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BUKOPUCTAHHS TEXHOJIOIA DATA MINING
anst ABTOMATU3ALII BIBHEC-NMPOLECIB HA BUPOBHULITBI

Posensoaromecs mexnonoeii Data Mining, Ha 0CHOSI sKUX MOXCHA supiuysamu OI3HeCc-npoyect, SIKI BUHUKAIOMb 6
npoyeci OisHocmi nionpuemcmea. Tlpusooumuvcs kopomkull onuc npoepammoeo 3abesneuenns (I13), npusnauernozo o
NPOCHO3Y8AHHSL RONUMY Ha NPOOYKYilo nionpuemcmea. 113 po3pobneno na ocrosi KiacmepHo2o ma pezpecitinoco ananisy. B
pesyrbmami pooomu npopami. KOpUCHyéas Ompumye OpIiEHMOBAHRY KibKICIb NPOOaxNcié NPOOYKYil 6 HACHYNHOMY MICSIYI6
nesHomy OlanazoHi. Jis Kpaujoeo 8i3yabHO20 CRPULHSIMNL Pe3yIbMamie, Ha eKPaHi 6UB00SMbCsL 2paghikuL 3 pe3yIbmama-
mu pobomu npoepamu. 113 pozpobneno 6 cucmemi npoepamysanrsi Delphi ons onepayiiinoi cucmemu Windows ma Android.

Kniouoei cnosa: Data Mining, knacmepuuii ananis, peepeciiHuti ananis, nNpocHo3y68anHs, Kopeayis.

BecTtyn

IMocranoBka mpo6iaemu. Opranizaiii HaKOITUYY-
I0Th BEJINYE3HI MacHBH JaHHUX, OJHAK HE B 3MO31 OTpH-
MaTH Bix mi€i poboTH peanbHy Bigmauy. Matouu icro-
pHUYHI JaHi, MOXXHA BHPIIIMTH KPUTHYHO BAXIIUBI IS
0i3Hecy 3aBJaHHS: ONTHMI3YBaTH MPOLECH, YIPABISTH
pHU3MKaMU, MiJBUILYBaTH MPHOYTKOBICTh, YTPHUMYBaTH
kiieHTiB. OOTpYHTOBAHICTG 1 IpodeciiHuil piBEeHb NMPH-
WHATTS pillleHb BU3HAaYa€ e(pEeKTUBHICTH JisUTBHOCTI (i-
pMu. B oMy BiJTHOIIEHHI iICTOTHY JIOIIOMOTY KEPiBHHU-
Ky Ha/Ial0Th Cy4acHi iH(pOpMAIliifHi CUCTEMH.

Awnaniz iHdopMalii € HeBiJI’€MHOI YaCTHHOIO Be-
JIeHHs OI3HEeCy 1 OHUM 3 BYKJIMBUX YMHHUKIB ITiJIBH-
IIEHHsT HOro KOHKYPEHTOCIIPOMOXKHOCTL. B mpoBenenHi
CTaTUCTHYHOTO aHaJi3y JaHMX JOIOMararoTh METOAN
Data Mining. IcHyt04i cTaTUCTHYHI CHCTEMH Y€pe3 CBOIO
BHCOKY LIHY JIiLIeH3il, CKJIaIHICTh Y OCBOEHHI Ta BIACYT-
HICTh MOXJIMBOCTI MPAIIOBATH 3 TIOPTATHBHUX MPHUIIA[IB
CTPUMYIOTH BIIPOBaPKEHHSI TIOAIOHUX CHCTEM y BHPOO-
HULTBO. ToMy po3poOKa Ta mociipkeHHs iHpopMariiHOT
CHCTEMH CTATUCTUYHOTO aHANI3y JTaHUX Ha OCHOBI METO-
aiB Data Mining € akTyaJlbHUM HAaIIPSIMKOM JOCII/DKEHb
JUTS TTOJINTBIIOTO BIIPOBA/IXKEHHST HA BUPOOHUIITBI.

