTOBaHUX TAGJIMIlb, 3aCTOCOBAHO HOTAIiI0 MPOEKTYBaHHSA
UML, puc. 4. [lo nepeJiiky TabM1b, CIPOEKTOBAaHUX B iHpopMaLiiHiil cucTeMi BifHOCATBCS HACTYTHI:

- Manager - Ta6s1us 36epirae iHpopMaiiiro KO>XHOT0 3 KOPUCTYBauiB IPOrpaMHOro 3aco6y Ta ioro o6.i-
KOBI JlaHi.

- Client - Ta6buns 36epirae nepeJiik inpopmarii 1010 KOXXKHOTO KJIiEHTA MPOrpaMHOro 3aco6y. Jo Takoi
iHpopmanii BigHOCATBCA epcoHa/bHA iHOpMallis, MacnopTHi AaHi, KpeIUTHI JJOMOBJIEHHS TOIIO.

- Category - Tab/MIs poO3NOALTY KOPUCTYBadiB B CUCTEMI, SIKi J03BOJISSIOTH GOPMYyBaTH CleliagizoBaHi
nepeJsiiky Ta KOHTPOJIIOBATH MPOLeC CTBOPEHHSA KpeJUTHUX JOMOBJIEHb.

- Payment - TabauLs kpeJUTyBaHHS Ta ycieto iHpopmalito, sika nos’si3aHa 3 po6oToto piHaHCOBOI opra-
Hizarii.

- Loan - Tab6usiu1s sika 03BoJIsI€ 36epiraTv iHpopMallio 110/10 NepetiKiB KJIEHTIB, KpeUTHI CIIpaBU TKUX
He GYJIX PO3TJISHYTI YM Bi/[MOBJIEH] B 3a/IeXKHOCTI BiJl pi3HUX MPUYHH.

- Bank - Tabsuns sika moegHye po6oTy creniasizoBaHUX TaGJIHIb €JEKTPOHHOTO AOKYMEHTO006iry, ski
BIPOBa/KeHI B IPOTPaMHy CUCTEMY.

- Graduator - Ta6suL siKa 30epirae po6o4yi KOHTPAKTH KOPUCTYBaAYiB Ta KJIIEHTIB HPOrpaMHOI CUCTEMHU.

[IpoananisyBaBLIM 3ac06U PO3POOKHU, 6YJI0 BU3HAUEHO 1110 ONTUMaJbHUM pillleHHAM JJ1 pO3POOKHU cydac-
HOTO NMPOrpaMHOTro 3aco0y, He06XiJHO 3aCTOCOBYBATH MOBY PO3pOOKHU JavaScript Ta Ha6Opy TEXHOJIOTIYHUX
pimeHsp s BidyasibHOI YacTHHU NpoeKTy: React, Apollo Client, styled-components. /lsis1 cepBepHOi YacTUHU
BUKOpHUCTOBYIOThCSA: Postgres, Prisma2, GraphQL. Ha ocHOBi Takoro cTeky TeXHOJIOTiYHUX pilleHb, QOPMYETH-
¢ aiarpama kJaciB fjo iHngopmMauiiHoi cucteMy, puc. 5.
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Puc. 5. liarpama kiaciB inpopmaniitHoi cucremun

KoxxeH 3 kJs1aciB Mae cBoe PpyHKIiOHA/TIbHE 3HAYEHHS Ta BUKOPUCTOBYETHCS B SIKOCTI CKJIaA0Boi iHpop-
MarniiHoi cucremu. [Ipu po3po6ui 6y/10 cdopMOBaHO HACTYIIHI K1acu:

- Logic - ksac sskuii moejHye B co6i Habip MaTeMaTUYHUX Ta JIOTIUHUX onepanii, Heo6XiAHUX JJisI IpH-
WHATTA pillleHHA.

- Kredit - ks1ac, Heo6xigHUM AJ19 POpPMYBaHHS KJIIEHTCHKUX JOPYYEHb Ta CTBOPEHb KPEAUTHHUX YTOZ, 3Tij-
Ho chOpPMOBAHOI JOKYMeHTalii.

- Klient - ksac sixuit noegHye B co6i yci dyHKuioHanbHi Ail nporpaMmHoro 3aco6y noB’si3aHi 3 KJiEHTaMU
¢diHaHCOBOI yCTaHOBH.

- List - ksac sku¥ QyHKIiOHYE 3 KJIiEHTaMU Ta [03BoJIsIE GOPMYBaTH NEPEJIiKU KJIIEHTIB B 3a/1€KHOCTI
Biz TUNiB 06paHOI KpegUTHOI MOCIYTH.

Inpopmayivini mexuonoeii ma cycninbcmeo. Bunyck 2. 2021 91



Information Technology and Society. Issue 2. 2021

- Analyser - MaTeMaTH4YHa CHCTeMa aHaJi3y KpeJUTHHUX JIOMOBJIEHD, sIKa J03BOJISE MEHEKEPAM NPU-
WMaTH pilleHHs B 3a/1€KHOCTI BiJ pisHMX HabopiB BxigHOI iHdopMalii.

- Main - rosioBHUH KJac, IKUUA NOEAHYE yci GYHKUiOHANIBHI MOXKJIMBOCTI iHIIMX KJaciB Ta J03BOJISE iX
iepapxidyHO MOB’sI3yBaTH MiXK CO60}0.

