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1.B. TPEFEHHIK, O.4A. KOBAJIEHKO

JOT'TKO-AJITEBPAITYHA MOJEJb MPUHAHATTA PIINIEHL JJIA
ABTOMATHU30BAHOI'O KOHBE€EPA COPTYBAHHAA OB'EKTIB
IHOIMTOBHUX BIAIIPABJIEHD

Hdns  nmocraBku  00’ekTiB  momroBux Bimnpasienb (OIIB) jorictmuni  Kommasii
BUKOPHCTOBYIOTh MEpPEXY HPOMDKHHX Ta KIHIIEBUX ILIEHTPIB COpPTYBaHHS MOCWIOK. Jlis
copryBanHs OIIB meHTpH 0071agHYIOTBCS aBTOMAaTH30BAaHHMH COPTYBAJIBHUMH KOHBEEpPAMHU.
lonoBHIM HEMOJIIKOM aBTOMAaTH30BaHWX KOHBeepiB copryBaHHsA OIIB mpoMiKHHX HEHTPIB €
00MeKeHHS MOJieJIe, 1110 BUKOPUCTOBYIOTHCS [UIsl IPUAHSTTS pimens. Llei Henonik noB’si3aHuit
3 UM, 110 copryBanus OIIB npoBoauThest Oe3 ypaxyBaHHS IXHBOI Baru Ta radbapurtis. Lle Moxe
MIPU3BECTH 10 HEe(PEKTUBHOTO BUKOPHCTAHHS 00 €My Ky30Ba BaHTaXXiBOK IPH 1X 3aBaHTa)KCHHI,
a TaKOX PU3HKY MOIIKOKESHHS MOCUIIOK, KOJIH BOHH PO3MIIYIOTHCS OJJHA Ha OZHIH.

Jns peamizauii ynpaBiaiHHS aBTOMAaTH30BaHUM COPTYBAaJbHUM KOHBEEPOM 13 3a/IaHOIO
norikoro copryBaHHs OIIB po3pobieHo noriko-anreOpaidHy MOIeNb NPUHAHATTA pimeHb. Lg
MOJIeNb T03BOJIsIE peanizyBary kinacudikamiro OI1B 3a mianmazoHaMu 3HaYCHb TapaMeTPiB Bark Ta
ra0apuriB, BU3HAYEHUX Uil KOXKHHUX 3aBAHTAXXYBAJIBHHX JBEpEd TEepMiHAIB, Ta IMPOBECTH
BIATIOBiHE cOpTyBaHHA. Po3poOneHa Moaens NPUIHATTS PilIeHbh MOXKE BHKOPHCTOBYBATHCS B
ABTOMATHYHUX COPTYBAJIbHHX KOHBEEpPAaxX DPI3HOTO MpPH3HAYCHHS Ui peali3auil COpTyBaHHS
BaHTaXIB, III0 TPAHCIIOPTYIOTHCS, BIIIOBIIHO J0 MTapaMeTpiB IXHbOT Baru Ta rabapuTiB.

1. Beryn

Hdus  pocraBkn 00’ektiB  momToBux BiampasmeHs (OIIB) morictuuni  kommaHii
BUKOPHUCTOBYIOTh MEPEXKY MTPOMIKHUX Ta KIHIIEBHX LIEHTPIB copTyBaHHs nocuiok (PSC — Parcel
Sorting Centres), siki Takok HA3WBAIOTh IEHTPAJLHUMH TEPMiHATAMH KOHCOJIZAIl] MOCHIOK
(CPCT - Central Parcel Consolidation Terminals). ITpomixui PSC mnpusnaueni s
po3BantaxxenHs OIIB, copTyBaHHs, iX MOJAIBIIOTO 3aBAHTAKCHHS Ta JOCTAaBKH 32 ajpecaMu
HACTYITHUX MPOMDKHMX IIEHTPIB, 10 BXOJATH JI0 JioricTuuHol Mepexi. Kinnesi PSC npusnaueni
st coptyBanHss OINB 3 MeToro iX JIOCTaBKH 0 MICIIEBMX BIJUIICHBb JIOTICTMKU Ta BHJA4i
ajZjpecaTam.

Hnst copTyBaHHS 00’€KTiB MOMTOBUX BimnpasieHs PSC o0mamHyrOTbCS MOIYJIHHUMHU
aBTOMAaTH30BaHUMH COpTyBaibHMMHU KoHBeepamu (ASC — Automated Sorting Conveyor).
OOMexxeHHsT Mojenedl npuiHATTS pimeHb X ASC moB's3aHe 3 THM, IO COPTYBaHHS
MPOBOJMTHLCS 0e3 ypaxyBaHHs HapameTpiB Baru Ta rabaputie OIIB, mo Moxe mpu3BecTH 10
Hee(eKTUBHOTO BHKOPHCTaHHS 00’€My Ky30Ba BaHTAXIBOK MpPH iX 3aBAaHTAKEHHI, a TaKOXK
PU3KKY TONIKO/DKEHHS TOCHIIOK, KOITM BOHH PO3MIIYIOTHCS OfHA Ha ojHii. lle oOMexeHHs
00yMOBJICHO BIJICYTHICTIO 3arajbHHMX CTaHIAPTiB, 10 BU3HA4alTh Kiacudikaniro OIIB 3a
TUIIAMH Ta KaTETOPIsIMH BIJIOBITHO J0 iXHIX MapaMmeTpiB Bard Ta rabapuriB. Tomy B pi3HUX
JIOTICTUYHUX KOMIIAHISIX MOKYTh OYTH peaiizoBaHi pi3Hi BapiaHTH MOAIOHOT Kiracudikarrii.

Hna ycynenns mporo oOmexeHHs B [1], [2] mpomoHyIOTbCA BapiaHTH YAOCKOHAJIEHHS
Mojeni npuiHATTA pimeHs ASC, skl peamizyloTh 3amaHuil mopsytok copryeanHs OIIB 3a
3aBaHTAXyBaJLHUMH JBeprMa TepMiHaiaiB PSC, Ha OCHOBI HEYITKOI JIOTIKH. SIK HEIOJIKHM LUX
HEYITKMX MOJIENel MO)KHA 3a3HauWTH CKJIAIHICTh IX peajizallii Ta 3HA4YHI OOYMCITIOBAIIBHI
BUTpaTH, MOB'A3aHI 3 eTamaMH HEYITKOro BHBOLY, — L€ OOYMCIEHHS 3HaueHb (QYHKLIN
MIPUHAJICKHOCTI, JTOJJATKOBI orepallii BU3HAYCHHsS ICTUHHOCTI YMOB Ta IXHBOI aKTHUBi3alii, a
TaKOK OOUMCIICHHS BUXITHHUX YITKUX IMapaMeTpiB iz yac aedasudikarii.

3a3HaueHi Hemousiku Mmojened [1], [2] € KpUTHYHUMH, TOMY LIO MiJABUIIEHHS Yacy Ha



00YMCIIEHHS Ta NPUHHSTTS PIIICHHA MOXXE NPU3BOOUTU IO 3HIKCHHS MPOITYCKHOI 34aTHOCTI
ASC. Tomy BUHHKaE HEOOXiAHICTh TMPOBEACHHS AOCITIKEHb 3 PO3POOKH MOJAETI MPUHHATTA
pillleHp Ha OCHOBI KJIACHYHOI YITKOI JIOTIKH, SKa TMOTpeOye 3MiCHEHHS JHIle oOTepariii
BH3HAYEHHS ICTHHHOCTI YMOB, III0 3HAYHO CIPOIIYE ii peasi3allito.

2. Anamiz JiTepaTypHMX Kepei, NOB’SI3aHMX i3 JOCHIIUKEHHAMM 1010
B/IOCKOHAJIEHHS JIOTICTHKH LEHTPiB COPTYBAHHS MOCUJIOK

Amnani3 my0Jikarii 3a TJaHOK TEMATHKOIO MOKa3aBs, M0 JJIs BAOCKOHaNIeHHS jorictuku PSC
MIPOBOMATHCS PI3HOMAHITHI JJOCIIPKESHHS, TIOB’sI3aHi 3 MOJIepHi3allieto anaparaux 3aco0iB ASC i
PO3POOKOIO iXHIX MOJIENIeH IPUHHSATTS PillICHb.

Hns aBTomMaTtm3oBaHoi AediHinii mapamerpiB Barm Ta rabaputiB OIIB mnpoBoasThcs
JOCHIDKEHHST 3 MOJICpHi3allii anmapaTHUX 3aco0iB yHpaBiiHHSA Ta KOHTpodo podotn ASC 3a
TaKUMH HaIlpsMaMH: yJOCKOHaJeHHS ckaHepiB spnukiB QR-xomy [3] Ta mBHAKocTi Horo
CKaHYBaHHS [4]; yIOCKOHAIEHHS JaTYMKIB MeXaHi3My 3Ba)KyBaHHS TPaHCIIOPTOBAHUX 00’ €KTIB
[5]; ymockonaneHHs 3aco0iB KOMII'IOTEPHOTO 30pY Ul BU3HAYEHHS pPO3MipiB 00’ekTiB [6];
YIOCKOHAJICHHS JaTYMKiB HaONWKEHHS JUIS BHU3HAYEHHS BiacTaHed [7]; ymocKoHaleHHs
JATYMKIB ITHEBMAaTHYHUX 3aTBOPIB JJIs peanizalii nepemiiieHHst 00’ €KTiB MOpUBaMu TOBITPs [ 8]
Ta 1HIINX €JIEMEHTIB.

MosxHa TaKoXX BUAUIUTH OKpeMi 00JIaCTi JOCHIKEeHb, ITOB’s13aHi 3 PO3pOOKOI0 Moeei
npuiHsTTSA pitens ASC.

Jo mepuioi 00macTi JOCHiKEHb MOKHA BiTHECTH PO3POOKY MOJENe MPUHHSTTS pillieHb
ASC, sKi 103BOJSIIOTH BUPILIYBATH 3aBIaHHA po3noairy oocsry OIIB Ta miHimizamii KinbKOCTi
obcmyroBytouoro nepconainy [9], [10].

o npyroi obxacti 1ociiKeHb MOXKHA BiTHECTH pO3POOKY MOJIeNei MPUHAHSTTS pillleHb Ha
OCHOBI T€HETUYHHUX adropuTMiB. Y [11] posrasaaerbes mpobieMa MpocTor BXiTHUX Ta BUX1THUX
BaHTaxiBoK y PSC. s mpobnema BHUpIIIyeThCS 32 AOMOMOTOI0 T€HETHYHOI'O alTOPUTMY, IO
JTO3BOJISIE KOHTPOJIIOBATH IIBUJKICTh PO3BaHTAXXEHHS I 3a0e3redyeHHs (hikcoBaHOTO rpadika
3aBaHTaKEHHS Ta BIANpaBICHHS BUXIJHUX BAaHTaXIBOK, HaBITh SKIIO BOHM HE TOBHICTIO
3aBaHTaXKEHi.

Jlo TpeTboi 00sacTi TOCIHiPKeHb MOXKHA BiJIHECTH PO3pPOOKY MOJeNell po3B’si3aHHs 3a1a4
TUTAHYBaHHS MPHUOYTTS BXiJHUX Ta BUXIIHUX BAaHTKIBOK, IO JO3BOJISTIOTh MiHIMI3yBaTH 4ac
OUiKyBaHHS BaHTaXiBOK Ta yac coptyBaHHs ASC. ¥V [12] po3rnsHyTO nmpo0ieMy MiIaHyBaHHS
By3na nocuiiok (PHSP, Parcel Hub Scheduling Problem) 3 mMeToro Makcumi3yBaTu HpOITyCKHY
3patHicTe ASC. VYV [13] posrnspaerbes npoOnema rianyBaHHs pobdotu PHSP 3 sprnuxamu
(PHSPwS, Parcel Hub Scheduling Problem With Shortcuts). Ile 3aBmanus ananoriune [12] i
BIJIPI3HSAETBCA THM, IO JJIs BU3HA4YeHHS rpadika pO3BaHTAKEHHS BXIJHHX BaHTaKiBOK
BUKOPHUCTOBYETHCS iH(opManis sipiaukiB QR-koxgy OIIB. ¥V [14] Takox po3risiiaeTses mpodiema
PHSPwS, ane 3BoporHa mo BigHomeHHio a0 [13] — rutaHyBaHHsS Tpadika HaBaHTaKEHHS
BUXIJTHHX BaHTaXIBOK, a TAKOX MiHIMi3allisl MapIpyTy NPOXOIKEHHS NOCcHIOK y cuctemi ASC.
Crin 3a3HaunTy, mo PSC, ki 00cayroByl0Th BAHTaKiBKH, MOXKYTh PO3IIISAATUCS SIK MiACUCTEMU
OUTPIIMX CHCTEM TPAHCIOPTHOI MapLIpyTH3alii, sKi 3AIHCHIOIOTH JOCTAaBKY BaHTaXIiB
aBTOMOOUIBHUM Ta 3ali3HUYHUM TpaHcrmopToM. [leski 3 mpoOieM IuiaHyBaHHS, SIKi iICHYIOTh Y
TaKUX CHCTEMaX, Ta METOJIU 1X aHalli3y onucasi B [15].

Jo geTBepToi 00aCTi 1OCHTIHKEHb MOYKHA BIIHECTH PO3POOKY MOJesIeii NPUIHATTS PillleHb,
NOB’SI3aHKX 13 3aBJAaHHSAMH IUTaHyBaHHS KoMmroHyBaHHA oOnagHaHHs ASC mis CPCT [16], siki
MOYKYTh BHPIIIYBATHCH 33 JOIIOMOTOI0 METO/IIB MOJIETIOBAHHS Ta onrtumisarmii [17].

3. Mera i 3aaayi 1ocaimxkeHHs

MerToto gociipKeHHs € po3po0Ka JoTiKo-anredpaiaHoi MoJiesi MpuiHATTs pimenb ASC, sika
BUPILIYE 3aBJJaHHS pealtizallii 3a/IaHol JIOTIKH COPTYBaHHS 3 YpaxyBaHHSM IapaMeTpiB Baru Ta



radaputie OIIB mmsa 30epexkeHHs iXHBOI ITUTICHOCTI Ta 3a0e3ledueHHs 3alaHuX BapiaHTIB
KOMITAaKTHOTO 3aBaHTA)KEHHS BAaHTaKiBOK.

1 noCATHEHHS 1€l METH TIPOTIOHYETHCS BUPIIIUTH Taki 3aadi:

— BU3Ha4uTH yMoBU copTyBaHHA OIIB Ta mopsmok iX 3aBaHTaXEHHS JUIS MOAAIBIIOL
JIOCTaBKU;

— po3pobuTH JOriKo-anredpaiuny Mojens NpuiHATTS pimeHs ASC, ska peanisye 3a1aHy
JIOTIKY COpPTYBaHHS 32 BU3HAYCHUMH YMOBAMU;

— PO3pOOUTH METOIMKY MPaKTHYHOI peajtizallii JOoTiKo-aireOpaiyHoi MOJEI MPUHHSATTS
pimens ASC i3 3agaHoro Jorikoto coprysanHs OIIB.

4. BusHavyeHHs] yMOB COPTYBaHHsI 00’€KTIiB MOIITOBOIO BiAMPaBJIEHHS] Ta MOPAAKY IX
3aBaHTaKEHHS

ASC KOHCTPYKTHUBHO CKJIaIalOThbCcd 3 aBTOMAaTH30BaHUX COPTYBalnbHUX JiHiKM (ASL —
Automated Sorting Line) pizHoro tumy: ctpiukoBux (Modular Belt Sorting Line); By3bko
crpiukoBux (Narrow Belt Sorters Line); niwiii i3 noBopoTHumu kosecamu (Swivel Wheel Sorters
Line); nonepeunux (Cross-Belt Sorters Line): Teneckoniunux (Telescopic Belt Conveyors Line)
Ta IHIIMX BB aBTOMAaTH30BAaHOTO 00JIaIHAHHSI JJIs TpaHcropTyBaHHs [18].

Mogens npuitHsTTs pimenb ASC pearnizyeThbest SIK KOMIT I0TEpU30BaHa CHCTEMa YIPaBITiHHS
copryBanHsM OIIB 3a TepMiHamamMu BIOIOBITHO 1O aapec, 1o 30epiratoThes B QR-komax
spnukie OIIB. VY 3B’s3ky 3 TuMm, 1mo koxeH PSC oOmamnyerhcss ASC 3 iHAMBIIyaJIbHUMU
KOHCTPYKTHBHUMH OCOOJMBOCTSMH, PO3TIITHEMO CXeMy HOro moOyqoBH B y3aralbHEHOMY
Burisaai (puc. 1) ams aBox TepMiHalmiB «A» Ta «By», IO BIAMOBIAAIOTH JIBOM HampsMKaMm
(anmpecam) HacTynHHX npoMixkHUX PSC, ski BXOAATH 10 JorictuyHoi Mepexi [2]. Ha cxemi ASC
(puc. 1) po3zBantaxxyBanbHi aepi (Unloading doors) mis BXigHux BanTaxiBok (inbound trucks)
mo3HaueHi sk «U1ly», «U2», ..., «UN».

— T PeanizoBana Mojenb TPUAHATTS
Parcel Sorting C = &) ] . .
(CPCT - Contrel Parce) Consolidation | =4 =% - pimens ASC posmoxinsie OIIB 3a
Terminals) — f— —l 2 .
| | | | =
. - (= B ... il T ﬂ§0Ma - HaHpHMK.aMI/I, 3a. 5{1.<1
inbound trucks _ A IE \E: (1K BIJIMTOBIAArOTH TepMiHAIH «A» 1 «B» i3
P l..‘ﬁEﬁE unloading | ASL 1 5 | | 2
=Ll R [ [Z] *-* [N 3aBaHTaXXyBaJbHIUMH JIBEpUMa
g m— — E [ [ .
(e B, e -==1 | (loading doors), nosHaueHummu, sK
ASL 3 s 1
‘"“EF“D“[ - ; p—— — «L1», «!_2», ..., «LN». PozBanTaxeHi
O H 2o=s OIIB Bim meepeit «Ulw», «U2y», ...,
p ) ASLN | N . . .
i B H:'I:III m,‘ 1 ° | AT @ =i «UN» Hagxoaats Ha BigmoBigai ASL.
unl;;ding doors loading d(;[;rs == ‘ E | ses ID‘ MOHQHL HpHﬁHﬁTTﬂ plmeHB ASC
HEI=E I|:|\
ASC - Automated Sorting Conveyor | (881 |1 = orpumye aapecy OIIB 3a QR-komom
ASL - Automated Sorting Line s L SIpJIMKA, BU3HAYAIOYH, HA KK 13 JIBOX
outbound trucks . . e
TepMiHaliB — «A» abo «B» — ii Oyze
Puc. 1. Cxema ASC 3 npuKiaoM peatizamii 3a1aH01 JIOTik ~ BiIIPaBIICHO. Kinnesa MeTa
3aBaHTaKEHHS 00’ €KTIB MOMITOBOTO BiIIIPAaBIICHHS copryBanHs — paoctaButn OIIB mo

3aBaHTaXYBaJbHUX JBEpel TepMiHally 3 IMEeBHUM HoMepoM. Ilicns 3aBaHTa)keHHsSI BaHTAXiBKH
BIZNPABJIIIOTECSL /10 IYHKTIB NpU3HAuYeHHs, BH3HaueHUX aapecamu PSC, moB’s3aHuMH 3
TepMiHaJIaMH «A» a00 «B».

Jloriko-anreOpaiuna Mozaens HpuiHATTS pimeHr ASC TOBMHHA peani3oBYBaTH 3alaHy
JIOTIKY COPTYBaHHS, 10 BU3HAYAETHCSI TAKUMH YMOBAMHU:

— s N 3aBaHTaxXyBalibHHX JBepelt «L» Ttepminanis PSC (puc. 1) Bu3Hayaetbcst N
Jliana3oHiB Bard Ta ra0apuTiB (mupuHa, BHcOoTa, rmbuHa) OIIB, KoXkeH 3 SKUX BiAMOBiTa€
neBHUM nBepsM «L1», «L2y», ..., «LN»;

—3aBJaHHs Mozesi npuiHATTS pimieHb ASC: nmpoBectu kiacudikariro OIIB 3a ixHiMu



napaMeTpaMH Bard Ta rabapuTiB Ta BUHAYATH HOMEpP 3aBaHTAXyBaJbHUX ABepeil «L», Ha ski
BOHH TOBWHHI TpaHcmopTyBatucs. J{ns kimacudikarii TOBHHHI BUKOPHCTOBYBATHCS Jialla30HU
3HaueHb Baru Ta rabapuriB OIIB, sKi 30UIBIIYIOTBCS BiAMOBIAHO 10 3POCTAaHHS HOMEpA
3aBaHTaXyBabHUX ABepeit «L1», «L2», ..., «LN».

PeanizoBane copryBanns OIIB mae 3a0e3nedyBaTy 1Ba BapiaHTH JIOTIKH 3aBaHTAKEHHS:

— MepIINi BapiaHT JIOTIKM 3aBaHTAXCHHS IMOKa3aHWH Ha puc. 1| s TepMiHATy «Aw.
Crnouatky 3aBaHTaxytoThcst OI1B, mapamerpu SKHX BH3HAYaIOTHCS MAKCHMAIBHUM J1ialla30HOM
3HAYeHb IXHBOI Baru Ta radaputis (aBepi «LN»). Jlani BaHTaXiBKa MOCITiZOBHO 3aBAaHTAXKYETHCS
Ha aBepsx 3 nozHaueHHsMH «LN», «LN-1», ..., «L1», BigNOBiIHO J0 3MECHIICHHS 3HAYCHb
niama3oHiB Bard Ta TabapuTiB. Taka 4YeproBiCTb 3aBaHTAXXCHHS MJO3BOJISIE CIIOYATKY
3aBaHTA)XyBaTH HaliBaxkdi i BenukoradaputHi OIIB, a 3akiHuyBaTH 3aBaHTa)KEHHS HAMJIETIINMU
1 ManoradapuTHUMH. THUM caMuM 3a0€3MeUyETHCS MOXIIMBICTh KOMIAKTHOTO 3aBaHTAKEHHS
Ky30Ba BaHTaXIBKH 1 3HWKYETbCS pu3uK momkopkeHHs OINB min yac X po3mMilieHHs oHiel Ha
OJHI;

— IpyTWi BapiaHT JIOTIKM 3aBaHTaKEHHs TOKa3aHWi Ha puc. 1 ansa tepminamy «B». s
BOT'0 BapiaHTa PO3TISIAETHCS OTHOYACHE 3aBaHTaKEeHHsI N BaHTaKiBOK Ha aBepsx «L1», «L2»,
..., «LN». Taka yiorika 3aBaHTa)XeHHS JTO3BOJISIE OJJHOUACHO 3aBaHTaxyBatu OIIB 3 omHakoBHMHU
niamazoHaMu Bard. Takuil BapiaHT 3aBaHTaKEHHS TeX 3a0e3ledye MOXKIIMBICTh KOMITAKTHOT'O
3aBaHTAKCHHS Ky30Ba BAHTAKIBKH 31 3HWKEHHSIM pU3uKy nomkomkenHs OINB.

5. Po3po0ka Jioriko-ajaredpaiuHoi Moaesli NPUITHATTA pilleHb

Posrnsinemo muOXHMHY P={p1, p2, ...pn} OIIB, nocraBnenux amst copryBanns B PSC. Koxen
eJIeMEeHT MHOKMHH P xapaktepu3yerbest Habopom mapamerpis {e ,h, w, d}, ne e — Bara; h — Bucota;
W — mpuna; d — rimbuna. Jloriko-anredpaiuna Moaens npuiHsTTs pimeHb ASC 3a pe3yibTaTaMu
kacudikarii napamerpis OI1B noBrHHA BU3HAYaTH HOMED 3aBaHTAKYBAIBHUX JBEPEH TEPMiHAITY,
Ha siki OIIB tpancnioptytothes. Kinacudikaiiiss OIIB peaitizyeThcsi Ha OCHOBI Jliania30HIB IXHBOT
Baru Ta rabapuriB, BA3HAYECHUX JUIS KOXKHUX 3aBaHTAXKYBaJIbHUX JBEpeEil.

3amamMo CKIHYEeHHY MHOXKMHY YMCIIOBHX ITO3Ha4YeHb (HOMEPIB) 3aBaHTaXYyBAJIBHUX JIBEpE
tepminaniB L={k}, k=1,2, ..., N. /I K0’)kHOTO HOMEPY 3aBaHTAKYBAILHUX JIBEPEH 13 MHOKUHH
L BM3HAUMMO IiIMHOKHHH J[ialla30HiB 3HaueHb napamerpis {e, h, w, d} OIIB

L={1,2,...,N}={{Ah;, Aw,, Ad;, Ae;},{Ah,, Aw,, Ad,, Ae,}, ..., o
{Ah,, Aw,, Ady, Ae Y, ... {Ahy, Awy, Ady, Ayt k=12,...,N '

ne {Aex, Ahx, AWk, Adk} — miIMHOKHHA HEMEPETUHHKX Jiarna3oHiB 3Ha4YeHb mapametpis OI1B,
BU3HAYEHUX JUIS 33JTaHOTO HOMepa kK 3aBaHTa)XyBaJIbHOI ABEPI.

BukopucToByr0uM Teopito anredpu ckiHueHHUX npeaukaris [19], [20], Bu3HaunuMO yMOBH
npuHanexxHocti OIIB 3 mapamerpamu (e, h, w, d) 10 3aBaHTaXyBaJIbHUX JABEped y BHUIIIAII
npeurKara

R(e,h,w,d):\N/Aeq(e)A \N/Ahj(h)A \N/AWm(W)/\ \N/Ads(d) , @)
q=1 j=1 m=1 s=1

ne npeaukat Aeg(€), Ahj(h), Awm(w), Ads(d) BU3HaYarOTh MPHHANICKHICTH 3HAYECHB ITAPaMETPIB
{e, h, w, d} OTIB mo niama3oHiB 3HaueHb {A€q, Ahj, AWm, Ads} 3 ingekcamu q, j, M, $=1,2, ..., N,
1[0 MTO3HAYAIOTh HOMEPH 3aBAHTAXKYBAJIbHUX JBEPEH.

Ipenukatu mnpuHATEKHOCTI mianmaszoHam Aeg(e), Ahj(h), Awm(w), Ads(d) 3amatroTbest y
BUTIIAAI Bupasy [19]



1, sxmmo X € AX,;
AX, (X) = 3
<(X) 0, Ko X & AX,, @)

Je X — OJIUH 13 mapameTpiB Habopy {e, h, w, d}; AXk — mo3HaueHHS BiAMOBIAHOTO Jiana3oHy 3
{Aek, Ahy, AWk, Adk}, Bu3HaueHOrO IS ABepeit 3 HomepoMm k. IlpHHAIEXHICTH 3HAYEHHS
napaMeTpa X gianasoHy AXk (X € AXk) BU3HAYAEThCS BUPa3oM min(Axi)<Xk<max(Ax).

Bupas (2) € a3’ 1oHKTUBHOIO HOpManbHOIO (Gopmoro (JJH®D), miaTepMHu K0l BH3HAYAIOTH
ymoBH npuHanexxnocti OI1B 3 mapamerpamu {e, h, w, d} 10 oaHi€l 3 3aBaHTaKyBalIbHUX ABEpeH
MHOXHHU L. ToOTo Timbku oauH MmiHTepMm i3 (2) HaOyBae 3HaueHHS « TRUE» («1»), a iHmni —
«FALSE» («0»). Kinbkicte mMinTepmiB y (2) BusHauaeThest Bupasom K=GN, ne G — kinbkicts
KoHTponboBaHuX napamerpiB OI1B; N — KinbKicTh 3aBaHTaKyBaJIbHUX JBEPEH.

Buokpemumo Ha mHOoxuHi P mimmuoxunu OIIB {F¢}, k=1,2, ..., N, mapamerpu sSKuUx
HaleKaTh giamazoHam {Aeq, Ahj, AWm, Ads}, a iXHI iHAEKCH BiANOBIZalOTh HOMEPaM
3aBaHTAXXYBaIbHUX JBeped. Buznaummo ymoBu mpunanexsocti OIIB mo {Fx} y Burmsmi
npenukatis {Rx} 3 BIAMOBIAHUMY iHAEKCaMU. 3a TOTIOMOTOK0 MATPUIll MPUHHATTS pilieHb (Ta01.
1) 3ndiiicHIOETBCS BiOip MIHTEPMiB Mgjsm i3 (2) i mpeaukaTiB {Rk} BiAMOBIAHO OO JIOTiKK
copryBanus OIIB.

Tabmuus 1
Martputis npuAHATTS PillleHb
[Hnmexcu nmpenukaTiB MiHTEPMY
_ Howmep
mq]sm—Aeq(e)/\Ah](h)/\AWm(W)/\Ads(d)
F | Rk 3aBaHTAXKYBAIBHUX
Ae(e), Ah(h), Aw(W), Ad(d), .
. . . . . ABEpEU
IHIEKC q IHIeKC j IHIEKC m IHIEKC §
3HaYCHHS ( 3HAYCHHS | 3HA4YCHHS M 3HAYCHHS S
Fi | R 1
3HA4YEHHS q 3HAYCHHS | 3HAYEHHS M 3HAUEHHS S
F2 | Rz 2
3HA4YEHHS q 3HAYCHHS | 3HAYEHHS M 3HAUEHHS S
Fn | R N

Kpurepii BimbOpy MIiHTEpMIB Mgjsm 3 BIAMOBITHMUMHK iHAEKCAMH JUIS TpeaukatiB {Ri}
(Tab:. 1) mpeacTaBUMO Y BUTJISAI CUCTEMH IMILTiKAIli i

v mqjms > R k=g
IF{[q=k]AND [((q=j=m) AND (s>9)) OR ((q=j=5) AND (m>q)) OR
OR ((q=m=s) AND (j=q))I}

4
V Mejm > Rigur: @

° IF{[g=k] AND [((j>q) AND (m>qg) AND (s>q)) OR ((j>q) AND (m>q) AND (s>q)) OR
OR ((j>q) AND (m>q) AND (s>q)) OR ((j>q) AND (m>q) AND (s>q))]}

Jlorika copryBannsi OIIB i Binoopy MiHTepMiB Mgjsm=A€q(e)AAN;(N)AAWR(W)AAds(d), o
npuiimMarors 3HaueHHs «TRUE», peanmizyerscsi 3rigHo 3 cucremoro (4) 3a 1gBoMa
B3a€EMOBHKJIFOYHMMH YMOBaMH. 3a LUMH YMOBAaMHU IOPIBHIOIOThCS 3HAYCHHS IHJACKCY (
npenukary Baru Agq(e) 3 ingexcamu {j, m, s} npeaukaris radaputis Ahj(h), Awm(w), Ads(d):

— 32 YMOBOIO IEPIIOi IMITTIKAIIIT, SIKIIO B MIHTEPMI Mgjsm HE OLJIbIIIE OHOTO 1HAEKCY 3 {j, M,
S}, IO TIEpEBUINYE J, TO Ie MIHTEpM HaNSXKUTh Npeankaty Rq i OIIB TpancnopTyeThes 10
3aBaHTAXXYBaIBHUX JBEPEH 3 HOMEPOM (;



— 32 YMOBOIO JPYTOl IMILTIKAIIil, SIKIIIO B MiHTEPMIi Mygjsm J1Ba i OibIIie iHAEKCIB 3 {j, m, s}
NEPEBUILYIOTh 3HAYEHHS 1HIEKCY ¢, TO IIeH MIHTepM HaleXuTh A0 npeaukary Rg.«1 1 OIIB
TPAHCIIOPTYETHCS 10 3aBAaHTAKYBAIBHHX JBEpei 3 HoMepoM q+1.

Bini6pani nmpeaukat {Rg}, o peanizyroTs 3aaany Joriky copryBanas OIIB 3a Homepamu
3aBaHTaXyBaJIbHUX JABEpPEH, MOTAI0ThCS y BUTIIAI CHCTEMH IMILTIKAIIN

F: R1=.\/ M jmsq s (H!mqij:Rl) -1
Jlmrs!q

F,: R2=,\/ Mijmsg (H!mqjms:RZ)—>2;
],m,S,q

(5)

FN: RN: v mijQ’ (HlmqjmsRN)—)N,

imsg

Jte Mgjms — MiHTEPMH 3 (2), 1[0 BU3HAYAIOTH YMOBH npuHanexHocti OIIB mo miamuoxun {Fi}.

Cucrema npeaukatis (5) € Toriko-anreOpaiuHO MOJICIIIIO PUUHATTS PillicHb, 1110 BUKOHYE
3aBiaHHs Kiacugikamii Ta peanizamii 3amaHoi soriku copryBanHs OIIB 3 ypaxyBaHHSM
niama3oHiB ixHix mapamerpiB. Cuctema (5) Ma€ TUTBKU OJTHE PILLICHHS, SIKE BIAMOBIAE OJJHOMY
MiHTEpMY 3 BUpa3iB ycix mpeaukartiB {Rk}, 10 BH3Ha4Yae yMOBY iCTHHHOCTI MPHUHAJIEKHOCTI
napametpiB OI1B 10 BiINMOBIAHKX Jliama30HIB 3HAYCHB Bard 1 rabapuTiB, MOB’A3aHUX 3 HOMEPOM
3aBaHTa)KyBaJbHOI JBEPI.

6. MeToanka mpakTH4HOI peasizanii Joriko-aaredpaiuHoi MojeJsi NPUHHATTSA pillleHb
ASC i3 3a1aH010 JIOTiK0I0 COPTYBaHHSI 00’ €KTIiB MOIITOBOIO BilNpaBJIeHHsI

Po3po0Oka ta peanizais Joriko-anredpaiqnoi Moaei NpuHHATTS pitieHb ASC MpoBOIUTHCS
3a TAKMMH eTaraMu:

— BU3Ha4YeHHs KoHQirypanii repminanis PSC;

— BH3HAYCHHs Jiamna3oHiB 3HaueHb napamerpie OIIB st 3aBaHTaXyBaJIbHUX JABepei
TepMiHaIy;

— opmamizanis npenukatie {RN} BinnoBigHo 10 3aqanoi noriku copryBanas ASC.

6.1. Busnauenns koH@pirypauii Tepminanis PSC

Posrasiremo PSC 3 TepMiHanamu, KOXKeH 3 SKUX 00JaHaHUN TPhOMA 3aBaHTAXYBAJILHUMHU
neeprmMa. KiHieBa MHOXKIHA TO3HAYeHb (HOMEPiB) 3aBaHTaXyBaIBHUX ABepei TepMinaniB L={1,
2, 3}. CopryBanns OIIB 3giiicHIOETbCS 3a TphOMa 3aBaHTAXYBAJIBHUMH JBEpHMa 13
MO3HAYCHHAMH «1», «2», «3».

6.2. BusHaueHHH Jiana3oHiB 3HaAYeHb MapaMeTpPiB 00’ €KTiB MOIITOBOI0 BiANpaBJIeHHA
JJISl 3aBAHTAKYBAJbLHUX Bepeil TepMiHaLy

Busnaunmo pianasonm 3HaueHb napametpiB OIIB {Ae., Ah,, Awg, Adc} mns 3ampaHux
HOMEDIB 3aBaHTaXKyBaJIbHUX ABepei (Tadi. 2).

Tabmums 2
[iama3onu 3HaueHp napametpis OI1B

Hianasonu 3HaueHb napametpis OI1B Howmep 3aBaHTa)kyBalbHUX
k Aey, KT Ahy, cm AWy, cM Ady, cm asepeit L
k=1 0<e<20 0<h<50 0<w<50 0<d<50 1
k=2 20<e<40 50<h<100 50<w<100 50<d<100 2
k=3 40<e<60 100<h<150 | 100<w<150 | 100<d<150 3

VY tabn. 2 niana3oHu napameTpis, o Bu3HayaroTh radbaputi OIIB, oOpani ognakoBumu. Le
3YMOBJICHO TUM, 110 HE BCi JIOTICTHYHI KOMMaHii 30epiratoTs AaHi npo Baru ta radaputu OIIB B
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QR-komi iXHIX sApiuKiB. Y IbOMY BUMNAIKy Bara ta rabaputu OI1B BU3HAYAIOThCS 32 IOTIOMOT OO
BUMiproBaibHUX 3ac00iB ASC 3a pesynbTatamu 00poOku ixHiX 3D-300pakens. OHaK Mmij] 9ac
posBantaxkeHHs OIIB posmimntyeTsbest Ha matdopmi TpaHCIIOPTEPa BHMAAKOBAM YHHOM. Tomy
HEMOXXJINBO BHU3HAYUTH, OO0 SKAX MapameTpiB {h, w, d} Hame:xxatp BUMIpIOBaHI 3HAYCHHS
rabapwuTiB.
6.3. @opmadizaunisi npeaukaTiB BiqnoBigHo A0 3aganoi goriku copryBanusa ASC
[Nepenumenmo Bupas (2) Ams BiJoMOI KUTBKOCT] 3aBaHTaXKyBaJIbHHUX JIBEpEi

N=3 N=3 N=3 N=3
Rw,g.v.0)=\/ Aey(e)A| V Ah;(h)A| V Awy (W)A| \/ Adg(d) || |=
g=1 j=1 m=1 s=1

=Myy11VMyg12VMygg3V Mygpr VvV Mygoo VvV Mygo3VMygsr VMg ViMygzsy 1 (6)

VMoV Mygp VM3V My VMygoo VIMygog V...V Mgy vV Masssy

ne Mgims=Aeq(€)AAhj(N) AAWM(W)AAds(d) — mo3HaueHHs MiHTEpMIB.

®dopwmarizanis npeaukaTiB {Rk} TpoOBOIUTHCS NUIIXOM BiIOOPY Uil HUX MIHTEPMIB 3
BUpasy (6) i3 3a1aHUMU IHIEKCaMHU {(, j, M ,S} Ta 3 ypaXyBaHHSIM yMOB peai3allii 3aJJaHoi JIOTiKH
copryBanns. KinbkicTh MiHTepMiB Bu3HauaeThes BupazoM K=GN,=4%=81, ne G=4 — KiNbKiCTh
napametpiB OIIB, a N=3 — KkinpKicTh 3aBaHTaXyBaJbHUX JBEpEH.

MinTtepmu, BimiOpaHi BIAMOBIAHO MO KpUTEpPiiB (4), TMPEICTaBICHI y BUTIIANI MaTpPHUIl
npuiHATTS pimeHs (tadn. 3). [ns 3MeHmeHHs o0cary TaOm. 3 HaBOASATHCS HE BCl IMpaBHIIA.
BiamoBigHo mo maHoi maTpuii, BimiOpani mpeawkatu {Rk}, mo peamizyloTe 3amaHy JOTiKY
copryBanHs OlIB, mogarOThCst y BUTIISAI CUCTEMH IMILTIKAIH (5).

VY3aranbHeHi pe3ynbTaTH TeCTyBaHHS MOJEN OTPUMAaHO y BHMIIAMI (YHKIIH BIATYKIB 7S
¢ikcoBanux aianazonis Baru OIIB (puc. 2).

0<e<20 Kr, 20<e<40 kr,

- \_(\’, € Aez

“,

Ly — HOMep 3aBaHTaXyBankHoI ABepi
Lk — HOMep 3aBaHTaxyBanbHoI ABepi

h —BHcoOTa, M h — Bucora, cm 30

30
W — ITHPHHA, CM W — HIHPHHA, CM

a) QyHKIIST BiATYKY Mozei (Bara e € Ae1) 6) dbymkiis Binryky momeni (Bara e € Aey)
Puc. 2. ®yHKuisg BiATyKy MOJEINi TPUIHATTS pillIeHb

Ha puc. 2, a npencrapieno QyHKII0 BIATyKy Mojeii it (DIKCOBAaHOTO Jiaria3oHy Bard
e€Ae; 1 IBOX BXIIHUX MapaMeTpiB — NIMPHUHHA Ta BUCOTH, 3HAUYEHHSI SIKUX 3MIHIOIOTHCS B YCIX
niama3oHax, BH3HaueHUX y TaOn. 2. [pyruit BapianT ¢yskuii Biaryky mozeni (puc. 2, 6)
NpEeACTaBIeHO A1 (PIKCOBAHOTO Jiala3oHy Baru €€Ae; 3 aHAJOTIYHUMH Jiara3oHaMu 3MiHU
HIMPUHU Ta BUCOTH.

Amnainiz otpumanux QyHKUIHd BiAryky mozeni npuitHaTTs pimedHs ASC (puc. 2) 103BoJsie
3poOUTH BUCHOBOK, III0 BCi KPUTEPIii COPTYBaHHS peaji3oBaHO, a po3pobiIeHa MOJeNb OBHICTIO
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BiJIIIOBi/Ia€ ITOCTABICHOMY 3aBJIaHHIO 1 MOK€ BUKOPHUCTOBYBATHCS JIJISl YIPABIiHHS COPTYBaHHSAM
OI1B 3a 3amaHnuMu KpUTEPIsIMH.