AHAJIi3 ocTaHHIX JoCTimKeHb. [I7s1 aBTOMaTH3anil
6i3Hec mpolieciB Ha BUPOOHHUIITBI MOXKHAa BUKOPUCTOBYBA-
TH Taki TexHoyorii aHamizy manux: OLAP, KDD, Data
Mining. OLAP cinyxuth st MiATOTOBKU Oi3HEC-3BITIB 3
MPO/IKIB, MAPKETHUHTY, VTS IIOTPeO YIpaBIIiHHSA, LIS MPO-
THO3YBaHHs, (DIHAHCOBOI 3BITHOCTI Ta B CXOXKHX OOJACTSX,
JIa€ MOXKJIMBICTh y PeajbHOMY Yaci TeHepyBaTH OIUCOBI i
TIOPIBHSUIbHI 3BEACHHS JAHHX 1 OCP)KYBaTH BIAIOBIII Ha
pi3Hi iHmm aHamiTHuHi 3armtd. KDD — noOyBaHHs 3HaHb 13
0a3 nanux. Data Mining (DM) — «BunoOyTox» panux [1].

Ile Meron BUSBIEHHS B «CHPHX» JaHHX paHIIIe HEBilo-
MUX, HETPUBIAIBHUX, MPAKTHYHO KOPUCHUX 1 JTOCTYITHHX
U IHTepIperTalii 3HaHb, HEOOXITHUX JUIS HPUNHHSATTS
pilieHs y pisHHX cepax JIIOICHKOI JisuTbHOCTI. Bakim-
BUM KpHUTEpieEM BHOOPY TEXHOJIOTII aHaJi3y JaHHX € IIIBH-
JIKICTB Ta TOYHICTh OTPUMAHHS PE3YJIbTATIB aHAI3Y.

Merta pobéorn. I[IpoBecTn aHali3 ICHYIOUHX TEX-
HOJIOTI¥M aHami3y JaHWX Ta o0paTh Ty, sSKa HaWkparie
MIXOAUTD JUI CTBOPEHHS MPOTrPaMHOrO MPOAYKTY aB-
ToMaTH3alii Oi3Hec mpolieciB Ha BUpoOHUNTBI. CTBOpH-
TH TIPOTPAMHUI MPOAYKT U1l IPOrHO3yBaHHSI KITBKOCTI
MPOJaXKiB TOBApYy B HACTYITHOMY MiCSIIi.

OcHOBHa YacTuHa

Po3risiHeMo HaMIomMpeHim TeXHOMOril, sKi J10-
3BOJISIIOTH MPOBOAMTH CTATUCTUYHUI aHaNi3 JaHUX Ta
JIOTIOMAratoTh IPUHMaTH YIPaBIiHCHKI PIILICHHS:

1. OLAP (anrn. online analytical processing, aHa-
JmiTnyHa 0oOpoOKa B pealbHOMY 4aci) —Iie TeXHOJIOTis
00poOKHM iH(pOPMAITiT, III0 TO3BONISE IBUAKO OTPUMYBATU
BiZIMIOBi Al Ha OaraToBMUMIpHI aHamiTHuHi 3anuTa. OLAP €
YaCTWHOIO TaKOro MIMPLIOrO0 TOHATTS, SK Oi3Hec-
aHAJITHKA Ta CITY)KUTh JJIsI T ITOTOBKY Oi3HEC-3BiTIB.

2. KDD (Knowledge Discovery in Databases) — mo-
OyBaHHsI 3HaHb 13 0a3 anuX. Lle mporiec momryKy KOpuCHUX
3HaHb B «cUpHX JaHux». KDD wmictuth y co0i muraHHS
ITOTOBKK JaHWX, BUOOPY iH(QOPMATHBHUX O3HAK, O4H-
IIIEHHS JIaHUX, 3aCTOoCYBaHHA MeToniB Data Mining, mocTo-
OpoOKY JaHUX 1 IHTEpIIperTanii OTpHMaHHUX Pe3Y/bTATIB.