- User - kJsac sku# BifjoBiZiae 3a po60Ty KJIi€EHTI B mporpaMHii cucremi.

- Connector - kJ1ac IKUH BiAnoBizae 3a cuHxpoHizanito iHpopmanii Mixk mporpaMHuM 3aco6oM Ta 6a3aMu
JaHUX.

- DBlocal - ks1ac ssikuii BiAnoBizae 3a po60Ty 3 I0KaJIbHO 633010 JAHUX 3 BUKOPUCTAHHSM clieliiasi3oBa-
HOT'0 NPOrpaMHOr0 KOHHEKTOPa.

- DB global - ksac sxu#i BifjloBiziae 3a po60TYy 3 IM1I06aIbHUMHU 6a3aMU JaHUX Ta BUKOPHUCTOBYE B po6OTi
cnenianizoBaHUM NPOrpaMHUM KOHHEKTOP.

- Pr - ks1ac sskuil 103BoJIsIE 3aHOCHTH rpadiuny iHPopMaIliifo 10 MporpaMHOi CUCTEMHU Ta OHOBJIIOBATH
NepCOHa/IbHI JaHi KOXKHOTO KJIIEHTA CUCTEMH.

CnpoekToBaHa Ta po3pobseHa iHpopManiiiHa cucteMa Mae QyHKLiOHANBHY iHTepdelCHy YacTHHY sIKa
onTHMi3oBaHa AJ1s1 KoMPOopTHOI pOo6OTHU MeHeKepy 3 KpeJUTyBaHHs. [010BHI 06’€kTH cpopMoOBaHi y BUTJIS-
Ji ro6anpHOI Tabnui 3 iHpopMali€eto, ika BKJIIOYAE B cebe MpUB’A3yBaHHSA iHPopMariil 10 AaTH CTBOPEHHS
KapTKH KJIIEHTA Ta NOTOYHOTO CTATYyCy HOr0 KapTKH.

Jis KokHOI KpeAUTHOI cipaBU GOpPMYEThCS NMepcoHali30BaHa JiarpaMa BUIJIAT, HA SKiM MOXJ/IMBO me-
peryisHyTH JUHAMiKy TOBEepHEHHsS KpeJUTY [0 YCTaHOBH. B 3anexHocTi Big nogaHoi iHpopmanii ujono mia-
TEXIB, AUHAMiKa NepepaxoBYETHCS 3 YpaxyBaHHSM yCiX 0COBJUBOCTEN KPeAUTHOI CIpaBH Ta KOHKPETHOTO
KpeAuTHOro BUNaKy. Ha puc. 6 Bifjo6pakeHo po3po6JieHy po604y CTOPiHKY MeHeKepy 3 KpeAUTyBaHHS.
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Puc. 6. Po6oya cTopiHka MeHeAKepa 3 KpeJUTyBaHHS

Po3pob6sieHa cucteMa onTUMi3oBaHa A pob60TH B GiHAHCOBUX YCTAaHOBAX 3 KPeJAUTYBaHHs Ta [03BOJISAE
IIBU/IKO NIepeBipATH NepCcoHabHi AaHi KJIi€HTIB, 32 paXyHOK BUKOPUCTAHHSA Cy4aCHUX METO/iB CKOPUHI'OBO-
ro aHaJli3y JaHUX.

BHCHOBKM Ta nepcleKTHBHM NOJAJIBIIMX AOCAiJKeHb. Po3pobyeHa nporpaMHa CUCTeMa MOXe BUKO-
PUCTOBYBATHUCSA SIK OAUH 3 3aX0/iB B NPUHHATTI pilieHb npu $OopMyBaHHI KpeJUTHUX JA0pYy4YeHb, ab0 fAK CH-
cTeMa OLiHKM epeKTHBHOCTI po60TH MeHeKepiB KpeJUTHUX CIiJIOK B piHAaHCOBUX yCTaHOBaX. 3a paxyHOK
BUKOPUCTAHHS THYYKHX aJITOPUTMIB PO3pOOKH Ta AUHAMIUHIA MOXK/IMBOCTI pO3LIUPIOBAaTU QYHKIiOHANbHI
0COGJIMBOCTI CUCTEMH, MOXJIMBA aJanTallis po3po6J/ieHol CUCTeMM B iHLII HanmpsAMKU po60TH (piHAaHCOBUX
yCTaHOB.

CucteMa nobyz0BaHa B IKOCTi aKTUBHOI'0O OMIYHUKA, IKUHM BepuiKye 3aIUTH Bij MeHe KepiB, aHai3ye
¢diHaHCOBY 3a60proBaHicTh B iHIIMX PiHAHCOBUX YCTAHOBAX, @ TAKOX J03BOJISIE COPOILYBATH NpoLec 3amo-
BHEHHA IlepcoHaIbHOI iHpopMalil KopucTyBauiB. Po3po6sieHa cucTeMa MOXXe BUKOPUCTOBYBAaTHUCSA B SIKOCTI
He3aJIeXKHOI0 MPOrpaMHOro pilieHHs, abo B IKOCTi OKpeMOT0 KOMIIOHEHTA B iCHYI04ill mporpamMHiil cucteMi.
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