Tabmuns 3
Martpust npuHHATTS pillieHb U TPHOX 3aBAaHTAKYBAIBHUX IBepeit
Ingexcu npeaukatis Mintepmy Aeq(e) AAhj(h) AAWM(W)AAds(d) Howmep
Fk | R | Ne Ae(e), Ah(h), Aw(w), Ad(d), 3aBaHTaXyBaJIHHOI
iHIEeKC q THIIEKC | IHIEKC m IHJIEKC § asepi L
1 1 1 1 1
2 1 1 1 2
3 1 1 1 3
Fi|Ri | 4 1 1 2 1 1
5 1 1 3 1
6 1 2 1 1
7 1 3 1 1
8 1 1 2 2
9 1 1 2 3
10 1 1 3 2
Fo [ Rz | 11 1 1 3 3 2
12 1 2 1 2
47 2 3 2 2
48 2 1 3 3
49 2 2 3 3
50 2 3 1 3
Fs [ Rs | 51 2 3 2 3 3
52 2 3 3 1
81 3 3 3 3

7. OGroBopeHHs pe3yJbTATIB A0CTiTKEeHHS

3anpornoHoBaHa MOjeb NPUUHATTA pimieHb ASC 3 4iTKol0 Jorikoo coptyBanHs OIIB 3
ypaxyBaHHSAM TXHIX MapaMeTpiB Baru Ta rabapuTiB, Ha BiJMiIHY Bia HeuiTKux mouenei [1], [2],
JIO3BOJIIE 3HM3UTH CKJIAJHICTh 1ii amapaTHOi Ta mporpamMHoi peamizamii 1 CHpPOCTUTH
00CIIyroBylouoMy IE€pCOHaNly HalalITyBaHHS i mapamerpiB. HamamryBaHHs mnependauae
3aBJ/IaHHS TIapaMeTpPiB COPTYBaHHS BIAMOBIAHO 0 KpUTepiiB (4), a TAKOXK TPaHMYHUX 3HAYCHD
niamasoHiB Bard i rabdaputiB OIIB s 3aBanTaxyBansHUX ABepeit Tepminanis PSC.

PeanizoBana norika copTyBaHHS J03BOJIsiE 3a0€3MEUMTH JABAa BapiaHTH KOMIIAKTHOT'O
3aBaHTKEHHS BAaHTAXIBOK 3 JOTPUMAaHHAM yMOBHU 30epexkeHHsa wimicHocti OIIB. Ilepmmii
BapiaHT — mociigoBHe 3aBaHTaxeHHs OIIB, moumnaroun 3 HaiBakuux 1 BenuKorabapuTHHX i
3aKiHUYIOYM HaWjIermuMH 1 ManorabaputHuMHy. Jpyruii BapiaHT — OZHOYACHE 3aBaHTAKEHHS
BAaHTaXIBOK Ha BCix nBepsx Tepminany OIIB onHakoBux fiama3oHiB Baru.

Henonikom po3pobneHoi moxeni mnpuidHATTA pimeHs ASC ciil BBaXaTH BHCOKY
PO3MIPHICTh MiHTEPMIB (2), 110 BAKOPHCTOBYIOThCA [UIsl peajli3allii JIOriYHUX yMOB COPTYBaHHS
OIIB, sika BU3HAYAETHCS KUTBKICTIO 3aBaHTaKyBaIbHUX JIBEPEH TEPMiHAJIB 1 TOB’I3aHOIO0 3 HUIMHU
KUTBKiCTIO fiama3oHiB Baru Ta rabapurtie OIIB. Buxonsuu i3 3a3HaueHOro HeMoOIiKy, MOXKHA
BU3HAYUTH TaKi HAIIPSIMU MOAAIBLINX JTOCITiKEHb!

— MpOBEAEHHs AOCHiKEHb 3 peajizalii HaJlallTyBaHb MOJIEN NMPUUHATTA PilleHb IS
onepatopa ASC;

— TPOBEACHHS JOCHKEHb IIOJ0 3HIWKEHHS PpO3MIPHOCTI MiHTepMiB (2), 10
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BUKOPHUCTOBYIOTHCA IS peatizarii morigaux yMmoB copryBaHus OIIB.

BaxnmBo BiA3HAUNTH, 0 pO3pOOIEHA MOETH € THYYKOIO 1 MOXKE BUKOPHUCTOBYBATHUCS IS
peamizamii iHmoi soriku copryBaHHs OIIB, sika Bu3HadaeThCcs KpuTepismu (4), Ta IHIINX
BapiaHTIB 3aBaHTA)XCHHS BaHTAKIBOK.

8. BucHoBkH

Po3pobrena noriko-anredpaiuna MoJenb NPUHAHSATTS pillieHb MOXKe OyTH BUKOpPHCTaHa B
ABTOMAaTHYHHUX COPTYBAJIBHMX KOHBEEpaxX PI3HOTO MpHU3HAUCHHS AJS peajizalii copTyBaHHS
00’€KTiB, IO TPAHCIOPTYIOTHCS, BIAMOBIIHO OO MapaMeTpiB iXHBOI Barm Ta rabapwTiB Ta
peatizailii pi3HUX BapiaHTIB iX 3aBaHTaKCHHS.
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COMPONENT MODELS OF DEGRADATION ASSESSMENT FOR
RECOVERY OF AVIATION EQUIPMENT DURING ITS
MAINTENANCE

The study set and solved the task of creating models that allow planning actions to ensure
the required level of reliability of aviation equipment (AE) and extend its service life. A
component model has been developed, based on which it is possible to determine the impact of
degradation processes on the state of AE. The model uses a multi-level representation of the
component architecture of an AE sample and system decomposition. The proposed model allows
making decisions regarding the replacement or repair of components that are subject to
degradation. The modeling of maintenance processes during airport operation is carried out. The
relationship between agents of the proposed multi-agent model of AE restoration at the airport is
investigated. A model for optimizing the selection of a supplier of AE components to the airport
has been proposed, which will reduce the duration and cost of maintenance of the AE in operation.

1. Introduction

During operation, aviation equipment (AE) is exposed to various climatic, mechanical,
electromagnetic external influences that accelerate internal degradation processes, which, in turn,
reduce the life of the AE or lead to gradual failures of the technical system as a whole or its
components. Failure is an event that consists in violating the operational state of a technical
product. During the operation of the AE, there is a need to predict the occurrence of failures.
During maintenance (aircraft maintenance, AM), an analysis of changes in parameters that
characterize the ability of the product to perform certain functions is carried out. The occurrence
of possible failures is associated with the process of wear, corrosion, creep of materials, etc.

AM planning consists in determining, even at the stages of the development of the AE, the
requirements for the composition and frequency of scheduled maintenance work, the
implementation of which provides an assessment of the level of reliability and safety of the AE.
For each AE product, a warranty resource and service life are established. After the expiration of
at least one of them, the manufacturer's warranty is terminated.

AM is carried out by the forces and means of operating organizations in accordance with
operational documentation and with the aim of maintaining the operability or serviceability of

14


http://www.iconveytech.com/products/sortation-conveyor/

products. Although, in some cases, AM is allowed to be performed by the forces and means of
enterprises that produce AE on the basis of relevant agreements.

A tool for assessing the actual values of characteristics is monitoring of operation processes,
during which data on high-tech products, the condition of its components and actual operating
conditions are collected. In the monitoring process, data on the operation of the technical system,
reliability (failure-free, durability), labor intensity and duration of maintenance work, actual costs
of material resources, total maintenance costs, etc. are collected, statistically processed and
analyzed. To structure and accumulate such information, there is a need to create special
information technologies that will help optimize the forecasting of maintenance needs and
unscheduled repairs [1], [2].

2. Analysis of the latest researches and publications

During the operation of complex technical products, failures inevitably occur and gradually,
as the resource decreases, reliability decreases and the quality of system operation deteriorates.
Often, the cause of failures can be the influence of technical degradation processes on the product.
These circumstances necessitate product repair (current, medium or capital) or component
replacement to eliminate emerging malfunctions or restore the current resource [3]. One of the
processes of AM and repair of AE is the forecasting of needs for service and spare parts [4].

A number of publications [5], [6] consider the issue of predicting the performance of technical
systems that are subject to aging during operation. To solve this problem, a top-down approach
using statistical analysis and machine learning can be used. Therefore, for assessing the aging of a
technical system, it is quite important to have a sufficient amount of statistical information [7]. The
necessary information can be accumulated through the use of Industry 4.0 data collection systems
[8] involving cloud storage [9]. To predict the aging process of technical systems, the publication
[8] proposes to use a mathematical model based on the theory of Markov processes. The
organization of safety due to the aging of complex technical systems covers all stages of the life
cycle of a complex product [10]. There is a need to identify and analyze the facts that have an impact
on the degradation processes of a technical system. During operation, not only individual technical
products are subject to aging, but also the technical base of large manufacturing enterprises [11],
the slow modernization of which affects the quality of the products created. Predictive maintenance
is a promising solution for maintaining long-term operation of industrial systems with high
reliability and low cost. A predictive maintenance model can consist of four stages: degradation
modeling, maintenance effect modeling, maintenance policy development, and efficiency
assessment [12]. The publication proposes models of degradation processes that can be applied to
complex industrial systems at the maintenance stage and are aimed at varying degrees of reducing
the degradation level or virtual age of the technical system [13]. The article [14] considers the
maintenance stage for system aging depending on operating conditions. The publication [15]
proposes models for managing the operation of technical systems that take into account the
deterioration of product quality under the influence of degradation processes. It is worth noting that
the AE coating is subject to degradation both during active use of aircraft for their intended purpose
at the operation stage and during downtime [16].

When considering warranty service projects, it is worth noting that manufacturers of complex
technical systems use the most profitable strategy to solve warranty service issues [17]. The price
of the product depends on the duration and capabilities of the warranty. In addition, the warranty
may cover preventive maintenance [18] or be limited to system failures. The maintenance policy
applied to aircraft is regulated by a combination of airworthiness rules and the choice of suppliers
and users. This allows airlines to use different strategies to minimize total maintenance costs [19].
At the same time, one of the most priority criteria in the organization of AM is competitiveness and
increasing customer satisfaction [20]. The actual operation of aircraft consists of several complex
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methods of achieving not only safety as a basic element, but also many commercial factors that lead
to protecting the value of the aircraft and ensuring the operation of the airline in an economically
productive state. When finding a balance between safety and operational profitability, it is very
difficult to manage the appropriate settings. These calculations depend on many factors. The
importance of maintenance reserves to maintain profitability is one of the key factors for airlines
[21]. The optimal combination of warranty, reliability and price is achieved by maximizing the total
expected profit over the entire life of the products [22].

After-sales service is a service that allows for the repair of a previously purchased product
from a manufacturer or an authorized dealer. When the factory warranty expires, a contract is
concluded with the client. As part of the agreement, a person may receive the right to repair the
product under the same conditions that were already in effect [23]. After-sales service also has its
own characteristics and can be organized in the form of different maintenance packages. The cost
of different after-sales service packages may depend on the non-financial risk reduction factor for
assessing the effectiveness of the maintenance task and the value added indicator [24].

One of the important issues in the aviation industry is the continuity of service. Accordingly,
attention should be paid to spare parts management. In the aviation industry, a reliable supply of
spare parts is essential for the continuous operation of the aircraft. High-value spare parts are
repaired and returned to the warehouse after being removed from the aircraft, forming a closed
supply chain. Current methods of planning suppliers for maintenance, repair and overhaul, as well
as the results of research published to date, do not meet the requirements of the commercial
aviation industry. Currently, there is a transition from post-failure and preventive repair strategies
to a strategy of preventive and predictive aircraft maintenance [25]. Typically, spare parts
management in most aviation companies is aimed at achieving a high level of customer service
with minimal inventory and minimal investment in inventory [26]. Aviation companies can
achieve this goal by creating special spare parts management systems. For the Air Force, an
inventory management system is a vital tool that can reduce operating costs while improving fleet
readiness, aircraft availability, and availability. In addition, the system itself improves inventory
management in the military aviation industry and provides reports that improve supply chain and
logistics management, allowing for the minimization of component inventories [27].

Modern publications are mainly aimed at solving individual issues of maintenance and repair.
It is worth noting that the element base used to create AE is potentially high reliability. But under
the influence of time, various factors and operating conditions, both the product itself and its
components age. Economic instability, martial law, globalization of the economy require the search
for new approaches to the organization of AE operational processes. Therefore, there is a need for
a comprehensive consideration of the technical condition of AE at the operation stage. Based on the
analysis of existing publications, we can conclude that a fairly frequent cause of failures There are
degradation processes in a complex system, the analysis of which is not given enough attention.
Therefore, during periodic maintenance of the AE, there is a need to forecast the need for spare parts
and the occurrence of failures, the cause of which may be the aging of the AE.

It is advisable to study and improve the organization of service (technical) maintenance of
AE at the operation stage, which is based on the active use of applied information technologies.
Obtaining information about the course of degradation processes of components of a complex
technical product using these technologies makes it possible to predict the occurrence of failures.
Therefore, the main problem of this study is proposed to consider the development of a number
of models for assessing the level of degradation impact on AE samples for their restoration during
maintenance. To solve this problem, it is proposed to use a component approach, which involves
assessing degradation processes based on the analysis of the state of the multi-level component
architecture of an AE sample subject to periodic maintenance [28].
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3. The purpose and objectives of the research

The aim of the research is to develop a component model for determining the level of
influence of degradation processes on the condition of AE during its AM and repair. Such a
definition is necessary for predicting the needs for AM and spare parts, by implementing the
created multi-agent model of AM at the airport. The multi-agent model is based on the application
of models for determining the level of influence of degradation processes on the condition of AE
and optimizing the choice of suppliers of aircraft components, which further ensures a reduction
in the duration and cost of AM.

To achieve this goal, the following tasks are solved:

— to develop a component model for determining the level of influence of degradation
processes on the condition of AE;

—to build a multi-agent model of actions for the restoration of AE at the airport;

— to develop a model for optimizing the selection of a supplier of AE components to the
airport.

4. Research materials and methods

The operation of complex technical systems involves the introduction of a certain
redundancy (backup connections) so that after the occurrence of local damage there is an
alternative load transfer path and a temporary reserve necessary to eliminate the damage. Such
systems are able to function for a certain time in the presence of local damage. In this case, these
local damage must be identified during maintenance and be eliminated by repair and replacement.

By system degradation we mean the physical process of accumulation of failures due to
deterioration of the characteristics of the components of the object being diagnosed. The presence
of a failure consists in the values of the parameters of the product components going beyond the
established limits.

High requirements for the reliability of AE do not allow considering it in the context of
limited operability, which prompts a more detailed consideration of the issues of degradation and
malfunctions of such a system. The reliability of an AE consists in its ability to maintain over
time, within established limits, the values of all parameters that characterize the ability to perform
the necessary functions in the specified modes and conditions of use, maintenance, repair, storage
and transportation, that is, to perform the necessary functions during operation. Reliability is a
complex property, and certain indicators are used to assess it. They allow assessing the reliability
of an object in different conditions and at different stages of operation. AE reliability indicators
by the number of properties can be both single (failure-free, durability, maintainability, etc.) and
complex. For example, durability is the property of an object to maintain operability until the
onset of a limiting state with an established AM and repair system. Durability characteristics are
resource and service life. The following durability characteristics are established for AE:

— warranty resource, usually 15-30 % of the service life between repairs. If a failure or
damage occurs on a sample of the AE during the warranty life, through no fault of the operating
organization, then a complaint report is drawn up for this sample, on the basis of which the sample
is restored by the capacities and at the expense of the manufacturing enterprise;

— the designated service life until the first repair (the calendar duration of operation
established in the regulatory documentation from the commissioning of the AE sample until its
referral for the first repair, regardless of the technical condition);

— the designated service life between repairs (the calendar duration of operation of the AE
sample from the completion of the repair until its referral for the next repair, regardless of its
technical condition, is established in the regulatory documentation);

— the designated service life before retirement or the full service life (the calendar duration
of operation established in the regulatory documentation from the commissioning of the AE
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sample to its final decommissioning, regardless of its technical condition).

Instead of operating hours (in hours), for some AE samples, the resource is set by the number
of activations, switching on, landings, starts, etc. All types of resources for AE are used
simultaneously and, moreover, are equivalent, that is, the operation of the AE sample is
terminated if at least one of these resources is completely exhausted.

During operation, the built-in resource decreases, thus the product ages (is exposed to
degradation processes). The longer the resource (service life) of the object before the limit state
occurs, the greater its durability. The occurrence of the limit state can be slowed down by
rationally organized maintenance of the product during its operation.

4.1. Component model for determining the level of influence of degradation processes
on the state of aviation equipment

Degradation processes are caused by certain mechanical, physical, and chemical processes.
The change in the physical state, properties, and characteristics of the components of the AE is
usually caused by the influence of energy and consists in the conversion of one type of energy
into another. The most important types of energy corresponding to the degradation processes are
mechanical, thermal, electrical, chemical, and electromagnetic. Most degradation processes are
thermally activated processes that accelerate depending on temperature.

The proposed model is based on a component approach, which allows for the analysis of the
aging of a complex system, considering its multi-level component architecture at certain levels of
decomposition. Different types of degradation processes (failure mechanisms) of AE components
are influenced by the corresponding types of energy. For example, mechanical and chemical
energy can lead to the processes of mechano-chemical wear of components, multi-cycle fatigue
of components (subsystems), crack formation, creep, etc. Thermal and electrical energy can
activate such degradation processes of components as electrochemical corrosion, electrodiffusion,
crystallization, oxidation, etc.

The proposed model for assessing the level of degradation impact on the state of the system
uses a priori information. As a priori information about the degradation processes, the model uses
such characteristics as activation energy, fractional participation in the degradation process
(relative, normalized by the sample size, number of failures), and coefficient of variation. The
assessment of the degradation impact is carried out during the sequential decomposition of the
AE sample.

Components of a complex technical product are usually subjected to several almost
uncorrelated degradation processes simultaneously. Therefore, the generalized degradation
process of a component (subsystem, assembly, unit in etc.) at a certain level of decomposition is
a combination of these processes.

Any possible failure of a product can be identified by one or another process of degradation
of its components, and any distribution of failures at the qualitative level is a set of subsets of

failures with a characteristic Pi{( that is a dimensionless quantity is the fraction of failures by the

k-th degradation process (relative, normalized by the sample size, the number of failures), which
affects the i-th component, at the j-th level of AE decomposition:

ZPiL =1 (1)
where t is the number of degradation processes affecting the i-th component of the j- th level of
decomposition of AE .

The components of a component are subject to degradation processes, in general, at different
rates. It is quite difficult to obtain information about the degradation rate of each component of

18



the component under consideration, and sometimes it is impossible at all. Therefore, it is proposed
in the model to determine the average degradation rate of the component as a whole, for a specific
s-th degradation process. Thus, the components of the system considered at a given decomposition
level j can be combined into sets based on the occurrence of the same degradation process.
Therefore, all components at the j-th decomposition level can be structured in the form of subsets
corresponding to certain degradation processes, due to which the components lose their resource
at a certain rate during the operation of the AE. Degradation processes can be represented in the
following form:
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where M JDS is the set that includes the components of Kij the j- th decomposition level; Dy is the

type of degradation process related to the y-th set of components, s =1,n, n is the number of
degradation processes affecting on the i-th component of the j- th level of decomposition of AE;

y =1,_q , g is the number of sets.

Therefore, the product at each level of decomposition can be represented as a set of
subgroups related to degradation processes.

The rate of the generalized degradation process for the i-th composite component can be
represented as follows:

N~
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The share of each degradation process Pi{( for the i-th component at the j-th decomposition

level is used as the rates of degradation processes affecting the i-th component. Then, the
coefficient of variation of the generalized degradation process for the i-th component at the j-th
decomposition level is calculated as follows:
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Within the framework of the model, it is proposed to determine, in addition to the coefficient
of variation of the generalized degradation process of the component, also the relative operating
time indicator, which characterizes the working out of the resource (service life) of the component

(subsystem, unit in etc. ) tij :

— ¢
v=i, ©
T

where tiJ is actual operating time (service life) of the i-th component of the j-th decomposition

level; T; is established resource (before the first repair; between-repair resource; full service life).
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To determine the resource (service life) of the system as a whole (subsystem), the relative
average operating time of the components is used tgeqera)

; E:tij
D

. = m
tiJ general :f’ (6)

where j= 1,r, ris the number of decomposition levels at which the components were considered.

Calculations can be made both based on the resource in hours (hydropneumatic system,
aircraft control systems, liquid cooling systems, etc.), in landings (landing gear), and based on the
service life in years.

In this study, it is proposed to assess the aging process of the AE by taking into account the
number of failed components of the same type, which allows determining the level of reliability
of the equipment being operated during AM. This characteristic is the failure rate. The failure rate
is the proportion of components that failed in the (d+1)-th interval from the number of
components, that have worked flawlessly before the start of this interval:

AbiJ,d +1

J L
Hi (z-d+1) Bij:d *AT,

()

where BiJ;d is the number of i- th components of the j- th decomposition level, operating before

the beginning of the d-th time interval; Abifd+l is the number of i-th components of the j-th

decomposition level that failed at the (d+1)-th interval; Az is the time interval.
So, failure rate is a conditional probability component failure rate per unit of time (1/h). The

value yij (r4.1) is calculated based on statistical data obtained during the operation of the AE.

Monitoring the change in this reliability parameter during operation is very important, since its
growth with increasing operating time may indicate the aging of individual components of the
system or the entire product as a whole as a result of wear.

The failure rate during operation varies. At the beginning of the operation of a new product,
the failure rate increases slightly. This is due to the possible presence in the system of components
with undetected defects, after the elimination of which the failure rate decreases. In addition, at
the initial stage of operation, design errors may manifest themselves, which also lead to failures.
After the detection and elimination of defects and errors, a second period occurs, when the failure
rate during operation decreases and remains approximately at the same level. The third period of
operation of a complex technical product is associated with its degradation. After a certain period
of product operation, the failure rate begins to increase.

Therefore, the model for determining the level of degradation impact on the state of
components of a multi-level architecture of the AE involves the calculation of three indicators:
coefficient of variation of the generalized degradation process, indicator of the relative service
life of the component and the intensity of component failures, which is determined if there is a
sufficient amount of statistical data on previous failures of components of a certain type.

Further qualitative assessment of the obtained results is carried out by expert means based
on estimates of the state of the system according to three a indicators. Fig. 1 schematically presents
three levels of decomposition of the component architecture of the AE sample. The sample itself
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is located directly at the zero decomposition level. For each component of a certain decomposition
level, after performing calculations of the coefficient of variation of the generalized degradation
process of the component, the indicator of the relative operating life of the component and the
intensity of component failures, it is proposed to determine the level of component performance
S, which depends on its degradation. In this case, the component can be at one of five levels of
performance:

Oth level. Qf Aircraft
decomposition Sy
Ry, Ty1, Wiyt
1st level of

\ 4 decomposition . 4 i2, Tii2, Wii2

C < (@) »Cy | S S2
! 2nd level of l g
decomposition l Rij3. Tis, Wi,sl
\ 4 A 4

Cn2 Cx C32 Cij 83

Fig. 1. Fragment of a multi-level architecture of the aviation equipment with determination of the level
of component performance

So— fully functional state of the component;

S1—the first degradation group (working condition with minor deviations of the normalized
characteristics of the components);

S, — the second group of degradation (a state with some deviations in characteristics, from
which it is possible to return to the S, state with small resource costs);

Ssz—the third degradation group (a state from which it is possible to return to the So state with
high costs associated with rather resource-intensive maintenance);

S, — the fourth degradation group, for which it is impossible to restore the component's
performance.

It is assumed that as a complex technical system degrades, the duration of the inspection, the
time and cost of restoration increase, and the reliability decreases. Thus, the transition from the
level of operability S; of the component Cjon The level of operability So can be achieved by
taking into account the cost of repair Wi, the duration of component repair Tij and the risk of the
component not meeting the requirements after repair Rj:. The same indicators are calculated for
other levels of component operability Wi, Tijz, Rij2, Wijz, Tijz, Rijs.

The level of component performance can be determined depending on each of three
indicators: the coefficient of variation of the generalized degradation process, the component’s
operating time, and the intensity and failure rate of the component:

V.

i general

= 0%, SO

i Vi Jgeneral <10%, S1 (8)
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whereV; Jgeneral is coefficient of variation of the generalized degradation process for the i-th
component at the j-th decomposition level, S(Vi jgenera,)
depending on the coefficient of variation of the generalized degradation process.

The values of the indicators of the relative component life and failure intensity are relative
values. Therefore, the level of operability of the i-th component at the j-th decomposition level is
determined based on values for these indicators, obtained by expert means. After determining the
level of component performance for each of the possible indicators, the average value of the
component performance level avg Singex is calculated. The calculation is carried out by finding the
arithmetic mean of the indices at the values of the performance levels for each of the three
indicators. Depending on the obtained average value of the component performance level, it is
possible to determine the approximate cost of the transition Wi (Wij2 or Wj;s) from the current
average performance level average Singex in level So; duration of component repair T 1 (Tij2 Or Tija)
and risk of component non-compliance with requirements after repair R (T2 or Tjs). Based on
the information received, an expert decision is made on repair or replacement of a component that
has been affected by degradation processes. Usually, if the rounded index of the average level of
component performance is avg index> 2, then component replacement is recommended (Table

1). Definition avg index is carried out according to the formula:

is the level of component performance

% indexs(f)

avg index = lef , 9)

where avg index is index of the average level of component performance; indexs( f) is index of
the component’s performance level for each of the three indicators: the coefficient of variation of
the generalized degradation process (indexs(l) ), the indicator of the component’s relative

operating life (indexs(z) ), and the component’s failure intensity ( indeXS(S)).

Table 1
Making a decision to replace or repair components due to degradation
i J Component S (Vijgeneral ) S(tij general ) S (/—‘ij (Td +1)) avg
name Sindex
1 1 Cu S1 S, S1 S133
2 1 Ca S, S1 S Sie66
1 2 Ci So S S So.66
2 2 Ca P Sy S3 S2.33
i j W; Tijj Rijj Repair Replace-
ment
1 1 Wi T Riu1 +
2 1 Waro Tow Ro12 +
1 2 Wi Tin Ri21 +
2 2 W2, T2 R22, +
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4.2. Development of a multi-agent model for the recovery of aviation equipment at the
airport

During maintenance of the AE sample, the technical condition of the system is monitored
and, if necessary, current repairs are carried out, taking into account identified faults and analysis
of the impact of degradation processes. Repair is a set of operations to restore the serviceability
or performance of products and restore the resources of products or their components . During
current and average repairs, products are not removed from operation. Therefore, these types of
repairs belong to the stage of product operation. Major repairs, due to their specific features in
organization and implementation, are sometimes allocated to a separate stage of the life cycle.

To perform a number of maintenance and repair works on the AE, appropriate tools are
required, the characteristics of which must correspond to the parameters of not only the AE
sample in general, but also a list of its constituent elements (subsystems, units, equipment blocks)
to ensure the technological possibility of performing maintenance and repair work, including
access to the objects being serviced and the convenience of performing work, mechanization and
automation of maintenance processes, transportation of the AE and its components. Repair of the
technical system is an integral part of maintenance, which involves resolving issues related to
assessing the overall need for spare parts and materials for scheduled and unscheduled
maintenance for the period of operation.

The AE maintenance management system is quite specific due to the huge number of parts
and devices. Of these, 20% are replaced during the entire period of operation. The functions of
aircraft equipment management include: purchasing, repair, rental (or borrowing), storage,
planning, customs clearance and monitoring of the activities of the repair business provider , etc.
Large airlines are trying to improve management systems by involving special units and
departments, and are also trying to create their own management systems to control all aspects of
aviation resources and processes. Very often, aircraft repair and replacement of spare parts is
carried out directly on the airport territory.

From the airport's perspective, the maintenance process can be verbally described as follows:
AE samples arrive at the airport at the scheduled time, after which each of them undergoes
maintenance, as a result of which AE is diagnosed. If the aircraft is in good condition, it leaves the
airport immediately after maintenance in order to continue flights. If during maintenance of the
aircraft a need for repair or replacement of parts is detected, the loaders search for the necessary
spare parts in the airport warehouse. After the necessary parts are found, they are delivered to the
maintenance station. Then the aircraft are repaired and the aircraft are sent on flights. If the parts
required for repair are not in the warehouse, it is necessary to organize the supply of spare parts
from production (or other warehouses). For formalized presentation of the process described above
in the study is proposed by multi-agent model of airport AE restoration. The proposed agent
representation of measures and actions for AE maintenance and repair allows for effective
management in real time and through regular monitoring of the AE status. The structural scheme of
the proposed multi-agent model of airport AE restoration is presented in Fig. 2.

Models created using a multi-agent approach have their own advantages. Each type of agent
has an independent structure, properties and behavior, which can be described by agent activity
diagrams. Despite the fact that agents of the same type have the same structure, they are not
dependent on each other. Due to this, agents of the same type can be given individual properties.
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Fig. 2. Structural scheme of a multi-agent model for the recovery of aviation equipment at the airport

The study proposes to describe the behavior and relationship of the model agents in the form
of a diagram of airport agent activities, which is presented in Fig. 3.

It should be noted that the «<AE Component Agent» describes the structure and properties of
each component of the AE sample at a certain level of decomposition. The component may be in
working condition or require replacement or repair. Therefore, the behavior of each of the
components considered during maintenance is proposed to be described in the form of a UML
component state diagram, the scheme of which is presented in Fig. 4.

Activity diagram of airport agents assumes the need to purchase and transport components
that are not available at the airport warehouse. That is why this study has developed a choice
optimization model supplier of aircraft components to the airport.

4.3. Model for optimizing the selection of an aircraft component supplier to an airport

Important tasks of maintenance are the logistical support of its processes, which include the
processes of production or purchase of new components, repair of the AE, restoration of the
operability of failed AE parts, storage and transportation of spare parts. Management of the
logistical support of these processes requires the development of an appropriate mathematical
apparatus that performs adequate analysis, comprehensive quality assessment and optimization
of decisions made.

The main disadvantage of the traditional procurement system is the need for a warehouse
complex with its inherent administrative and labor costs. The main costs of maintaining
warehouses include: depreciation of warehouse facilities; costs of preventive maintenance; costs
of heating and electricity; wages of warehouse workers.

At the stage of development of the aviation industry, the problem of increasing the efficiency
of the use of AE is associated with with high cost of transportation of spare parts and consumables
for repair aircraft enterprises. Therefore, within the framework of the study, a model for
optimizing the selection of a supplier of missing components of an airline to the airport is
proposed. By implementing the developed model, the risks of failure to timely replace
components are reduced, the cost of delivery is reduced, and the duration of cargo delivery is
reduced by optimally selecting a supplier of aircraft components to the airport.
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Fig. 4. Component state diagram during maintenance

To determine the optimal choice of a component supplier, it is necessary to form the logistics
of the selection and method of cargo delivery, criteria for optimizing the airport supply process,
and also to compile a matrix of selected supplier selection criteria (Table 2).

Table 2
Supplier selection criteria matrix

J : 4 W St | b Wi T

1 1 g W st b W1 h1

1 2 9 w2 s |t Way M1

1 3 % W ss | ta W3y 31

2 1 g W st b Wio fo

2 2 9 w2 s2 | I Wy 22

n Kn gin wyn s | b Win | Tk

The logistics supply chain can be represented as a transport network graph, the edges of
which are modeled passage of cargo flow (components and consumables). Within the framework
of the developed model of enterprise selection for the purchase of missing components, it is
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proposed to determine indicators for optimal decision-making and set restrictions for each
indicator. Let us define these restrictions.

Cargo restrictions:

— the volume of cargo that can be accommodated by each vehicle intended for transporting
components, Vi;

— carrying capacity of each vehicle, m.

The presented multi-agent model of airport AE restoration (see Fig. 2) involves the use of
trucks to supply the necessary components.

Time limit:

— speed of vehicles on a given section of the route, 4 ;

— vehicle range taking into account the fuel tank capacity, ti;

— time spent on refueling and driver rest, t,.

Minimum spending restrictions:

— cost of the component, w;

— average cost of one liter of fuel, w, ;

— distance between cities (manufacturing enterprises, warehouses of aviation products), si;

— fuel consumption of each vehicle unit per 100 km, w; e€tc.

Let us introduce a Boolean variable X;;that shows the choice of the i-th alternative as a

manufacturing enterprise or a warehouse of aviation products for the purchase of the j-th
component for replacement at the airport. In this case:

1, selection of the i-th enterprise (warehouse)
Xjj=9 topurchase the j-th component; : (10)
0, otherwise (no choice).

where i=1,k;, K; is the number of alternatives as a manufacturing enterprise or warehouse of

aviation products for purchasing the missing j -th component at the airport warehouse ; j=ﬁ , N

is the number of components that need replacement.
In addition, it is necessary to take into account

Kj
2 X =1, (11)
i1

which means a mandatory choice of one of the alternatives. Then the risks of not replacing
components in time are as follows:

n I‘j
Rij = 2 25i™Xij (12)

J=1i=1

where r; is the risk of failure to replace the j-th component in a timely manner when choosing the

ith alternative component supplier.
Costs for replacing missing components:

n kj
Wij = 2 23 (13)
J=1i=1

where wj; is spend on replacing the j- th component in time when choosing the i-th alternative
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component supplier

Si
Wij =W, +{ﬁ*w3*wzj*2. (14)

Costs may vary depending on the volume of the shipment and the weight of the component
or components to be delivered.
Delivery time for missing components:

n kj
T = 22467, (15)
jli1

where t;; is the duration of supply for replacing the jth component on time when choosing the i-
th alternative component supplier.

sI
(150M3J
=T IR, (16)

For the smooth operation of the airport, it is necessary to minimize delays to scheduled
flights due to repair activities. Therefore, in the model for optimizing the selection of a supplier
of aircraft components, it is proposed to minimize the duration of the supply of components
necessary for replacement:

. n Xj
j=1i=1
at the same time
’ d kj *
j=li=1
’ d kj *
Wij S Wij, WIJ = EEWU Xij’ (19)

where R’ij is the acceptable value of the risk of not replacing components on time ; Wj; is planned

costs for replacing missing components.
We minimize the risks of not replacing components on time:

k.
n Kj
H _ . *
min Rij, Rij = j§_1i§_lrIJ X

ij» (20)

when fulfilling the constraints Tij < Tij , Wij < Wij , Where Tij is the permissible duration of supply

of components .
Next, we minimize costs for replacing missing components:
. n X;
min W, W.. =3 >w;*x
[R e

i (21)
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when fulfilling the constraints Tij < Ti’j , Rij < R;j .

Next, multi-criteria optimization is performed to ensure the optimal choice of supplier. For
this, we introduce a complex criterion in the form of a sum of individual indicators:

Fij = OLTij-T-ij +aV\4j\7\/ij + OLRij Iiiji (22)

where Oy Owgjr OR is weight coefficients, respectively, for Tij, Wij, Rij, obtained through
expert assessment of their importance. In this case:

OSOLT”. <1 OSOLW“. <1 OSaRij <1

(23)
OLTij + OLW” + aRij =1.

Selection indicators 'T',J W.J ﬁij, are normalized (converted to a dimensionless scale [0,1] ):

_ T-Th - Wi-WS _ R;-R"
Tij=—— Wy=——, Ry=——", (24)
Wi -W Rij—Rjj

ij Tii_T

* 1 *x !

i i
where Tj, W', R is extreme values of indicators obtained by local optimization.

It is necessary to minimize the complex criterion taking into account the requirements for
selecting a supplier of missing components:

min R, (25)
Fo=ag T + oy Wi +og Ri=a TJ_—T*” a Wi =Wy W5 a Ri~Ry R (26)
= T Wij Vi Rij i — UTjj Ti} —T*ij Wij VV,] —W*ij Rij R;j _ R*ij )
when fulfilling the requirements Tij STi’j , Wij gV\/ﬁ, Rij < R'ij.

The solution of such a multi-criteria problem can be carried out on the basis of single-criteria
optimization methods, including functional-cost analysis, the ideal point method, the
lexicographic method, etc. Each of these methods has its own certain advantages, disadvantages
and scope. The above methods take into account the reduction to one criterion, and also allow
preliminarily solve optimization problems as single-criteria.

Functional-cost analysis involves minimizing resource consumption in the production
process by improving product design, improving methods of manufacturing parts, rationalizing
technology and using effective materials. Economic, technical and design information is used to
conduct the analysis. The proposed study does not consider the rationalization of manufacturing
of missing components.

The idea of the ideal point method is based on the existence of an «ideal point» for solving
a problem in which the extremum of all criteria is achieved. Since the ideal point, in the absolute
majority of cases, is not among the permissible ones, the problem arises of finding the point that
is «closesty to the ideal point and belongs to the set of permissible solutions. To solve a multi-
criteria optimization problem using the ideal point method, it is necessary, first of all, to determine
its coordinates, and then to determine the metric by which the distance to the optimal point could
be measured. The model proposed in the study does not provide for the definition of the metric.

The lexicographic method is based on the primary ranking of partial optimization criteria
according to their relative importance. Then, single-criteria optimization problems are gradually
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solved, starting with the most important criterion. The criteria can be evaluated by experts, which
requires a mechanism for coordinating assessments. The possible solution obtained using the
lexicographic method and the ideal point method may be somewhat subjective and inaccurate.

In the proposed supplier selection model, the multi-criteria optimization problem is
transformed into a single-criteria one using the method based on the construction of a generalized
criterion. The search for the extremum of the generalized (complex) criterion is carried out by
applying the coordinate descent method. In model (26), three main criteria are distinguished for
finding the optimal solution: the duration of the supply of missing components Tij ; the risks of

failure to replace components on time R;;; the costs of replacing missing components Wij , which

1]
are combined into one integral (complex) criterion, which must be minimized taking into account
the requirements for selecting a supplier of missing components. As a result, the original multi-
criteria problem is reduced to a single-criteria optimization problem. The relative importance of
the criteria is taken into account using weight coefficients, which can be changed in the process
of studying the effectiveness of the resulting solution. The number of criteria is insignificant,
therefore, using this approach, the exact optimal solution for selecting a supplier of missing airline
components for the airport will be determined.

All current information obtained as a result of using the models proposed in the study is
stored and accumulated in the database (DB) by involving the «DB Formation Agent» (see Fig.
2). The conceptual scheme of the formed DB is presented in Fig. 5.

Decision Table Procurements Table
Name AE Name_AE
Date x % |Name_of required_component
component_number comp characteristics
Decomposition_level number Planned pl;rchase
component_name Unplanned _purchase
Level_of performance_of the_component (by_coefficient_of variation_of the_generalized_degradation_process)
Level of operability_of the_component (by_the_relative_performance_of the component) =
Level _of operability_of the component (by intensity of failures) 0
Average level of performance of the component S
Component_repair_cost Suppliers Table
Component_repair_duration Name_of _production_(warehouse)
Risk_of component_nonconformity after repair Address
Making_a_decision_regarding_repair Traffic_speed_of vehicle_on_the given_section_of the route
Decision_regarding_replacement Component_cost
x Distance_between_airport_and_supplier
x

The technical condition of the aircraft components Table Table of the general current state of AE

Name AE Name AE

Date o 1 |Date

component_number Oil_leaking presence

Decomposition_level number Oil_level lower_than_allowable

component_name State_of steering units

Coefficient_of variation_of the generalized degradation process State_of_the_hydraulic_resistance_chassis_mechanism
Relative_performance_of the component
Failure_Severity

Fig. 5. Conceptual scheme of the maintenance database

The conceptual scheme of the database shown in Fig. 5 can be expanded to provide storage
of information about vehicles (trucks) transporting components; the team of mechanics and
loaders involved in a specific aircraft; the availability of all components in the airport warehouse,
etc.

5. Research results

The experiment was conducted on the example of determining the impact of degradation
processes on an unmanned aerial vehicle (UAV) during maintenance using the component model
proposed in the work for determining the level of impact of degradation processes on the state of
the AE.

The assessment of the impact of degradation was carried out during the sequential
decomposition of the UAV sample. The aircraft itself was located at the zero level of
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decomposition. Therefore, the fragment of the decomposed component structure of the UAV, for
which the impact of degradation processes was assessed, had the form shown in Fig. 6:

UAV Oth level of decomposition

1st level of decomposition
| | 1 | 1

Target cargo Automatic control
subsystem

Onboard energy
sources

Onboard power
system

Glider

Propulsion system

2nd level of decomposition Fuselage

Fig. 6. Fragment of the decomposed component architecture of an unmanned aerial vehicle

An assessment of the impact of degradation on the second-level decomposition component
«Onboard power systemy after several years of UAV operation was carried out. The model for
determining the level of impact of degradation on the state of the components of the multi-level
AE architecture involves the calculation of three indicators: coefficient of variation of the
generalized degradation process, indicator of the relative component life and component failure
rate. The result of calculations regarding The coefficient of variation of the generalized

degradation process has the following form: Vlzgeneral =18%, therefore s(vlzgenera,)zsz,

according to formula (8).