3. Data Mining (DM) — «Buno0Oyrox» nanux. Lle
METO/I BUSIBJICHHS B «CHPHX» JTaHHUX PaHillIe HEBiIOMHUX,
HETPUBIaIBHUX, TPAKTHYHO KOPUCHUX 1 JOCTYIMHHX IS
iHTeprpeTanii 3HaHb, HEOOXiTHUX IS TPUHHATTS pi-
LIEeHb Y Pi3HHUX cepax JIOACHKOI AisTTbHOCTI.
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DM 3abe3mnieuye po3B'sa30K TAKUX 3a/1a4:

Knacughikayia — BCTaHOBJIEHHS ()YHKI[IOHAJIBHOT
3aJICKHOCTI MK BXITHUMH W JMCKPETHUMH BHXITHUMHU
3MIHHMMU; 32 JONOMOTOr0 Kiacudikaiii BHPIIIYEThCS
3a/aya BiTHECEHHS 00'€KTiB (CIOCTEpPEIKEHb, MOMIN) 10
OJTHOTO 13 3a3/1aJIeTiAb BiIOMUX KJIacCiB.

Kaacmepusayia — 11 yrpynyBaHHS 00 €KTiB (CIo-
CTepeKeHb, TOJIii1) Ha OCHOBI TaHUX (BJIACTUBOCTEH), 110
OITUCYIOTh CYTHICTh 00'€KTiB; 00'€KTH ycepenuHi KiacTe-
pa NOBHHHI OyTH «CXOKHMI» OIMH Ha OIHOTO W BiApi3-
HATHCS BiJl 00'€KTIB, 1110 BBIWIIUIH B 1HII KIACTEPH.

pecpecia — BCTaHOBJIEHHS (DYHKIIIOHAIBHOI 3aJIeXK-
HOCTI MIX BXITHHMH W HEMECPEPBHUMHU BUXIITHUMHU
3MIHHMMU; TPOTHO3YBAaHHS HaW4acTillle 3BOAUTHCS [0
PO3B'I3KY 3a/1a4i perpecii.

acouiayin — BUSBIIEHHS 3aJIEKHOCTEH MK 3B's13a-
HUMH TIO/IiSIMH, IO BKa3YIOTh, IO 3 MOii X BHUIUIUBAE
mofis Y; Taki mpaBHjIa HA3UBAIOTHCS ACOI[IaTHBHUMM.

[licns mpoBeJCHHS aHaNi3y MPEIMETHOI 00JIACTi,
BH3HAYEHO, IO /IS CTBOPEHHS MPOrPaMHOI0 MOIYITIO
aHaJIi3y MOMKUTY Ha MPOIYKIIiI0 NOTPiOHO BUKOPUCTOBY-
BaTH MeTOJM TIOoKoi aHanmitiuku Data Mining.

Po3risiHeMo OinbIl AOKJIAIHO OCHOBHI CKJIAJOBI
Data Mining, siki BUKOPUCTOBYIOTHCS B IaHIi pOOOTi.

KaacrepHiii anauis.

OcHOBHa MeTa KIJIACTEPHOTO aHaji3y — 3Haxo-
JDKCHHS TPYH CXOXHX 00'ekTiB y BuOipii. Crnekrp 3a-
CTOCYBaHb KJIACTEPHOrO aHalli3y IyXe HIMPOKHUM: HOro
BHUKOPHCTOBYIOTh B 0araTbox cdepax JIOACHKOI JisUTh-
HOCTI. Y KJIacTEpHOMY aHaTi3i JJIs KUTBKICHOI OIHKH
MOJIOHOCTI BBOAUTHCS MOHATTS METPHKH. BUKOpHCTO-
BYIOTBCS Pi3Hi MipH BiICTaHI Mik 00'€KTaMH:

- €BKJIIJIOBA BiJICTaHb:

— 3Ba)keHa €BKJIiJ0Ba BiJCTaHb:

m 2
dij = [ 2o wie (xik = x5 ) 2)
k=1
- BiacTaHs city-block:
m
d;j =Z|Xik_xjk|§ 3)
k=1