The calculation of the relative component lifetime indicator is carried out as follows:
tf = % =0.8, which indicates a high level of lifetime. Therefore, as a result of expert assessment
of the component's performance level according to this indicator, the value Sz was obtained.

The component failure rate was calculated based on available statistical information about

previous component failures of the same type: 24 (150, 200 rox.) = ~0.0032 (1/rom). The

1*50
obtained result was evaluated by experts and the level of component performance was determined
as S, according to this indicator.
Further, based on the results of assessing the level of component performance by three
indicators, the average level of component performance is determined according to formula (9):
avg index = 2.33, (avg index >2). The results of a comprehensive assessment of the impact of

degradation on the component under consideration are given in Table 3.

Table 3
Making a decision to replace or repair the «Onboard power system» due to degradation
i |j |Componentname S(Vi"g eneral) s(t) general) s( 2 (Td+1)) avg
(subsystems) Sindex
1 |2 | Onboard power Sz Ss S S233
system
i |] Wj Tijj Rijj Repair Replacement
1 |2 3000 $ 168 hours 0.75 +

As a result of all calculations, a decision was made to replace the «Onboard Power Systemy
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for this UAV in order to ensure high-quality and coordinated performance of its tasks during
operation.

6. Discussion of the research results

The selection of components when assessing the degradation of the AE can be implemented
on the basis of the proposed model of multi-level component fault finding in diagnosing the AE
[4]. Therefore, the selection of components of a certain level of decomposition to assess the
impact of degradation on them is carried out based on the complete or partial failure of the
component or within the framework of preventive maintenance of a high-tech product.

The study proposes a multi-agent model for AM at the airport. A detailed description of the
behavior and relationship between model agents is provided in the form of an airport agent activity
diagram. Agents of the same type have the same structure, but they can be given individual
properties, which makes the multi-agent model flexible and adaptive to changes in the
composition of agents. Among the shortcomings of the proposed model, one can single out the
fact that the needs for the number of agents of a certain type for specific situations are not
calculated within the model. In the process of assessing the impact of degradation on the AE
sample, an analysis of the multi-level component architecture is carried out at certain levels of
product decomposition. The behavior of each component considered during maintenance is
described in the form of a component state diagram.

The component model developed in the study for determining the level of influence of
degradation processes, unlike existing solutions, provides an assessment of degradation at
different levels of the multi-level architecture of the AE sample and involves taking into account
three indicators: coefficient of variation of the generalized degradation process, the indicator of
the relative operating life of the component, and the intensity of component failures. Due to this,
using the component model proposed in the study for determining the level of influence of
degradation processes on the condition of the AE during its maintenance and repair, an objective
forecast of maintenance and spare parts needs is carried out, which further ensures a reduction in
the duration and cost of maintenance by applying a multi-agent model of aircraft restoration at
the airport and a model for optimizing the selection of aircraft component suppliers.

The research is aimed at further development of information technology based on the
proposed set of models. Information technology will allow to automatically solve the tasks of
maintenance and repair of AE. The limitation in the application of the developed set of models is
that the models are highly specialized and can be used only for the aviation industry and cannot
be used for other types of high-tech products except AE.

The models proposed in the study are used at the stage of operation of the AE. The end of
the operation stage is considered to be the moment of documenting the decision on the
impossibility or inexpediency of further operation of this product due to its technical condition,
due to moral or physical obsolescence, significant material costs and other factors. The
decommissioned product can not only be sent for repair, but also converted into educational
equipment, converted for use not for its intended purpose, or disposed of. One of the promising
areas of further research is the processes of utilization of AE.

7. Conclusions

Operation of such complex products as AE is usually carried out for a long time. During the
operation period, some design, technological and operational shortcomings are revealed, in
addition, malfunctions occur in the system, which must be identified, their causes determined and
eliminated. One of the significant reasons for failures is degradation processes in a complex
technical system. The development of a new product requires significant financial costs, resources
and time, therefore, after a certain period of operation, there is a need to extend the period of
trouble-free operation of the product and improve the level of performance of its components by
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repairing or replacing individual components of the product. Deterioration of the characteristics
of the product components leads to time and resource costs required to restore the AE and bring
it into working condition.

The study considered the operation phase for the purpose of optimizing maintenance
processes and reducing the duration and cost of assessing the impact of degradation processes on
AE and repairs during maintenance. In this study, it was considered and resolved the following
tasks.

1. In order to determine the assessment of the impact of degradation processes on aircraft
during maintenance, a component model for determining the level of impact of degradation
processes on the AE is proposed. The assessment of the level of impact of degradation processes
on the airframe is carried out on the basis of a component approach, which involves considering
the impact of degradation processes on components of certain levels of decomposition of the
product architecture. In addition, the assessment of the impact level is comprehensive. It involves
taking into account three degradation indicators: the coefficient of variation of the generalized
degradation process, the component lifetime and the component failure intensity , which ensures
the accuracy of the assessment of the level of impact of degradation on the AE and allows, with
the involvement of experts, to make a decision on replacement or repair of product components
during maintenance.

2. A multi-agent model of actions for the restoration of AE at the airport, carried out during
the maintenance of AE by replacing or repairing its components, was built. The relationship
between the agents of the proposed model was formed and the sequence of actions of the airport
agents was described in the form of an activity diagram of the model components.

3. To solve the problem of optimal search and transportation of components missing from
the airport warehouse in order to restore AE during AM, a model for optimizing the selection of
a supplier of aircraft components was proposed. The implementation of the developed model for
optimizing the selection of a supplier of components necessary for maintenance to the airport will
significantly reduce the costs of transporting cargo to the airport, reduce the time of cargo delivery
by forming a rational route, ensure uninterrupted supply of spare parts to the airport, as well as
make informed decisions regarding purchases and maintain a high level of service.

The set of models proposed in this study is aimed at further developing applied information
technology, which will allow for automated solutions to the processes of maintenance and repair
of AE at the operation stage, as well as ensuring the necessary level of reliability and extending
the service life of AE.
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TOCJUKEHHSI  APXITEKTYP  HEWPOHHUX  MEPEX  JJs
MIIBUIUIEHHS TOYHOCTI TPOTHO3YBAHHSA [MOMUTY HA
MPOIYKIIIIO

Po3risiHyTO BHKOpDHCTaHHS pI3HMX apXiTEKTyp HEHpOHHMX Mepex s 3aaad
MIPOTHO3YBaHHS MONUTY Ha MpoayKio. [IpoananizoBaHo OCHOBHI BUKJIMKH Ta Cy4acHi po0ieMu
B 00JIaCTi IPOTHO3YBaHHS, [0 BAHUKAIOTH IIPH POOOTI 3 BETUKUMHE 00CSITaMH JaHUX 1 CE30HHUMH
konuBaHHAMU. OCOONMBY yBary NpHIUICHO TNMOPIBHSAHHIO apXiTEKTyp HEHPOHHHMX Mepex 3a
KiJIbkOMa KIIIOYOBMMH XapaKTepHCTHKaMu, 30kpema, Accuracy, F1-Score, Logarithmic,
CepeIHbOI0 a0COTIOTHOIO IIOMUITKOI0, KOpeHeM cepenHbokBanpatuanoi mommiku Ta AUC-ROC.
Ha ocHOBI /eTanbHOrO aHaji3y Ta IPOBEIEHOTO EKCIIEPUMEHTY OyJI0 BH3HAYEHO apXiTEKTypy
HEWpOHHOT Mepexi, sika 3a0e3neuye HaWBHILY TOYHICTb MPOTHO3YBAaHHS INPH MPOTHO3yBaHHI
TIOIIUTY Ha MPOJYKIIIO.

1. Beryn

[IporHo3yBaHHA NMONWUTY Ha MPOAYKLIIO € Ba)KIMBOIO CKJIAZOBOIO YCHILIHOI IisUTBHOCTI
OyIb-SIKOTO TIANPUEMCTBA, OCKIIBKM SAKICTh Ta JOCTOBIPHICTH IIPOTHO3IB 0O€3MOCepenHbo
BIUIMBaE Ha €(EeKTHBHICTh IUTAHYBaHHS BHPOOHWYHMX Ta JIOTICTHYHHMX mporeciB. Herouni
MPOTHO3HM MOXYTh IPU3BECTHU /10 BUHUKHEHHS HA/JIMIIKOBHX 3aI1aciB, MO 30UIbIIye BUTPATH Ha
30epiranHs, a00 10 HECTadi MPOYKIIii, 10 MOXKE CIIPUYNHUTH 3HWKEHHS PiBHSI 00CITyTOBYBaHHS
KJIIEHTIB 1 BTpaTy J0X0Ay. Y Cy4acHHUX yMOBaX, KOJU OOCSTH JaHUX 3HAYHO 3POCIH, 3’ IBUIIUCS
HOBI MO’KJIMBOCTI AJISl 3aCTOCYBAaHHSl IEPENOBHX TEXHOJIOTIM aHami3y, 30KpeMa HEHpPOHHHX
Mepexx. BUKopucTaHHS HEHPOHHHMX MEpEX H03BOJISE MiJNPUEMCTBAM BHSIBISTH TNPHXOBaHI
3aKOHOMIPHOCTI B ICTOPUYHUX JaHMX, MPOTHO3YBAaTH 3MiHM HONUTY Ta (HOPMYBAaTH TOUHIIIi
MPOTHO3H, 1110 JONOMArae MmiANpPHEMCTBY CBOEYACHO aJalnTyBaTHCA A0 PUHKOBUX yMOB [1].

Onnak BuOip apxXiTeKTypd HEWPOHHOI MEpeXi € CKIaJHUM 3aBAaHHIM, OCKUIBKU pi3Hi
apxiTeKTypHd MalOoThb CBOI IIepeBard Ta HEOOJIKM B 3aJIeKHOCTI Bil yMOB 3acTOCYBaHHS.
Hanpukian, neski apXiTeKTypu MOXKYTh JaBaTH TOYHIIII Pe3yslbTaTd Nmpu oOpoOIi BEIMKUX
00CSTiB ICTOPUYHMUX JaHMX, TOZAl AK 1HII Kpalle CIPaBISIOTHCS 3 3a7adaMK IPOTHO3YBAaHHS B
peanbHOMY 4Yaci abo 3a HeCcTaHOApTHHUMH yMoBaMu. He3Baxaroum Ha 3HAYHHMH Tporpec y
BUKOPUCTAaHHI HEHPOHHHMX MEpEeX AJsl 3a1ad MPOTHO3YBaHHS, NUTaHHS BHOOPY apXiTEKTypH
HEHPOHHOI Mepexi, IO HaJae TOYHUM pe3yNbTaT, 3aJIMLIAE€THCS HEAOCTATHHO BHBUYCHHM.
BaxmBuM HampsiMOM Cy4YacHHX JIOCHI/DKEHb € BHBUCHHS Ta BJIOCKOHAJICHHS 1CHYFOUHX
apxiTeKTyp JJIsl JIOCSTHEHHS HaWKpalluxX pe3ysibTaTiB y CrHenu@ivHuX yMOBax, 30Kpema y
BUPOOHUYMX 1 JIOTICTUYHUX ITPOIIecaXx, /e MOMUT Ha TPOIYKIIIF0 MOXKE 3MIHIOBATHCS CE30HHO 200
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3aJIe;KaTH Bijl 30BHIIIHIX ekoHoMiuHMX (akropis [1]-[2].

BukopucTtanHs HEHPOHHHX MEpEeX Y 3ajadax MPOrHO3YBAaHHS CYIPOBOMKYETHCS HU3KOIO
BUKJIHKIB. Cepen HUX 0COOJIMBO BXKJIIMBHMH € HEOOXITHICTE OOPOOKH BEIMKUX OOCATIB TaHUX,
3a0e3meueHHst cTa0lIbHOCTI pe3yNbTaTiB, IHTerpalis HeHpoHHOT Mepexi B icHyrou1 iHdopMartiifHi
CHUCTEMH MIAIPUEMCTB Ta BU3HAYCHHS OOYHCIIOBAIFHUX PECypCiB IUII BUKOPHCTAaHHS MEPEXi.
Hanpuknan, st epektuBHOI poOOTH 3 BETMKMMU JAaHUMH HEOOXiJHO BPaxoOBYBaTH HE JIMILE
HIBUIKICTh 00pOOKH, a i MOXKIIMBICTh MacIiTa0yBaHHS CUCTEMH Ha MailOyTHE, 00 3a0e3neunuTH
il pe3ynbTaTUBHICTH IpH 30i7bIIEHHI OOCATIB AaHUX. [HTEerpaiis HEHPOHHUX MEpEX y BKE
icHyroui iH(opMaliifHi cucTeMr MOXKe OyTH YCKJIagHEHa BUMOTAaMH 0 CYMICHOCTI 3 iHIIMMH
NpOrpaMHUMH 3aco0aMH, IIO0 BHKOPUCTOBYIOTHCSI B IiJNPUEMCTBI, a TaKOXX HEOOXiAHICTIO
HaJIAIITYBaHHS apXiTeKTypH MEpeXi BiANOBIAHO A0 KOHKpeTHHX MoTped OizHecy. Kpim Toro,
3pocTae moTpeba B TOKpAlleHHI OOYMCIIOBAIFHUX PECYpCiB, HIO0 MOXE BIUIMHYTH Ha
MPOAYKTHBHICTH Ta BapTICTh peati3amii OCTaTOuYHOI cucTeMU. BUKOpUCTaHHS! HEHPOHHUX MEPEK
MOJYKE BUMAaraTH 3HaYHHX OOYHMCIIOBAIBHHUX IOTYKHOCTEH, IO € BaKJIMBUM acleKTOM MpU
MPOEKTYBaHHI €(pEeKTUBHUX CUCTEM NpOTHO3yBaHHs. [IpoBeeHHs JOCIiKeHb, CIPSIMOBAaHHUX Ha
BU3HAUEHHS apXiTEKTYpU HEHPOHHOI Mepexi, M0 Aa€ HAWTOYHIIINKA pe3yibTaT MPOTHO3Y, €
BOXIUBUM SIK JJIi TEOPETHMYHOTO PO3BHUTKY, TaK 1 IUIsl MPakTH4HOI peaiizamii cucreMm
nporHo3yBanHs. Lle m03BoMsie He JNMINE MiABUIIUTH TOYHICTH MOJCNIOBAHHS IOMHUTY, ajle W
3a0e3MeYNTH HAJIHICTh 1 CTaJICTh pe3yabTaTiB IPU 3MIHHUX yMOBaX.

2. AHaJji3 giTepaTypHuUX JKepes Ta BU3HAYEHHS MP00JeMHU T0CTilxKeHHS

VY cdepi mporuo3yBaHHs MOMUTY HA MPOYKIIiI0 3HAYHY YBary NPUAUISIOTH BUKOPUCTAHHIO
PI3HUX apXiTeKTyp HEWPOHHHX MEpEeXK, 30Kkpema, rmubokux HerpoHHnx Mmepexxk (DNN — Deep
Neural Networks), pexypentnux neiiponaux mepexk (RNN — Recurrent Neural Networks), a
takox 3roptkoBux HeriponHux Mepesx (CNN — Convolutional Neural Networks). B ichyrounx
JOCHI/DKEHHSIX TPONOHYEThCS TOAUISTH apXiTeKTYpHU Ha IPYNU 3aJie)KHO BiJl TUIMYy HaBYAHHS:
KOHTPOJIbOBAHE HABYAHHS Ta CaMOHABYaHHS [2].

ADpXITeKTYypu HEHPOHHHX MEpEeX, 110 BHKOPHUCTOBYIOTH KOHTPOJIbOBAHE HaBYaHHS,
NPALIOIOTh 3 IaHUMH, /1€ KO>KEH BXIJTHUH €JIEMEHT CYNPOBOKYETHCS BIIOBITHOIO MITKOIO 200
LUIOBUM 3HAueHHsM. Taki Mepeki HaB4YalOThCS HA NPHUKIAAAX 3 BIJOMHUMH NPaBHILHUMU
BiJIIOBIISIMU, IO Ja€ MOXXJIHMBICTh MPOTHO3YBAaTH HOBI daHi. Takuili THI HEHPOHHOI Mepexi
3a3BUYail BUKOPUCTOBYETHCS AJIS 3aB/laHb, A€ NOTPIOCH MaKCUMAaIbHO TOYHUN Pe3yIbTaT, TAKUX
SK pOrHo3yBaHHA nonuty. Ilpukmanom takux apxitektyp € DNN, siki yacto 3acTocoByrOTHCA
JUTSl BUPILIEHHS CKJIaJHUX 33/1a4 [IPOTHO3YBAHHSA 3 BEJIMKUMH o0csiraMu aHux [3].

ADpXITEKTypH 3 CaMOHaBYAHHSM IPALIOIOTH 3 JaHUMH 0€3 MIiTOK. MeTOI0 BHKOPUCTAHHS
TaKUX MEPEX € BHUSBJICHHS MPUXOBAHUX CTPYKTYP 1 3B’SI3KiB y JaHMX, IO J03BOJISIE 3HAXOAUTH
TPYIH CX0KHUX 00’ €KTIB a00 BUSIBIIATH MIa0JIOHN O3 3a3/1aJIeriIb BU3HAYCHUX I[1IbOBUX 3HAUEHb.
Taxi Mepexi 3aCTOCOBYIOTBCS JUISI KJIacTepr3allil, SMEHILICHHS PO3MIPHOCTI JaHUX Ta BUSBICHHS
agoMautil. OHUM 13 TaKUX MPUKIAAIB € 3aCTOCYBAaHHS HEHPOHHUX MEpPEX Ul KiacTepusawii
NPOAYKIIl HA OCHOBI ICTOPUYHUX JaHUX MOMMUTY IS TOAAJIBIIOrO IPOTHO3YBaHH [4].

CNN € edexTuBHMMU [T aHATI3y IPOCTOPOBUX AAHUX, TAKAUMH SIK 300pa)KCHHS, TOA1 SIK
RNN ra ix Bapiamii, 30kpema Long Short-Term Memory (LSTM), nemoHCTpylOTh BiaMiHHI
pe3ybTaTH P POOOTI 3 OCIIAOBHUMHU JaHUMH, TAKUMH SIK 4acoBi psau nmonuty. [Ipore RNN
MaroTh OOMEXEHHS y 3aJa4ax 3 JOBI'MMH YaCOBUMH PSJaMH, OCKUIBKH IPU POOOTI 3 BEIUKUMHU
ICTOpHYHMMHU JaHUMH CTHUKAIOTHCS 3 MPOOJEMOIO0 3HHMKaHHS Tpaji€HTa, M0 MOTipHIye IXHIO
e(heKTHUBHICTb.

[Monpu no3uTHBHI pe3ynbTatu BUKoprcTaHHs LSTM jist mporHo3yBaHHSs MOMUTY, ICHYIOTh
Mpo0OJIeMH 3 HaJAIITYBaHHAM apXiTEKTypH JUIA aJanTaiii 10 HOBUX PUHKOBHUX YMOB ab0 3MiH Y
MOBEIHII CHOXHUBayiB. Jleski MOCITIDKEHHS TaKoX BKa3ylOTh Ha IMOTEHINad KOMOIHYBaHHs
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pI3HMX THITIB HEHPOHHUX MEPEeK IS IOKpaIeHHS SKICHUX XapaKTepUCTHK IPOTHO3IB,
Hanpukiaf, inTerpariss CNN ans monepenaboro anamizy nanux i LSTM nuis mporno3yBanHs Ha
OCHOBI 4acoBHX psiB [5].

TakuM YMHOM, HEBHPINIEHMMH 3aJUINAIOTHCS MUTAHHS IIOJI0 BHOOPY apXiTEKTypH Ui
TOYHIIIOTO TIPOTHO3YBAaHHS MOMNMHTY, SKa 3JaTHAa BPaxXOBYBATH BCi aCIEKTH 3MIHHHX JaHHX
TIOITUTY, BKJIIOYAIOUM CE30HH] KOJIMBAHHA, TPSH/AU Ta BUIAJKOBI KOJMBAHHS, 110 BILUIMBAIOTH HA
MOMUT y peanbHuX yMoBax. OCOOMUBY CKIIQAHICTh CTAHOBUTH BHOIp Takoi apXiTEKTypH, siKa
Morna 0 ajanTyBaTHcs A0 crenr(iku KOHKPETHHX YMOB MiANMPHEMCTBA, TAKUX SK MacliTabu
BUPOOHUIITBA, IIUKIIIYHICTh 3aMOBJICHb Ta HEMepen0adyBaHi 30BHIIIHI ()aKTOpPH, IO 3MIHIOIOTh
Mojens nonuty. Lle nocmimkeHHs 30cepeKYEThCsl Ha BU3HAUEHHI apXiTEKTYpH, AKa HE JIUIIE
3a0e3revye BUCOKY CTaOUIbHICTh Ta IOCTOBIPHICTh MPOTHO3iB, ajie i € CTIHKOIO 10 3MiH BXiTHUX
JaHWX Ta MIBUAKO aJANTYETHCSA A0 HOBUX TpeHAIB y momuTi. [lutanHs BHOOpY apXiTeKTypH y
KOHTEKCTI 3a0e3MedYeHHs] BUCOKOI MIBHIKOCTI 0OpOOKHM Ta €KOHOMil pecypciB MiANMpPHUEMCTBA
3aJIUINAIOTHCS aKTyaJlbHUMU JJIs 0araTbOX KOMIIaHiH, 1110 MParHyTh IMiJBUIIUTH TOCTOBIPHICTH
CBOIX MPOTHO3IB Ta MiHIMi3yBaTH PU3MKHU HAUIMIIKOBHX 3amaciB 4u nedinuty npoaykuii [6]-[7].

3. Mera i 3ana4i 1ocaixkeHHs

MeTo¥0 11HOT0 TOCIIKEHHS € BU3HAYCHHS apXITEKTYPU HEHPOHHOT MEpPEXIi, siKa 3a0e31euye
TOYHIIIUI pe3ybTaT MPOrHO3yBaHHSI MOMUTY Ha MPOAYKLi0. JlOCATHEHHS 1i€i METH 103BOJIUThH
BU3HAYUTH HAWUNPOAYKTUBHINII MiAXOAM Ui TOYHOTO TPOTHO3YBAaHHS Ta CHpPUSTHME
MiJBUIICHHIO JOCTOBIPHOCTI TPOTrHO3iB. Take MiABUINCHHS JO3BOJUTH MiAIPUEMCTBAM
MOKpAIIUTH BUPOOHWYY E€QEKTHBHICTh Ta 3MEHIIWTH PHU3UKH, TOB’S3aHI 3 HAIJTUIIKOBHUMU
3aracamu abo JaediluToM IPOIYKILii.

JJist TOCSATHEHHS MOCTABJICHOI METH TPOTIOHYETHCS BUPIIIUTH TaKi 3a1ad4i:

— BU3HAYUTH OCHOBHI TepeBard Ta OOMEKEHHS apXiTeKTyp HEHWPOHHHX Mepex, 00paHux
JUTSL 337124l IPOTHO3YBaHHS MOIUTY;

— cthopmyBaTi BHOIpKY ICTOPHUYHUX JaHWUX JJIs HABYAaHHS Ta TECTyBaHHS OOpaHMX
HEWPOHHUX MEPEXK;

— TIPOBECTH TOPIBHAJIBHUI aHaJi3 apXiTeKTyp HEHPOHHHX MeEpeX y KOHTEKCTi 3amad
NPOTHO3YBaHHS IOMUTY JUIsl BUSIBICHHS apXiTEKTypH sKa 3a0e3ledye TOYHINIMH pe3ysbTaT
IPOTHO3YBaHHSI.

4. Marepiajau i MeToAH JOCTiKEHHSA

OO0’€KTOM ITOCHIJKEHHS € TPOLIEC MPOrHO3YBAHHS MOMUTY Ha MPOAYKLIIO 32 JOMOMOTOI0
HEWPOHHUX MepexX. I[IpeaMeToM IOCHDKEHHS € pi3HI apXiTeKTypH HEHPOHHUX MEpex,
3aCTOCYBaHHS SIKMX CIIiJI OIIIHUTH 32 Pe3yJbTaTHBHICTIO B KOHTEKCTI 3aJad HMPOTHO3YBaHHS
NOIUTY Ha NpoAyKuiro. OCHOBHOIO TiMOTE3010 AOCTI/KEHHS € Te, W0 Pi3HI apXiTeKTypu
neiiponnux Mepesxk (LSTM, CNN, FNN, RNN, Gated Recurrent Units (GRU), Attention-based
models (ABM), Autoencoders (AE)) MOXyTbh MpOAEMOHCTPYBaTH pi3HY pe3yJbTaTHBHICTH Ta
JOCTOBIPHICTh PE3YyJbTATIiB y IPOrHO3YBAaHHI MOMUTY Ha TNPOAYKILII0 B 3aJIEKHOCTI Bix
0COOJMBOCTEH IaHUX 1 CTPYKTYPHOTO HiAXOMY.

3amada MOPIBHSUIBHOTO aHaJi3y € OJIHIEI0 3 OCHOBHMX 33ad CHCTEMHOTO aHamidy, IO
nepeadaydae MOPIBHSIHHS KiNBKOX aJIbTEPHATUBHUX MiIXOAIB AJs BHOOpY HaWKpamioro. Y
KOHTEKCTI 3a7ayi MpOTHO3YBaHHS IMOMUTY L 3aJada HaOyBae OCOOJMBOCTEH, OCKUIBKH IS
KOXKHOI apXiTeKTypH HEHpOHHOT Mepexi NOTpiOHO OWIHMTH ii 3JaTHICTH OO BHSBJICHHS
3aKOHOMIPHOCTEH y JaHHX, 10 MOXYTb MaTH Pi3HY HpUpORy (4acoBi, MPOCTOPOBi, TPEHAU Ta
LUKJIK). AanTaris i€l 3a1a4i 10 0COOJIMBOCTEH apXiTEKTyp HEHPOHHUX MEPEK BKIIFOUAE B ceOe
BU3HAYEHHSI METPHK OLIIHKH, 5K JIO3BOJISIFOTH BPaXyBaTH pi3Hi aclieKTH pOOOTH MOJIelei, TaKi sIK
TOYHICTh POTHO3yBaHHS, CTA0IIBHICTh Ta MBUIKICTH HABYAHHSI.

MeToi IOPIBHSUTBHOTO aHAaJI3y apXiTeKTyp HEHPOHHUX MEPEX BKIFOYAIOTh:
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— aHaJi3 JOCTOBIPHOCTI Pe3yNIbTaTiB, TOOTO TMOPIBHSHHS PE3yIbTATIB KOKHOI apXiTEKTypH
HEHPOHHOI MepeXi 3a METpPHKaM{, TakKuMH sK ACCUracy, cepemHs aOCONIOTHa TOXHOKa,
cepeHBOKBampaTuuHa moxubka, Logarithmic Loss, F1-Score, a takoxx AUC-ROC mist ominkn
3arajpHOI SIKOCTI MPOTHO3YBaHHS;

— aHaji3 HaJiHOCTI MepeXX, a caMe BH3HAUYEHHS CTaOUTPHOCTI apXiTeKTypu IIpH
BUKOPUCTaHHI PI3HMX MiIMHOKHMH JaHUX Ta MEpeBipKa 34aTHOCTI A0 TeHepati3alii Ha HOBHX
HaOOpax JaHuX;

— aHaji3 MWBUAKOCTI HABYaHHS Ta 0OpOOKM AaHWX, a caMe MOPiBHSHHA Yacy TPEHYBaHHS
Mepek Ta 3IaTHOCTI 10 MacIuTaOyBaHHS Ha BEIMKUX HAa0Opax JaHUX.

Jnst BCiX apXiTeKTyp BUKOPHCTOBYBAJIMCS OJHAKOBI HAOOpH JaHMX, IO BKIIOYAIOTh
ICTOpPHYHI JaHi Mpo peani3amito MPOIyKIii, a TAKOK 30BHIMIHI (AaKTOpPH, SIKi MOKYTh BIJIMBATH
Ha TIOMUT, TaKi K CE30HHI KOJIMBAHHS, CKOHOMIYHI MMOKa3HUKY abo iHI 3MiHU HA pUHKY. [lepen
MPOBEICHHSIM NOPIBHSJIBHOTO aHamizy Oyno MpoBeIeHO MOMepeaHI0 00poOKy Ta MiArOTOBKY
BUOIPKHM ICTOPUYHUX JaHUX, a CaMe: OYMINCHHS JaHWX BiJl MIyMy Ta MOMMJIOK, HOpMali3allis
3HAYEHb Ul 3a0E3TEUYCHHS KOPEKTHOI POOOTH Mepek, a TakoXK BHOIp KIIOUYOBHX O3HAK 3
BUKOPHCTaHHSIM METOJIB BiIOOPY O3HAK JIJIS TiABHIICHHS JOCTOBIPHOCTI MPOTHO3YBAHHS.

OtiHKa pe3ynpTaTiB MPOrHO3YBaHHSI IPOBOANIIACS Ha OCHOBI TAKUX apXiTEKTYp HEUPOHHHUX
mepex: LSTM, CNN, FNN, RNN, GRU, ABM, AE. Bu0ip 1iux apxiTeKTyp 3yMOBJICHHI IXHBOIO
3JATHICTIO A0 OOpOOKM pIi3HMX THINB JaHUX Ta CHeuudikd 3ajadi MPOTHO3YBaHHS IOMHUTY.
3okpema, LSTM Ta GRU Oynu BuOpani 3aBasku iXHbOT eeKTHUBHOCTI Y POOOTI 3 4aCOBHUMU
3anesxxHocTssMu, CNN — 11t BUSIBIICHHS TOKaJIbHUX 1A0JIOHIB B icTopuuHuX AaHux, a FNN, RNN,
ABM Ta AE 10mI0BHIOIOTH CIIEKTP MOKJIMBUX BapiaHTIB apXiTEKTYp LIS aHai3y PI3HUX aCTEKTiB
JAHUX.

BukopucTaHHsT  3alpOMOHOBAHOTO  METOAY  JAOCHIKEHHS JO03BOJWIO  BH3HAYUTH
apxiTeKTypy HeHpOHHOI MepexKi, sika 3a0e3redye TOUHIIIe TPOTHO3YBAaHHS MOIHTY, a TAKOXK JAaJI0
3MOTy TJIHOIIIe 3pO3YMITH, SIK Pi3HI apXiTeKTypH HEUPOHHUX MEPEX, MOKYTh OYTH 3aCTOCOBaHi B
pealbHUX BUPOOHUYMX TTPOIecax sl MiABUINEHHS e()eKTUBHOCTI iXHBOI AisTHHOCTI, 30KpeMa, B
IUIaHyBaHHI BUPOOHMIITBA Ta YNpABIiHHI 3amacamMd, IO JO3BOJISE MPUCKOPUTH TPHUHATTS
PIIIeHB i TOKPAIIUTH TOCTOBIPHICTH MTPOTHO3IB.

5. Pe3yabTaTH J0OCTiAKEHHS

VY xoni gocmikeHAS OyJI0 BHAUIEHO OCHOBHI IepeBaru Ta HelIOJNiKH BUOpPaHUX BapiaHTiB
apXiTEeKTyp HEHPOHHHUX MEPEK

PexypentHi Heitporni mepexi (RNN) 3maTHi 00poOisiTi mochiioBHI AaHi, Taki sIK 9acoBi
psaan. BoHM MaroTh BHYTPIIIHI ITUKJIH, 110 JO3BOJSIOTH 30epiratu iHdopmarito npo momnepeani
eTany oOpoOKH, aje 4acTO CTHKAIOThCS 3 MPOOJIEMOI0 3HHMKArO4MX TpanaieHTiB. lle oOmexye
3IaTHICTh MOJIEIOBATH JIOBTOTPUBAJi 3aJeKHOCTI B AaHWX. BOHH epeKTHBHI Ha KOPOTIIUX
HOCJTIZIOBHOCTSIX, aJle IXHsI Pe3yJIbTaTHBHICTh 3HIKYEThCS Ha CKIIHIMNX 3aBaanHsx [8]-[9].

Long Short-Term Memory (LSTM) e cneuianizoBanoro apxitekryporo RNN, o Bupimrye
npobjeMy 3HHUKAIOUMX rpafieHTiB. BoHa BHKOPUCTOBYE KIITHHHI CTaHW IJisi 30epiraHHs
iHpopmauii Ha moBwW nepiogu, O poduTh i1 eeKTUBHOW [UId 3aJady 3 TPHUBAIUMHU
3aJIe)KHOCTSIMH, TAKMMU SIK C€30HHI KONMMBaHHA nonuTy. OJHaK 11 ckiazHa CTpyKTypa nmotpedye
OUTBIINX OOYMCITIOBATIBHUX PECYPCIB, IO YIMOBUIFHIOE MPOLIEC HABYAHHS MOPIBHIHO 3 1HIIMMHU
Meroaamu [9].

Konsomomiiini Heliponni mepexi (CNN) TpaauiiitHo BUKOPUCTOBYIOTHCS sl 0OpOOKHU
300pakeHb, ajie IHKOJIH TAKOXK 3aCTOCOBYIOTHCS 10 YACOBHX PSIJIIB, JIe BOHU BUSBIISIOTH JIOKAIbHI
11a0JIOHH, TI0 MOXYTh OYTH KOPHCHUMH JUISI KOPOTKOTEPMiHOBHX KonuBanb momuty. CNN
3a3BHYAil MalOTh BUIILY IBUKICTh HABYAHHS Ta MEHIII BUMOTH J0 O0YHCITIOBAIBHUX PECYPCIB,
ane TXHS 37aTHICTh MOJEIIOBATH JIOBIOTPUBAJII TPEHIAM OOMEXKEHa, IO 3HWXKYE IXHIO
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e(heKTUBHICTH IS CKIIAHIIINX TPOTHO3YBAIBHUX 3aB/IaHb.

Feedforward ueiiponni mepexi (FNN) He MaroTh 3BOPOTHHX 3B’SI3KiB 1 TOMY HE MOXYTh
BpPaxOBYBATH 3aJIE’KHOCTI BiJ] MTOTIEpEHIX 3HAa4eHb. BOHM MOXKyTh OyTH MIBUAKAMH B HABYaHHI 1
3MaTHI aBaTH MPUHHATHI Pe3yNbTaTH B MPOCTHX 3aJadax, /e 3aJeKHOCTI MDK JaHUMHU HE €
3HauHMMHU. OfHAK A7 3a7ad MPOTHO3YBAHHS IONUTY, A€ BPAaXyBaHHS ICTOPUYHUX MAHUX €
KPUTUYHO BaXXJIMBUM, €EKTUBHICTh TAKMUX Mepexk € oomexenoro [10].

Gated Recurrent Units (GRU) e crporenoro Bepcieto LSTM, 110 Mae MeHINy KiTbKiCTh
napamMeTpiB Ta NPOCTINIy apxiTeKTypy. BoHM BUKOPHCTOBYIOTH JBa OCHOBHI MEXaHi3MHU
«OHOBJICHHS» Ta «3a00pOHY», IO A03BOJIsIE ePEKTHUBHO 30epiraT JOBFOTPUBANI 3AJICKHOCTI B
JaHWUX 3 MEHIIUMH 00UMCTOBAIbHUMH BUTpaTamu, HiK Y LSTM. Le pobuts GRU edexTnBHUME
JUTS 337124 IPOTHO3YBAHHS MOMUTY MPH MEHIIH MoTpedi B 00YNCIIOBAIBHIX pecypcax.

Mogpeni 3 mexanizmMamu yBaru (ABM) e moTyxHUMH 17151 3a]]a4 IPOTHO3YBaHHS, OCKITBKU
JAI0Th 3MOTY (DOKYCYBATHCS Ha BaKJIMBHX YaCTUHAX BXiJHUX JaHUX, BPAXOBYIOUM HE JIMIIIC
yacoBy iH(opMallifo, ajle H B3a€MO3B’SI3KM MDK pi3HUMHU eneMmeHTamu. lle poOuth ix
e(eKTUBHUMM IS CKIIaJHUX 3aBJaHb MPOTHO3YyBaHHs nonuty [11].

Autoencoders (AE) BUKOPHCTOBYIOTHCS TS SMEHILICHHS PO3MIPHOCTI Ta BUSBIICHHS JIATCHTHHX
BJIACTUBOCTEH JaHUX. BOHM MOXYTh 3aCTOCOBYBATHCS IJIsI IEpeJOOPOOKH TaHWX Tepe]] OCHOBHUM
€TaroM IIPOTHO3YBaHHS, BUAUISIOYN OCHOBHI IIIA0JIOHH 3 BEJIMKUX OOCSTIB JaHUX.

Jdns  mpoBeneHHs JOCHIIKEHHs OOpaHMX apXiTeKTyp HEWpPOHHHX Mepex s
MIPOTHO3YBaHHsI MMOTMTY HA MPOAYKIIiIO0 0yJI0 BUKOPHCTAHO HABYAJIbHI Ta TECTOBI HAOOPH JIaHUX,
10 BKJIIOYAIOTh ICTOPUYHI JaHI MpO peasizallifo MpOAYKIlii, a TaKoX JOAATKOBI aTpUOYTH,
NOB’s13aHi 3 MpoAyKIi€lo. IcTopruyHi AaHi Tpo peaizamito 0yI0 OTPUMAHO 3 BHYTPIIIHIX CUCTEM
MiANPUEMCTBA, LIO CIENiai3y€eThCsl Ha BAPOOHUIITBI Ta MPOAaXy adpa3uBHUX MaTepialliB, TAKUX
SK UDTIQYBaIbHI Ta MOJIpyBajbHI KPYyTH, KPYT'H MEIIOCTKOBI, abpa3uBHi cTpiuku Tomo. aHi
MICTSTh iH(OpMaIi0 TPO MpoAaXi MPOAYKIIi 3a pi3Hi Mepioad, MO JI03BOJSE JIETaTbHO
aHaJTI3yBaTH NONMT Ha MPOIYKIIIO 32 YaCOM i BU3HAYATH OCHOBHI TPEH/IU Ta CE30HHI KOJMBAHHSL.
Jist oTpuMaHHs OJATKOBYX aTPUOYTiB MPOIYKIIii, TAKKX SK I[iHa, KATETOpisi, pO3Mip, Bara ToIIo,
OyJI0 BHUKOPHCTAHO MOJATKOBI iH(OpMamiiiHi pecypcu MiANPHUEMCTBA, BKIIOUYAOYM (aimm y
dopmarti .CSV, 110 MICTATH XapaKTEPHCTHKY KOXKHOTO TOBApy.

s BupimeHHs mpobiieMH HEMOBHUX a00 HeoOpOOIeHNX BXiIHUX JaHHUX 3aCTOCOBYBABCS
METOJ| IMITyTallii MaHWX, KWW JT03BOJISE 3allOBHIOBATH BiJCYTHI a00 HEBW3HAYEHiI 3HAYCHHS
IIUITXOM IeHepallii HOBUX JaHWX Ha OCHOBI HasBHOI iHpopmartii. Lle no3Bomnsie 30eperta KopucHy
CTPYKTYpY AaHUX i TOKPAIIUTH HaBYAHHS MEpexXi. B paMmKkax mboro MeTory BUKOPHUCTOBYBaJach
TeXHIKa CTOXaCTUYHHMX NepTypOarliid, mo mojsrae y BBEIACHHI BUIAIKOBUX 3MiH Yy 3HAUCHHS
BXigHUX naHuX. Lli 3MiHE MOIENIOIOTH MOTEHIIHHI Bapiamii JaHWX, SKi MOXXYTh BHHHKATH B
peaNbHUX YMOBAX, 1 TAKUM YHHOM JOTIOMAararoTh 3p00OUTH MEPEeXy CTIHKIIIO JI0 HEMOBHHUX a00
HEUITKUX BXIHUX JaHHUX. 3aCTOCYBaHHS LbOTO METOJY [O3BOJIAE€ HE JIMIIE 3allOBHIOBATH
NPOIYCKH B JaHMX, a ¥ 3HMKYBAaTH PU3UK IEPEHABYAHHS MEPEXi, OCKIIBKA BOHA HABYUTHCS
NPAIIOBaTH 3 PI3SHOMAHITHIIIMMH BapiaHTaMHU BXiJHUX 3HAYEHb.