— Bigcradb MiHBKIBCBKOIO:
m 1/p
di=| Y lxu-xpl” | )
k=l
- Bigcranp MaxanaHoOuca:
T 1
di =(Xi-X;) 7 (X -X;). )
B nponeci kiacrepuzanii BXiHI 1aHi pO3IUISIOTH-
csl Ha TpynH (KJIacTepy) 3a MeBHUMHU o3Hakamu. J{o oc-
HOBHHX XapaKTEPHUCTHK KJIaCTepiB MOXKHA BiTHECTH:

— IEHTp KiacTepa — L€ CepeIHE TeOMETpUYHE
MICII€ TOUOK Y IPOCTOPi 3MiHHHX;

— JUCIIepcis Kiactepa — Ie Mipa pO3CilOBaHHS
TOYOK y IIPOCTOPI BiTHOCHO LIEHTPY KJIacTepa;

— paziyc kiacrepa — MaKCUMallbHa BiJCTaHb TO-
YOK BiJl IICHTPY KJIacTepa.

Meroau KIIaCTEpPHOTO aHali3y MOXKHA PO3JALIHTH
Ha JIBi Tpynu: iepapxivHi; HeiepapxiuHi. Koxna 3 rpyn
BKJIfoUae Oe3Jiv miaxoniB i adroputMis. BukopucroBy-
FOYH Pi3HI METOAM KJIACTEPHOTO aHaji3y, aHAJITHK MO-
JKE OTPUMATH Pi3Hi PIIICHHS I OJHUX 1 TUX JKE TAHUX.
Lle BBaXkaeThCs HOPMAJIBLHUM SIBUIIIEM.

AHAJIITHKOBI YacTO JIOBOAUTHCS MATH CIPaBy 3 lia-
HHUMU, IO TIPEACTABIIIOTH COOOI0 iCTOPII0 3MiHU Pi3HUX
00'exTiB y "aci. Takoro poay maHi HA3UBAIOTHCS TUMYa-
coBuMH psinamu (time series data). YacoBuii psin sBisie
c0o00I0 TMOCIIIOBHICTH CITOCTEPEKEHD 32 3MiHAMU B Yaci
3HAYEHb MAapaMeTpiB JAEAKOro 00'ekTa ado Mporecy.

[IpoBenene mocimipKeHHSI 3aCTOCYBaHHS MOJIEIEH
perpeciiiHoro aHaji3y i po3B’sI3aHHs 3a1adi IPOrHO-
syBaHHA [2]. JlocimkeHo pi3HiI BUAM MOJAEIEH YacOBUX
PAIB Ta METOMIB 3HAXOKCHHS JIIHINA TpeH !
npocTa JIiHIfHA MOJIETIb:

t;=a+b-i; (6)
— TOJIiHOMIiaJbHa MOJICTIb:
ti=a+by-t+by-t>+..+b, -t"; (7)
— eKCITOHEHI[iaJIbHA MOJICIb:
t; =exp(a+b-i); (®)
— JIOTiCTMYHA MOJENb:
t; =a/(1+b~e_k'i). )

Ha ocnoBi meroniB Data Mining 0yio po3po0ieHo
MPOrpaMHUI MPOAYKT, 32 JIOMOMOIOI0 SKHX MOXKHa aB-
TOMAaTH3YBaTH BEIHKY KiJbKICTh PO3PaxyHKIB, Ta 3HAY-
HO 3MEHIINTH Yac, HEOOXITHUI ISl TIPUHHSATTS yIpaB-
JHCHKUX pilleHb. Sk cramioHapHy, Tak i MOOUTBHY Be-
PCif0 IPOrpaMHOro MPOIYKTY PO3POOJIEHO 32 JOMOMO-
roro MoBH niporpamyBanns Delphi [1].

Ha Bxozi MaeMo rpymnu ToBapiB 3 KUIBKICTIO TPO-
JIaXIB 10 KOXXKHOMY TOBapy 3a morepeaHi micsimi. Ha
BHXOJIl MaEMO MPOTHO3 KUTBKOCTI MPOJAXIB 1O KOXKHO-
My TOBapy y HacTymHomy Micsimi. CIiporHo3oBaHa Kijib-
KiCTh TPOJAXIB IPEACTABISETHCA KOPUCTYBady y BH-
TJISI/IL IOBIPYOTO 1HTEPBAITY 3 IIEBHOKO BipOTiHICTIO.

Pobora mporpaMu BiIOYBa€eThCsA y iaJOrOBOMY
PEKUMI MK OIEpaTOpOM Ta OOYHCIIIOBAIBHOIO CHCTE-
Moto. Ha koskHOMY eTarri po3paxyHKiB, KOPHCTYBa4 Mae
3MOr'y CIIOCTEpIraTH 3a pe3ylbTaTaMd OOYHUCIIEeHb, a
Mepexiji 10 HACTYIHOI CTafil po3paxyHKiB BiIOyBaeThCS
TIJIBKH MICIISE KOMaHAM oreparopa. ['oloBHE BIKHO Mpo-
rpamH TpejcTaBieHe Ha puc. 1.

IaTepdetic mporpaMHOro MPOAYKTY pO3pOOITIOBAB-
¢Sl MAaKCUMaJIBHO MIPOCTUM Ta iHTYITHBHO 3pO3yMIIAM 3
ypaxyBaHHSM MiHIMAJBHOI MiJrOTOBKH aHAJITHKA IS
pobOTH 3 KOMIT'IOTEPOM.

PozmuBuMock pobOTY TIporpamMu Ha OCHOBI JI0JIaT-
Ky Jutst onepaniiiHoi cucremu Android.
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Puc. 1. T'onoBHe BiKHO MporpamMu

Po3pobiieHo monaTok ais  omnepaiiiiHoOl cHCTeMH
Android, sikuii T03BOJISE MPOBOIUTH PO3PAXyHKH 3a JIO-
MIOMOT'0}0 MOOUTBHUX MPUCTPOiB. MoOiIbHA Bepcis mpo-
rpaMH Ma€ Ty K camy JIOTIYHY CTPYKTYpY, IO i Iporpa-
Ma JIJIs TIEPCOHANILHOTO KoM toTepa. JIJist Toro mob pos-
MOYaTH aHaNli3 MPOAYKIII, HEOOXiHO 3aBaHTAXXUTH Tal-
JIMIIO 3 BXIJIHUMH JaHUMU. BIKHO 3 3aBaHTaKEHOKO Ta0-
JIUIICIO BXIJIHUX JIaHUX MPECTaBJICHA Ha PUC. 2.

Puc. 2. JlogaTok micis 3aBaHTa)KEHHS
TaOJIUI BXIIHAX JAHUX

st Toro mo6 BizyajabHO MOOAYHUTH SIK OYI0 TIpo-
BEICHO KJIACTEpH3allilo, HEOOX1THO HATUCHYTH Ha KHO-
nky «['paduk» micns 4oro Ha ekpaHi 3’sIBUThCs Tpadik
3 pe3yabTaTaMu KIacTepu3allii, Ha SKOMY Pi3HHMH KO-
JBOpaMH TI0Ka3aHi TOBapH, SIKI IOTPAIMIN 10 Pi3HUX
Kiactepis (puc. 3).

240 ae

220 anna"
200 o

180

Puc. 3. I'padik 3 pesynpraTamMu KiacTepu3artii

CrtBOpeHHH TNporpaMHHUHM TNPOAYKT [03BOJSE 32
JIOIIOMOT'OI0  PETPECIHOr0 aHali3y Ta YacOBUX PsIiB
pO3paxyBaTH MPOTHO30BaHY KUNBKICTH MPOJaXKiB TOBA-
pHUX Tpyn [3, 4].

Jlyis Toro 1mo0 po3MovaTH perpeciiiHuid aHai3 He-
00XiZIHO HATHCHYTH Ha KHOIIKY «Perpeccus». Ha ekpani
3’SIBUTBCSI perpeciiiHa MOZENb 3 TOYKOBHM IPOTHO30M
Ta JI0BipuMM iHTEpBajoM (puc. 4).