Peanizarnito K0XHOT apXiTeKTypH HEHPOHHUX MEPEX I BUPILIEHHS 33124l IPOTHO3yBaHHS
nonuTy OyJI0o BUKOHAHO 3a JIOIIOMOTOK0 MOBH IporpamyBanHs Python Ta 6i6miorex TensorFlow
i Keras. ns apxitekrypu RNN Oyino BukopucTano cranaapTHi KoMIoHeHTH Keras, 30kpema map
RNN nmist 00poOku yacoBuX psfiB, A€ HaIAITOBYBANACh KUIBKICTh IIAPiB 1 HEHpOHIB IS
BpaxyBaHHsS JOBrOTPHBaJMX 3ajexxHocTed. Mg apxitektypu LSTM Oyno 3acTocoBaHO
CrieIfiajii3oBaHi KJIITUHHI cTaHu [yt 30epiraHHs iH(opMallii, 1m0 J03BOJISIE MOJCIIOBATH
JIOBFOTPUBANI 3aJIeKHOCTI 3 HANAINTYBAaHHSM TilleprapamerpiB, TAKUX SK KUIBKICTh €MoX Ta
po3mip maketiB. Jlns apxitrektypu CNN BukopucroByBamuch mapu 1D-konBomromii uis
BUSIBJIICHHSI JIOKAJIBHUX IIA0JIOHIB Yy YaCOBHX PsIJiaX, a TAKOXK ITyJIHTOBI MIAPH JJIsi 3MECHIIICHHS
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po3mipHocTi. Apxitektypy GRU 0Oyio peanizoBano ananoriuno LSTM, asne 3 MEHIIIOIO KiJIBKICTIO
mapaMeTpiB, IO JO3BOJIAE TOCSITTH Pe3yJbTaTiB 3a MEHIINX OOYMCITIOBaNBHUX BUTpaT. ABM
OyJ10 peaizoBaHO 3a TOTIOMOTOIO BiIMOBIAHAX mIapiB s (POKYCYBaHHS Ha BAKIIMBUX YaCTHHAX
BXiJJHUX JaHUX, B TOW Yac sK Ui apxiTeKTypud AUutoencoders 3acToCoByBalHCs MIapH LIS
3MEHIIIEHHS PO3MIPHOCTI Ta BHUSIBIICHHS JIATSHTHUX BIIACTUBOCTEH TaHUX.

HocnipkeHHST  TPOBOAMIOCS HAa  HOPTaTUBHOMY  KOMITIOTEpPi 3 MPOLIECOPOM
AMD Ryzen 5 1600 @ 3,20 I'Tu, 16 I'6 onieparusnoi nam’sati DDR4 i rpadiuaum nporecopom
AMD RX 580 8 'c DDRS, 110 3a6e3neuye He0OXiqHY O0UHCTIOBAIBHY IMOTYXHICT )T POOOTH
3 BEJTUKUMU 00CSIraMu IaHUX i TPCHYBaHHSIM HEHPOHHHUX MEPEK.

Jlis TIOpIBHSHHS DPE3YJbTATIB MPOTHO3YBAHHS PI3HUX apXiTEKTyp HEHPOHHHX MEpex
BHKOPUCTOBYBAINCh Taki MeTpukd, sk Accuracy, F1-Score, Logarithmic Loss, cepemns
a0coroTHA MoXuOKa, cepeaHe kBaaparuuHe BinxmieHHs Ta AUC-ROC.

Accuracy (TOYHICTb) BHMIPIOE, SIKa YacTKa BCIX MPOTHO3IB Oyja NMpaBUIBHOIO, Ta Ja€
3arajJibHe YsABJCHHS Tpo ACCUraCy pe3yibTaTiB NPOrHO3YBAaHHS MEPEXKi B KOHTEKCTI BCIiX
MOJJIMBUX NPOrHO3iB. @opmyrna po3paxyHKy AcCCUracy Mae BUTIISI:

TP+TN
TP+TN+FP+FN’

Accuracy = Q)
ne TP (True Positives) — kinbKicTh TpaBWiIbHO Nependadenux no3utuBHuX kinaciB; TN (True
Negatives) — KiIbKICTh IpaBHIBHO Mepea0dadeHux HeratuBHuX KiaciB; FP (False Positives) —
KiJIbKiCTh XHOHOMMO3UTHBHUX nepenoadenn; FN (False Negatives) — kiibKicTh XHOHOHETaTHBHUX
nepeadayeHb.

F1-Score — cepeane rapmowiiite mix Precision (uitkicts) Ta Recall (mosHoTa), sike 103BOIISIE
oTpuMaTH 30aJaHCOBAHINIYy OI[IHKY Mepexi, 3Bakalodd Ha 1B OCHOBHI XapaKTEPHCTUKU:
Precision ta Recall. Precision — 1ie mMerpuka, sika 1MoKa3ye 4acTKy IHpPaBHJIbHUX IMO3UTHBHUX
nependoadeHb Ccepe] yCiX BHIANKiB, KIACH(IKOBAaHWUX SK TIO3UTHUBHI, TOOTO, CKIIBKH 3
niepea0adeHHX MO3UTHUBHUX pe3yibTaTiB JiiicHO € mosutuBHEMH. Recall — ne merpuka, sika
BUAMIPIOE, CKUIBKH 3 yCIX pealbHUX IMO3WTHUBHUX BHIIAJKIB OyJ0 TMPaBWIBHO NependadeHo
Mepekero. Lle mokasHuK 3/1aTHOCTI MepesKi BUSBIIATH BCl MO3UTHBHI BUITA/IKH.

dopmyna po3paxynky F1-Score mae Burmsiz:

F1Score — 2% Pre:\c.ision x Recall , @)
Precision + Recall
Precision po3paxoByeTbcs 32 HOpMYJIOKO:

TP

Precision=—, 3)
TP+ FP
Recall po3zpaxoByeTncst 3a popMyInoro:
TP
Recall = ————, (4)
TP+ FN

Logarithmic Loss (Log L0SS) BUKOpHUCTOBYEThCS Uil OLIHKM WMOBIPHICHMX HPOTHO3IB
MEPEXi 1 pO3PaxoBYETHCS 32 POPMYIIOIO:

LogLoss=—% _”zl[yi log( py) + @— ;) log(1— py)]. 5)

ne N — KinpkicTb 3pa3kiB y HaOOpi JaHMX; Y; — CIIPaBXKHE 3HAYEHHS JUIA I-TO 3paska; p; —

HAMOBIpHICTB Nepe10aYeHoro Kiacy s i-ro 3paska.

Cepenns abcomorHa nmoxuoka (MAE) BuMiproe cepeiHe 3HaYCHHs aOCOIOTHUX TTOMUJIOK
MIX MPOTHO3aMHM Ta PEAJbHUMU 3HAYCHHSAMU TTOIHUTY.

Cepenne kBaapatuune BiaxuieHus (RMSE) orinioe cepente kBaapaTHE BIIXUICHHS MiX
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IPOTHO3aMH Ta PEAbHUMH 3HAYCHHSIMH TIOTIUTY.

AUC-ROC BuMmiptoe 31aTHICTh MEPEKi MPABHIBHO KIACU(IKyBaTH MTO3UTUBHI Ta HETATUBHI
BUTIAJKH 1 pO3paxoBYeThCA 32 (OPMYIIOF0:

1N
AUCROC:l—EZ(TPRi ~FPR), (6)
i=1

ne TPR (True Positive Rate) — wacTka OifiCHO MO3WTHBHHX pe3yJbTaTiB, IO MPABHIBHO
kiacudikosani; FPR (False Positive Rate) — yacTka XMOHOIO3UTUBHUX PE3YJIBTATIB Cepel] yCixX
HETaTUBHUX PE3yJIbTaTiB.

Tabmuus 1 7eMoHCTpye pe3yabTaTH MPOTHO3YBAaHHS MOMUTY Pi3HUX apXiTEKTYp HEHPOHHUX
Mmepex 3a Accuracy, F1-Score, Log Loss, MAE, RMSE ta AUC-ROC.

Tabmuus 1
[NopiBHAHHS pe3yabTaTiB MPOTHO3YBAHHS PI3HUMU apXiTEKTYPaMH 3a KIIFOUOBUMH METPUKAMHU
Apxitektypa | Accuracy F1-Score Log Loss MAE RMSE AUC-ROC

LSTM 0.87 0.89 0.32 0.10 0.14 0.91
CNN 0.83 0.85 0.37 0.12 0.16 0.89
FNN 0.84 0.86 0.35 0.11 0.15 0.88
RNN 0.81 0.83 0.40 0.13 0.17 0.87
GRU 0.85 0.87 0.34 0.11 0.15 0.90
ABM 0.85 0.90 0.30 0.09 0.13 0.92

AE 0.82 0.84 0.38 0.12 0.16 0.80

Orinka HaAIMHOCTI MEPEXk, a TAKOXK aHalli3 IBUIAKOCTI HaBYAHHSA Ta OOpOOKH JaHHX €
BRXJIMBUMHU aCIIEKTaMH ISl OBHOTO TOPIBHSAHHS apXiTeKTyp HelpoHHHX Mepex. Lled anami3
JIO3BOJISIE OTPUMATH YSBIIEHHS MPO TOYHICTH PE3YJbTATIB MPOTHO3YBAaHHS KOXHOI Mepexi B
npolieci HABYaHHS Ta POTHO3YBAHHSI.

OriHka HaAIHHOCTI MEpeX Iepeadayae BUMIPIOBaHHS CTAOUIBHOCTI PE3yJbTaTiB HA OCHOBI
0araToKpaTHOTO TPEHYBaHHS MEPEXki 3 OTHAKOBUMHU MIOYATKOBUMH YMOBaMH Ta mapameTpamu. J{is
OTPUMAaHHS CTaOLILHOCTI Pe3yNbTaTIiB MPOBOJISATHCS KiJIbKa TPEHYBaHb MEpPEKi 13 30epekeHHIM yCiX
BXIJIHUX IMapaMeTpiB Ta MOYATKOBHUX YMOB, IICIII YOTO BUMIPIOETHCS CTaHJAPTHE BiIXUICHHS
OTpUMaHMX pe3ynbTariB. lle m03BoNsie BCTAaHOBUTH, HACKIIBKM IepeadadyBaHUMH —Ta
MOBTOPIOBAaHMMHU € PE3yNbTaTH NpU 0araTboX 3allyckax, M0, B CBOIO YEpry, € KPUTHYHO
BRXIIUBUM [T 3a0€3MEUeHHs] BUCOKOT HAJIHHOCTI Mepexi B pealbHHX YMOBaX, J€ MOXYTh
BUHHMKATH 3MiHM B JaHWX a0o 30BHIlHI (hakTopH, MO BIUIMBalOTH Ha TPOrHO3u. Taka
CTaOUTBHICTD J03BOJISIE TIEPEKOHATHCS B TOMY, III0 MEpeXa 3[]aTHa BUPOOJSITH TOUHI TPOTHO3H
HaBITh 32 YMOB, KOJIU JIJaHi MOXYTh OyTH HETOBHUMHU 200 BapiaTHBHUMH.

[IBuaKiCTh HaBYaHHS, B CBOKO YePry, OI[IHIOETHCS 4acOM, HEOOXIJIHUM JJIsi TPEHYBaHHS
KOKHOI Mepexi J0 JOocsTHeHHs OakaHoro piBHA Accuracy, mo He € meHmuM 80 %. Yac
TpPEeHYBaHHS BHMIPIOETHCS BiJI MOYATKY TPOIECY HABYaHHS JIO JOCSITHEHHS BKa3aHOTO PiBHS
Accuracy. lleii moOka3HUK BaKIMBHHA JUIi TOPIBHAHHS JIOCTOBIPHOCTI  pe3yNbTAaTiB
MPOTHO3YBaHHS PI3HUX apXITEKTyp Yy peajJbHOMY 4Yaci, OCKUILKM B 0araTthbOX MpPaKTHYHHX
3aCTOCYBaHHSIX BaXKJIMBO HE TUJIbKM OTPHUMATH TOYHI MPOTHO3HM, a i 3pOOHMTH 1€ B HAHKOPOTIIi
TepMiHU. Yac HaBYaHHS TaKOX JTO3BOJISIE OLIIHUTH, HACKUIBKH IIBUJIKO Mepeka alanTyeThCs 10
HOBHX YMOB 1 JaHHX, 1[I0 BaYJIMBO I O€3MepepBHOIO MPOIECy MPOrHO3yBaHHs B AMHAMIUHUX
YMOBax.

Tabnuus 2 pAEeMOHCTpYe JOJATKOBI pE3yJlbTaTH IPOBEACHHS MPOTHO3YBaHHSA, LIO
CTOCYIOThCS HAJIIHHOCTI, IIBUJKOCTI HaBYaHHS Ta OOPOOKM JaHUX IS KOXKHOI 3 0OpaHuX
apXiTeKTyp HEHPOHHUX MEPEK.
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Tabnus 2
OriHka cTaOTHHOCTI, HAMIHHOCTI, IIBUIKOCTI HABYAHHS Ta 0OPOOKH TAaHUX ISl OOPaHUX apXITEKTYP

ApxiTekTypa Yac HaBYaHHA Yac o0podku CraliabHicTh HapiiinicTs

(roaunu) JaHMX (CeK.) pe3yabTartiB (R?»)

(cranpaptHe

BiIXUJIEHHS)
LSTM 12 2.2 0.01 0.98
CNN 8 3.3 0.03 0.88
FNN 1 15 0.04 0.85
RNN 5 14 0.06 0.87
GRU 6 2.3 0.02 0.95
ABM 17 5.9 0.02 0.96
AE 3 3.7 0.05 0.84

Pesynpratn, npeacrasneHi y Tabmuui 1, MO3BONSAIOTH 3IMCHUTH TOPIBHSUIBHUNA aHami3
3aCTOCYBaHHs OOpaHUX apXiTeKTyp HEHPOHHUX MEpeX JJisi BUPILICHHS 3a[adi MPOrHO3yBaHHS
MOIUTY HAa MPOIYKLIIO 33 KIIOYOBUMH METPUKAMH.

LSTM nemoHcTpye HaiBumuii mokasHuk Accuracy (0.87), mo Bkasye Ha ii BHCOKY
3/IaTHICTh MPaBWJIBHO MPOTHO3YBATH NIaHI B 3a7adi MpOTHO3yBaHHA momuTy. Ll apxiTexTypa
BUTIEpEKAE 1HII apXiTeKTypH 3a mokasHukoM Accuracy, 3okpema ABM (0.85), sixa moka3sye
Maihke OJHAKOBHI pe3yNbTaT, ajie 3 TPOXHU Kpamumu nokazaukamu F1-Score (0.90) i Log Loss
(0.30), 10 cBiquHTH PO ePeKTUBHIIIE OaTaHCyBaHHS MK TOYHICTIO Ta BIATYKOM, a TAKOX BHIITY
3MaTHICTH 10 Tporao3yBaHHs WMoBipHOCcTe. GRU (0.85) Takoxk mokasye moOpi pe3ynbraTh, 3
F1-Score 0.87, ane moctynaerbes LSTM ta ABM 3a mokazankamu Accuracy i Log Loss.

CNN i FNN moka3yroTs ckpoMmHimii pe3ynbratd B mopiBHsSHHI 3 LSTM ta ABM, 3i
3HaueHHsaM Accuracy 0.83 i 0.84 BiamoBigHO. BoHM TakoX MarTh AEMIO TipIIi 3HAYSHHS 3a
metpukamu MAE i RMSE, m1o cBigunTs nipo OinbImi MOMHIKA B IPOTHO3aX MopiBHSIHO 3 LSTM
i ABM. OnHak, BOHM Bce ILI€ MPOIOBXKYIOTH IEMOHCTPYBaTH BHCOKHH MOKa3HUK Accuracy y
MPOTrHO3YBaHHi, pa3zom 3 F1-Score 0.85 ta 0.86.

RNN 3i 3mauennsm Accuracy 0.81 peMoHCTpye Halripmii pe3ynbTaTH cepel BCix
apxiTeKTyp, 10 CBIIYUTH MO ii 0OMekeHy epeKTHBHICTh y 3ajadi MPOTrHO3yBaHHs monuty. Lle
HiITBepUKY€EThCs HU3bKUMHE 3HaueHHs MU 110 MeTpuiti AUC-ROC (0.87) ta F1-Score (0.83).

AE, He3Bakaroun Ha rapHi mokaszHuku Log Loss (0.38) ra Accuracy (0.82), mae HaitHWXIUH
pesynbsTaT 32 AUC-ROC (0.80), 110 BKa3ye Ha HETOCTATHIO 3IaTHICTH €1 apXiTEKTypH 0 TOYHOT
KIacuQikarlii TO3UTUBHUX i HETaTUBHUX KIIACIB.

Ominka HagifHOCTI Ta cTabiIBHOCTI pe3yJbTaTiB IMiJ 4ac 0araTOKpPaTHOrO TPEHYBAHHS
Mepexk i3 OJJHAKOBUMH IOYAaTKOBHMHU YMOBaMH MiATBep/uKye migepctBo LSTM cepen iHmmx
apxitektyp. LSTM nemMoHCTpye HaWBHINI MOKAa3HUKH CTA0UIBHOCTI (CTaHIAPTHE BIIXUICHHS
0.01) ta naxgirinocti (R? = 0.98), 1110 cBigUKTh IO i1 3MATHICT A0 CTAOUIBHUX 1 TIepeadauyBaHUX
pesynbraTiB. BomHowac GRU rmokasye xopoini pe3ynbTraTd CTaOUTBHOCTI  (CTaHIapTHE
Bigxwienns 0.02) i vaxpifinocti (R? = 0.95), ane mocrynaerscsi LSTM.

ABM wmae Bucoky HapiiHicTh (R? = 0.96) i crabinpHicTh (cTaHmaptHe BigxuneHHs = 0.02),
o poOUTh ii eEeKTUBHOI ANBTEPHATHBOIO JUIS NPOTHO3YBAHHS TOMHTY, 3BAXKAFOUW Ha il
3JIATHICTH JIO CTaOIBHUX pe3ynbTaTiB. Y Toi yac sk AE mokasye MOpiBHSIHO HU3bKI PE3yJIbTaTH
3a MU MeTpukami (crannaptie Biaxmwienns 0.05, R? = 0.84), o poOuTsk ii MeHII e)eKTUBHOIO
JUTSE 327134, JIe B)KJIMBA JOCTOBIPHICTh Ta CTAOIIbHICTb.

IIBuakicte HaByanus y FNN e Haiikparioro 3 ycix apxitektyp (1 rojiiHa HaB4aHHS), 32 HEIO
tige AE (3 romunn), nani RNN ta GRU (o 5 ta 6 rogud BignosimHo), B Toi yac sk CNN
notpedye 8 ronun. Hapuanus LSTM tpuBae 12 roauH, 1110 poOUTh 11 OIHIEIO 13 HANIOBIIBHIIINX,
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ajie 1e He BIUIMBAE Ha 11 mepeBary 3a iHnmmMu Merpukamu. ABM gk HalickimaaHima apxiTeKTypa
notpedye 17 TOOWH AN HABYaHHA, IO 3HAYHO OiNbIie, HK 3HAYEHHS [HOTO TOKAa3HUKA IS
IHIIAX apXiTEeKTyp, M0 MOXe OyTH BaXKIHBHM (PaKTOPOM TpU BHOOPI apXiTeKTypH s 3a1ad 3
00ME)KEHHM JacOM BUPIIICHHS.

Takum ywHOM, LSTM 3anmumaerbess HaWKpamow apXiTeKTypor i HpPOTHO3yBaHHS
TIOITUTY 3aBISKU BUCOKUM Pe3yJbTaTaM 3a MOKa3HUKaMU CTablIbHOCTI, HaailHOCTI Ta Accuracy.
GRU nemoncTpye xopomri pesynbratd, ane mnoctynaerbes LSTM. ABM e cunbHOIO
anprepHatuBolo LSTM 3a HaxiiiHicTIO, aje 3HAYHMIA Yac il HABYAHHS MOXE OyTH Ba)KJIIMBUM
oboMexenusM. AE, xoda 1 Maec meBHI OOMeEXEHHSI B CTaOLILHOCTI Ta HALIMHOCTI, 3aIUIIACTHCS
KOPUCHOIO ISl crienn(idHuX YMOB, J€ Ba)KIMBA MIBUIKICTh BHUPIIIECHHS 3a/1adi. APXiTEKTypH
CNN, RNN ta FNN matoTs mepeBaru B yaci HaBuaHHs, ane moctynaioTbes LSTM ta GRU 3a
IHIIMMH [TOKa3HUKAMHU.

6. O0roBopenHsi pe3yJbTATIB JOCTiKEHHA

[IpoBenene mociiKeHHs IOKa3aio, MO BUOIp apXiTEeKTypy HEHPOHHOI MEpEeXki € OHUM i3
KIIIOYOBMX (DaKTOpiB Uil JOCSTHEHHS BHCOKOI pe3yJdbTaTUBHOCTI BUPILICHHS 3ajadi
MIPOTHO3YBaHHsI TIOMUTY Ha MPOAyKIIifo. KoxkHa apXiTeKTypa Mae CBOI IlepeBaru Ta 0OMEKeHHS,
SKi 3aJIe)KaTh Bia crierudiky 3aaadi, 110 BUMarae MOPiBHSAHHS Pi3HUX apXITEKTyp IS BUOOPY
HAMKpaIoro pileHHs.

VY nocnimpkeHHi 0yio NOPiBHAHO KijbKa MOMYJISIPHUX apXiTEKTyp JUIS 3a/1a4 IPOTHO3yBaHHS
noruty, 30kpemMa LSTM, CNN, RNN, FNN, GRU, ABM rta AE. Pe3yabTatu JOCTiIKSHHS
nokasanu, mo LSTM npomeMoHcTpyBana Halikpamuii pe3yiabTar Jjis MokasHuka Accuracy,
JOCSATHYBIIY 3HAUEHHS IbOTO MOKA3HMKA, BHUIIOTO 3a 3HAYEHHs JUIS 1HIHMX apxitektyp. Lle
CBIAYUTH MPO BUCOKY HaiiiHicTh LSTM y KOHTEKCTi aBTOMATU30BaHUX CUCTEM IPOTHO3YBaHHS
TIOITUTY, 3/IaTHUX €()EKTUBHO BPaXOBYBaTH CE30HHI TPEHM Ta IUKIIYHICTh JaHUX.

LSTM mMae 3maTHICTH OOpOOJISATH JOBrOTPUBAJII 3aJIC)KHOCTI B JIAHUX, IO € KPUTUIHO
BXJIMBUM JJIS 337]a4 NIPOTHO3YBAHHA IOIMTY, A€ MOXYTh CIOCTEpIraTHcs CE30HHI KOJTUBaHHS
abo posrotpuBani TpeHAu. Ll ocobmuBicTe mo3Bossie LSTM BusiBnaTH crimamHi ma0IoHW B
ICTOPUYHUX JaHUX, SKi MOXKYTh OyTH Ba)KKO iZIeHTH(IKOBaHI 1HIIUMHU apXiTeKTypaMH, TAKUMHU
gk RNN a6o FNN. 3okpema, LSTM mae BuCOKHMII piBeHb HaAIHHOCTI, IO MiATBEPIKYE il
e(eKTHBHICTh U1 337a4 IPOTHO3YBAaHHS MOIUTY.

Apxitektypa CNN, xoua i mocrymaerscs LSTM 3a Accuracy, mpojeMoHCTpyBalia TapHi
pesynbTaTH y 3amavax nporHodyBaHHsA monuty. CNN BusiBuiacs epexTuBHOIO 111 poOOTH 3
NPOCTOPOBHMH IAaHUMH, L0 € KOPUCHHM, KOJIM HEOOXiZHO BUSIBIIATH JIOKAJIbHI IIAOJIOHU B
ICTOPHYHHMX JaHMX, 30KpeMa B CHTyalisfiX, KOJU TPEHOW IOBTOPIOIOTHCS, aje 0e3 3Ha4YHOl
3aJIeKHOCTI BiJI JOBrOTPUBAIINX [IUKIIIB.

GRU Ta RNN moxkazanu mo0pi pesynbratu 3a Accuracy, ane iXHs 37aTHICTh 10 0OpOOKH
CKIIQJIHAX YaCOBHX 3aJICKHOCTEH € MeHIm eQeKTUBHOW B mopiBHAHHI 3 LSTM, mo
BiZJOOpakaeTbesl B JElI0 HMOKUMX 3HaueHHsX R? ta Accuracy. FNN Takox mpoaeMOHCTpyBaB
3aJI0BUIBHI Pe3yJIbTaTH, aje WOro 3IaTHICTh J0 aHaJi3y CKIAJHHUX MAOJOHIB HE OCSTiIa PiBHI
LSTM Ta GRU.

ABM ta AE, xou4a if He JOCATIIM TaKUX BUCOKMX 3HaueHb MOKa3HuKa Accuracy, sk LSTM,
JEMOHCTPYIOTh 3JaTHICTh 10 CTa0LIBHUX MPOTHO3iB 32 meBHUX yMOB. ABM 3 BucokuMm piBHeM
HaJIHHOCTI € TapHUM BapiaHTOM il CKIanHUX cucteMm, a AE moxe OyTm KOpHCHUM JUis
BUSIBJIICHHS aHOMAJIil y TaHUX.

HesBakatoun Ha cBOi mepeBaru, apxitekrypa LSTM mae kinbka CyTTEBUX OOMEKEHb.
OJHUM 13 OCHOBHUX OOMEKEHb € BHCOKA OOUYMCIIOBAIFHA CKIIAJIHICTD, IO MOTPEeOye 3HAYHHUX
00YHCITIOBAJILHUX PECYPCiB, OCOOIMBO IPH POOOTI 3 BeIUKMMHU oOcsramu jaaHuX. lle Moxe
3HAYHO YCKJIaJHUTU BUKOpUcTaHHs LSTM B peanbHux ymoBax, Jie 0OMexeHI MOMXIIMBOCTI JUIst
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00pOOKY JaHUX Yy PEXHMI PeabHOTO Jacy.

Kpim Toro, apxitektypa LSTM Moxe OyTH Hee(eKTHBHOIO B HECTAOITLHUX YMOBax abo B
CUTYAIiSIX, JIe JaHi He MalOTh YiTKOI IIUKIIYHOCTI. Y TaKUX BHIAJKaX il 3AaTHICTH JO HAaBYaHHSA
Ha TPUBAIHMX YaCOBUX PsIax, 3aJIS)KHOCTI SIKUX HE 3MIHIOIOTBCSA, MOXe OyTH HaAMIpHOIO, IO
MPU3BOIUTH 10 Hee(hEeKTUBHOI OOPOOKH TaHUX.

Li oOMexeHHs TOTPeOYIOTh I0AaTKOBOT onrTuMi3aitii Ta aganranii LSTM amst 3acrocyBaHHs
B YMOBax peajbHHX 3aBJaHb, ¢ HE 3aBKIH MOXIIMBO 3a0€3MEYUTH BEJUKI 00CATH JaHHUX a0o
BUCOKY OOUYHMCITIOBAIbHY TIOTYKHICTb.

3 ornsay Ha OOMEXKEHHS AOCIIKEHUX apXiTeKTyp, B MAHOYyTHHOMY MOXHA PO3TIIAAAaTH TaKi
HANPSIMKH [T TOAAJIBIINX JTOCIiIKECHB!

— Momudikallis apXiTeKTyp HEHpPOHHHUX MEpEX, a caMe, ONTUMIi3alliss Ta MoAuQikarlis
apxitektyp LSTM i GRU nns niaBuinenHs ixHp01 epeKTHBHOCTI pu 00poOIli BETUKUX JaHUX 3
BHUCOKOIO BapiaTHBHICTIO;

— BUKOPHUCTaHHS TOPUIHUX MOJIETIeH, sIKi MOEAHYIOTh IIEPEeBar Pi3sHUX apXiTEKTyp, TAKUX
gk LSTM Tta CNN, nmas AocsTHEHHsS Kpamiux pe3yibTaTiB y MPOrHO3YBaHHI IOMUTY Ha
IIPOJIYKILi10;

— IOCIiKeHHS e()eKTUBHOCTI HEHPOHHUX MEPEX [T MAIUX 1 HEIOBHUX JJAHUX, SIKi MOKYTh
MIPU3BECTH JI0 PO3pPOOKH HOBMUX METOJIB MPOTHO3YBaHHS, sIKi O HE BUMaralli BEHMKHX OOCATIB
iH(popMallii.

OTxe, pe3ysibTaTH JOCTIKEHHS MiATBEPIKYIOTh, 110 LSTM € Haiikpamium BUOOpOM st
MPOTHO3YBaHHSI MOIUTY, 3a0€3ICUyI0YH BUCOKY TOYHICTh, CTAOULIBbHICTh Ta HaAIHHICTH. I[HIII
apxitektypu, 30kpema CNN ta GRU, Takoxx MoXyTh OyTH BUKOpPHCTaHi, X04a i OCTYNAIOThCS
LSTM 3a moka3uukamu. ABM ta AE MOXyTh OyTH KOPUCHUMH B CTICIU(IYHUX BHUIAAKAX, €
HEOOX1IHO BpaxOBYBaTH CKJIaJHI B3a€MO3B'I3KH a00 aHOMaNil y naHuX. TakuM YHMHOM, XO4a
MOTOYHI Pe3yJIbTaTH MiATBEPIAKYIOTh edekTiBHICTE LSTM 11st 33124 nporHo3yBaHHS MOTHTY,
MOIAJTBII JOCIIKEHHS TTIOBHHHI 30CEPEIUTHCS Ha MOA0aHHI iICHYIOUMX OOMEXEHb 1 MOITYKY
HOBUX IUIAXIB JUIi €(QEKTUBHILIIONO BHUKOPHCTAHHS HEHPOHHHX MEPEX y TaKUX CKJIAJHUX
3agavax.

7. BUCHOBKH

[TpoBeneHe MOCHTIPKEHHS, IO MAJIO HA METi BU3HAYECHHS apXiTEeKTypH HEHPOHHOI Mepexi,
sKa 3a0e3revye HANTOYHINIMN Pe3yNbTaT MPOTHO3YBAaHHS IMOMUTY Ha MPOIYKIIIO, TO3BOIHIO
JOCSTTH BOXKJIMBUX PE3yJbTaTiB, IIO CHPUSIOTH IIJBHIICHHIO JIOCTOBIPHOCTI MPOTHO3IB Ta
3MEHIIIEHHIO PU3HKIB, ITOB’SI3aHMUX 3 HAJTUIIKOBUMU 3anacamMu ab60 ae(inuToM MpoayKIIii.

OnHi€ro 3 OCHOBHHMX 3aJad JOCHIDKEHHS Oylo BH3HA4YCHHS IepeBar Ta OOMEXEHb
apXiTEeKTyp HEHPOHHUX MepeX, OOpaHMX Ul BHPILIEHHS 3a/adi MPOTHO3YBaHHS MOMUTY. SIK
nokazanu pe3ynbTatd, Bubip LSTM sk HalpoayKTUBHIIIO! apXiTeKTypu OyB OOTpyHTOBaHHI
3/IaTHICTIO HEHPOHHOI MEpeXi 3 TaKOI apXiTEeKTYporo e(peKTHUBHO OOpOOIATH CKIaIHI YacoBi
3aJIe)KHOCTI, Taki SK CE30HHI KOJMBaHHS, 1 3a0e3lmedyBaTH BHCOKI TMOKa3HUKH TOYHOCTI
pe3ynbTaTiB Mporuo3yBaHHs nonuty. OxHak, He3Baxatouu Ha ii epektuBHicTb, LSTM notpedye
3HaYHUX OOUMCIIOBATIBHUX PECYPCIB, IO MOXKE OOMEXUTH ii BAKOPHCTAHHS B PEAUTbHUX YMOBaX,
Jie HeoOXiHA mBUAKA 00poOKa BEIMKUX O0CSTiB maHuX. KpiM Toro, BoHa MOXe OyTH MEHII
e(heKTUBHOIO B HECTAOUTLHUX YMOBaX a00 KOJIM JaHi HE MAOTh YiTKOI IIUKIIIYHOCTI.

Ilix yac BupimenHs 3amadi GopMyBaHHS BHOIPKHM ICTOPUYHUX JaHHUX JUIs HABYAHHS Ta
TECTYBaHHS Mepex OyJI0 aKIIEeHTOBaHO yBary Ha HEOOXiIHOCTI TOYHOCTI Ta sIKoCTi AaHuX. Lle mae
KPUTHUYHE 3HAYCHHS JJIsl JIOCSTHEHHS BHCOKHX PE3YJIbTaTiB IMPOrHO3YBAaHHS, OCKIJIBKH Oy Ib-SKi
MOMWJIKH a00 HEBIAMOBIIHOCTI B JAHUX MOXYTh CYTTEBO BIUIMHYTH Ha TOYHICTH POOOTH
HEHPOHHOT Mepexi.

[NopiBHsIBHUI aHauTi3 TakuX apxiTekTyp, ik LSTM, CNN, GRU, ABM Tta AE, nokaszas, 1110
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LSTM 3abe3neuye HallBUIy TOYHICTH Pe3yJIbTATIB IPOTHO3YBAHHS ITOMUTY Ha MPOAYKIIIIO cepest
ycix oOpanux apxiTektyp. [Ipore anbrepHaTBHI apxiTekTypH, Taki sk CNN, mpogeMoHcTpyBamu
CBOI0 €(EKTHBHICTH TPH poOOTI 3 JaHUMH, IO MICTATH KOPOTKOYACHI 3aJeKHOCTI abo
mpocTopoBi cTpykrypu. Okpemo BapTo Bumimntu ABM Tta AE, ki xoda i HE HOCATIIN TakuX
BUCOKHX MMOKa3HHKIB, sk LSTM, ane MoxxyTh BUSIBUTUCS] KOPHCHUMH B CHICIIU(IYHUX BUTIAIKAX,
HaNpHUKIa, Ui BUSABJICHHS aHOMaNili a00 MOJIETIOBaHHS CKIIQJIHUX CUCTEM, JIe BaXKIIUBI HE JIMIIIE
TOYHICTh TPOTHO3YBaHHS, a U CTAaOLIBHICTH Ta 3JaTHICTH 1O iAeHTH(]IKAIil aHOMaJIbHUX
CUTYaii.

Taxum urHOM, TOPIBHAIBHUI aHANTI3 HE JIUIIEC BU3HAYUB HApE3yabTaTUBHIILI apXiTEKTYpH
JUIS 3a]a4i MPOTHO3YBaHHS IMOMUTY, ajie i BUSIBHB iXHI HEJONIKM Ta oOMexeHHA. PesynbTaTtn
JOCHTIDKEHHS TOKa3alu, IO Ui JOCSITHEHHS € TOYHILIMX pPe3yJbTaTiB MpPOTHO3YBaHHS
HEoOXiAHO MOM(iKyBaTH iICHYIOU] apXiTEeKTypH a00 MOETHYBATH iXHi CHIIbHI CTOPOHH B paMKax
riOpuaHUX MoJieNieli, MO0 JO03BOJIMTh MAaKCHUMalbHO BHKOPHUCTOBYBAaTH TMEPEBAaru KOXHOI 3
apxiTeKTyp.
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B.I IIEXOBI]OBA, 1.A. MAJIBKOBA, /[.A. KIIUMEHKO, A.O. IIOTAIIEHKO

IHOOPMALIMHA TEXHOJIOIISI OBI'PYHTYBAHHSI TA ®OPMYBAHHSI
IIHHICHOI IMTPONO3UIIIL

PosrnsHyTO KOHIEMIIi1, MeTo0JOoTii Ta (QpeiiMBOpKH (GopMyBaHHS IIHHICHOI TMPOMO3HUINT s
BU3HAYCHHS MOIUTY KIIEHTIB Ha MPOXYKLIIO BUPOOHHUITBA 3 ypaxyBaHHSM BHMOI Ta BIOJOOaHb
KOPHCTYBadiB, BiIMOBITHOTO KOPWUTYBaHHA Oi3HECY I 3aJOBOJICHHA KIEHTCHKHX TIOTped 3
ypaxyBaHHSIM MOJJIMBOCTEH BHPOOHWIITBA, IUIAaHYBAaHHS IiHOBOI TIONITHKA BHUPOOHHUIITBA Ta
BU3HAYCHHS MepeBar NpOXYKLii repea MPOAYKIi€l0 KOHKYpeHTiB. BcranoBneno, mo ¢opmyBaHHS
LIHHICHOT Ipomno3uIii Tpeda 3iiiCHIOBATH 3 BUKOPHCTAHHIM CY4aCHUX TEXHOJIOTiH MallIMHHOT 00pOoOKH
BEJIMKHX JaHUX Ta 3ac00iB Oi3HeC-aHANITHKH. 3aIpOIIOHOBAHO iH(OPMAIIHHY TEXHOJIOTiI0 (OPMYBaHHS
LIHHICHOT mpomo3uLii Ta po3pobieHo i moBeniHKOBY Mozeib. Ha ocHOBI 1€l Moneni chopmMoBaHO

BapiaHT TEXHOJIOTTYHOT'O CTEKa 3aIllPONOHOBAHOT TEXHOJIOTI.

1. Beryn.

I'onoBHOIO METOIO CydacHOTO 0i3HECY 3AIMIIAETHCS PArHEHHS MaKCUMi3allii MpuOyTKiB 3a
paxyHOK 30UTBIIEHHS MPOAAXKIB CBOIX TOBapiB ab0 mociyr. OCKUTBKH 1151 METa XapaKTepHa sl
MePEeBAYKHOI OLTBIIOCTI KOMEPIIHHNX MiAPHEMCTB, BUHUKAE CUTYAIlisl OJHOYACHOTO iCHYBaHHS
MPOTO3UIII OJHAKOBUX TOBapiB ab0 MOCHYr pI3HUMHU MiANPUEMCTBAMH (KOHKYPEHTHHX
npono3utliif). [lepeMOrTd KOHKYPEHTIB MiJNPUEMCTBO MOXE 3aBISKHA HE TUTBKM HaWBUILIN
SIKOCTI CBO€T IPOAYKIIii, a i BMIHHIO 3alIPONIOHYBATH CIIOKWBaYaM caMe TOH ToBap a0bo MOCHyTY,
SKOi BOHU MOTPeOyroTh. OTKe, HEOOXIMHO JOXIUIMBO MOSICHUTH KIIEHTY MOTPeOy Yy LBbOMY
TOBapi, KOPUCTPH BiJl HOTO 3aCTOCYBaHHS Ta BKa3aTH HA PU3UKH, SAKUX M030aBUTHCS MalOyTHiH
KOpHCTYyBa4 I[b0ro ToBapy [1].

Ils koHuemnmisi B3a€MOBIAHOCHH 3 KII€HTaMH NOTpedye po3IJsiLy NHUTaHHA iXHBOT
3aJI0BOJICHOCTI uepe3 MpH3My BU3HAUCHHs MOTpeOd, BUMOT 1 mepecropor. Ha ocHOBI Takoro
PO3MIISY MiJIPUEMCTBO MOXE pPO3pOOMTH e(PEeKTHBHY I[iHHICHY TNPOIMO3MIII0, sKa OyJe
BKJIIOYATH caMe Ti IPOAYKTH a00 TOCIIYTH, AKi BiIOBIAAI0Th OYIKYBaHHIM Kii€eHTiB. Oco0a1BO
Ba)XJIMBO Y TaKill IPOIO3HIIiT MiIKPECIUTH KOPUCTH 1 IIepeBaru JJ0POroBapTiCHUX MPOAYKTIB, O
KYIYIOThCS JIJISl TPHBAJIOTO BUKOPUCTAHHS. Y TaKUX BUMaJKaX HEOOXiTHO TIEPEeKOHATH KITI€HTA Y
peasbHIN IIHHOCTI MPOMO3HUIlii, OOIPYHTYBaTH HOTO BUTPATH 1 MPOAEMOHCTPYBAaTH IepeBaru
MPOAYKTY, TakKi SIK HaAIAHICTh, OBTOBIYHICTh, OE3IEUYHICTh B KOPUCTYBaHHI i €KOHOMiYHA
Burona. [2].

PosrnsHyTHII BapiaHT B3a€MOBIIHOCHH 3 KJIIEHTaMU € CEpOor0 BiMOBINATBHOCTI (haXiBIliB
3 MapKeTHHTy. 3 OHOro OOKy, CKJaIHICTh iXHBOI PoOOTH moJyisirae B BH3HAYEHHI LIBOBOI
ayuTopii, notpe0 i BrioJj00aHb KITIEHTIB, IXHIX T000BaHb, BUMOT, TOOAKaHb 1 CMaKiB. 3 1HIIIOTO
0OKy, 1M HEOOXIiAHO 3a0€3MEUUTH BIAMOBIAHICTH TOBAapiB a00 MOCIYT MiJMPHEMCTBA YACTO
3MiHIOBaHUM IIPIOpUTETaM KII€HTIB, ONTUMIi3yBaTH BUTpaTH Oi3Hecy Ha TEXHOJOTIYHI,
oprai3arliiiii, peCypcHi, MaTepiajibHi Ta eHEPreTUYHI CKJIAZ0B1 MPOLIECIB Ha MiAnpueMCTBi. Kpim
TOT0, OTPIOHO MOCTIMHO Mam’SITaTH 1[0 MOXKJIMBE 301IbIIEHHS K COOIBAPTOCTI, TaK 1 KiHIIEBOT
LiHK IPOAYKLII MOKe MPU3BECTH JO NPOTPAIly KOHKYPEHTHOI IPOIO3HLii Ha PHHKY MPOIMO3HLIii
a00 CTaHe HENOMIpHMM JUIi MaHOyTHIX KIIE€HTIB, IO 3HIBENIOE BCi HaMaraHHS BTOIWTH
nokynisM [3]. Taki 3ajmaui Ha WiANPUEMCTBI Mae BUpINIyBaTH Oi3HEC-aHAJNITHK Ta/abo
¢iHaHCOBMI aHATITHK, a Ui 1X PO3B’s3aHHA MOTPIOHI 3pY4HI METOIH, TEXHOJIOrI, 3acobu, 1m0
JO3BOJIATH IIBUJIKO, OOIPYHTOBAHO 1 KOpPEKTHO oOpoOMTHM Benuki MacuBd iH(opmarii,
NpoaHaNi3yBaTH TEHJACHII W TPEHAH, CHPOTHO3YBATH PH3MKHM Ta JaTH YiTKi BIJMOBiAI Ha
MOCTaBJICHI Iepel aHaliTHKaMd mnuraHHsa. [IpoOieMa mojsrae y BIACYTHOCTI €IUHOIO
YHIBEPCAJIBLHOTO MPOrPamMHOro 3aco0y aBTOMAaTH30BAaHOTO BHpIILIEHHA 3a7ay Oi3Hec-aHali3y Ta
TIOTYKY ONTHMAaJIbHOTO BapiaHTy PIBHOBArW MiXk HAMAaraHHsSIMH 33JI0BOJILHUTH TIOTPEOU KITi€HTa
Ta MParHeHHsIM BECTU PO3YMHY IIHOBY IOJIITHKY.
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HoctymHi 3acobu 6i3nec-anamituku Google Analytics, MixPanel, Heap Analytics, Power
BI, Hotjar, Adobe Analytics, Matomo, Apache Hadoop Tomo opieHTOBaHI Ha aBTOMATH3AIIif0
CTaTHCTUYHOI 0OpOOKY JaHWX 32 MONTYKOBIUMH JAHUMH KITI€HTIB. AJle i 3aco01 He BPaxOBYIOTh
3MiHH Y BUMOTaX Ta BHOAOOAHHSX KIEHTIB, AKi CIUPAIOTHCS HA JOCB1Jl BUKOPUCTaHHS TOTO abo
iHIoTO MpoAyKTy. Llel Hemoik MoXke MPUBECTH IO HEKOPEKTHOTO TPAKTYBAaHHS MPIOPHUTETIB
KITIEHTIB Ta TIOMHJIKOBUX BHCHOBKIB MIOAO IXHBOI 33JOBOJIEHOCTI BiJl MMOKYNKHU. SIKIIIO BUHHUKAE
MeTa 3a0€3MEeUUTH BiIIMOBIJIHICTh MiANMPHEMCTBA MIHJIMBUM OaKaHHSM KIIE€HTIB, HEOOXIiTHO
BCEOIYHO TMpoaHaNi3yBaTH JOIUIBHICT 1 CIPOMOXHICTH BHTpAT Ha MOJEpHi3alito Ta il
ouikyBaHU# edekT mans Oi3Hecy. ToMy TeopeTwdHi Ta MPHUKIATHI JOCHTIHKEHHS OCOOINBOCTEMH
3aCTOCYBaHHS HOBITHIX METO/IB Ta 3aC001B iH(OPMALIHHUX TEXHOJOT1H A Gi3HEC-aHATITHKH Y
CTBOPEHHI LIHHICHOT MPOMO3HUIIii € aKTyalbHUMH 1 3aTpeOyBaHUMH.

2. AHaJi3 cyyacHux myOaikaniii i moctaHoBKa npoodJieMu A0C/TiAKeHHs

3po3ymisio, mo He iCHye yHiBepCaIbHOTO crioco0y (hopMyBaHHS IIHHICHOT MPOTMO3HIIIT Bif
0i3Hecy Uil KOMIaHii pi3HOro mpodimto, MacmTaldy, peCypcHUX MOKIMBOCTEH Tomio. Tomy
Tpeba MOCTIIUTH Cy4acHI KOHIlemmii, MeTomomorii Ta (peiimMBopkn (HopMyBaHHS IMiHHICHOI
MPOMO3UIii, MO0 aanxi peKOMEHIyBAaTH MiANPUEMCTBY HAWKpalIMil BapiaHT 3 ypaxyBaHHSAM
KOHKpeTHO1 cutyaii. [Tomanuii HHK4e nepetik miaxo/1iB He Ma€ MpiOpUTETHOTO MOPSIIKY 1 MOXKE
OyTH TOTIOBHEHUH.

OpeiimBopk Value Proposition Canvas (VPC, aBTop po3po6ku — Onekcanap OcrepBanbaep)
[4] Bi3yamizye aBa cermentu: Customer Profile (TTpodins kmienta) i Value Proposition (IlinnicHa
npono3uilis) (aus. puc. 1).

Customer Profile ckiamaetnest 3 aciekTiB, 10 BiI0OpaKyrOTh GYHKIIIOHAIBHI TOTPeOH, 60Ti
(XBHITIOBaHHS1) Ta OYiKyBaHY 33JI0BOJICHICTh TOTEHI[IHHIX KTI€HTIB BiJl OTPUMAHOTO PE3yNIbTaTy:

— Customer Jobs ¢opmyittoe 3aBaaHHs, Ki HEOOXiTHO BUKOHATH, TUTAHHS, [0 MTOTPEOYIOTh
BUpIlLIeHHs, a00 MOTPeOH, sIKi CIIOKUBAU MparHe 3aJ0BOJBHUTH. Bei poboTH AinsThes HA TpU
Kareropii: pyHKmioHabHI (TIOB'A13aHi 3 JIiIMHU), COIlialibHI (TIOB'13aHi 13 COI[iaIbHUMU 3B'SI3KaMH )
Ta eMoIIiiiHi (MOB'A3aHi 3 MOYYTTSAMH Ta BPRXKECHHIMN);

— Pains — me BHyTpimHi Ta 30BHINIHI YHHHHAKH, IO YCKJIAAHIOIOTH IUIAX KIEHTa J0
BUKOHAHHS POOOTH (PU3MKH, IEPEUIKOAN a00 HE3a/I0BOJICHHS PE3YIIbTaTOM);

— Gains — 1ie 3a10BOJICHHS KJII€HTA BiJI MO3UTHBHOTO PE3yJIbTATY, IPHEMHI EMOIiHI peakIii
SIK BiJI 3/1iCHEHHsI Oa)kaHb, TaK 1 BJl HEOYIKyBaHUX OOHYCIB.

Customer Profile

Gain creators

Customer
jobs

Products
& services

Pain relievers

Solution is defined Problem or Opportunity
is defined

Puc. 1. Value Proposition Canvas 3a Onekcanapom OctepBaibaepoM [4]

Value Proposition — e MOXXJIMBOCTI IPOAYKTY a00 MOCITYTH 33JOBOJIBHUTH NOTPEOU KITiEHTA
Ta JIKBi{yBaTH HOTO CTpaxu.

Product and Services (Ilpomykt i cepBic ) — mepenik 3alpONOHOBAHMX PIICHb IS
BUKOHAHHS (DyHKIIOHAJIbHUX, COLIAIILHUX Ta EMOLIIIHUX 3aBJaHb CIIO)KHUBAYA.

Pain Relievers (3ue6ooro4i mpenaparti) — 3aco00H, SKUMH MPOIYKT ab0 MOCIyra J10Jai0Th
01y y mpotieci ado micist Horo BUKOPUCTAHHS.
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Gain Creators (KpeatuBHicTh npuOyTKy) — sIK OyJe JOCATHYTO YCIIIIHUI pe3yabTaT Ta B
4yoMy moJisirae iepeBara Value Proposition [4]-[6].

Konrmeriiist Three Essential Questions (TpuKyTHHK BaXJIMBUX 3allUTaHb, PO3POOHHUK —
Harvard Business School [7]) nepenbauae, 1m0 OCHOBHI 3alMTaHHs MPH CTBOPEHHI IIHHICHOT
MPOTO3UIii (IHB. pHC. 2) PO3POOHUKH (POPMYITIOIOTH TAKIM YHHOM:

WHICH NEEDS?

What end users? © Which products?
What channels? © Which features?

o Which services?

Premium? Parity? Discount?

Puc. 2. ®opMmyBaHHS [IHHICHOT MTPOTO3KLIT 32 TPUKYTHUKOM Ba)KJIMBHX 3aITUTaHb

— SIKUX KIII€HTIB BU 30HUpaeTecs: 00CITyroByBaTu?

— sIKi TOTpeOu BH 30MpaeTecst 3aJOBOJILHUTH?

— sKa BiHOCHA IiHAa 3a0e€3MeYuTh MPHUHHATHY WIHHICT AJS KII€HTIB 1 TPUHAHATHY
MpUOYTKOBICTh AJIs1 KOMITaHii?

SIKIO BU3HAYHUTHCA 3 IUIBOBOIO TPYIOK TMOTEHIIWHUX KIIEHTIB, iXHIMH MOTpedamu i
BITOJIOOAHHSMHU, MOXHA OKPECIUTH OCHOBHI TOKAa3HMKH SKOCTI MPOAYKIii a0o MOCHyrT, IO
MIPOTIOHYIOTHCS, 3 YpaxXyBaHHSIM ONTHMi3allil BUTPAT Ha MPOIO3UINI0, Ta JTOMYCTUMY I[iHHICHY
MEXKY JUIS CIIOKHBAYA.

MeTtononoris Customer Development Methodology (CustDev, aBrop — Crie Jlank) [8] Ha
OCHOBI BHM3HA4eHHS MOTpeOd KITIE€HTIB MPOINOHYE CKIACTH IIHHICHY TMPOIO3MIIII0 i3 TepeBar
npoaykTy abo Mmociyrd, mo 3a1oBoibHAIOTH momut. Ha nymky C. Jlanka, e 103BOJHTH
HAOJIM3UTU TPOAYKT JO HMOTPeO CIOXKMBA4iB, BIICIKTH 3aiiBi Jii mpu po3poOIil MPOIAYKTY Ta
MiHiMi3yBaT rpomioBi ButpaTH. Bei mepeBarn CustDev 0a3yroThCsi Ha aHAITHIN BENIHUKOI
KUTBKOCTI JJaHWX IIOJIO KIEHTIB Ta iXHIX BMOM00aHb, IO, CBOEK YEPror0, MPU3BOIUTH IO
3aTATyBaHHA MIPOIECY 0OPOOKH, YHEMOXIIUBIICHHS IPHUXOBATH CBOI 1]1€1 BiJl KOHKYPEHTIB.

Customer experience (CX) — e cyKyIiHe BpayKEHHS sIK y3aralbHEHHS YCiX peaKilii KIIeHTa,
SKi BHHUKAIOTh B TPOIIeCi HOro B3aeMoJIii 3 KOMITaHi€r0, 0 BIUIMBAE HA TIOJAIIBII KOHTAKTH 1
MOKYTIKH came y 11iel komnanii [9]. Ha mymKky aBTopa po6oTH [8], KIIF0OUOBY pOJIb TYT IPAIOTh TaKi
KOMITOHEHTH:

—3aJI0BOJICHHs KiieHTa (customer satisfaction) — BH3Hadae, HACKUIBKM J00pe Oi3HecC

BiJINIOBi/1a€ MOTpebaM KIIi€HTIB 1 BUMPABIOBYE iXHi OYiKyBaHHS;

— ynmpaBmiHHSA B3aeMoBiHocnHamu 3 kimieHTamu  (CRM) — Bu3Hauyae piBeHb
KJIIEHTOOPIEHTOBAHOTO ITiIX01Y 10 BiJIHOCHH;

— TOYKU JIOTHKY Ta KaHaiuu (customer touchpoints) — BU3HAUAIOTh MOXIIMBICTB JOCTYILY
KJIIEHTIB 10 1H(opMaii Ta 3AiHCHEHHs TpPaH3aKIii 3a BCiMa KaHaJIaMH, 10 MalOTh BIi3HABaHUI
iHTEepdeiic;

— MaryBaHHSl NUIAXY KiIi€HTa (customer journey map) — 3AIHCHIOE MiJeCHpSIMOBaHE
KepyBaHHS POCYBAHHAM KJII€HTA Bij 3aTy4eHHs JO MiATPUMaHHS HOCTIMHUX CTOCYHKIB.

[To3uTHBHMIA TOCB1 CTOCYHKIB 3 KJIIIEHTOM «IIPHUB’SI3y€» HOro 10 KOMIIaHI1 Ta MOBEPTAE J10
MIPOJIOBIKEHHS CIIBIPAlli Ta HOBUX MOKYIOK. HeraTuBHMIA — HaBIIaKH, BiJIBEPHE BiJl IPOAOBKCHHS
BigHOCHH. [IJ1 KiNBbKICHOTO aHaNi3y KJIi€HTCHKOTO JOCBiAY MPOMOHYETHCS PO3PaXxOBYBAaTH TaKi
kimouoBi mokazHukH edexkrtuBHocTi (KPI), sk wac mepmmoi peakuii Ha 3BEpHEHHS KIi€HTA,
cepelHii Yac BUpINICHHS 3alUTy, BHUPINICHHS 3alUTy TpU IEpIHIOMY KOHTAaKTi Ta pPIiBEHb
yrpuMaHHs kimieHTa. OpHiero 3 ocHoBHUX MeTpuk Customer experience € Customer Satisfaction

48



Score (CSAT), 1110 BUMIpIOETHCSI 32 OATHHOIO IIKAJIOK 1 € MPOBIHUM MMOKa3HUKOM JIOSITEHOCTI
Ta JIOBFOCTPOKOBOTO JJOXO/Y BiJ| KITi€HTA.

Mapxetunrosi texaonorii B2B 1 B2C — me texHonorii mpogaxiB ToBapiB abo MOCIyT,
opienToBaHi Ha iHmuH 6i3Hec (B2B — business to business) abo Ha kiHneBoro crnoxubaya (B2C
— business to customer) [10]. Pi3ai minpoBi ayauTopii, cmocodn NpUHAHATTS PIMIEHH IIOIO
MOKYTIOK, 0OCATH Ta WMOBIPHOCTI MOBTOPHHUX IMOKYIIOK BHMAralTh BIAMOBIAHHUX IMiTXOMIB IO
3aJy4eHHs KIIIEHTIB, MPOCYBaHHS CBOEI MPOAYKUil Ta KOoMyHikalii. OCOOIUBICTIO KOKHOTO 3
MiAXOMIB € aHami3 3BOPOTHBOTO 3B’S3KY, BIATYKiB, BUMOT Ta MOTpeO. AKLEHT pOOHUTHCS Ha
301UTBIICHH] MTPOAAXiB, POOOTI 3 KIIiIEHTAaMH, 33J0BOJIEHHI TIEBHUX MOTped 0e3 aHai3y MOTEeHIIiH
BUPOOHUIITBA 3 KOPUTYBAHHS aCOPTUMEHTY.

Incrpyment Customer journey map (CJM) Bisyanmizye HUISX KJII€HTA, TMOYMHAIOYU 3
MOMEHTY TIOIITYKY TOBapy abo MOCITyTH Ta 3aKiHUYIOUH MMOKYTIKOI0, Y BUTJISIII TAOIHUII, CXeMHU abo
indorpadiku [11]. CIM BigoOpaxye yci TOUKH KOHTAKTY 3 KJIIEHTOM, a TAKOK MMEPEKUBAHHS 1
BPaKEHHS OTEHIIIHHOTO TTOKYIIIIS.

CTBOpeHHs customer journey map CKJIAIa€eThest 3 Takux etarmis [12]-[13]:

— BHUBYEHHS IUJILOBOI ayAuTOpii Ta (hOpMyBaHHS «IOPTPETa» KIi€HTa (JLKEpeno JaHuX —
CRM-cucremn);

— aHaJi3 NUIIXY KJIEHTIB (ukepeno nanux — Google Anamituka, SimilarWeb Tomo) — siki
PECypcH BiJIBiyBalliCh, IO I[IKaBO, TOBEIIHKA HA CAlTi, METa MOIIYKY, TOKYIIKH;

— BH3HAYCHHS KaHAJIB B3a€MO/Ii1, IPIOPUTETHICTh CANTIB AJIS OKYIIOK;

— 30ip iHdopmalii 3 pe3ynbTaTiB 3BOPOTHOrO 3B’SI3KY (BIATYKH Ha calTaX, B COLIaIbHUX
Mepekax, 00roBopeHHs Ha (hopymax, OIMUTYBaHHS TOIIO);

— JIOCIIPKEHHS KOPHUCTYBAIBKOTO JOCBITY 3 TMO3MIIIT KiTi€HTa (F03a01iTi);

— MOIIYK MEPETOH, 3 SKUMHU MOXKE CTUKHYTHUCS KITI€HT.

Maiike BCi PO3MNISIHYTI MiAXOIW BHMAararoTh BHKOHAHHS poOIT 31 300py Ta 0OpOOKHU
iH(opMaIlii o0 BU3HAYCHHS BIIOI00AaHb CIIOKMBAYiB TOBapiB abo mocayr [14]. 3 miero MeToro
BUKOPHCTOBYIOTBCS METOJIU Ta 3acO0M aHai3y LiJIbOBOI ayIuTOpil 3a KUIBKICTIO, Jiara30HOM
3BEpPHEHB Ta MOUIYKY TIEBHOTO TOBapy, 3a (OPMYBaHHSM croco0y BILTMBY Ha BUOIp KITIEHTIB, a
TaKO)XK HAaKOIMYEHHS Ta aHaji3y CTATUCTHKH 3a Biarykamu mokymmiB. [lomiOHI mani GakaHO
30MpaTy 3a SKOMOra JOBIIMH MPOMIKOK 4acy MION0 KOKHOI ocoOu, sika € abo MOXe CTaTH
KITieHTOM KamnaHii. ToMy Juist 30epiraHHs X JTaHUX BUKOPHCTOBYIOTHCS CIIEIialibHI CXOBHUIIA
Ta BITPUHM, SKi JIO3BOJIAIOTH 30epiratu Ta 0OpOOIIATH BENHKi 00CATH iCTOPUYHUX JaHUX Pi3HOL
HPUPOIH.

OOpoOKka BeNWKHX MAaCUBIB JaHUX TOTpeOye He TiIbKHM BUKOPUCTAHHS CIeliaJbHUX
iHcTpyMeHTiB I T-aHamiTHKY, a i HABEICHHS JI0KA3iB BaJIiTHOCTI OTPUMAaHUX PE3YJIbTATIB, & TAKOXK
HOAATBIIOrO X aHamizy. BpaxyBaTu Blogo0OaHHs KII€HTIB [UIsl HOKPAIIEHHS PEKJIaMHOT KOMITaHii
Ta MPOCYBaHHS CBOIX TOBapIB i1 JIO3yHraMU 0013HAHOCTI B MOTpebax KOPUCTYBaUiB HE 03HAYAE
TIOKpAIlleHHS SKOCTi TOBApiB 1 BUTIEpeHKEHHS! KOHKYpeHTiB. HeoOXiHO BiIUyTH HalBaKIMBIIIi
MOTpeOH CIIOKHMBAUIB, MOCTHIANTHA iX OOTPYHTOBAHICTH, 3BEPTAIOUYU yBary, B IEpIIy 4epry, Ha
3ayBaXeHHS Ta HETaTWBHI BIATYKM KINEHTIB, 1 TMpopaxyBaTH MAOIUIBHICTE 1 MOMKJIHBICT
KOPHUT'YBaHHS BUPOOHHUIITBA 33Ul 3aJ0BOJICHOCTI KJIIEHTIB. ABTOMAaTH3allis LHUX IPOIECIB —
cKJagHa mpobiemMa, sika HoTpedye CBOTO TEOPETUYHOTO TOCIIIKEHHS 1 MPaKTUYHOI peaizaii.

3. Mera i 3apa4i 1ocaaixkeHHs

Metoro JmaHOro JOCHI/DKEHHS € po3poOka iHpopMmaniiHOi TexHoJorii (opMyBaHHS
[[IHHICHOT MPOTIO3HIlii, B OCHOBY SIKOT IIPOITOHYETHCS TIOKIJIACTH iICHYIOU1 IHCTPYMEHTANBHI 3ac00n
AaBTOMAaTH30BaHOi OOpPOOKH BEJIIMKUX MACUBIB JIaHMX, M BHU3HAUYEHHS BUMOTL, THOTpeO,
BIIOJJ00aHb, MEPECTOPOr Ta OYiKYBaHb CIIOKMBAdiB BiJl MPOLYKTY ab0 MOCIYTH OTOJIOMIEHOT
[IHHOCTI, SIKi BOHU TOTOBI NpWa0aTH. 3aCTOCYBaHHS TaKOI TEXHOJOTIi JIO3BOJHUTH MPOBECTH
Oi3Hec-aHaii3 Ta OOIPYHTYBaTH JAOLIUIBHICTb KOPHUTYBaHHsS I[IHHICHOI Mpomo3uuii Ha
BUPOOHUIITBI 3 ypaxyBaHHSM 3a/I0BOJICHHS BUMOTI KJII€HTIB, MOXXJIMBOCTEH MiJIPUEMCTBA Ta
cUTYyalIlii Ha KOHKYpEeHTHOMY TOJi.

JIJis NOCATHEHHS 1i€] METH HEOOXIHO BUPIIIUTH TaKi 3a1a4i:
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PO3pOOUTH TOBEAIHKOBY MOAENb iH(OpMamiiHOI TEXHONOrii OOIPYHTYBaHHS Ta
(hopMyBaHHS [IHHICHOI TTPOTIO3HIIIi;

— chopmyBaTH BapiaHT TEXHOJIOTIYHOTO CTEKA 3aMPONIOHOBAHO1 1H(POPMAIIHHOT TEXHOJIOT].

4. Marepiajau i MeTOIU JOCTiTKEHHSA

O06’exTOM J0CIHiPKEHHS BUCTYTA€E potec popMyBaHHs HiHHICHOT poro3uwii. [Ipeamerom
JOCHiKEeHHS € iH(opMalliliHa TEXHOJIOTisl OOTpYHTYBaHHS Ta ()OpMYBaHHS LiHHICHOT TPOITO3HLIii
SK IHCTPYMEHT aBTOMaTH3aLlii IIbOTO MPOLECY.

SIK OCHOBHY TimoTe3y MAOCHiIKEeHHS OyaeMO pO3IrIsSAaTH MOXIWBICTh CTBOPEHHS
crierfianizoBanoi iH(QOpMamiiHOI TEXHONOTII, sika O J03BOJIMJIAa HAKOIUYYBATH aHATITHYHI JaHi
1010 BUMOT KITI€HTIB B MIPOIECi MOIIYKY MPOAYKTY a00 MOCIYTH, B MOMEHT MOKYIIKH Ta Micis
OTpPHMaHHsI TIEBHOT'O JOCBiy KOPHUCTYBaHHA. MO)KHa TPUIYCTUTH, IO B MEPIIOMY 1 APYroMy
nepiofax BUMOTH KII€HTIB HEe OyIOyThb MaTh CYTTeBUX po30OixkHOcTel. LlikaBoro cTae mymka
KIIIEHTIB, KOJU BOHM BHSBIIAIOTH SIKICh HENOJIKH, a00, HaBIAKW, HEOUIKyBaHI IepeBart.
BusiBieHHs1 caMuX po301KHOCTEH, BCTAHOBJICHHS IXHBOI TPIOPUTETHOCTI AJIsl OLIHKU MPOAYKTY
abo0 MoCIyTy MOTJIO O JOTIOMOTTH BU3HAYUTH HANPSMOK MOKPAIEHHS SIKOCTI CBOET MPOMO3HUIIIT
JUTsI BUPOOHUKA 3 TIOJANIBIINM 3’ ICYBaHHSIM JIOIUILHOCTI TAKUX 3YCHIIb.

st mpoBeieHHsT KOMILIEKCHOTO Oi3Hec-aHali3y 3a OCHOBY OyJo 0OpaHO MapKETHHTOBY
texHoJorito Value Proposition Canvas, sika BpaxoBye sIK MOTpeOH KIIEHTIB, TaK i MOMKIIUBOCTI
BUPOOHMKA. AJie JOCTOBIPHICTH BIOM00aHb, OakaHb, 3alliKaBJICHOCTI IMOKYIIB B IMPOIECI
MIOLIYKY Ta IPUAOAHHS TOBAPY MOXKYTb BiJIPi3HATHUCS BiJl OLIHKK MPOJAYKTY a00 MOCIYTH y TOTO
K CaMoro CIIOKMBaua B pe3yNbTaTi HAOyTTsS MEBHOTO JOCBINy KOPHCTYBaHHS. Tomy ciin
MIPOBOJMTH aHaJIi3 BUMOT KIIIEHTIB IO MOMEHTY OTPHMaHH: TOBapy Ta Micysl HOro BUKOPUCTaHHSL.
AJle TIpOBEICHHS TaKOTO aHANi3y YCKIAIHIOEThCS BHACIHIJIOK HE TUIBKH 3HAYHOTO 3POCTAHHS
o0csary oOpoONIOBaHMX MJaHWX, & W 3alIy4eHHS MOKYIIIB OO0 HaJgaHHA iH(opMaIlii moao
OTPUMAHOT0 JIOCBi Ty KOPHCTYBaHHsL. JIJIsl T0/101aHHS HOTO YCKIIQAHEHHS IIPOTIOHYETHCS 3a/I15ITH
cydacHi 3aco0u KOMyHiKallii, MApKETUHTOBI 3aX0/I1 Ta iHPOPMAIIiifHI TEXHOJIOTIi CTATUCTUIHOTO
Ta IHTENEKTyaJIbHOTO aHAalli3Yy.

Buxonsau 3 noriky MOCTIIOBHOCTI 300py Ta aHami3y JaHUX, OYyJI0 3allpOMOHOBAHO TaKUi
MOPSAZIOK POOIT 3 GOPMYBaHHS I[IHHICHOT TIPOTIO3HIIii:

— pobota 1 «MOHITOPUHT Ta aHaJi3 TOTPeO 1 BUMOT KIII€HTIB — KINEHTCHKUHA MTPOMiTb;

— pobota 2 «306ip AaHUX MPO MOLIYKOBI icTOpil KJII€HTIB, KUIBKICTh 3alMTIB 32 EBHUMHU
O3HaKaMm»;

— pobora 3 «Bu3HaueHHS HalYacTille 3alUTyBaHHX IOKa3HHWKIB Ta TOJOBHHUX KPUTEpiiB
BiZIOOPY BiJl KJTI€HTIBY;

— pobota 4 «DopMyBaHHS ONUTYBAIGHUKA I MaiOyTHIX IOKYIMIIiB/KOPUCTYBadiB 3a
NPUHIUIIOM BH3HAYEHHS IPIOPUTETHOCTI TIOKa3HUKIB 32 BKA3aHUMH KPUTEPISIMI»;

—pobota 5 «AHali3 O4iKyBaHUX pe3yJbTaTiB BiJ BUOOpPY 3a pe3yjibTaTaMH ONHUTYBAaHHS
MOKYTIIIIBY;

— pobora 6 «AHani3 3MiH B OLIHKaX KYyIJICHOTO MPOAYKTY 3a TUMH X O3HaKaMH 3a
pe3ysbTaTaMy IIOBTOPHOT'O ONMUTYBAHHS MICJIsl KOPUCTYBAaHHS MPOTATOM MEBHOT'O Yacyy,

— pobota 7 «Bu3HaueHHS HEOUiKyBaHMX HEONIKIB 1 IepeBar MpoAyKTY, a TaKoXK 3MiH y
BITOJIO0AHHSX 1 BUMOTaX MMOKYIIIIBY;

— pobora 8 «®DopMyBaHHS pPEKOMEHIAIIH BHUPOOHUKY MO0 ITOKPALICHHS SKOCTI
MPOAYKIIIT.

Jns BukoHaHHS poOiT 1 Ta 2 pEeKOMEHJOBAaHO 3aCTOCOBYBATH HANUPO3MOBCIOKEHIIII
IHCTpYMEHTalbHI 3aco0u 300py Ta 00poOkm iHpopmarii mojao KiieHTiB. OTrsa Takux
IHCTpYMEHTaIbHUX 3ac00iB, a TaKOX OCOONUBOCTI 300py JaHHMX, XapakTepHi s IHX
IHCTpYMEHTaJIbHUX 3ac001B, HaBeIeHO y Tabu. 1.
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Taomums 1

IHcTpymenTanbHi 3acobu 300py Ta 00poOku iH(OpMAIlii MO0 KITIEHTIB

PizHoBUIN IHCcTpyMEHTH OcobauBocTi 300py HaHUX
3aco0iB 300py
JaHUX 010
KJTI€HTIB
Cityx6u Google Analytics; | 36uparots getanbHy iHbOPMALiO MPO B3aEMOII0 KOPUCTYBAUIB i3
AHAJITUKHA MixPanel; caiToM Ta 36epiraroTh ii B 3HCOCOOICHOMY BHUTIISI
Heap Analytics
IHcTpy™meHT Power BI Jlo3Bosste 30Mpary, Bizyani3yBaTH Ta aHaIi3yBaTH JaHI 3 PI3HUX
I Gi3HEC- JDKEpeTl, CTBOPIOBATH CKJIAIHI MOJENI TaHWX ULl aHali3y BEIHKHX
AHATI THKA 00csTiB iH(pOpMaIIii Ta CTBOPIOBATH 3B'SI3KM MK PI3SHUMH TaOIUIISIMU
Bebtpekepu Hotjar; [HTErpyIOTECS B CaliT Ta BUBYAIOTh IOBEIHKY BifIBilyBadiB — yac
Adobe Analytics; | mepebyBaHHS Ha pecypci, KiTbKICTh TEPErISHYTHX pPO3JIiIiB,
Matomo CepeIHil BiICOTOK TOPTaHHs CTOPIHOK TOIIIO.
Dpetimeopk Apache Hadoop BuxopucToByeThes AT pO3NOIiICHOT 00pOOKH Ta aHANI3Y BEIUKHUX
111 00pOOKH o0CsTiB JTaHMX 1 MOXeE JIETKO MaclTabyBaTHCsS TI'OPU30HTAIBHO,

BCJIIMKHX JaHUX

JIOZIAI0YH HOBI BY3JIM JUIs 301IbIICHHS [TPOLyKTUBHOCTI

Peectpamis Ta Claspo; Jns miHimizamii HeraTuBHUX e(dekTiB 00O0B'SI3KOBOI peecTparlii,
MiAHACKa Crocoblock; MPOTIOHYEThCS CKOPOYYBAaTH KUTBKICTH IIOJNIB IUIS 3allOBHEHHS 1
Elfsight Ha/JaBaTH MOXIIHUBICTH BXOAY 4Yepe3  COIliaJbHI  MEpexKi.
OnTtuManbHU# crmocid aBTopwW3alii — depe3 BIMKET y BiKHI, IO
crutnBae (Hampukiam, 3a gonomororo Claspo).
OnutyBaHHs Jotform; [IpsiMe 3anuTaHHS BiABiAYyBauy CalTy JO3BOJISE BHSBUTH CYTTEBI
SurveylLab npoOJaeMHu, 32 YMOBH MOTHBAIl] 4epe3 3HMKKH, OOHYCH abo iHIIi
IiKaBi TIPOTIO3UIIi1
[porpamu Points Program; B 00MiH Ha iH(pOpMAIiF0 MPOMOHYIOTECS Pi3HI BHIN IMOJAPYHKIB,
JIOSUTLHOCTI Tier Program; KeIIOeKiB, NepeANpOAaXHI TECTYBaHHS, 3allpOILEHHS Ha pi3HI
Paid Program; 3aX0/I{ TOIIO
Value Program
CouianpHi [IInsxoM BUKOPHUCTAHHS 3aCTOCYHKIB HPOBOJAMTHCS CETMEHTALlis
Mepexi MIAMUCHUKIB B COL[aJIbHUX Mepekax Ui BIATBOPEHHS IOpTpeTa
THIIOBOTO CIOXKMBaya, BUABJICHHS IUILOBOI ayAnUTOPii, pO3yMiHHA
iHTepeciB, modakaHb Ta BIIOJO00AHb
IncTpymenTu Meroau i Mozienti | JI03BOJISIIOT  aBTOMATHU3yBaTH MPOLIEC aHANI3y Ta NPUUHATTA
aHaizy Machine Learning | pimieHs, 1o mominirye eeKTHBHICTH Gi3HEC-TPOIIECiB.
CIIOXKHMBAYiB 3naTHi epeKTHBHO 00pOOIATH Ta aHATI3yBAaTH BEJIHKI OOCITH JaHUX,
mo poOurk ix edekTuBHUMEH N8 3aBgaHp Big Data Ta
MPOTHO3yBaHHS
Bimxern § O06poOKa mo3Ha4eHb MPOAYKTIB, IO MOA00ATNCH, 200 JOJaBaHHS JI0
peakuii d o0paHMX, TeperiasHyTHX, noxioHux. baxaHHs oTpumyBaTn
MOBIZIOMJICHHS [P0  OHOBJICHHSI ~ ACOPTHMEHTY  JIO3BOJISIE

MIPOTHO3YBAaTH HAXUIIU TIOKYTII[iB

B ymoBax Benukoi KOHKypeHIIii po3yMiHHsI IOKa3HUKIB e()eKTUBHOCTI Jornomarae 0izHecy
YXBaJIIOBAaTH OOIPYHTOBaHI yNpaBIiHCBKI pilieHH. OCHOBHI MaTeMaTH4YHI OKa3HUKH [ 15], ski
BUKOPHUCTOBYIOTBCS IS aHAJIi3y €()eKTUBHOCTI Oi3HEC-TIPOLIECiB 1 3a/y4eHHs KII€HTIB 1 MOXXYTb
OyTH 3a1isHI JIsl BAKOHAHHS poOOTH 3, HABEICHO B Ta0I. 2.

[Ticns 360py iHdopMaii Mpo 3amuTH KIIEHTIB, BUIAM Ta YaCTOTY X 3aCTOCYBaHHSI MOXKHA
BU3HAYMTH NIEPETiK KPUTEPIiB 3 MiANOPAAKOBAHUMY aJlbTEPHATUBHUMH TOKa3HUKaMH. Lle ctae
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https://marketingplatform.google.com/about/analytics/
https://mixpanel.com/
https://www.heap.io/
https://www.hotjar.com/
https://business.adobe.com/ua/products/analytics/adobe-analytics.html
https://matomo.org/
https://claspo.io/ru/
https://crocoblock.com/widgets/registration-form/
https://elfsight.com/online-form-builder/templates/registration-form/
https://www.jotform.com/widgets/category/survey
https://www.surveylab.com/en/survey-widgets/

Tabnuws 2

OCHOBHI MaTeMaTH4HI MMOKa3HUKH, SIKi BAKOPHCTOBYIOTHCS AJIS aHAIi3y e(heKTUBHOCTI

0i3HeC-TIPOLIECiB 1 3aTy4YeHHS KIII€HTIB

Mertpuka Dopmyina IIpuzHauenHs
ifeti = Cy a ac, LiHKa CEPEIHBOTO MOXOAY,
LTV (Lifetime Value LVT = Cy* Ngp* LE 0] p y
ne Cap — cepenHs BapTiCTh MOKYIOK; AKAH ~ KII€HT  NPHUHOCUTH
Nap — CepetHst KibKiCTh IOKYIIOK Ha pik; | KOMIAHii 32 Becb  4ac
LEzc - cepeiHs Tpupanicte | CTIBIPall
MIATOCTIPOMOXKHOCTI KJTi€HTa (B pOKax).
CAC (Customer Acquisition CAC = rerrm BusnaueHHs  e(heKTHBHOCTI
Cost) TNe iHBecTHLIM y  3ajyYeHHS
ne V¢ — Butpatu Ha mpoJaxi; .
HOBUX KJTi€HTIB
VM — BUTpaTH Ha MapKETHHT;
TNC — 3arampHa KITBKICTH 3aITydeHHX
KJTI€HTIB.
CRR (Customer Retention CcRR =52+ 100, BumiproBaHHs BigcoTka
Rate) L s . KJIIEHTIB, SKi 3aJAIIMINACA 3
ne E — ximbkicTh KITIEHTIB Ha KiHEIb i
Hepiofty uacy: KOMIIaHi€10 TIPOTATOM TIEBHOTO
T o nepio
N — KiTbKicTh HOBUX KJII€HTIB, 3aJy4CHUX pioay
3a 1eit nepion;
S — KUTBKICTh KJII€HTIB HA IOYATKY IIbOTO
nepiony.
CSAT (Customer CSAT = X¢ AmHaniz piBHA 3aJ0BOJIEHOCTI
Satisfaction Score) . DNrs KJTi€HTIB
ne NSC — KIIBKICTh  33/I0BOJICHHX
KITIEHTIB;
Nrs — KIIbKICTH  BIiAmOBigedl  Ha
OITUTYBaHHSI.
NPS (Net Promoter Score) Nps =X Ne OuiHka JOSJTBHOCTI KIEHTIB
. TNr TN7 MO0 KOMIaHii Ha  OCHOBI
ne NS — KiJTbKiCTh MPUXUITBHIKIB; ) )
BIATYKIB

TNr — 3arajpHa KiTbKICTh OITMTaHHKX;

NC — KiTBKiCTh KPUTHKIB.

OCHOBOIO I ()OPMYBaHHS ONMUTYBaJIbHHKA II0JI0 BU3HAUCHHS MOTPeO, BIO00aHb, OYiKyBaHb,
MEPECTOPOT MOKYIILIB, a HaJlali KOpUCTyBadiB NpoaykTy. 3riaHo 3 [Ipodinem kiienta (Customer
Profile), kpurepisimu BHCTyHaoTh came (GYHKIOHaIbHI MOoTpedu, Oomi (mepecToporu) Ta
OUiKyBaHa 3aJIOBOJICHICTh KII€HTIB. AJBTEpHATHBAMH CTAlOTh 3TPYIOBAaHI 3a KpPUTEPIAMHU
KOHKPETHI MOKa3HHUKH 13 KJIIEHTCHKHUX 3alHTiB. Pe3ynbraT onuTyBaHHS SK JI0 TOKYIKH, TaK i
TicJIsl HOKYTIKK Ta MEBHOTO Yacy BUKOPUCTaHHS HAKOMMYYIOTHCS I OJabIoi 00poOKH.

Jnst kpamoro BUKOHaHHS poOoTH 4 [UId CTPYKTypu3alil BiANOBiAEH Ta CIPOILEHHS iX
MOJAJIBIIOTO aHANi3y 3allPONOHOBAHO BIPOBAAMTH PO3MOIUICHHS NMHUTaHb, AKi (GOPMYIOTHCS Y
BUTJISI/II TECTIB, HA TaKi OKpEMi KaTeropii:

— (pyHKIIOHATBHICTE — OLIHIOETHCA HASBHICTH KIFOUOBHX XaPAKTEPHCTHK MPOAYKTY abo
NOCIIYTH; TpUKIagamMHu NuTaHb € «Uu mpucytHs ¢yHkUin?», «Yum moTpiOHO mOKAaTH HOBY
byHKLII0?Y;

— PHU3MKH — aHami3yIOThCS MOXJHUBI MpoOjeMu, NOB’s3aHi 3 MPOAYKTOM, HOTO
ekcrutyaraiiero  abo Je KIIOYOBMMHM [OKasHMKaMu €  Oesrmeka,
€Hepro30epeKeH s, 3py4YHICTh Y KOPHUCTYBaHHI, YacTOTa IOJIOMOK a00 BiZIMOB; MPHUKIAIOM
nuTaHHs € «SIki (hakTopy HaiOiIblIe BIVIMBAIOTH HA BAlly JA0OBIpY IO IPOLYKTY?»;

JIOBFOBIYHICTIO,
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— OIliHKa TIepeBar/mepecTopor — OMUTYBaHHS KIIIEHTIB MIOAO IXHIX OYIKyBaHb MeEpen
MOKYIIKOIO Ta PEALHOTO JIOCBITy BUKOPUCTAHHS; IIUTAHHS MOXYTh CTOCYBATHCS 3a/I0BOJICHOCTI
IU3aifHOM, EKOHOMIYHICTIO BUKOPHUCTaHHS, (PYyHKIIOHATBHICTIO 200 MPOAYKTUBHICTIO;

— Oesneka — HagBHICTh CYYaCHHX CHCTEM 3aXHCTy (CHTHAJi3alis, BOTHE3aXHCT TOIIO),
3aXHUCT BiJ 30BHIMIHIX (aKTOPiB (3aTOIUICHHS, TIOXKEXKa, yparaHu TOIIO); MPUKJIATAMH ITUTaHb €:
«Un BiguyBaeTe BU cebe Oe3lMeyHO B MpoIleci eKcIiulyarauii?y», «4u moTrpiOHe BCTaHOBIEGHHS
JIOMaTKOBHUX 3aC00IB OC3MEeKH?y;

— miHa Ta JAOCTYNHICTh — 4YHM BB@KAIOTh KII€HTH BapTiCTh TOBapy abo MOCIYTH
CIPaBEATIMBOIO MO0 SIKOCTI, Y1 MOTPiOHI JOAATKOBI BUTPATH Ha eKCILTyaTalilo abo ajanTaiiio;
NUTaHHSIMH MOXYTb OyTH «UHW BiANOBiIa€e BapTiCTh TOBapy/MOCIYrd HOro sKOCTi?», «Uu He
BUHHKIIO HeTlepe10auyyBaHUX BUTPAT ITiJl 4aC BUKOPUCTAHHS?».