Jlns Toro, mo0 MPOAUBUTUCH TEKCTOBE ITOBIIOM-
JIEHHS 3 TIPOTHO30M, HEOOXiJJHO HATHCHYTH Ha KHOIKY
«[IporHo3». Pe3ynbpraT MpOrHO3yBaHHs 300pakeHi Ha
puc. 5.
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Puc.4. I'padik mporuo3y npouaxis
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Puc. 5. Pe3ynpTatu nporHo3yBaHHA

BucHoBKMu

B nmawniit poboti Oy10 MpOBEJCHO aHalli3 iCHYFOUNX
TEXHOJOTI aHanizy gaHux. Ha OCHOBI NpOBEIEHOro
aHaizy 0yJ0 BU3HAYCHO, IO JUIA MPOBEACHHS CTATHUC-
TUYHOTO aHaJli3y Ta aBToMaTH3alil Oi3Hec MpoleciB Ha
BUpPOOHHIITBI, HAMKpalle BUKOPHCTOBYBATH METOIH
Data Mining 11 oTpuMaHHs peajbHOl Bijiadi y podoTi
MATIPUEMCTBA.

Ha ocHoBi TexHomoriii Data Mining po3po0JieHo
MporpamMHi NPOAYKTH, SKi HampaBJlieHi Ha aBTOMaTh3a-
1ito Oi3HEC MPOIIECIB, AKi BEAYTH J0 30UIbIICHHS edeK-
THUBHOCTI POOOTH MiANPUEMCTBA Ta 3MEHIICHHS HABaH-
Ta)keHHsT Ha aHamiTuKiB. Po3pobnena Android Bepcis
MporpamMH JI03BOJISIE MPOBOAUTH PO3PAXYHKH 3 MOOLITb-
HHUX TPUCTPOIB. BHUKOpHUCTOBYBaTH MOOIIBHY BepCito
MPOrpaMu y)Ke 3py4HO, KOJNHU MPAIiBHUK HE Ma€e 3MOTH
MPAIFOBATH 34 MIEPCOHATEHUM KOMIT FOTEPOM.
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NUCNONb30BAHUE TEXHOJIOMMA DATA MINING Ansi ABTOMATU3ALIUK
BU3HEC-MPOLIECCOB HA NMPOU3BOACTBE

A.A. bekkayep

Paccmampugaiomess mexnonocuu Data Mining na ocnose KOMOopuX MOJICHO pewtams Ou3Hec npoyeccyl, KOmopwle G03HU-
Kaiom 8 npoyecce OessmenvHocmu npeonpusmust. Ilpueooumcs kpamkoe onucanue npocpammnozo obecneuenus (I10), npeona-
3HAYEHHO20 OISl NPOCHOZUPOBANUs CNPOCA Ha nPodyKyuio npeonpuamust. I10 paspabomano na 0cHoge KIacmepHo2o u pespeccu-
OHHO20 ananusa. B pesynvmame pabomvl npocpammvl noIb308aMeNb NOIYYAEN OPUCHMUPOBOUHOE KOTUHECEO Npooaic Npo-
OyKyuu 6 credyloujem mecaye 6 onpedeneHHom ouanaszome. s Iyuuiezo Gu3yanbHo20 60CHPUSIUSL PE3YTbMAmos, Ha IKpaHe
6b16005iMCs1 2paghuku ¢ pezynbmamamu pabomet npoepammvl. 110 pazpabomano 6 cucmeme npoepavmupoganusi Delphi ons one-
payuonnoi cucmemol Windows u Android.

Knrwoueswvie cnosa: Data Mining, kiacmepnvlii ananus, pecpeccuontblil AHanu3, NPOSHOIUPO8AHUe, KOPPENAYUsL.

APPLICATION OF DATA MINING TECHNOLOGIES FOR AUTOMATION
OF BUSINESS PROCESSES IN THE INDUSTRY

A.A. Bekkauer

Data mining technologies, which can be the basis for business processes occurred in the process of an enterprise activity
are considered. Brief description of software for production demand forecasting is presented. The software is developed on the
basis of cluster and regression analysis. As the result of software operation a user gets approximate number of production sales
for the next month in the definite range. For better visual perception graphs with results of work are displayed on the screen. The
software is developed in Delphi programming system for Windows and Android operating systems.

Keywords: Data Mining, cluster analysis, regression analysis, forecasting, correlation.
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