JoaaTkoBO B ONMMTYBAJILHUK 3alIPONOHOBAHO BKJIIOUATH OLIIHKY 3a/I0BOJICHOCTI y Oanax abo
BiZICOTKaX (KIJIIEHTH OIIHIOBATUMYThH Pi3HI aCleKTH MPOAYKTY abo MOCIYyTrH, BiA3HAYATUMYTh
BUSIBIICHI HEJOJNIKM a00 HaJalyTh MPOIO3MIIi 1010 MOKPAIECHHS HPOIYKTY), MPHUOMY TaKi
OIIIHKH 30MParOTHCSl OKPEMO 3 METOIO BCEOIYHOTO aHai3y Ta yCYHEHHS BUSABJICHUX HEIOIIKIB.

[Ipomo3utiii # HETOJMIKKU BITOKPEMIIFOIOTHCS Ta aHAII3YIOTHCSA SK OKPEMi BiJOMOCTI, IIIO
JIO3BOJISIE 30CEPEIUTUCS Ha KIIFOYOBUX aCTEKTaX MOKPALICHHS MPOIYKTY.

s BuKOHaHHS POOIT 5, 6 Ta 7 MpPU JOCTAaTHROMY OO0CS31 JaHUX PEKOMEHIOBAHO
3aCTOCOBYBATHU MPOTPaMHI IHCTPYMEHTH aHaNi3y, K1 MiAXOIATH crienudili BimoBiAHOT pOOOTH.
Crienudika KO>KHOT 3 poOiIT 5, 6 Ta 7 BUMarae 4iTKOro po3yMiHHsI JOLITBHOCTI BUKOPUCTAHHS
TaKUX IHCTPYMEHTIB Ta BaJli JTHOCTI OTPUMAHOTO PE3ybTaTy AJIsl KOKHOTO 3 METOIIB, MOKJIAACHUX
JI0 OCHOBH BIJITIOBITHUX IHCTPYMEHTIB.

PosrnsHemMo MeToam aHamily AaHUX, sIKi HAHYACTillE BUKOPHUCTOBYIOTHCS JJIsl BUKOHAHHS
TakuX pooiT:

— MeTo/J] KoJabopaTuBHOI (iNbTpallii Ha OCHOBI KOPUCTYBauiB. PekoMeHalii reHepyroThes
Ha OCHOBI CX0KOCTI MK KOPHCTYyBadaMH, sIKi MarOTh CXOXi iCTOpii B3aeMoiit a00 BIo100aHB;

— MeToJ KonmabopatuBHOI (inkTpariii Ha 0cHOBI mpeaMeTiB. PekoMmennarii OyayroTbcs Ha
OCHOBI CX0’KOCTi Mi>K 00'ekTamu (TOBapamu, KOHTEHTOM), SIKi CIIOJJOOANHCS KOPUCTYBaYeBi,

— w™eron Qimprpamii Ha ocHoBi Bmicty (Content-Based Filtering). Pexomennarii
TEeHEPYIOThCSI Ha OCHOBI XapaKTEPUCTHK OO'€KTIB Ta BIAMOBIAHOCTI iXHIX BIACTHBOCTEH
BIOI00AHHSAM KOPUCTYBaya.

— ribpuaai metomn. KoMOiHYIOTBCS KiNbKa METOZIB MJIsS TOKpAmIeHHS TOYHOCTI Ta
THYYKOCTi CHCTEMH peKoMeHamii. Hanpuknan, Moxe BHKOPUCTOBYBATHCSA SIK (DUTBTpAIlis, TaK i
¢bigpTparis Ha OCHOBI BMICTY;

— MeTou rnubokoro HaBuaHHsA (Deep Learning). BukopucToByroTh HEHPOHHI MEepexi IS
BUSIBJICHHS CKJIQJJHUAX 3QJISKHOCTEH Ta MOOYI0BH MO/IeNeil peKOMEeH Iallii;

— METOAM paHXKyBaHHs. Bu3Ha4yaroTh MOpsAOK 00'€KTiB y BiANOBiAI Ha 3amUTaHHS
KOPHCTYyBaua, Ji¢ KOXXEeH 00'€KT OTPUMY€E Bary 3aJIe)KHO BiJl HOTO BiJITOBIHOCTI BIIOJOOAHHSIM
KOpHUCTYBaua;

— Meronu, 3acHoBaHi Ha 3HaHHAX (Knowledge-Based). BuxopucToByroTh 3HaHHS Mpo
KOPHUCTYBauiB Ta 00'€KTH AJIs TeHepallii peKOMeHIaLlil;

— CHCTeMH peKOMeHIaliii Ha ocHoBi 3B's3kiB (Social Recommender Systems).
BukopurcToByoTh iH(OpMaLito PO COLialIbHI 3B'I3KM Ta B3a€MOAIl KOPUCTYBaviB AJ1s1 HAJaHHS
PEeKOMeHIaLIii;

— MeToy aHawizy iepapxiii (MAI). BusHauae koedilieHTH BaXIMBOCTI IIOJO0 KPUTEPIiB 32
MIEBHUMU aJlbTEPHATUBAMH JIJISI TTOJIATBIIIOT MPiopUTe3allii BUMOT Ta BIIOJ00aHb.

Ha oco0iuBy yBary cepen po3risiHyTHX MeTomaiB 3acinyroBye MAIL Bin € omHuM i3
HalleDeKTUBHIINX THCTPYMEHTIB ISl IPUHHSTTS PillieHb y OaraToKpuTepianbHuX 3aqadax. Lle
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METOJI I'PYHTYEThCS Ha MAaTEMaTHIHIN Teopii iepapXiid, AKa T03BOJISAE TOPIBHIOBATH aIbTE€PHATHBH
3a PI3HUMH KPUTEPISIMH Ta 3HAXOIWUTH ONTUMajibHEe pimeHHsI. MAI ckiamaeTscsi 3 TakuX
MTOCITI TOBHUX KPOKIB:

— CTPYKTypH3aIlis 3a/1a4i;

— OIIIHIOBAHHS Ta ITOPIBHIHHS;

— CHHTE3 MPIOPUTETIB Ta BUOIp ONTHMAaIBHOTO PILLICHHSI.

Ilepmmii kpok mependauae po3OUTTS MPOOIEMH HAa YITKO BU3HAYEHI KOMIIOHEHTH Ta
BU3HAYEHHS 3B'SI3KiB Ta 3aJIS)KHOCTEH MiXK IUMH KOMIOHEHTaMH. [Ipyruii Kpok moeanye y cooi
(opMyITIOBaHHS YiTKUX KPUTEPIiB AJISl OLIHIOBAaHHS aTbTEPHATHB Ta BU3HAUYEHHS Bard KOKHOTO
KpHUTEPio o0 iHmuX. Ha TpeTroMy Kpoli BiZOYBa€eThCsl PO3PaxyHOK 3arajibHOTO MPIOPUTETY
KO>KHOI allbTepHATHBY 3 YpaxyBaHHAM Baru KpUTEPiiB Ta pe3yNbTaTiB NapHUX MOPiBHSIHb.

MAI mupoKo 3aCTOCOBYEThCA B TakuX cdepax, SK YINpaBIiHHA MPOEKTAMH, MApPKETHHT,
(iHaHCOBMI aHAII3 1 JOTICTHKA, Jie caMe 1 HOTpiOHa OLliHKa CKJIaAHUX anbrepHatuB [16]-[17].

OOpasIiy MeTOJT aHaJTi3y TaHUX, 1110 BiAMOBIAae crerudiii 3a1adi, HeoOXiIHO MO0y IyBaTH
i€papxiro BIaCTUBOCTEMH, 0 HAHOIIBII TypOYIOTh KJII€HTIB, Ta TIEPEUTH A0 BUKOHAHHS POOOTH 8,
a came 710 (hopMyBaHHS MaIy BUPOOHUKA.

OcHOBHMMHM (aKTOpamMH, IIO BIUIMBAIOTh Ha BIPOBA/KCHHS 3MIiH y BUPOOHHUITBO 3
ypaxyBaHHSM BIIO00aHb i BAMOT KOPUCTYBaUiB, CTAIOTh:

— TEXHOJIOTiYHa CIPOMOXHICTh CaMOTO BHUPOOHMIITBA HAIATOAWTH BUITYCK OHOBJIEHOT'O
ACOPTUMEHTY MPOJYKIIIT IMiJl OTPUMAHUMN TIEPEITiK BUMOT

— pecypcHa, (piHaHCOBa Ta MaTepialbHa MOXKJIMBICTh MOJICPHI3allil BUPOOHHUIITBA TIiJT 3aITUT
Ha OHOBJICHHS,

— po3paxyHKOBa OOIPYHTOBAHICTh BUTPAT HA 3MIiHH 3 Mepea0aueHUM POCTOM IPOJIaXKiB Ta
OKYITHICTIO BKJIaJICHb i BUTPAT;

— TOPIBHSJILHHM aHami3 MpPOMYyKIii KOHKYpPEHTIB HI0A0 (YHKIIOHANBHOCTI Ta IiHOBOT
MOJIITHKH;

— IPOTHO3 TUIATOCITPOMOKHOCTI KITIEHTIB T4 KPUTHYHICTD 3pOCTAaHHS BIAITYCKHUX ITiH.

Ji1st BUKOHaHHSI pOOOTH 8 PEKOMEHIOBAaHO 3aCTOCOBYBATH Taki IHCTpyMeHTH, ak: SWOT-
anami3, SCRS, marpuist SFA, MeTo i MamMHHOTO HAaBYAHHS JIJISl CETMEHTAIlii KITIEHTIB.

SWOT-anauni3 (Strengths, Weaknesses, Opportunities, Threats) — 1ie MeTox cTpareriaaoro
IUTAaHYBAHHSI, SIKMH JIOTIOMara€ OL[IHWTH CHJBHI Ta ciaOKi CTOpPOHM MIANPHEMCTBA, @ TAKOX
MOJKJIMBOCTI Ta 3arpo3H, M0 HAJAXOJIATH i3 30BHIMIHBOTO cepenonuina. s nposenenns SWOT-
aHai3y He MOTPiOHO BUKOPHCTOBYBAaTH CKIANHI (OPMYIH, PO3paxyHKH abo HOTpUMYBATHCS
JKOPCTKUX MPaBUJI, JOCTAaTHRO BUKOPHUCTOBYBATH BXKE HAsIBHY iH(GOPMALIiIO PO KOHKYPEHTIB Ta
npoxaaxi [ 18]. 3aBnsku cBoiit amantuBHOCTI, SWOT-aHami3 miaxouTh A KOMIIAHIH He3a1e:KHO
BiZl cepu misuTbHOCTI, po3Mipy Oi3Hecy, 00CATY MPOJaxKy, HaIBHOCTI MAPKETHHTOBOTO BiIILITY
Ta IHIIMX (QaKTOPiB.

SCRS (Strategy, Current State, Requirement, Suggested solutions) — me merox 6i3Hec-
aHaizy A 3HaXO/DKEHHS NpakTHUHUX OizHec-pimenb. Crpateris (Strategy) mepenbauae
posrisig Oi3Hec-uinel i ruraniB. [loTounuit cran (current state) oxormuoe ramrysi KOHKYPEHTIB,
3alliKaBJICHUX CTOPiH, MPOLECIB, HABKOIMIIHBOTO CEPEJOBHIIA Ta BCIiX iHIIMX €JIEMEHTIB, IO
BILUTMBAIOTH Ha Oi3Hec. Y BUMorax (requirement) BU3HayaeThCs1, 90T0 HEOOXiTHO IOCATTH, Oepydn
JI0 yBaru TexHiuHi Ta Oi3Hec-BuMorH. [IpormonoBani pimenns (suggested solutions) — npouec
(opMyBaHHS Ta BIIPOBA/PKCHHS pillleHb, IO BIiAMOBIAAIOTH CcTparerii Oi3HeCy Ta BUSABJICHUM
BuMoram [19].

Meton SCRS cknajaernest i3 TphOX OCHOBHHX €TaIliB:
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— CTpaTeriyHuil KOHTPOIb IMOJO0 BHM3HAYCHHS miied 3a mpuHIunoM SMART: specific
(xoHKpeTHI), measurable (BuMmipHi), attainable (mocspkmi), relevant (akTyanbhi), time-bound
(oOMesxeHi 3a 9acoM) Ta OIIHKK TTOTOYHOTO CTaHy 1 pO3pOoOKH IUIaHy Miif;

— IPOLIEC PETYIIOBAaHHS, IKAW Iepen0adae BiJICTeKEHHS ITPOTpeCcy Ta BHECEHHS KOPEKTHBIB;

— OIIIHKA PEeCypCiB Ta Y3TO/LKEHHS iX PO3MOLTY BiAIMOBIAHO /0 IiIEH.

Marpuus SFA (Suitability, Feasibility, Acceptability) — me iHCTpyMeHT HpUHHATTS
CTpaTeriuHux pileHsb, po3podsienuti [Ixeppi Jxornconom ta Kesanom Ckoyi3om, o 0a3yeTbes
Ha TaKuX MapaMmeTpax: mpuaaTHICTh (suitability), ekoHomiune oOrpyntyBanHs (feasibility) ta
npuiHATHICTH (acceptability) [20]. [IpugaTHICT OLIHIOE, UM BiAMOBiNAE CTpaTeris 3aralbHOMY
HamnpsIMKY AiSUIBHOCTI  opraHizamii. TeXHIKO-eKOHOMIYHE OOIPYHTYBaHHsS XapaKTepPHU3ye
MPaKTUYHI aCMeKTH CTpaTerii, TOOTO YW ICHYIOTh B Oprasizaiii HeoOXiJHI pecypcu Ta
MOYKJIMBOCTI 1s peanizauii ctparerii. [IpuiiHATHICTD BUMIpIOE OUiKyBaHi pe3yJIbTaTy peaizamii
CTpaTerii Ta Te, Y4 BOHH BiJIOBIAal0Th OYiKYBaHHSIM 3al[iKaBICHUX CTOPiH.

MamHHe HaBYaHHS — PI3HOBHJ IITYYHOTO IHTENEKTY, TpPU3HAUYCHHWW HJIs1 BUBYCHHS
CHUTYyalii Ta MporHo3yBaHHs. BoHo nependayae po3poOKy alnropuTMiB, sIKi JJO3BOJISIOTH MallIHHAM
aHaJi3yBaTH Ta IHTEPIIPETYBATH BEIHKI O0CITH JaHUX, BU3HAYATH 3aKOHOMIPHOCTI Ta MpUAMAaTu
0o0rpyHTOBaHI pillieHHsA. B KOHTEKCTI CerMeHTAIlil KIIIEHTIB aJlTOPUTMUA MAIIMHHOTO HaBYAHHS
rpaloTh BUPIlIATbHY POJIb Y BU3HAUYEHHI OKPEMHX TPYII KIIIEHTIB HA OCHOBI IXHIX XapaKTEPUCTHK,
MOBEIIHKY Ta miepenar [21].

OmHMM 3 METOJIB MAIIMHHOTO HABYaHHS JUUIS CETMEHTAIlll KJIEHTIB € KJIacTepu3allis
MeTosioM k-cepenHix, crpsMOBaHa Ha MOMALT HAOOpy NAaHUX Ha OKpeMi KJIacTepH, A€ KOXKEH
KJIACTep MPEICTABIISAE TPYIMy CX0XHUX KiieHTiB. CrioyaTKy 3alaeThcs KibKicTh KiaactepiB (K),
MOTIM BHIAJAKOBAM UYHMHOM BHOHMPAIOThCA K HEHTPOimiB (TOYOK, IO MPEACTABISIOTH LIEHTP
kiactepa). Jlami koxkeH 00'€KT i3 Ha0OpYy JMaHUX BKIIIOYAETHCS JI0 KJIACTEPY 3 HAWOIMKUIUM
HEeHTpOinoM. LIeHTpoinn OHOBIIOIOTHCS, OOUNCIIOIYN CepelHE 3HAYEHHs 00'€KTIB y KOXKHOMY
Ki1actepi. Kpoku moBTOPIOIOTECS, IOKM LIEHTPOIIM HE MepecTaHyTh 3MiHIOBaTUCS abo He Oyne
JIOCSTHYTO 3a/1aHOi KIIBKOCTI iTepartiii.

B mimomy cmin BU3HATH, IO YHIBEpCAIBHOTO 3aco0y st (OopMyBaHHS IiHHICHOT
MPOMO3UII Ta aHamizy MOTped CIOKWBadyiB He icHye. ToMmy HEOOXiTHO TPOBECTH PsII
eKCIIePUMEHTANIBHNAX JIOCHI/PKeHbh 3 BHKOPUCTAHHAM pi3HUX 3acobiB IT Tta oOrpynTyBarn
JOIITBHICTh BUKOPHCTAHHS TOTO UM 1HIIIOTO IIPUKJIATHOTO IHCTPYMEHTY BUKOHAHHS PO3TIISTHY TUX
pOOIT Ha OCHOBI OTPUMAHUX EKCIIEPUMEHTAIBHHUX Pe3yJIbTaTax.

5. Pe3yabTaTH 10CTiAKEHHS

5.1. Po3podka mnoBeainkoBoi Mmopgeni iHdopmanilinoi TexHoJsorii ¢opmyBaHHs
HiHHiCHOT Mpomo3nuii

3anpornoHoBaHa iHpoOpMalliiiHa TeXHOJIOTis (OPMYBaHHS IHHICHOT MPOMO3UIIii mepedayae
TIOCITiIOBHE BUKOHAHHS HU3KHW €TaIliB, CIIPSIMOBAHUX Ha 30ip, 00poOKy Ta aHali3 KIIEHTCHKHX
JaHuX. B OCHOBI TEXHOJIOTIT IEXKUTH BUKOPUCTAHHS CyYacHUX 1HCTPYMEHTIB JUIsl aBTOMaTH3aLii
NPOLIECiB MOHITOPUHTY Ta aHali3y, IO JI03BOJISIE ONEPAaTUBHO pearyBaTH Ha 3MiHU BIOAOOaHB
KJIIEHTIB Ta aJanTyBaTH OI3HEC-NPOILIECH BIAMOBIAHO 110 iXHIX moTped. PesynbraTi po3poOku
NOBeIiHKOBOI Mojeni wiel TexHosorii npexacrasieHo y Burisiai UML Activity-miarpamu, ska
JEeTaJbHO JEMOHCTPYE MOCHIIOBHICTH BUKOHAHHS MPOLECIB Ta B3a€MOJiI0 3 0azaMH JaHUX i
30BHIIIHIMY JpKepernaMu iHdopmarii (auB. puc. 3).

OCHOBHI KPOKH POOOTH BKITFOYAIOTH:

— 30ip AaHuWX, M Yac SKOro 3IIHCHIOETHCS MOHITOPHHT IOLIYKOBHUX 1CTOpiil KITI€HTIB,
aHaJi3 KUTbKOCTI 3alTIB 3a NMEBHHUMU O3HAKAMH; BUKOHYETHCS 3 BUKOPHCTAHHIM 0a3u JaHUX
MONTYKOBHUX ICTOPiH, M0 3a0e3neuye CUCTEMAaTH3allil0 Ta CTPYKTYpyBaHHS OTPHMaHOI
iH(popMaii;
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i

— aHaJi3 NoTpeO KIIIEHTIB, SKU BU3HAYA€ HANYACTIIIC 3allUTaHi MOKA3HUKU Ta TOJOBHI
KpHUTepii BiIOOPY; BUKOHYETHCSI HA OCHOBI JaHUX, OTPUMAHUX 3 0a3M MOKa3HHUKIB Ta KPUTEPIiB;
3a0e3reuye CTBOPEHHS OCHOBH I (OPMYBaHHS ONHTYBAIBHUKA, SKHH JO3BOJISIE 310paTH
JTOJTATKOBY iH(OPMAITiTO TIOI0 MPIOPUTETIB KITIEHTIB;

— CTBOPEHHS ONUTYBAIbHUKA;

— aHaJi3 OuiKyBaHUX pe3yJIbTaTiB; AaHi pe3yNbTaTiB 30epiraloThes y 0a3i TaHUX pe3yabTaTiB
JUTS IOAAJIBIIOT0 BUKOPUCTaHHS;

— MOBTOPHUI aHalli3 3MiH Ha OCHOBI ITOBTOPHOTO ONHUTYBaHHS; JaHi 3MiH 30epiratoTbcs y
BIAIOBIHIN 0a3i;

— (opMyBaHHS PEKOMEHJAIil IUIIXOM CTBOPEHHS pPEKOMEHIauili BUPOOHUKY MO0
KOPHUTYBaHHS MPOJYKIIii a00 MOCIYT; TaKi peKOMEH/AIli1 0a3yt0ThCs Ha pe3yabTaTax aHali3y 3MiH
y BIOJO0AHHSX Ta JIO3BOJISIOTH MIJIBUIUTH SKICTh IHHICHOT TPOIO3MIIIi.

3arasioM, 3anpornoHoBaHa iHhopMalliiHa TEXHOJIOT 1S JO3BOJISIE pealli3yBaTl THyYKUH MiXix
JIo afanTalii 6i3Hec-TIpoIleciB, BpaXOBYIOUHM peaibHi MoTpeOu KirieHTiB. Lle 3a0e3neuye He nurie
IBUIICHHS JIOSJIBHOCTI CTII0)KHUBAYiB, @ i KOHKYPEHTOCTIPOMO>KHICTh KOMITaHi{ Ha PHUHKY.

Ha niarpami BukopucTtanHs (AuB. puc. 4) HaBEIEHO CXeMaTHYHE MPEJICTABICHHS KIIOYOBHX
€TariB Ta B3aEMOJIil B paMKax 3alpOTNIOHOBAHOT aBTOMATH3AIlil 3a/1a4i OOTpyHTYBaHHS [iHHICHOT
npono3utlii. EQekTuBHe ynpaBiiHHS BUPOOHUIITBOM Ta Opi€HTAIlisl HA MOTPEOM KIIEHTIB Y
CydacHMX yMoOBaxX Oi3HeCy BMMararOTh BIPOBA/DKEHHS 1HHOBAI[IHHUX MIAXOMIB IS aHATi3y Ta
ajanranii 0 MIBUIKO 3MIHIOBAHUX 3aIIUTIB CIIOKUBAYIB.

Po3po0bena noBeaiHkoBa MOAEIb 0a3y€eThCsl Ha IHTETpalii Cy4acHUX 3ac00iB aBTOMaTU3aLi]
300py, 00poOKH Ta aHAJI3y JaHUX, TAKKX K CUCTEMH Oi3HEC-aHAJITHKH, MAITMHHE HAaBYaHHS Ta
METOJU OIIHKH KIIEHTCHKOTO aocBigy. KirodoBuM acmektom 11i€i TexHoJOrii € moOyzoBa
NpOoLIeCy MOHITOPUHTY Ta YIPaBJIiHHSA, SKAH J03BOJIsE 30MpaTh JlaHi Ipo BHOAOOAHHS KII€HTIB
Ha pI3HUX eTanax IXHbOI B3a€MOJIi 3 MPOAYKTOM abo MOCIYToro, BKIFOYAIOYHM aHAII3 Tepen
MPUI0AHHSM Ta MiC/s OTPUMAaHHS JOCBIY BUKOPUCTAHHS.

Hiarpama 1eMOHCTpY€ HOCIiJOBHICTb [ill, IOYWHAIOYH BijJl BUBYEHHS KIIIEHTCHKUX MOTPEO
1 3aBepiryroud (GOpPMYBaHHSM PEKOMEHJAII OO0 ONTHUMI3allii acoOpTUMEHTY Ta
OOIpyHTYBaHHSIM 3MIiH Yy BHPOOHMYMX Tpoliecax. BaxkimBe Miclie 3aiiMalOTh €Tald OIHKA
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Puc. 4. Jliarpama BapiaHTiB BUKOpUCTaHHs iHpOpManiiHOT TeXHOJIOTii (JOpMyBaHHS LIHHICHOT
MPOTO3HUITT

BUTPAT HA BIPOBAPKEHHS 3MiH, aHAJI3y KOHKYPEHTOCIPOMOXKHOCTI Ta MPOTHO3YBAaHHS PiBHS
TUTATOCTIPOMOXKHOCTI KJTi€HTIB. TakuM YMHOM, JaHa TEXHOJOTis € iIHCTPYMEHTOM ITiIBUIIICHHS
e eKTUBHOCTI Oi3HEC-TIPoIeciB Ta 3a0e3MeUeHHs CTaJIoro PO3BUTKY IMiJIPUEMCTBA.

OcoOnMBICTIO 3aIPONOHOBaHO1 iH(QOPMAIiHOI TEXHOJIOTIT € BUKOPUCTAHHS MOBTOPHOTO
aHamizy 3MiH y BHOJOOAHHSIX KIIE€HTIB TICISA OTPUMAaHHA HUMH JOCBiTy KOPHUCTYBaHHS
nponyktoMm. lle 7103Boisie BUpOOHHMKY HeE JIHMINE pearyBaTd Ha IIOTOYHI 3aluTH, ane M
MPOTHO3YBaTH MalOyTHI TEH/IEHIIIT HAa PUHKY, MiJBUIYIOYH JOSUILHICTD KJII€HTIB 10 OpEHITY.

OxpiM 11pOTO, 3HAYHY POJIb Bilirpae (iHAHCOBHH aHaJi3, 30KpeMa, OL[iHKa BUTpaT Ha
MOJICpHi3allifo BUPOOHWIITBA Ta TOPIBHAHHSA TMOTEHI[IHHUX BHUTPAT 13 MPOrHO30BAHUMHU
npubytkamu. Lle 103Bossie Oi3HECY MpUIMATH 3Ba)KCHI PIIICHHS, OPIEHTYIOYUCh HA PUHKOBY
CUTYAIIIIO Ta IJIATOCIIPOMOXHICTh KITIEHTIB.

TakuM 4YWHOM, 3alpPONOHOBaHA iH(bopMauiﬁHa TEXHOJIOT1s (I)OpMyBaHHsI IiHHICHOT
PONO3HLI € IEBUM IHCTPYMEHTOM sl 111 ABUILICHHS KOHKYPEHTOCIIPOMOXKHOCTI I IPHEMCTBA,
ONTUMi3aIii BUPOOHUYUX BUTpAT Ta 3abe3ledeHHs JOBrOTPUBAIUX BiIHOCHH 3 Kii€HTamu. i
BUKOPHCTAHHS CIIPHSE JOCITHEHHIO CTPATETIYHUX LiIeH Oi3HeCy 3aBIISIKM Opi€HTALll HA peabHi
MOTpeOr CIIOKUBAYiB Ta aJIanTallii BAPOOHUYHX TPOIIECIB O MiHIMBUX YMOB PUHKY

5.2. TexnosaoriyHuii crek iHgopmaniiiHoOi TeXHOJIOTIl

Po3pobka Ta BHpoBapKEHHS 3alpOTNIOHOBAHOI iHGOpPMAIIHOI TeXHONOTIi (opMyBaHHS
HiHHICHOI mpono3uuii nependayae BUKOPUCTAHHS 1HTETPOBAHOI'O TEXHOJIOTIYHOTO CTEKa, LI0
OXOILTIOE PI3HOMAaHITHI mporpamHi 3acodu Ta mardopmu. Lel crek 3abe3neuye edexkTHBHUN
30ip, 00poOKy, aHaji3 Ta Bi3yasi3allil0 JaHUX, HEOOXITHMX JUIs NPUHHATTS OOIPYHTOBaHUX
0i3Hec-pilIeHb.

3anpornoHoBaHU BapiaHT TEXHOJOTIYHOI'O CTeKA CKJIAJA€ThCS 3 TAKMX KOMIIOHCHTIB:

— Google Analytics, BHKOpHUCTaHHS SKOTO JO3BOJIMTH BIICTEXKYBATH IOBEIIHKY
KOpUCTYBauiB Ha BeOCailTi, aHaNi3yBaTh Jxepena Tpadiky Ta e(eKTHBHICTH MapKETHHTOBHX
KaMIIaHiH;

— MixPanel ta Heap Analytics, siki HaJlaJlyTh MOXIIUBICTD JCTAIEHO BUBYATH B32EMOJIIIO
KOPUCTYBauiB 3 OKpPEMHMH €JIEMEHTaMH iHTepdeicy, M0 CIPUIATUME MIMOLIOMY PO3YyMiHHIO
noTped KITEHTIB,

— Hotjar, sikuii J03BOJIUTH 3aIMCYBATH CeCii KOPUCTYBAYiB Ta MPOBOJUTH ONMUTYBAHHSI, 10
JIOTIOMOJKE BHSIBIISITH TIPOOJIEMHI 30HU Ha CalTI Ta MOKpaIlyBaT HOTro 103a0imiTi;
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— Apache Hadoop 3a0e3mne4nTh MOXIMBICTH OOPOOKH BEIMKUX OOCSTIB AaHUX 3 Pi3HHX
JOKEpeN y PO3MOAIIEHOMY CEPeOBHII, IO MiABUIIUTH MAacIITaOOBaHICTh Ta MPOIYKTHBHICTH
CHCTEMU;

— Python, sixa nerko peanizye MAI 3ansku Takum 6i0mioTekam, sk NumPy, pandas Ta ahpy;
KpiM Toro, Oibmioreka ahpy cmemiamizyeTbcsi Ha OOYHCIEHHSIX BaroBHX KOE(QIIiEHTIB Ta
Bi3yaui3arlii pe3yJbTaTiB;

— MATLAB, sike Ma€ TOTYXHi iHCTpYMEHTH Ui pOOOTH 3 MaTPHUISIMH, 1[0 POOUTH HOTO
3pYYHUM JUTA BIIpoBakeHHST MAIL 0co0nrBo B akageMidHuX a00 IHKEHEPHUX 3a7adax;

— aUTOpPUTMH KJacTepw3amii, $Ki JO3BOJSATh TPYIyBaTH KII€HTIB 32 CXOXXKHMH
XapaKTepUCTUKAMH Ta MOBEJIHKOBUMH MaTEepHAMH, L0 CIIPUATUME PO3pOO1Ii IepCOHaTi30BaHUX
MapKEeTUHTOBUX CTpaTeriii;

— BapiaHTH peami3amii METOAIB MAIIMHHOTO HABYAHHS, SKi TOTIOMOXYTH IPOTHO3YBaTH
MaiOyTHI [ii KTi€HTIB (HMOBIPHICTh TOBTOPHOI IMMOKYTIKH, BIITOKY TOIIIO), IO TO3BOJIUTH BUACHO
BJKMBATH BIATOBIIHUX 3aXO/iB;

— iHCTpyMeHTH Bisyamizamii Ta MmosmemroBanHs mpoueciB (UML Activity-miarpamu, sxi
BUKOPHCTOBYIOTBCS JUII MOJETIOBAHHS TOCTIIOBHOCTI Aiii Ta B3aeMOMil MK KOMIOHEHTaMH
cucrtemu, i IDEF3-nmiarpamu, sixi 3a0e3nedyroTh BisyallbHE MpPEICTABICHHS MOTOKIB poOiT Ta
MIPOIIECIB, M0 JOTIOMArae BUSIBJIATH HES(DEKTUBHOCTI Ta ONITUMI3yBaTH ONEpaIliiHI MPOLECTYPH ).

BapTto Takoxx 3a3Ha4nTH, M0 BUOIp KOHKPETHUX IHCTPYMEHTIB Ta IIATPOPM 3aJIeKUTh BiJ
cnenugikn Oi3Hecy, O0OCSTiB JaHWX Ta TEXHIYHHX BHUMOT MpPOEKTY. ['HyuKicThb Ta
MacITabOBaHICTh 3alIPOMOHOBAHOTO CTEKA JTO3BOJISIFOTH afanTyBaTH MOTO IiJ] Pi3Hi MOTPeOH Ta
320€3MeYNTH IHTETPAIIiIO 3 ICHYIOUHMH CUCTEMAaMH ITiAMTPHEMCTBA.

TakuM YMHOM, BIPOBA/DKEHHS JAHOTO TEXHOJOTIYHOTO CTEKA CIPHUATHME ITiJBHIICHHIO
e(heKTUBHOCTI MPOIIECIB (POPMYBaHHS I[IHHICHOT IPOTO3HUIIIi Ta ONTUMI3AIlil BUTPAT.

6. O0roBopenHsi pe3yJbTaTIB JOCTiTKEHHA

PosrnsHyTi B XOmi JOCHIKEHHS MiAX0oAW A0 (OpMyBaHHS MiHHICHOI MPOTMO3MIIi]
JIO3BOJIMJIH:

— cthopmyBati iHpOpMaLliiHY TeXHOJOTiI0 (QOpMyBaHHS IIHHICHOT MPONO3WIIT Ta
(opMaiizyBaTy i MOBEIIHKOBY JiarpaMy y BUTJISL Bi3yalbHOI MOJIENI;

— 3aIPONIOHYBATH BapiaHT TEXHOJIOTIYHOT'O CTeKa OMUCAHOT iHPOPMAIIIITHOT TEXHOJIOT1.

Oco6nuBy yBary OyJio NpUIiIEHO BU3HAYEHHIO HEJOMIKIB, BIO100aHb, BUMOT 1 3ayBasKe€Hb
KJTI€HTIB 32 pe3yJbTaTaMM JIOCBiy BHKOPHCTaHHS OIIHIOBAHOTO MPOAYKTY a0 TOCIYTH 3
aKIIEHTOM Ha 3MiHHM y TIODIBHSHHI 3 TEPBHHHUMH OYiKyBaHHAMH. TakWi MiAXiJ] YCKIIQJIHIOE
mporiec 0OpoOKM JTaHUX, aje MPUHOCUTHh TOYHINI pe3ynbratd. Ha ocHOBiI aHamizy nux
pe3yJbTaTiB MOKHA OHOBJIIOBATH OOIPYHTOBaHI Many BHPOOHUIITBA, IIO 3MEHIIYE PH3HKU
OTPUMAaHHS OMHJIKOBUX YIPABIIHCHKUX PIllICHb.

Jlesiki mpoaHalli3oBaHi B POOOTI METOMY HE 3HAMIUIM TOAAJBIIOIO 3aCTOCYBaHHS B
iHdopMariiiHiii TexHomorii (opMyBaHHS IIHHICHOI TPOMO3WIi, TOMY IO MAalOTh HH3KY
HEJIOJIIKIB.

Tak, vemoniku SWOT-anamizy ta mertogy SCRS monsraroTh y BiJCYTHOCTI KUIbKICHUX
OLIIHOK Ta HEMOYJIMBOCTI paHKyBaTH (PaKTOPH 3a CTYNEHEM BasKIMBOCTI. Y IIMX METOAAX TAKOX
NPUCYTHsI Cy0'€KTHBHICTH Ta HEBPAXOBaHICTh B3a€EMO3B 3Ky MK (PaKTOpaMH, OCKIIBKM OLIHKU
CIIMPAIOThCS OiNIbIlIEe HA JYMKH Ta Oa4eHHS TOT0, XTO MPOBOJMTH MAPKETHHIOBE JTOCIIIKEHHS
[22]-[23].

Metoau SCRS i SFA ¢okycyroTbcsa Ha yIpaBiIiHHI PU3UKaMH, L0 € TAKOK BAXKIMBUM JJIs
Oi3Hecy, ajie He OepyTh Oe3MmocepeIHbOT yyacTi y GOpMyBaHHI IHHICHOT TPOIO3MIIII.

Cepen HeoiKiB 3acToCyBaHHs MaTpulli SFA €:

— noTpeda B onepeIHbOMY aHali3i;

— BEJIMKi YaCOBi BUTPATH, KOJIM iCHy€e OaraTo cTpaTeriYHuX BapiaHTIB;

— 3a YMOBH ICHYBaHHs JIBOX CTpaTerii, 1[0 MalTh OJHAKOBI a00 OJIM3bKI pe3yJbTaTH,
NOTPiOHO 3HANTH CIIOCIO MPUHHATTS PilICHHSI.
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3acrocyBaHHS METOJIB MAalIMHHOTO HAaBYaHHS Y 3alpoIlOHOBaHild iH(opMamiiHii
TEXHOJIOT1] 0OMEXYy€eThCSl HEOOXITHICTIO BHPIIICHHS 3HAYHOI KiJbKOCTI mpobmem. Cepen mmux
po0OJIeM OCOOJIMBO CINiJ BUIUIATH MPOOJIEMH, TIOB’sA3aHi 13 AKICTIO Ta IOCTYMHICTIO JaHUX, a
TaKOX 13 JIMHAMIYHO 3MIHIOBAHOIO IOBEAIHKOI KIi€HTIB. Tak, HampHKIaJ, SKIIO HaOip
aHaTI30BaHWX JAHWX MICTUTH BIJICYTHI 3HA4YEHHS, BIH MOXX€ BIUIMHYTH Ha TMPOIYKTHBHICTH
MOJeIIeH 1 TPU3BECTH A0 IMMOMIIIKOBOI cerMeHTaIlii KirieHTiB. KpiM Toro, SKIIo mepeBaru KireHTa
3HAYHO 3MIiHIOIOTBCS, MOJIeIb, HABUCHA 3aCTAPUIMMHU iICTOPUYHUMHU JAaHUMH, MOXKE TTOMIIIKOBO
kjIacu(ikyBaTH KII€HTIB B HEMpPaBWIbHUI cerMeHT. be3mepepBHUI MOHITOPHUHT 1 OHOBJICHHS
MojzieJe cerMeHTarii HeoOXigHi A TOro, mo0 BOHM KOPEKTHO BIJICTEXXYBAJIM MOBEIIHKH
KJTIEHTIB, 0 PO3BUBAIOTHCS.

7. BUCHOBKH Ta NepPCHEeKTUBH MOJAJBIIUX J0CIKEHb.

Y xomi mocmimkeHHS OyIo MpOaHATi30BaHO OCOOMHMBOCTI (OpMyBaHHS IIHHICHHX
MPOMO3MI Ta 3ampoINOHOBaHO 1H(GOPMAIIWHY TEXHONOTiIF0 (OpPMyBaHHS MIHHICHUX
npono3uliii. Po3pobineHo MmoBeaiHKOBY MOJeNb L€l TEXHOJOTrii, MpeICTaBICHY Yy BHUIIISII
Activity-giarpamu Ha puc. 3. Buxomsuu 3 Ifi€i MOBEIIHKOBOI MOjEINi, po3poOIeHO aiarpamy
BapiaHTIB BUKOPHUCTaHHS iHQOpMAIiifHOT TeXHOIOTil (opMyBaHHS LIHHICHOI MPOMO3MUIIi, sSKa
BU3HAYA€ OCOOIMBOCTI MPOrpaMHoOi peatizamii i€l TeXHOIOTii.

Hns peanizanii 3amponoHoBaHoi iH(opMamiiiHoi TexHoJorii O0yno cpopmoBaHo BapiaHT
TEXHOJIOTIYHOTO CTeKa MPOTPAMHUX IIaKeTiB, CEPelOBUIN Ta 3aco0iB, SKi PEKOMEHIOBaHO
BUKOPUCTOBYBATH JJIsl pealtizalii miei TeXHOJIOT 1.

OtpuMaHi pe3ysabTaTH JOCHIDKCHHS JIO3BOJIAIOTH CTBEPKYBAaTH, IO OPIEHTAIlisS Ha
3a/I0BOJICHHS TOTPeO KIIE€HTIB € KIYOBUM (hakTopoM (GOpPMYBAaHHS YCIINIHOI IiHHICHOI
nporno3utii. OcoOIMBHMil aKIIEHT BapTO POOUTH Ha KOIITOBHUX IMPOIYKTAaX, K1 KITIEHTH O0OMPalOTh
JUTSL TPUBAJIOTO BUKOPUCTAHHA. Y TaKMX BHUIAJKaX KOMIIaHis MOBUHHA:

— IEMOHCTPYBAaTH MPAKTUYHY KOPUCThH BiJ] BAKOPUCTAHHS MPOJYKTY AJISl KIII€HTA;

— OOTpyHTOBYBaTHM BHTpAaTH dYepe3 3pO3yMiJli IMOKAa3HWKH e(QEeKTUBHOCTI, Taki SIK
JIOBIrOBIYHICTE 1 HAIHHICTE;

— BpPaxOBYBaTH JIOBIOCTPOKOBHW KIIEHTCHKHI JIOCBiA, (OPMYIOYM BHCOKHH pPIiBEHb
3aJ0BOJICHOCTI.

OmHMM 3 HaNpsAMIB MOAANBIIMX JOCTI/DKEHb € JIOCIHIPKeHHS OCOOIHMBOCTEH iHTerparii
MaTeMaTHYHUX MOJEJICH Ta METPHUK Y mpoiiecu Oi3Hec-aHami3y. Lli Mojeni Ta METpUKH, TaKi K
LTV, CAC, CRR, CSAT i NPS, craHyThb HEBIIIUIBHUMHU IHCTPYMEHTAMH JUIS aHANi3y
edexktuBHOCTI Oi3Hecy. Pe3ymbTatm po3paxyHKiB TakUX METPHK JO3BOJATh KOMIIaHii
YXBAIIOBaTH OOIPYHTOBAHI pIillIGHHS WIOMO ONTHMi3alii Oi3HEC-MPOIeciB, YAOCKOHAICHHS
MPOJYKTIB 1 OCIYT, a TAKOX IJIaHYyBaHHS CTPAaTETiYHUX HANpPSIMKIB pPO3BUTKY. BukopucTanHs
TaKMX MOJIENICHl Ta METPUK CHPHUATHME IMiJBUIICHHIO KOHKYPEHTOCIIPOMOXKHOCTI KOMIIaHii,
MOKPAIIEHHIO KIIEHTCHKOTO JIOCBiy Ta 301IBIICHHIO MPUOYTKOBOCTI.

3anponoHoBaHi METO/IM Ta 3ac00M 00pOOKHM Ta aHANI3y AaHUX JO3BOJIATH BU3HAYUTH MaIly
KIIi€HTa 3 Horo moTpedamu, BIOIOOAHHSAMU, OOJSIMH Ta OYiKYBaHHSMH, a TaKOX CHOpPMYBATH
KapTy IIHHOCTI BUPOOHWKA, KA OyJe MiCTUTH:

— chopMoBaHy IIIHOBY MOJITHKY BUPOOHHUIITBA;

— MepeJIiK MOCyT, 10 HaAaloThCs IS 3a0BOJICHHS KITI€EHTCHKHUX MOTPEO;

— BU3HAYCHHS IepeBar NpOAYyKUii nepe] NpoAyKLi€r0 KOHKYPEHTIB.

HactymHuM HampsiMOM JIOCHIJDKEHB CTaHe anpodallis 3amporoHOBaHO! iHQOpMAaIiifHOT
TEXHOJIOTI] Pi3HMMHU BapiaHTaM{ TEXHOJIOTIYHOTO CTEKa Ta BHU3HAYEHHS HAWKpAmoro 3 IuX
BapiaHTIB Iyl MAlOYTHBHOTO 3aCTOCYBaHHS.
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C.A. TPUCTAH, O0.4. MIXHOBA

METOJl AHAJI3Y BIAI'YKIB KJIEHTIB IIPO TIPAIIIBHUKIB
IMPOAYKTOBOI IT-KOMIIAHII

Ha ocHOBi mpoBeAeHOTo AOCIHiIKEHHS ICHYIOUHX METOIB, IO 3aCTOCOBYIOTHCS i Yac
po3podku inpopmaniiiaux cucteM (IC) aHani3zy qaHWX, OTPUMAHUX 3 BIATYKIB PO MPALiBHUKIB,
CHUHTE30BaHO HOBUI METO, sIKUii 3a0e3neuye norpedu nmpoaykrosoi I T-komnanii. J{ns nogidHoro
JOMEHY 3aJa4 PO3TIITHYTO BHKOPHUCTaHHS (ppeMBOpKIB Ta MPOrpaMHOTo 3a0e3Ne4eHHs, IO
JI03BOJISIE ABTOMATU3YBAaTH Tpoliec 300py Ta 00pobku qaHux. Lle Hanae MOKIMBICTh €()EKTHBHO
OTPUMYBATH 3HaYMMY iH(OpMaIito 3215 MOKPAIECHHS! BHYTPILIHIX IPOLECIB y MPOAYKTOBiit IT-
kommanii. Ha ocHOBI aHalizy cy4acHHMX NpPaKTUK B rainy3i po3poOku cucteM Oi3Hec-aHaJiTUKU
3aIpOMOHOBAHO MU3aifH iHTep(elicy cremianizoBaHoi aHamiTHaHOI migcuctemu IC.

1. Beryn

VY cyuacHoMy Oi3Hec-cepeAoBHIli, 0COOMMBO B ranmysi iHpopmauiiiaux texHonoriid (IT),
SKICTh OOCITyTOBYBaHHS € OJIHUM 3 BU3HAYAILHUX (PAKTOPIB 3aJTyYCHHS Ta YTPUMAaHHS KITi€HTIB.
Biaryku kiai€HTIB JO3BOJISIIOTH KOMITaHISIM BUSIBJISITH CHJIBHI Ta cllabKi CTOPOHM CBOIX MOCHYT i
CBOEYACHO pearyBaTh Ha NOTPeOM KIIEHTIB. AHANI3 IMX JaHUX JO3BOJIIE KEPiBHUKAM
00’ €KTUBHIIIIE OLIIHIOBATH MPOJTYKTHBHICTb 1 SIKICTh POOOTH NEPCOHAITY, IO CIPHSIE TPUIHHATTIO
OOIpYHTOBaHHUX PIIICHB 11010 HABYAHHS, MOTHBAIIIT Ta PO3BUTKY IPAIliBHUKIB.

Pyuna o0poOka Benukux OOCSTIB JAaHWX Ma€ HHU3KY HENOIIKIB, Cepel SKUX BHIUIIOTHCS
TPYAOMICTKICTh Ta 3HaAYHA KUTBKICTh TOMIIIOK. ToMy po3poOka iHnpopmartiitaoi cucremu (IC) mis
aBTOMaTH3allii 00pOOKM JaHUX MPO MPALiBHUKIB y BUTIIS/II BIATYKIB KITI€HTIB MOBHHHA CTIPUSTH
MiZIBUIICHHIO TOYHOCTI 1 IIBWAKOCTI BHKOHAHHS TaKOTO aHalidy. BHKOpHUCTaHHS CydacHHX
TEXHOJIOTIH JIJIs aHaJli3y BIATYKIB KII€HTIB HA/Ia€ KOMIaHi1 KOHKYPEHTHY IepeBary, J03BOJISI0UN
MIBUAIIE AJaNTyBaTHCA JIO 3MiH y BHMOTaX KII€HTIB 1 3a0e3nedyBaTH BUCOKH piBEHb
3ag0BoJIeHOCT] KimieHTiB. Kpim Toro, po3podka IC nepexnbauae BUKOPUCTaHHS 1HTENEKTYaIbHUX
TEXHOJIOTIM 1 METONIB aHami3y NaHWX, TaKUX SK MaIlMHHE HaBYaHHs, IO BiJIKPUBAE HOBI
MOJKJIMBOCTI JUTA TJIHOIIOTO PO3YMiHHS MOTPeO KIIEHTIB 1 TEHACHIIH pruHKY. ToMy IpoBeIeHHS
TEOPETHKO-NIPUKJIAJHUX JJOCIIKEHB, CIIPSIMOBAHUX Ha CTBOPEHHS CIELiali30BaHOI aHATI THYHOT
MiICUCTEMH, sIKa JJ03BOJINTH aBTOMATH3YBaTH Ipolec 300py Ta aHaJi3y BiATYKiB KII€HTIB IPO
npauiBHUKiB IT-kommnaHnii, € aktyansHuM. Taka mizcucrema moBUHHA 0a3yBaTHCS Ha CYy4acHHX
TEXHOJIOTISIX OOpOOKM BENHMKHX JAaHUX Ta MALIMHHOIO HAaBYaHHS JUIsl OTPUMaHHs 1HCAHTIB, IO
JIOTIOMO’KE MiABHIIUTH SKICTh OOCIYrOBYBaHHS KJIIEHTIB, BUSIBUTU CHJIbHI Ta CJIAOKi CTOPOHH
NpPaliBHUKIB, a TaKOX MIJBUIIUTH 3arajbHy NPOAYKTHBHICTH NpaliBHUKIB mpoaykrosoi IT-
KOMITaHii.

2. JocaiizkeHHs iCHYIOYMX MeTONIB i 3ac00iB aBTOMaTH30BAHOIO aHaJi3y BiATyKiB
KJIiEHTIB

Jnst aHamizy BIATYKIB KIJII€HTIB MOXKHA 3aCTOCYBaTH psAJ ICHYIOUHMX METOJIB, IO
JOMIOMOXKYTh 3PO3YMITH 3a/I0BOJICHICTh KII€HTIB, BHSBUTH MOXJIHUBI NpoOieMu Ta HagaTH
BaYUIMBI pEKOMEH/AIIT JUIsl TIOJINIIEHHsT MPOAYKTiB abo mocmyr. Lli Meromu i Moxeni Mo)kHa
PO3UTUTH Ha KIJIbKICHI Ta sKicHI miaxoau [1].
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KimpkicHi MeTonm aHamily BIATYKIB KII€HTIB 0a3ylOThCS HA CTATUCTHYHOMY aHai3i,
BH3HAYCHHI TCHCHINH, CEpeHIX 3HAYCHb, KOPENAIil i aHoMamiii. Y pa3i morpebu, mepen
3aCTOCYBaHHSM KUTbKICHHX METO/IIB aHATI3y 31CHIOIOTH 301p Ta OUMINEHHS JaHUX, O0YMCICHHS
TaKUX CTAaTUCTUYHHUX ITOKA3HWKIB SK CepedHe, MeJiaHa, MIHIMyM, MakCHMyM, OWCIEPCII Ta
CTaHJapTHE BiIXWICHHS [2].

Haiimmmpie 3actocyBaHHS 3HAXOASATH TaKi KiJbKICHI METOMU:

— aHani3 3amoBojeHocTi kiieHTiB (Customer Satisfaction Score, CSS) — oninka 3aransHOro
PiBH 3aI0BOJIGHOCTI KJII€HTIB 3 BUKOPUCTAHHSM OIMTYBaHb, JI¢ KIIIEHTH OLIHIOIOThH CBil piBEHb
3aJI0BOJICHOCTI 32 IIKaJIok0 (Hanpukiaz, Big 1 mo 10);

— anani3 npomoytepiB (Net Promoter Score, NPS) — oninka iMOBipHOCTI TOTO, IO KIIEHTH
PEKOMEHTyBaTUMYTh KOMIIAHIIO iHIIUM (KJII€EHTIB 3alUTYIOTh, HACKITBKH MMOBIPHO, II0 BOHH
MOPEKOMEH/TYIOTh KOMIIaHil0 1HIIUM 3a mKaiow (3a3suuaii, Big 0 mo 10)). 3a pesympraramu
BiJIMOBiZIel KITI€HTIB PO3MOJUIAIOTH HAa IPOMOyTepiB (OLiHKa 3a mKanow 9 abo 10), macuBHUX
KopHcTyBauiB (ouiHka 7 ado 8) ta kputuku (0-6) [3], [4].

[epeBaramu KiTbKiCHUX METOJIIB €:

— 00'€KTHBHICTH (CTATUCTHYHI MOKAa3HWKH Ta OLIHKA BHUKOPHCTOBYIOTH YITKO BH3HAYEHI
IUQPOBI 3HAYCHHS, 0 3HIKYE PU3UK CyO’ EKTHMBHOCTI MPH OIIiHIII);

— MacIITabOBaHICTh (3aTHICTH 0OPOOIISATH BEJIUKI 00'€MHU JaHUX, 110 POOUTH 1X 11€aTbHUMU
JUTS aHAJTi3y BEJIMKUX PUHKIB 200 BEITUKOI KiIBKOCTI KITI€HTIB);

— JIETKICTh BUKOpPUCTaHHs (YiTKi moka3HuKH, Taki sk NPS abo CSS, nerko 3po3ymitu Ta
IHTepIpPETYBaTH, 10 CHPHUSIE MIBUAKOMY MPUHAHSTTIO PIlICHb.

HepnomikaMu KiJIbKICHUX METOIB €:

— BTpaTa HIOAHCIB (y YHCIOBHX JAaHUX MOXKe OYTH YNYIIEHO JeTalbHy iH()OpMAIio Mpo
MEPEIKUBAHHS 1 BpAXKCHHS KJIIEHTIB, TOOTO €MOIIIHHI aCTIeKTH);

— 00MEKeHICTh KOHTEKCTY (arperoBaHi CTATUCTHKHA MOXKYTh HE BPaXOBYBATH 1H/HMBITyalbHi
BiIMIHHOCTI cepeJl KIIi€HTIB 200 KOHKPETHI CUTYyaIlii, 110 Oy MPUYHHOO TIEBHOI BiJOBII);

— 3arpo3a MaHInmyJsmii (OCKUTPKHA TOKa3HUKH MOXYTh OYTH JIETKO 3pPO3yMUINMH, iCHYE
PU3UK MaHIMyJSIii HUMU 711 BAKOHAHHS THX YH IHIIWX 30BHIITHIX OYiKYBaHBb).

SKicHi MeTOaM aHaNi3y BIATYKIB KIIIE€HTIB BKIIFOYAIOTh y cebe:

— tekcroBuii anami3 (Text Analytics): aHami3 TEKCTOBUX BiATYKIB JJIsI BUSIBIICHHS 3arajbHIX
TEM, YaCTOTH TepMiHiB i HacTpoiB [1], [5];

— 00poOKky maHuWX (JleMaTH3allifo, BWIUIEHHS CTOM-CIiB), BUKOPUCTaHHS MOJeNei
MAaIIMHHOTO HaBYaHHS [T KJIacU(iKallii TeKCTiB, aHai3 HACTPOIB;

— CEeMaHTHYHHHA aHaNi3: pO3yMiHHS TNIMOIIMX 3HAY€Hb, BUPAKEHHX B TEKCTaX BIATYKIB,
aHaJli3 TOHY BIATYKY, KITFOYOBUX (Ppa3 i KOHIIETITIB, TEMaTUYHE MOJICIIOBAHH [6].

[lepeBaramu sIKiCHUX METOJIB €:

— mOuHA aHalizy (MOXJIMBICTD BHSIBUTH PO3TOPHYTI AYMKH Ta €MOLil KII€HTIB, 11O
JI03BOJISE Kpallle 3p03yMiTH IXHil J0CBixN);

— THYYKICTh (34aTHICTH aJjanTyBaTH METOJIM aHai3y A0 KOHKPETHHX MOTPed MPOEKTY, IO
MO>KE BKJIIOYATH HEBEJIMKI 3MiHH B ITiIX0aX a00 TeXHiKaX);

— BUABIICHHS HOBHUX iJed (TEKCTOBHMM aHaji3 MOXKE BHMSIBHUTH HECIOIiBaHI TeMH abo
poOJIeMHU, sIKi He BUIHO 3 KiTbKICHUX JaHUX ).

HenonikaMu sIKICHUX METOZIB €:

— cy0’€KTUBHICTB (aHaNI3 3aJIKUTH BiJ TPAKTYBaHHS JOCIiJHHUKA, IO MOXKE BIUIMHYTH Ha
00'€eKTHBHICTH PE3YJIbTATIB);

— BUTpATH 4acy (SKiCHI METOJH, Taki sIK TEKCTOBUI aHalli3 YM TeMaTHYHE MOJICIIOBAHHS,
MOXYTh OYTH YaCOBHTPATHUMH Yepe3 HEOOXIJHICTh NETATbHOTO PO3MIISy BEIHKHX OOCSTIB
TEKCTY);
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— BaXxKicTh MacmTaOyBaHHS (0O0poOKa BemMKOi KiNBKOCTI SKICHHX NaHUX MOXe OyTh
CKJIQ/THOIO 1 pECypCOMICTKOIO).

KpiMm ommcanmx rpyn MeETOiB, JOCTATHHO IMTUPOKO BHKOPHCTOBYETHCS Bi3yamizaris —
Bi3yalbHE MPEACTABICHHS aHAJI3y AJIS JIETKOTO CIPUAHSATTS 1HCAMTIB, CTBOPEHHS Bi3yalbHUX
BifoOOpa’keHb KITIOYOBHX IMOKA3HUKIB, HAIPHKIAJ, XMap CIiB, rpadikiB po3moilry HACTpOiB,
temaTHyHuX Kapt [7]-[9].

[lepeBaramu Bi3yauizallii SIK METOy aHaJi3y BIATYKIB KIIIEHTIB €:

— iHTYiTHBHE pO3YyMiHHA (IOmMOMarae MIBHIKO 3pO3YMITH KIFOUOBI inei 1 TeHneHii yepe3
Bi3yallbHi 300pakeHHS);

— Mpe3eHTaliiiHi MOXIIUBOCTI (MOJETIIy€e CHIKYBaHHS LIOAO Pe3yJbTATiB JOCIIIKCHHS
BEJIMKIN ayauTopii).

Henonikamu Bizyaimizanii €:

— 00MeXeHICTh JeTaiizalii (Bi3yanbHe MPEJCTABICHHS MOXKE HE TIepEIaTH BC1 HIOAHCH Ta
JIeTalli aHaJlizy);

— TMOTEHIfHA HaJMipHA CHpOIICHICTh (BEJIMKA KUIBKICTh iHQoOpMamii moxe OyTu
VIYIICHOIO JJIsi CTBOPSHHS YMCTOTO 1 3p03yMIJIOTO Bi3yaabHOI'O BUTIISIY).

BukopucTaHHS X METO/IB TO3BOJISIE KOMIIaHISIM HE TUTBKHU TIHOIIIE 3pO3YMITH, SIK KIII€HTH
crpuiiMaloTh IXHI MPOAYKTH Ta TMOCIHYrW, aje W IIBUAKO pearyBaTd Ha TNpoOJIeMH Ta
BUKOPUCTOBYBATH JIaH1 aHaNi3y JJIsl IPUHHSTTS OOTPYHTOBAHUX PIllIEHb ITPO MPOIYKT i CTPATETiI0
[10]. HaykoBi nociimkeHHs y cdepi aHami3y HaHUX BKa3yrOTh Ha KiJIbKa KJIIFOYOBHX CIIOCOOIB
MPUKJIATHOTO BUPILIEHHS MPoOJieMH MOOYyIOBH CHEIiali30BaHOi aHANITHYHOI MiICUCTEMH, IO
aBTOMATH3Y€ Tpoliec 300py Ta aHaIli3y BIATYKIB KJII€HTIB mpo mpaniBHUKIB [T-kommanii. Cepen
UX CIO0cO0iB OCOONMBY yBary CydacHi AOCHITHMKHA TPHUIUIIOTH TaKHM 1HCTPYMEHTaM, SIK
METOJIU MAIlTMHHOTO HaBYaHHS, METOJIU Ta 3acobu 00poOku npupoanoi mosu (Natural Language
Processing, NLP) Ta iHCTpyMEHTH aHai3y BEITUKUX 00CSTIB TekcToBHX manux [11]-[13].

OnHuM 3 HalmomMpeHIMX pilleHb Yy NpoAaykToBux IT-kommaHisiX € BHKOPUCTaHHS
¢bpeiiMBOpKiB At 300py Ta aHamily BiArykiB kimieHTiB. Cepen mux (peHMBOpPKIB cydacHi
nmociimkerHs [ 14] ocobnuso Buainstore TensorFlow, Keras, a Takox 0i0mioTexu s oOpoOKu
TekcTy, Taki ik NLTK a6o spaCy [14]. Taki ¢ppeiiMBOpKH 103BOJISIOTH TAKOXK BUABIISITH TPEHAN
Ta 3aKOHOMIPHOCTI Y BiZITyKaX KIII€HTIB, IO JIOTIOMarae BJOCKOHAIIOBATH BHYTPIITHI TPOIIECH 1
MpUiiMaTH OOTPYHTOBAHI PillIeHHS 010 PO3BUTKY mepcoHaiy [15].

OnHak, nmonpH eeKTUBHICTh Cy4acHUX TEXHOJIOTIH Ul aBTOMAaTU3alil mpolecy aHamisy,
icHye HU3Ka mpobieM. OCHOBHOIO MPOOJIEMOIO € afanTailis MUX TeXHOJOTIH 10 cnenupigHux
notped mpoxykroBux IT-kommaHili, OCKIIBKM CTaHIAPTHI PIllIEHHS MOXYTh HE BPaXxOBYBaTH
VHIKaJIbHI aCHeKTH XHBOI MisUIbHOCTI. BUHUKAIOTH TakoX MUTAaHHA, TOB'S3aHI 3 TOYHICTIO Ta
MIBUIKICTIO 0OPOOKH JTAaHUX Y BETTMKUX MacITadax, 10 BUMarae 3aCTOCYBaHHS CIeIialli30BaHIX
METO/IiB ONITUMI3allii Ta pO3MOiieHuX 00uucieHs [16].

V 3B’s3Ky 3 IUM MPOOIIeMa, SIKa PO3TIIAJA€THCS B JAHOMY AOCIIIKEHH], ITOJISTae y po3poOii
Creniani3oBaHUX METONIB Ta iHPOpPMaLiHUX TEXHOJIOTiH, sIKi BpaxOBYBaTUMYTh OCOOJIMBOCTI
npoaykToBux IT-kommaHiii Ta 103BONATE aBTOMAaTH3yBaTd Mpolec 300py Ta aHami3y BiITrYKiB
KIIIEHTIB TaKUX KOMIIAHIM 3 MiHIMIi3aLi€r0 JIIOJCHKOIO BTPYYaHHS 1 3 BHCOKOI TOYHICTIO.
Bupimenns niei npobiiemu nependayae iHTErpamiro Cy4acHUX TEXHOJIOTiH OOpOOKH BEIMKUX
JaHWUX Ta MAIIMHHOT'O HaBYAHHSI AJIsl BUSIBJIICHHSI 1IHCA|TIB, 110 CIIPUATUMYTh TIOKPAILIEHHIO SKOCTI
00CIIyroByBaHHs Ta MPOAYKTUBHOCTI NPAILiBHUKIB.

3. Mera i 3aaayi 1ocaimxkeHHs

MeToro JaHOro JIOCHIDKEHHS € po3po0Ka TEOPETHYHUX 1 TPUKIATHHUX PIllleHb 3
aBTOMAaTH30BaHOT OOpPOOKH BIJTYKIB KIIEHTIB NP0 MpPAIiBHUKIB TPOayKTOBOI [T-koMmmaHii,
3aCTOCYBaHHsS SKMX CIPHUITAME MJBUINCHHIO e()EeKTUBHOCTI aHalizy Ta NpPUHHATTS
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YHPaBIiHCHKUX PIIICHb.

JL1st moCSATHEHHS IIi€] METH 3aIpOIIOHOBAHO BUPIIIMTH TaKi 3a1adi:

— po3po0uTH Creriai3oBaHIi MeTOo T 300py Ta aHaNi3y BIATYKIB KIII€HTIB PO MPAIliBHUKIB
npoaykroBoi IT-kommanii;

— BHU3HAYWTH KIIOYOBI MOKAa3HUKH, SKi MOTPIOHO BpaxoBYBaTH IIiJ Yac aHANI3y BIATYKiB
KJIIEHTIB TSI OLIIHKY POJYKTUBHOCTI Ta SIKOCTI pOOOTH MpaliBHUKIB MpoAaykToBoi IT-kommaHii;

— PpO3pOOHMTH OCHOBHI MpPOEKTHI pillleHHs aHaTITHUYHOI MiACHCTEMH, 5IKa peali3ye
3aIPOIIOHOBAHUN METOJ.

4. Martepiaan 10c/aiaKeHHsI

OO6’eKTOM JOCHIKEHHS € MpolecH 300py Ta aHami3y BiATYKIiB KII€HTIB IO Npal[iBHUKIB
xapkiBcbkoi mpoaykroBoi [T-kommanii NIX Solutions. IlpeameroM nociipkeHHS €
creniani3oBaHUi MeTO]] 300py Ta aHami3y BIATYKIiB KII€HTIB PO MpaliBHUKIB mpoaykToBoi IT-
KOMITaHii.

[porec 300py BiAryKiB KIIIEHTIB PO MpalliBHUKIB MpoayKToBoi | T-KoMnaHii ckiamgaeTbes
3 po0iT, siKi 3a0e3neuyoTh eeKTUBHUM 30ip WiHHOI iH(popMaii Bij crioxkuBadiB. o 1ux poOiT
HaJIe)KaTh:

a) CTBOPEHHS 3pYYHHX iHTEepQeiCiB Ta (hOpM 3a JJOIIOMOTOI0 CHCTEMHU;

0) HeraifHe pearyBaHHs Ha HETaTUBHI BIITYKH.

PosriissHeMo 11i poOOTH JIeTaNIbHIIIIE.

CTBOpeHHs 3py4YHHX 1HTep(EHCiB Ta (GopM 3a IOMOMOIO CUCTeMH. [l BUKOHAHHS IIi€l
pobotu y kommanii NIX Solutions icuye cuctema XFeedBack, ne kimieHTH MOXYTh 3aJIMIIATH
CBOT BpaXCHHS BiJl CHIBIpaIli 3 KOMIaHi€er. L1 cuctema xapakTepu3yeThes:

— YITKICTIO 1 JJAKOHIYHICTIO aHKeTHUX (hOpM (3alMTaHHS TIOBUHHI OYTH YiTKI Ta 3p03yMiJIi);

— MiHIMQJIBHOIO KiJIBKICTIO KPOKIB ISl 3A1HCHEHHS BIATYKY;

— HaSBHICTIO OIIIii AHOHIMHOTO BIATYKY (SKIIO IIe BaJIWUBO JUIS TOAUTY YECHOI,
HENPUKPAIIeHO] Ta KOH(1ASHIIHHOT KPUTHKH).

Heraiine pearyBanHs Ha HeraTuBHI BiAryku. llIBujke pearyBaHHs Ha IpoOieMu, ONUCaHi B
HETaTUBHUX BiJryKaX, MOXKe TOKPAIIUTH 00pa3 KOMIIaHil i MoKa3aTy KJIi€HTaM, 10 iXHi JYMKH
BpaxoByloTbcs. LI pobora BKiIrOUae:

— aBTOMATH30BaHi 3aBJaHHS JUIA CIYXOHM MiATPUMKH IOJ0 pearyBaHHS Ha IEBHI THITA
BiJITYKIB;

— BiAOip Ta mepenada BaKIIMBUX BUTAKIB 0 BUIIOTO KEPiBHHUIITBA;

— JOTPUMAaHHS IOPUJINYHIX Ta ETHYHUX HOPM: MiJ] 4ac 300py BiATYKiB, KOMIaHisl IOBUHHA
BIIEBHUTHUCS, III0 BOHA IOTPUMYETHCS YCiX 3aCTOCOBYBAaHHUX IOPUANYHUX Ta ETHYHUX CTAHIAPTIB;

— 3a0e3neueHHs 3aXUCTy NIEPCOHALHUX JaHMX, 30ip 3ro Ha 00pOOKy JaHHX;

— HEBHKOPHUCTaHHS OTPHMAaHUX BIATYKIB JUIS HEIO3BOJICHOT peKiIaMu abo iHIINX 3aBIaHb,
AK1 He OyJIM 03BYYEHI KII€EHTaM.

KopekTHO BmpoBajKeHHH 1 KOHTPOJBOBAaHMH Iporec 300py BiATYKIB KIIEHTIB PO
npauiBHUKIB NpoaykToBoi IT-kommaHii m03BoNsiE KOMIaHii MiATPUMYBATH BHUCOKHUH PiBEHBb
3aJJ0BOJICHOCTI] KIII€HTIB, BiIKpUBAIOUHU Tepell HUIMU MOXKJIMBICTH BIUIMBATH Ha SIKICTh NPOIYKIii
Ta cepaicy.

[Iponec anamizy BiAryKiB KJIi€HTIB PO MPaLiBHUKIB MpoayKToBoi IT-koMmaHii nodyxzoBaHo
Ha BUKOPHCTaHHI JaHWX 1 BHCOKHMX TEXHOJIOTIH AJIsi BU3HAYEHHS ACHEKTIB, SIKi MOTPEOYIOTh
YIIOCKOHAJICHHS, Ta BUSBJICHHS CHJILHUX CTOpiH KoMaHau. Lleit mpouec moxe OyTu posaineHui
Ha Taki po0oTH:

a) repeaaya JaHUX JUIS MOAAJIBIIOT 00pOOKH aHATITHYHUMHU IHCTPYMEHTAMU;

0) 00poOKa Ta OYUIICHHS TAaHUX;

B) CerMEHTAaIlis BiATYKIB;
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T') KUTbKICHAH aHaJIi3;

1) Bi3yaJizallisi JaHuX;

€) BUJIUICHHS MIPIOPHUTETIB Ta (pOopMyBaHHS 1HCANTIB.

PosrasaeMo mi poboTH neTaabHiIIe.

[lepenaya manux Ans mMoAaibIIoi OOpPOOKM aHANITHYHMMH IHCTpyMEHTaMH: yci 3i0pani
BIJITYKU MEPENAIOTHCS 3 MEHTPaTi30BaHOToO cxoBuia aanux (Data Warehouse) 10 aHamiTHYHUX
IHCTpYMEHTiB. J[s1 1bOrO BHKOPHUCTOBYIOTHCS Pi3HI aHANITU4HI TIATQOpPMH, ale OAHIEI 3
Haimomupenimux € Power Bl. Komnanis Moxe HanamTyBaTH aBTOMATHYHY CHHXPOHi3aIlilo
JaHUX MK CXOBHILAMH JAHUX Ta aHATI TAYHAMH 1THCTPYMEHTaMH JU1st 3a0€31eueHHsI CBOEYaCHOTO
Ta e(peKTUBHOTO aHaMi3Yy.

OO6poOKa Ta OUMIIEHHS JaHUX: BUSBJICHHS Ta BUMPABICHHS IOMUJIOK YU HEMIOBHOTH JTAHUX
nepea aHami30M € KPUTHYHO BaxJuBUM. Ll poOoTa BKIIOYae MEpeBipKy Ha HAasIBHICTh
IyOIlikaTiB, BUMPaBIICHHS] HEKOPEKTHUX 3HAYEHb Ta BUIYYCHHs JaHUX, SIKI € HEMOBHUMHU abo
MOMHUJIKOBUMH.

CermeHrallis BIATYKiB: TiCJIE 0OPOOKH 1 OUMIICHHS JaHUX CJIiJI CSTMEHTYBATH BIATYKH 3a
pI3HUMHU TIapaMeTpaMu, TAKUMH SIK «BiJJIiJ KOMIIaHi», «OKpEMHUH MPalliBHUK», «THIT BIATYKY»
(mo3uTHBHUH, HEWTpaIbHUHM, HETATHBHUI), «IaTa BiAryKy» Tomo. Lle mo3Bonse 3po3ymiTH, 3
SKHX KOHKPETHO PETiOHIB HAaIXOIUTh OUIBIIICT, 3BEPHEHb, 1 OI[IHUTH BIUIMB OKPEMHUX
MPaIiBHUKIB Ha 3araJibHe 3aJ0BOJICHHS KJIIEHTIB.

KinbkicHuli aHaji3: BUKOPUCTAHHS CTATUCTHYHUX METOMIB IS BU3HAYCHHS CEPEIHIX
3HAYEHb, CTAHJAPTHUX BiJXWICHB, KOPEJALIHN Ta IHIIUX KUTBKICHUX XapaKTePUCTHUK, IKi MOKYTh
JIOTIOMOTTH 3pPO3YMITH 3arajibHi TCHJCHINI y BiArykax. Takuil aHami3 MOXKE TaKOX BKIIIOYATH
pO3paxyHoOK iHaeKkcy 3aa0BojieHocTi KiaieHTiB (CSI) abo anaiiz npomoytepis (NPS) [13].

Bizyaunizamisi gaHux: cTBOpeHHs namoOopniB Ta 3BiTiB y Power BI, mo namaioTs 3Mmory
Bi3yaJIbHO OIIIHUTH Ta IPE3EHTYBATH PE3YJIbTATH aHAJi3y BiATYKiB. Bizyarizaliisi Moke BKITIOYAaTH
rpadiku, giarpamu, heatmaps, sKi 10omoMararoTh JIETTIIe 3aCBOFOBATH Ta aHATI3yBaTH KOMITJIEKCHI
aHl.

Buninenns mnpioputeTiB Ta (QOpMyBaHHS IHCAHTIB: Ha OCHOBI IPOBEIEHOIO aHATI3y
(OpMYIOThCSI KJIFOUOBI BHCHOBKM 1 PEKOMEHJAIll, sIKi MOXYTh OyTH BUKOpPHCTaHI st
MiBUIIEHHS e()eKTUBHOCTI pOOOTH MEPCOHANY Ta 30UIBIICHHSIM PiBHS 33/I0BOJIEHOCTI KITIEHTIB.
Ile m03BONUTH KEPIBHUITBY MpUHMaTH OOTPYHTOBAHI yIPABIIHCHKI PIIIICHHS HA OCHOBI JTaHUX.

KoxHa 3 1iux po0iT € KpUTHIHO BaYKITHBOIO [Tl TTHOOKOTO pO3yMiHHS KITIEHTCHKUX BIATYKIiB
Ta BJOCKOHAJICHHS (DyHKIIIOHYBaHHS 1poaykToBoi IT-komnanii.

5. OcHOBHI pe3yJIbTaTH JOCTiIZKeHHS

5.1. PesyabTaTH po3po0km crneuiajizoBaHoro meroay 300py Ta aHaJizy BiIrykis
KJIi€HTIB Npo npauiBHUKIiB NpoaykToBoi IT-komnanii

st aBTOMaTH30BaHOTO BHUKOHAHHS MPOLECIB 300py Ta aHali3y BiATYKiB KJII€HTIB PO
NpaliBHUKIB MpoAykToBoi IT-kommaHii po3po0ieHo creniani3oBaHU MeTOX 300py Ta aHamizy
BIATYKIB KJII€HTIB PO NpaliBHUKIB poaykToBoi IT-kommnawnii. Lleit meTon Oyio 3anpornoHoBaHO
NPEACTABUTH SIK TIOCIIiIZIOBHICTh HABEJICHUX HIDKYE CTaIliB.

Etan 1. Busnauenns jpkepen BiArykiB Ta 30ip BiArykis. BusHaueHHs, 3 SIKUX BHYTPILIHIX 1
30BHIIIHIX pKepen OyayTh 30MpaTucsl BIATYKM: €NEKTPOHHA IIOIITa, BHYTPIMIHI CHCTEMH
OIIIHFOBaHHS, COIIAJIbHI MEPEXi TOIIIO.

Etan 2. Po3poOka mpouecy 300py naHux. BuzHaueHHs MeToniB 30MpaHHS NaHUX IS
KOXKHOT'O THITY JIKepeJia, OpraHizailisi aBTOMaTH30BaHOro abo py4HOro 300py iHdopMarrii.

Eramn 3. 36epiranns ingopmanii. HanamryBanHs 30epekeHHs] JaHUX Y CTPYKTYPOBaHOMY
¢dopmaTi B 6azax JaHUX JJIs TIOJAJIBIIOT OOPOOKH 1 aHAi3Y.

Etan 4. Ilonepeans oOpoOka maHux. Hopmaimizaiist BXiIHUX JaHUX, 1X OYMIICHHS BiJ
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MTOMMJIOK, TyOITiKaTiB Ta ippeneBanTHOI iH(OpMAIii.

Eran 5. Knacudikarmis Binrykis. Po3mozin BiArykiB 3a KateropisiMi i TeMaM#u Ha OCHOBI
KITFOYOBHX CITiB Ta ¢pas, AKi MICTIATbCA y TeKcTi. s 1[bOro MOXKHA BUKOPHCTOBYBATH TPOCTi
METOAH IEPeiKy KIHYOBUX CIOBOCIIONYYEHb.

Eranm 6. Arperamis Ta Bidyam3amis pe3ynbTaTiB. BUKOpPHCTaHHS CTaTHCTHYHOTO
MPOTrpaMHOro 3a0e3MeYeHHs AJ1s1 CTBOPEHH:I 3BiTiB, rpadikiB Ta Bizyaltizalii OCHOBHUX TEHCHIIIN
1 BUCHOBKIB 3 aHaJi3y BIATYKIB.

Etan 7. Bu3HadeHHS! KIIOUOBHX HampsMiB MOMINIICHHS. Bu3HaueHHs Ha OCHOBI aHamizy
TOJIOBHUX 30H BAOCKOHAJICHHS YIPABIiHHSA IEPCOHAIIOM Ta POOOYOro CepeOBHILA.

Etam 8. Po3poOka Ta peanizauis minaniB Aiil. [InanyBanHs Ta BOpoBaJKeHHS KOHKPETHUX
3aXOMiB ISl afanTamii ynpaBliHChKUX MPAKTHK Ta MOJIMIICHHS KOPIIOPATUBHOI KYJIbTYPH.

Etan 9. MoHiTopuHT Ta oOIliHKa pe3yibTariB. CTeXKEHHS 3a PEakIli€ro CIIBPOOITHUKIB Ha
BIIPOBAKCHI 3aXOJH, KOPETYBaHHs CTpaTerii Ha OCHOBI HOBHX BiATI'YKiB 1 JOCATHYTHX
pe3yibTaTiB.

5.2. Pe3ysabTaT BU3HAYEHHS KJIIOYOBHX NOKA3HUKIB, SIKi MOTPiOHO BpaxoByBaTH Mij
yac aHAJTI3y BiATr'yKiB KJI€HTIB

Kpurepiii omintoBaHHS eeKTHBHOCTI MpaliBHUKIB NpoaykToBOi [T-kommaHii BKItodae B
cebe HM3KY KIIOYOBHMX IMOKA3HHKIB, SIKi MalOTh BIUIMB Ha SIKICTb Ta Pe3yJbTaTUBHICTH IXHBOI
poGoTH. JIo TaKHX MOKa3HUKIB MOXKHA BKJIIOUUTH: POTYKTUBHICTE POOOTH — XapaKTePU3y€EThHCS
KUTBKICTIO 3aBEpIICHUX 3aj]a4, MPOAYKTIB UM peali30BaHUX MPOEKTIB 32 MEBHUI MEPiO; IKICTh
POOOTH — OIIIHIOETHCS HA OCHOBI BiZICOTKA MOMMJIOK Y KOJi, 4acy Ha BHITPABICHHS MOMHIIOK i
3arajibHOI 33JI0BOJICHOCTI KIIIEHTIB KiHLIEBUM TMPOAYKTOM; B3a€MOJisl B KOMaH/i — BPaxoBYE
3JIATHICTH MpAIliBHUKA CITIBIPALIOBATU 3 1HIIMMHU YWIEHAMH KOMaH/IU, 1OT0 BHECOK B 3araJbHUN
yCIiX KOMaH/I1, 8 TAKOXK BIATYKHU BiJ CHiBIPAaliBHUKIB; JOTPUMAHHS TEPMiHIB — OLIHIOETHCS, UM
BUKOHYE TIPAI[iBHUK 33]1a4i B YCTAHOBJICHI CTPOKH.

EdexTruBHICTS KOXXHOTO KPUTEPiI0 MOKE BU3HAUATHUCS KiJTbKICHO 200 SIKiCHO, 32 JIOTIOMOTOF0
PO3pOOIEHOI IIIKaIH OIiHIOBaHHS, Hanpukia, Bix 1 1o 10, ne 10 — HaiiBuma orinka. Po3paxyHok
3arajibHOi OLIHKKA €(eKTUBHOCTI MOXXE MPOBOJUTUCH SIK MIJISIXOM BHM3HAYEHHS CEPEIHBOIO
apuMeTUYHOrO BCIX KpHTEpiiB, TaKk 1 3 BHUKOPHUCTAHHSM BaroBHX KOEQIIi€EHTIB, IO
BiJIOOPaKAIOTh BAXKIUBICTH KOKHOTO KPUTEPIIO AJIsT KOMITaHii.

Jiist o0uuCneH s 3arajlbHOro iHAEKCy 3a710BosieHOCTI (SI1%) BuKOpHucTaeMo Taky hopmysiy:

first

xlOOj
second

SI% = ( +100

, @)
ne first — sminHa IS MiACYMKY KOKHOI yHIKaJIbHOT KOMOiHaIllii 3Ha4eHb MOMiB (BIATYKIB PO
NpaIiBHUKIB); SECONM — 3MiHHA Ul MIJICYMKY KOKHOI YHIKaJIbHOT KOMOiHaIlii 3Ha4eHb OB
(BiATYKiB IPO MpaLliBHUKIB) 3 MONEPEAHHO BCTAHOBICHUMH (ilbTpamMu.

VY3aransHiooun Gopmyiny (1), MokHa AidTH Takoro BHCHOBKY: first — me cyma 3HaueHb
napametpa Main[Params] 11 kK0>xHO1 yHIKaJIbHOT IPYIH, IO BiANOBiga€ KpUTepisM (inbTparii;
second — me KiIbKiCTh YHIKQIBHHX THTaHb y IMX TPyMax, TAKOX i3 3aCTOCYBaHHSIM YMOB
¢binprparii. Pa3zoM 1i 3MiHHI J03BOJISIFOTH BHM3HAUUTH CEPEIHE 3HAYEHHS I[apameTpa
Main[Params] 1151 KO)KHOT yHIKaIbHOT TPYIIH, 1[0 € OCHOBOIO ISl pO3paxyHKy mokazHuka S1%.

VY mporeci aHamizy 3aJI0BOJICHOCTI KII€HTIB OYyJ0 BHU3HAYEHO YMOBY JUIS PO3PaxXyHKY
BijicoTka 3ajoBosienux kiieHtiB (% of Satisfied Clients), sika 103BoJisie BU3HAYUTH YaCTKY
KJIIEHTIB, 10 HAJIEXKATh JI0 CETMEHTa 13 3a10BoJieHICTIO Ha piBHi 90—100 %:
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- . 0, satisfied =0 all #0;
% of Satisfied Clients :{ IO e

percentage, B iHITIOMY BUTIAJKY. @)
TyT
percentage = satisfied x100
all (3)

ne satisfied — kinpkicTh 3am0BoNeHUX KiIieHTiB; all — 3arabHa KiNbKICTh KIIIEHTIB. 3a10BOJIECHUX
KITIEHTIB, TaK 1 IX YaCTKy y 3arayibHiii BUOipIIi, 3a0e31euyroun MOBHUI aHaJi3 TOKa3HHUKA.

Jia po3po0KM aHATITHYHHUX PillleHb Tpeba BU3HAYWTH YACTKy KIIIEHTIB, SIKi BXOIATH IO
cermenTy HesamoBosienux (% of Unsatisfied Clients) 3a nomomoroto ymoBu

. 0, unsatisfied =0 all #0;
% of Unsatisfied Cls ={ Ao wie

percentage, B iHIIIOMY BHITJIKY. )
TyT
percentage = unsatisfied x100
all . (5)

5.3. Pe3yabTaTu po3po0Ku NPOEKTHUX pillleHb 3 peaJizauii crneniajgizoBaHOro MeToay
300py Ta aHaJi3y BiAryKiB KJIi€HTIB Npo npaniBHUKiB npoaykToBoi IT-komnanii

s peanizaiii po3po0ieHOro MeToay OyJio 3alpoIlOHOBAHO PO3POOUTH CIIEIialli30BaHy
aHATITUYHY MiACHCTEMY, sKa po3iuproBania 0 MoxiuBocTi icHytouoi IC mpomykroBoi IT-
kommaHii. [Ipu3HaueHHsAM paHOl mijgcucTeMH € 30ip, aHai3 Ta NPEACTaBICHHS HaIiHHOI
iH(bopMallil 7Sl MPUAHATTS BMOTHBOBAHHUX KEPiBHUX PillIEHb.

Buxomsuu 3 Toro, 1110 po3po0Ka, BIPOBaPKEHHS Ta eKCILIyaTallis CIieiiajli30BaHOl aHAITUYHOT
MiJICHCTEMH He TIOBMHHI TEpPelKoKaTH ekcrutyaranii icHytouoi IC mpomykroBoi IT-kommaHnii,
Bzaemozito IC 3 iHcTpyMeHTansHIM 3acoboM Power BI, Ha 6a3i sikoro po3po0iieHo crienianizoBany
AHAIITUYHY ITiICKCTEMY, 3aIIPOIIOHOBAHO OPraHi3yBaTH Tak, SIK IOKa3aHo Ha puc. 1.

rXFeedBack Power BI N

MSSQLSERVER

OTPUMEHHA 3anuT Ha
3aNWTY Ha AaHi OTPUMaHHA JaHWx

(OTPUMAHHS JaHux

4

-
BignpasneHHs gaHux OTpumaHHA Ta
no API OGpoka aaHux

BignpaenexHA
LaHnx

A

Puc.1. Cxema B3aemonii Mix iHpopMariitHoi cuctemoro npoaykroBoi IT-kommanii
Ta IHCTPYMEHTAILHUM 3ac000M, Ha 0a3i SKOTO po3poOJICHO CIeliali3oBaHy aHATITHYHY ITiICUCTEMY
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OOMiIH JaHUMH MK HaBEACHUMH Ha pHC. 1 KOMITOHEHTaMH Iepemdadac Oe3rmepepBHUI
nmoTik iHGopmarii. JlaHi HaAXomATH 3 pi3HOMAHITHHX Kepen y BHyTpimHIO IC, e BoHHM
MIEPBUHHO 00POOIISIFOTHCS Ha €Tarli MOoepeTHROI 00pOOKH I BU3HAYCHHS iXHBO1 BAIIAHOCTI Ta
peneBanTHOCTI. [licas 1mporo maHi mepemaloTbCs y LEHTpalizoBaHy 0a3zy HaHWX, J€ BOHH
HAKOTMYYIOTHCS TSI ETANTBHIIIOTO aHaJi3y.

baza nanmx BHCTymae sK OCHOBHE CXOBHIIE, JIC arperylThCs BCi BIATYKH 1 OIIIHKH
cniBpoOiTHUKIB. BoHa 3a0e3mnedye iHTErpaiito JaHuX y €IuHOMYy Qopmari, 10 JornoMarae
YHUKHYTH (pparmenTanii iHpopmarii Ta crpusie i 0JHO3HAYHOCTi 1 KOHCHCTEHTHOCTI Ha BCiX
eTamnax 00poOKH.

Incrpymenransamii 3aci6 Power BI 3acTocoByeTbest 1uis 3a1iCHEHHST TIIHOOKOTO aHAMi3y
3i0panux B 0a3i nanux Biarykis. Ha Etami 6 po3poOneHoro Metony 1ei iHCTpyMEHT MiATpUMYy€e
BUKOHAHHS KOMIUICKCHHX 3allMTIB, CTATUCTUYHUHN aHai3, a TAKOX CErMEHTAITIIO 1 KITacHU(iKaIlito
manux. Ha mpomy erami QopMmyroThesi 3BiTH Ta HamiOopnau, sKi 3a0e3NmedyloTh BizyallbHe
MPEJICTABJICHHS PE3yJIbTATIB aHai3y, 1110 Mae 3a0e3MeYUTH KEPIBHUIITBY YiTKE OaueHHS CUTYaIlil
010 HACTPOIB cepell CIIBPOOITHUKIB, a TAKOK BUABJICHHS OY/b-SIKUX TEHACHIIIA Y4 aHOMAJIii.

OCKiJIbKH pO3pO0JICHHI METO OPIEHTOBAHO Ha 30ip Ta aHaJli3 BiT'YKiB KIIEHTIB, OCHOBHI
MIPOEKTHI PIIICHHS, SIKI BU3HAYAIOTh OCOOIMBOCTI CIIEIiaJli30BaHO] aHATITUYHOI MiICUCTEMHU SIK
3aco0y peanmizalii IIbOTO METOAY, MOBHUHHI OYyiHM pO3risaTHCA SK HACHiIKKA pe3yJbTaTiB
PO3pOOKH TPOEKTHUX pillleHb 3 iH(opManiiHOro 3a0e3nedeHHs. ToMmy Ui CTBOPCHHS
aHAJITUYHOI MiJACUCTEMH aBTOMATH30BAHOTO 300py Ta aHajli3y BIATYKIB KJIIEHTIB IMPo
MpaliBHUKIB MPoayKToBoi IT-koMnanii HeoOXiIHO OYyJI0 CrOYaTKy 03HAWOMUTHCS C NaHUMHU Ta
BU3HAYUTH 3B’ S3KU MK TaOMMIsIMU 0a3u JaHuXx i€l migcuctemu. ER-niarpamy crierianizoBanol
AHAITHYHOI MiACCTEMH MPEACTABICHO Ha pHC. 2.

(8] Account Leads
*
[®) main
® (&) bomains (&) Technologies
e =
(8] catendar
2 Durat
B aois
B 20is 3 q N * *
) 2ois.short 1 s
p o
o
3
1
1 (8] Account

(8] Projects i oy a

)

3

B d B

8 b 1 B .

Al * [/

- 1
(&) unique Accounts

[, Account Le:
1

Puc. 2. ER-nmiarpama 3B’s3KiB TaOJIUIb CIIEIiali30BaHOT aHATITUYIHOT MiJICHCTEMH

CxeMy anropuTMy 3aCTOCYBaHHS METOAY OLIHKH €(EeKTUBHOCTI MpaliBHUKIB IPOAYKTOBOI
IT-xommaHii HaBegeHO Ha puC. 3, e MOKa3aHO KPOKH, SIKi BiAMOBialOTh BUKOHaHHIO Etamy 1
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PO3pOOIEHOTO CHeMiali3oBaHOTO METOY.
Etan1

4@
306ip Ta 0Opobka

Biarykis [

Bianpaska 3anuTy KNiEHTY Ha OTPUMaHHA
BIATYKY

Hi
MNIEHT NOTOAMBCA AATA
BiOTYK?

KNIEHT 3anoBHioe MOpMY BIATyky

BCi NONA hopMK 3aN0BHEN]
KOpPEKTHO?

XFeedBack

|

Python ckpunT poOuTh 3anNUT Ha ]

[ Biaryk sGepiraeTbea y cucTemi ]

OTPMMaHHR NaHuX no AP

<ZaNNT YCMILLHO NOBEPHYS AaH!

[aHi KOHBEPTYIOTECA Y HEOOXIAHMI THN

]

Dati cOepiraioTscA y Tabnuuio B 6O

D

Puc.3. Cxema anropurmy 360py Ta 00poOku Biarykis. Etam 1

Ha puc. 4 mokazaHo cxemy anroputmy nii, nepeadoauennx Etamom 2 po3pobiieHoro MeTomy.

Koxen 3 KpokiB anroputMmy 3a0esnedye CUCTEeMaTHYHHUN MiAXig 10 300py Ta 0OpoOKu
BIITYKiB 3 METOI TOKpalieHHs mpomaykTiB i mociayr IT kommanii, mo € KIIOYOBHM st
MOCTIHHOTO PO3BUTKY Ta YAOCKOHAJEHHS BiIHOCHH 3 KiieHTamu. llicis 30opy Ta aHamizy
BIATYKIB MOXXHa IEPEHTH A0 HACTYIHOTO €Taly OLIHKH e(EeKTHBHOCTI NpAaliBHUKIB, IO €
B)XJIMBUM aCIIEKTOM YIIPaBIiHHA EpCOHAIOM Ta pecypcamu B IT komnaHisx.

Ha 6a3i orpumanux pimens 3 iHpopmauiiiHoro 3a0e3neueHHs crelializoBaHol aHAIITHYHOT
migcucTeMu OyJio 3ampoNOHOBAHO PO3POOMTH TakWil BapiaHT MPOEKTHOTO pIlICHHS 3
nporpaMHoro 3a0e3ledeHHs, SIKUH BiANOBiZaTHME BCIM BUMOTaM 3aMOBHHKA /0 aHAJITHYHOI
migcucTeMu, 3a0e3levyroud TOYHME Ta MOBHMM aHali3 BiAryKiB KiieHTiB. Take MpoeKkTHE
pilleHHs NMOBMHHO BKJIIOYATH pillleHHS 3 Bizyamizamii Ta oOpoOku AaHuX, sSKi Haiikparie
BiJIMIOBiAal0Th NOCTABJICHUM BUMOTaM. 3aCTOCYBAaHHS LIMX PillIeHb JT03BOJUTH 3aMOBHUKY JIETKO
OTPUMYBATH KJIIOYOBI aHAJITUYHI TOKa3HUKU B PEXKUMI peabHOTO Yacy.

Ha puc. 5 HaBeneHo mpukiaz CTOPIHKH iHTepdercy mporpaMHOro 3abe3rnedeHHsl, OIUC
KOMITOHEHTIB SIKOi MiCTUThCS B Ta0m. 1.
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Eran2
OuiHBaHHA l
Ti
npauisHukis BusHaunTu Habip NOKASHUKIE 3 METCH
poay TIT  [ouinkmn npoayKToBOT IT KoMMaHij

I

3acTocysanHA opMyN pospaxyriy
ecpeKTMBHGCTI NpayiBIKis

B i Ha
Aawoopa

[ OWiHka echekTHBHOCT MpaLisHiKIE ]

BIAWTOBXYHMMCH Bifl OTPUMAHIX
pesynsTatis

Puc.4. Cxema anroputmy 300py Ta 00poOku Biarykis. Etam 2

PM PERIOD D TYPE
General Accounts and Other Commerce K . . r——
T SATISFACTION STATISTICS BY PERIOD SATISFACTION GRAPH 2019 - 2024
89 @ <70% @70-80% @80-90% @90-100% 92012 @2020 @2021 @2022 @2023 @2024
.

% OF SATISFIED CUSTOMERS . 2 .

63% (1)

i g 5 4 100%
1 ; | - 2 2%

5 OF UNSATISFIED CUSTOMERS o i BRSO (2 . 5 5| “

TETEPERIRE| BERFFE [BTY)

SR FT N FTFT T PIEI NI RERYFE ] k) e

SI DYNAMICS [ SoRvEY ArTrsuTES DYRAMES | S| % BY DOMAINS ,W

Architecture_and_Design

96%
95%

94%

93%

Business_Automation_Solutions

Automotive

Farming
cremicats | c2
aviation [ 5:%
Enterprise_Resource_Planning [N <%
education Tech [N 0%
Fintech [N 0%
. Games_and_Entertsinment [ 79%
" T2 -8 8RR 8N SR88 W R ] Geo_tracking _and_Logistics [N 7o%

Puc. 5. Cropinka General Accounts and Other Commerce

Taomums 1
Inpopmarnis mpo cropinky General Accounts and Other Commerce

Ha3Ba enementy Tun enemeHTy Omnwc enemMenTy

1 2 3

PM bigeTp EnemeHr, sikuii QinbTpye Bizyanizamii 3a
KOHKPETHUM MEHE/KEPOM MPOEKTY

Period ¢buteTp Enemenr, sixkuii GibTpye Bizyanizamii 3a
KOHKPETHHUM II€Pi0ZIOM IPOEKTY
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Kinens tab6m. 1.

1 2 3

S| Dynamics line chart I'padik, sKuit okasye quHaMIKY (y BiICOTKaX)
3aJI0BOJICHOCTI KIIIEHTIB Yy PO3pi3i 4acy

Satisfaction graph bar chart I'padik, sikuii MoKa3ye BiZICOTOK
3a/I0BOJICHOCTI KJIIEHTIB Y pO3pi3i POKY

S| % by domains horizontal bar chart | I'padik, skuit mokasye 3a10BOJIEHICTH
KITIIEHTIB y PO3pi3i TEXHOIOTiH KOMIaHi1

Type higpTp Enemenr, sxuit GimpTpye Bizyamizarmii 3a
THUIIOM IIPOEKTY

Average NPS line chart I'padik, sikuii mokasye cepenHiit 6an
3a710BOJICHOCTI KoMaH 1010 (Bix 0 10 10)

% of satisfied customers line chart I'padik, sKuii MoKa3ye BiZICOTOK
3aJI0BOJIEHOCTI KJIIEHTIB

% of unsatisfied customers line chart I'padik, sIKuii IOKAa3ye BiICOTOK
HE3aJ0BOJICHOCT] KIIIEHTIB

Satisfaction statistics by period bar chart I'padik, sikuii TOKa3ye JMHAMIKY
3aJJ0BOJICHOCTI KITIEHTIB Y PO3pi3i Hacy

6. O0roBopeHHs pe3yJIbTATIB AOCTiIKeHHSA

Ha BinmMiHy Bif] iCHY!OUHX pIIlIeHb 3 aHANI3Y BIATYKIB, SIKi peali3yloThCs Ha ChOTOHIIITHII
JIeHb B OCHOBHOMY 32 JIOTIOMOTO0 HaI0yToBH aHai3y naHux B Excel, 3aco6is Tableau a6o Tibco
Spotfire, 6i0mioTex Python abo Java, 3anponoHoBanmii METO OPIEHTOBAHO HA BUKOPUCTAHHS 3
MPOAYKTOM Bi3yalbHOI aHAITHKH Bix KoMmaHii Microsoft. Lle 3 omHOTr0 60Ky crporye mpoiec
Bi3yaui3arlii, a 3 iHIIIOTO — 3aJIUIIIa€ MOXJIMBICTh YIOCKOHAICHHS 1 iHTerparii 3 MoBamu Python i
R. Jlani 36epiraroThes y pensmiiiHii 60a3i gannx Microsoft SQL Server. O6po6ka Ta HalTOBHEHHS
JaHUMU 3/1HCHIOETHCS 3a JOIIOMOTOI0 MOBHU NporpamyBaHHs Python ta opkecrpatopa Apache
Airflow.

Po3pobiiennii MeTo 1, Ha BiIMiHY BiJI iCHYIOUMX, Ma€ MIMPIIT MOKIMBOCTI 3 Bi3yai3allii, aKi
BUTJISIIAIOTE KPallle 3 TOUYKH 30py ONUCY AaHuX. J{aHui MeTO/] Ta 3aponoHOBaHa ClielializoBaHa
aHaJITUYHA IMiACHCTEMa [O3BOJSIIOTH CHPOCTUTH POOOTY 3 BEIMKHUMH OOCSTaMH IaHUX,
3a0e31euyoun ONepaTUBHUI TOCTYI /IO KIIFOYOBHUX aHATITHYHUX MOKA3HUKIB Ta 1X Bi3yalli3alliro
B iHTepakTUBHOMY pexkumi. CTBopeHi nambopan 3a0e3neuyoTh 3pyYHAR JOCTYI 10 OCHOBHHX
METPHK, TAKHX SIK PiBEHb 33/I0BOJICHOCTI KIIIEHTIB, 4aCTOTA MOBTOPHUX 3BEPHEHB, a TAKOXK 1HIII
MOKa3HUKH e(eKTUBHOCTI poOoTH mpamiBHUKIB. TecTyBaHHS pPO3pOOJIEHOT aHAIiTHYHOT
migicucteMu Oylio MPOBEJICHO B peabHUX yMOBax B xapkiBcbkiit IT-kommanii NIX Solutions i
MIATBEPIAMIO €PEKTUBHICTh 3aIIPOIIOHOBAHOIO METOJY Ta HOI'0 PEJIeBAHTHICTH JJIS HIBUIAKOIO
aHaJTi3y JaHUX.

TakuM 4MHOM, 3aMPONIOHOBAHE PILLICHHS J103BOJIAE NPOAYKTORIH IT-KoMITaHii miABUIIATH
SKICTh OOCITYTOBYBaHHS KJII€HTIB, 3MEHIIUTH Yac Ha 00pOOKY NaHMX, i, SIK HACHIJOK, CIPHUSITH
MOKPAIIEHHIO BHYTPIMIHIX MPOIECIB 1 MiIBUIIEHHIO 3arajibHOT €(peKTUBHOCTI MiJIPHEMCTBA.

Sk 0OMEKEHHS 3aITPOIIOHOBAHOIO METO/TY CJIiJT 3a3HAYMTH HEOOXIIHICTh BUKOPUCTAHHS JJIs
fioro peaizaliii nepeBakHo MPOAYKTiB Microsoft (xoua He BUKIHOYEHO MOXKJIMBICTH peasizaliii
pOro Metoay i 3acobammu, mo OaszyroTrbes Ha macOS). Jpyrum oOMEXEHHSM € pillleHHS
pearizyBaTH Iieil MeToJ 13 3acTocyBaHHSM OHIaiH-cmyxOu Power BI. Ilili cmyx0i Opakye
0araTh0X MOJIJIMBOCTEH I PO3pOOKH, ajie BOHA € JOCTATHBOIO JUIS Bi3yasli3allii TOTOBUX 3BITIB
1 11€aIbHO MIAXOAUTH TSI KOMAaHIHOI 0araTOKOPUCTYBaIbHHUIIBKOTI poOoTH. KpiMm Toro, ciyxoa
Power BI (BeGBepcisi) He moTpeOye BCTAaHOBJICHHS 1 JIOCTYNHA 3 OYb-SKOTO IPHCTPOIO,
MiIKITF0OYEHOTOo 10 [HTepHeTY.

Sxmo BWHHMKAaE HEOOXiJHICTH 3acTrocyBaTd yci MoxiuBocti Power Bl 3a ymoBu
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BUKOPHUCTaHHS HACTIIFHIX KOMIT'IOTEPiB, TO PEKOMEHAYETHCSA 3aCTOCYBATH BipTyalbHI MaIIWHU.
Ane BOHU IOTPEOYIOTH JIIIEH3yBaHHS IS eKCIuTyaTamii B cepenoBuini Windows. 3acTocyBaHHS
BIpTYaJIbHUX MAIlIMH B CepefoBUII Mac € HaaTo pecypcoeMHHM pimeHHsM. Boot Camp — 1ie
anbTepHaTHBa 3 TOBHUM cepemoBumieM Windows, aine moTpedye mepe3aBaHTaKEHHS IS
TIEpeMUKaHHA CUCTEM 1 3aiiMae 6araTo MicId Ha TucKy. Bimmanenuit pobounii cTin He moTpedye
nokaneHOi iHCTansAnii Windows i1 3a0e3meunth moBHY (yHKIiOHaNbHICTE Power BI, xoua
3aJIeKUTH BiJl IBUIKOCTI [HTepHETY 1 MOTpedye okpeMuii mepcoHanbHuii Komm ' totep 3 Windows.

Hns  momonaHHA OOMEXKEHHS, BHKJIMKAHOTO HEOOXiTHICTIO MiATPUMYBaTH IOBHY
¢ynkuionaneHicTs Power Bl 3a paxyHOK mMigTpUMKH MOCTiHHOTO [HTEpHET-3’€qHAHHS, MOXKHA
TaKOK 3aCTOCYBATH 0araTo XMapHHUX pillleHb, SKi IPOMOHYIOThCs Ha puHKY I T-nponykTiB, a came:
BipTyanbHi Mamman Microsoft Azure, Amazon Web Series (AWS) EC2, Parallels, Turbo.net
Tomo. JlocTym 0 UMX CTOPOHHIX XMapHHUX pillleHb MOXHA 3OiHCHIOBaTH 3 OyIb-SIKOTO
MPUCTPOIO, Tl pillleHHS HE MOTPeOYIOTh JIOKATFHOIO BCTAHOBJICHHS, aje B 0araTh0X BHITAJKaX
BUMararoTh BUTpAT Ha nepeamiaty. KpiM Toro, mpoayKTHBHICTh €KCILTyaTallii crieliani3oBaHol
aHATITUYHOI IMiJICUCTEMH, sIKa 0a3yBaiacs O Ha 3rajJlyBaHUX XMapHHUX PIICHHSIX, 3HAYHOIO MipOIO
3a5ie)kaTUMe BiJl IBUAKOCTI [HTepHeT-3’eqnanns [ 18], [19].

7. BucHOBKH

B crarti mpoBeneHO aHami3 iCHYIOUMX METOMIB 1 3aCO0IB aBTOMAaTH30BAHOTO aHAIi3y
BIJITYKiB KITi€HTiB. BUJIiIeHO OCHOBHI 0COOIMBOCTI Mpo1IeciB 300py Ta aHami3y BiIATYKIB KIIIEHTIB
PO TpaIiBHUKIB XapKiBChbkoi mpoaykToBoi [T-kommanii NIX Solutions. [[ns 1ux mporuecis
PO3pO0IIEHO crieniai3oBaHuil MeTo 300py Ta aHai3y BiATYKIB KIEHTIB MPO MpaliBHUKIB
npoaykToBoi IT-kommanii. Bu3HaueHO KIIOYOB1 MOKA3HUKH, SIKi IOTPIOHO BpaxOBYBAaTH ITiJ] 4ac
aHaJi3y BiATYKIB KJII€HTIB JJIsl OL[IHKH MTPOAYKTHUBHOCTI Ta KOCTi poOOTH TpalliBHUKIB.

Jis peanizaiiii 3anpOTIOHOBAHOTO METOY OyJIO pO3pOOJICHO CIICIiali30BaHy aHAJITUYHY
HiIcKCTeMY, SiKa J03BOJISIE PO3IMIUPUTH MOKINBOCTI icHytouoi IC mpoaykToBoi IT-komnanii. Sk
pe3ynbTaTl  pPO3POOKH  3alpOTNIOHOBAHO ONMKUC OKPEMUX pIllleHb 3  iHQOpMaIiifHOTO,
MaTeMaTHYHOTO Ta MPOTPaMHOT0 3a0e3MedeHb €] MiICHCTEMH.

[TepcrieKTHBH TOJAIIBIIOTO PO3BUTKY TAHOTO JOCITI/DKEHHS IOJITAIOTh y BUPIIICHHI
TEOPETHKO-NIPUKJIAHUX [TUTAHb, IKi Oy TyTh BHHUKATH B IIPOIECi PO3MUPEHHS (DyHKIIIOHATBHUX
MosxmBoctelt IC Ta crnerianizoBaHoi aHAMITHYHOI mificucTeMH, iHTerparnii IC Ta migcucremu 3
IHIIMMHU KOPIIOPATUBHUMH 1HCTPYMEHTaMH Ta Tu1aTopMaMHu IS TOKPAIeHHS mpotecy 300py i
aHai3y JaHUX B peajJbHOMY 4aci. Jl01aTKOBO, MOXKIIBUM HANPSIMKOM PO3BUTKY € JOCIIKEHHS,
po3poOKa Ta BIIPOBA/HKEHHS HOBHUX aHAIITHYHUX METO/IB, SKi JI03BOJIATH SIKICHIIE aHATI3yBaTH
BIITYKA KII€HTIB 1 BUSBIATH MPUXOBaHI TEHIEHI, IO CHOPHUATAME TOYHINIOMY PO3YMiHHIO
noTped pUHKY Ta PO3BUTKY MEPCOHATY.
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3HAHHSA-OPIEHTOBAHA MO/EJIb BIBHEC-ITPOLECY ITIOYATKOBOI'O
PIBHA 3PIVIOCTI IIPOHECHOT O YIIPABJIIHHSA

PosrnsiayTo mpobieMy MopenroBaHHA Oi3HEC-TIPOIECiB 3 BHUKOPHUCTAHHSAM 3HAHb Ha
M0YaTKOBOMY PiBHI MPOLECHOT 3pijocTi. BUKOHAHO i€papXiuHy CTPYKTYpHU3allilo IpeICTaBICHHS
3HaHb B MOJIelNi Oi3Hec-Tpolecy Ha OCHOBI OizHec-mipaBmil. Po3po0iieHO mpencTaBieHHs 3HAHB,
o BimoOpakae TOBEHIHKOBI, ONEpaliifHi Ta CTPYKTYpHI Oi3Hec-TipaBmiia Ha IEpHIIOMY piBHI
npouecHoi 3pinocTi. [loBeqiHKOBI NpaBWiia NPEACTABICHO 3 BHKOPUCTAHHS TEMIIOPAIBLHUX
npaBui TUITY «Futurey», onepauiiiHi — 3 BAKOPUCTAHHAM MpaBuiaM THITY «Nexty, CTpyKTypHi —Ha
OCHOBiI Ha0Opy MOMYCTHMHUX 3HaueHb aTPHOYTIB MOAiH JOTY Oi3HEC-Tpolecy. 3alponoHOBaHO
3HAHHSI-OPIEHTOBAHY MOJICJb OI3HEC-TPOLECY IOYaTKOBOTO PIiBHS IMPOIECHOI 3pLIOCTi, IO
BiZIoOpaXkae TOCIHIIOBHICTh Jilf, OKpeMi Jii 3 MOXJIHMBOCTSMU Ta OOMEKEHHSIMH JOCTYILY IO
pecypciB, pecypcH TpoIecy Ha OCHOBI TOBEHIHKOBHX, OIEpaIlifHUX Ta CTPYKTypHHX Oi3Hec-
TPaBHIL

1. Beryn

biznec-mportec (BII) oxoruroe MHOXHHY ITOCIITOBHOCTEH B3a€MOIIOB'SI3aHUX IiH, IO
3a0e3Meuy0Th CTBOPEHHS OPIEHTOBAaHMX Ha CIIOKHMBada ToBapiB Ta mociyr [1]. Momemns BII
BKIIFOYA€ TIOTIK pOOIT, KW MICTUTH IMOCIIAOBHICTh OMEpalliii 3i CTBOPEHHS MIHHOCTEH I
KIEHTIB Ta HEOOXimHI JUIsi IUX oOmepamid pecypcu. Monpenb MOXKe BKIIOYATH TaKOXK
MoCcTavaIbHUKIB Ta KiIieHTiB. MoaemtoBanHs bl cTBoproe yMOBH 111 peaizaii moBTOPIOBAaHUX
Ta aJanTUBHUX OizHec-mpomeciB. OcCTaHHI MOXYTb OyTH OIliHEHI 3a TOKa3HUKaMHU
pe3yNbTaTUBHOCTI W e(EeKTHBHOCTI Ta BiJKOPUTOBaHI 3a pe3yibTaTaMu IIi€l OIHKU [2].
[TobynoBa mozeneit BI1 nae MOXITHBICTH peanizyBaTy MPOIECHE YIIPABIiHHS OPTraHi3aIli€lo.

[IpomecHe ympaBiiHHS — € MiAXiJ JO YIPaBIiHHSA OpraHi3ali€lo, SKWid po3risigae il
IUSUIBHICTD sIK CyKymHICTh BII, siki B3aemoiroTh. [IpoliecHe ympaBiiHHS nependadae aHai3
(hakTHYHMX MPOILIECIB oprauHizaiii, MojemoBanns bII, peanizaiiro Ta MOCTiiiHE BJOCKOHAICHHS
BbIL.

BripoBajiskeHHST IPOIIECHOTO YIPAaBIiHHS 3a3BHYail BUKOHYETHCS MoeTanHo. KoxeH Takuii
etan 3a0e3reuye nepexij opraHisailii 0 HACTYITHOTO PiBHS HPOIECHOT 3pinocTi. Buminserbes
I'STh PIBHIB MPOIECHOI 3piIOCTi: MOYATKOBWH, MOBTOPIOBAHWH, BU3HAYCHHH, KEPOBAaHHU Ta
ontuMizoBaHui. KoxkeH HACTYNHUH pIBEHb BiJPI3HAETHCSA BiJ| MONEPEIHLOTO JOJATKOBHUMHU
MOJKJIMBOCTSIMH B aCTEKTax CTaHIAPTH30BAHOTO OMNHKCY, BUMIPIOBAHOCTI, OI[IHKH €()eKTHBHOCTI
Ta 6e3nepepBHOTO yaockoHaneHHs BIT [3].

[TouaTkoBuii  piBeHb  MPOLECHOI  3PUIOCTI  XapaKTEPU3YEThCS  BIJACYTHICTIO
cranaaptu3oBanoro onucy BI1. Ha qanomy piBHI mpoliecy 3a3BU4aii MOraHo JOKYMEHTOBaHI Ta
3HAYHOKO MIpPOIO 3aJIeXkKaTh BiJ IHAMBIAyaJIbHUX 3HaHb Ta KBajiQikallii BUKOHABIIB. ToMy mpu
BUKOHAHHI TIPOIIECIB MOXYTh OYyTH NEPEBHUIIIEHI PaAMKU 3aIIAaHOBAHWUX TEPMIHIB Ta OIOJDKETY.
BiamnogsigHo, pe3ysibTaTH TaKUX MPOLIECIB HE 3aBXKIU € NepeadadyyBaHuMu [4].

Jliis miepexoay 10 BUIIMX PiBHIB MPOIIECHOT 3pIIOCTI HEOOXIHO BH3HAYUTH Ta OIMMCATH
nociioBHicTh Aii BII sik ximrouoBoro enementy mozeni BIT. Leit onuc hopmyerbest Ha OCHOBI
3HaHb npo BII, sKi BKIIOYAIOTH 3HAHHA TPO JOMYCTHMI IOCIHIJIOBHOCTI i, TIPO yMOBH
BUKOHAHHS OKPEMHMX JIil, a TAKOXX HEOOXiaHI s muX Iid pecypcu. 3uanHs npo BII 3a3suuait
npejcTaBieHi y Gpopmi Oi3Hec-mpaBui [5].

3a3HayeHe CBIMYMUTH MPO aKTYyaJbHICTH MPOOJIEMH 3HAHHA-OPIEHTOBAHOTO MOZETIOBAHHS
BIl npu BmpoBamXeHHI MPOLECHOrO YMpPAaBIiHHSA, MOYMHAIOYM 3 IMEPLIOr0 PiBHS MPOIECHOT
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3pLUTOCTI.

2. AHaJii3 JiTepaTypHUX JAHUX i MOCTAHOBKA MPOOJIeMH A0CTiIKEHHS

Hampsimok  mpomecHoro ympaBiiHHA —00'€eJHYye METOOUM Ta IHCTPYMEHTapid s
MIPOEKTYBAaHHSA, IMIIEMEHTAIlli, MOHITOpUHTY Ta yaockoHameHHs bII Mera mpomecHoro
YIPaBJIiHHS MMOJIATAE Y TiABUIIEHH] eeKTUBHOCTI Ta sikocTi bII mumsxom iHTerparii TeXHOIOTii
1 yIIpaBIiHCHKUX MPAKTHUK [6].

BrpoBajykeHHS MPOLIECHOTO YIPAaBIiHHA Mepeadadae MOCTYMOBHHA Mepexi A0 BHIIUX
piBHIB mporecHoi 3pinocti opranizamii [7]. Ilpu BrnpoBakeHHI BUKOPHCTOBYIOTBCS METOH
ninTpuMkH xxutTeBoro nukity bII [8], interpaiii ¢pparMeHTapHUX MOCITI IOBHOCTEH Miil Y € TUHUI
nporec [9], [ 10], BukopuCTaHHS aHANITUKY AaHUX JJis miaTpuMKu yrpasiinas BI1[11]. B ninomy
ICHYIOWl TIIXOAM OpI€HTOBaHI B TepHIy 4Yepry Ha QOpMyBaHHS CTaHIAPTH30BaHUX
nocinigoBHoctei aiit BI1 Ha ocHOBI ananizy soriB BI1 meromamu process mining Ta moaaibIoi
MiATPUMKH KUTTEBOTO LUKINY BIl 3 MOCTYNMOBMM yCYHEHHSIM MOMHIIKOBHX JAHLIOKKIB Jiif.
OpHak MNUTaHHSAM TMMOOYIOBH THYYKHX 3HAHHSA-OPIEHTOBAaHHMX IIPOLECIB HE MPUIIISETHCS
JOCTaTHLO YBaru, Xxoya BUKOPUCTaHHS 3HaHb y mozeni Bl mae MOXITUBICTD BU3HAYUTH YMOBH
BUOOpPY aNbTEPHATUBHUX MOCIIJOBHOCTEH Jiil Ta peCypcHI OOMEKEHHS Ha BUKOHAHHS IUX JTiH.

3uanns y BII 3a3Buuail mpeacraBieHi y ¢opmi OizHec-npaBun [12]. BizHec-mpaBuia
3a0e3MevyIoTh UiTKe BU3HaueHHs joriku BIT i, Ha 11i#f OCHOBI, cTaHIapTHU3aIi0 Aii nporecy [13],
[14]. Tlpore Ha mepmioMy piBHI HPOLECHOI 3piNOCTI Oi3HEec-TpaBuWia M€ HE BUIAUISIOTHCS
¢dopmanbao. ToMy ISl IpEICTaBICHHS 3HAHb 3 METOIO MOJAJIBINOI MOOYI0BH Oi3HEC-TTPABHII
JOLITBHO BUKOPHCTOBYBATH 3aJIEKHOCTI MK JISIMH TIPOLIECY, SIKi MOXKYTh OyTH OTpUMaHi Ha
ocHOBI aHanizy joris BII.

INo6ynoBa mogeneit BIl Ha ocHOBI aHamizy JIOTiB BHKOHYETHCS B paMKaxX HampsMmy
JOCHI/DKEHBb process mining, sSIKuii BKJIoUae BUsiBeHH Monene bI1, mepeBipky BiamoBigHOCTI
(daxkTHYHKUX Ta «igeanbHux» mojenen bII, a Takox ynockonanenns BIT [15]. [Ipore B pamkax
JTAHOTO HANPSAMKY He MPUAINISEThCA yBaru BUAiUIEHHIO 3HaHb mpo bII y dopmi OizHec-npaBwu,
OCKLIBKH JIOTH MPOIIECY HE B MOBHIM Mipi MICTSTB iH(OpPMAIIitO 11010 JIOTIKYA NPUHAHATTS pillieHb
nipu BukoHaHHi BI1.

OpnHak 0a30Bi 3aNeXHOCTI, sIKi BimoOpakaioTh 3HaHHA MoA0 bIl mouaTkoBMX piBHIB
MIPOIECHOI 3pLIOCTi, MOXKYTh OYTH TMpeACTaBIeHI TeMIopalbHUMHU TpaBuiamu [16], [17], [18].
OcranHi BinoOpaxaroTs nopsiaok noaiid bII i Tomy MoXyTe OyTH OTpHMaHi Ha OCHOBI aHAIIi3y
nory BII [19], [20].

TakuMm unHOM, icHYIOUI TiIX0au 0 ToOyI0BH Moaenei bII opieHToBaHiI B mepiry yepry Ha
noOyZOBY THIIOBHX CTaHIApTH30BaHUX mociigoBHocTed niit BIl i He mpuainsioTh AOCTaTHBHO
yBaru noOynoBi THYYKUX 3HAHHS-OPiEHTOBaHUX nporeciB. OnHaK 3HAHHA-OPIEHTOBAHUH MiAXix
no modynoBu mozeneit bIl € kI04oBMM Ha MOYATKOBUX PIBHSAX MPOIECHOI 3pLIOCTi, OCKLIBKH
Taki mpouecu 0a3yloThCS Ha NEPCOHATBHUX 3HAHHSIX BMKOHABLIB 1 IIi 3HAHHS MAalOTh OyTH
BKIItoueHi B Mozesnb bIT npu nepexoni 10 BULIMX PiBHIB 3piI0OCTi NPOLIECHOTO YIPABIiHHS.

3. Mera i 3apa4i 1ocaaixkeHHs

MerToro ociiDKeHHS € po3po0Ka 3HAHHSA-OPIEHTOBAHOIO MigX0Ly A0 mpenactaBieHHs bIT
MOYaTKOBOTO PiBHS MPOLIECHOT 3P1IOCTI 3 THM, 100 3a0€3MeUUTH MOKITUBICTS TOOYIOBH MOJIEII
BII kepoBaHOTO piBHS MPOLIECHOT 3PIJIOCTI HA OCHOBI aHami3y iH(popMauii Ipo BUKOHAHHSA Ail
IpoLECy.

Jl1s NOCATHEHHS 1€l METH B JIOCITI/KEHHI BUPIITYIOTHCS TaKi 3a/1a4i;

— iepapxiyHa CTPYKTypHU3allis pecTaBieHHs 3Hanb B Mozeni bI1 Ha ocHOBI Gi3Hec-TipaBu;

— po3po0OKa 3HaHHSI-0pieHTOBaHOT Mojei BIT.

4. IepapxiuHa cTpyKTypH3alisi NpeAcTaBJIeHHs 3HaHb Oi3Hec-npouecy

3unannHs B BII 3a3Buuaii npencraBnsioTbess B ¢popmi OizHec-nipaBwil. OcTaHHI BU3HAYAIOTh
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MOCIIAOBHICTE pOOIT, YMOBH BHUKOHAHHA OKPEMHX ONepariii, a TaKoX JOITyCTUMI
XapaKTepUCTUKH 00'eKTiB (pecypciB), ki BuKopucToBye bII.

[IpoBeneHMit aHATi3 Aa€ MOKIMBICTH BHILTUTH TPH THITH Oi3HEC-TIPABWII, SKi CKIATAIOTh
iepapxiro onucy 3HaHb bII:

— TIOBEIIHKOB1 Ha piBHI MOTOKY pobiT Bl

— OlepalliiiHi, IKi BU3HAYaI0Th YMOBU BUKOHAHHS OKPEMHUX JIiif;

— CTPYKTYPHI, IO 33J[al0Th CTPYKTYPY JaHUX JJIs ONUCY 00'€KTiB, 3 sikuMu ornepye BIT;

Y3arajbHeH1 XapaKTepUCTHKH Oi3HeC-TpaBWII HaBEJCHO B Ta0. 1.

Tabmuus 1
XapaKkTepUCTHKH iepapxii Gi3Hec-TpaBUIl
PiBens iepapxii
MpaBUII [IpuzHaueHus IIpuknan
[ToBeIiHKOBHIA BH3HAYAIOTECS JOMYCTUMI IIOCITJOBHOCTI|3aMOBIIEHHS CKACOBYETHCS, AKIIO OILIATA

it Oi3Hec-Tmporiecin Ha OCHOBI[HE HaIIHIIITa IPOTATOM ABOX THKHIB.
BU3HAYEHHsS OOMEXEHb Ta BUMOT 10 LIUX
[1OCJIIIOBHOCTEHN [IiM.

OnepauiitHuii PerymoeTsest BHUKOHAHHSA okpemux| [Ipu BiampaBii 3aMOBICHHS HEOOXiJHO
oreparliif, MOB'I3aHUX 3 BUKOPHCTAHHSIM|MAaTH TOBAapHO-TPAHCIIOPTHY HaKIaIHY Ta
pecypciB Oi3Hec-mporiecy. paxyHOK-(akTypy.

CTpyKTypHUH Busnauarotbest CTpykTypu Ta enemeHTH|[locTavansHUK IIOBUHEH MaTH

JaHUX, 1[0 ONMUCYIOTh CTPYKTYPY pecypciB|iieHTHiKaiiHIA HOMED.
Oi3Hec-mporiecy abo 00'€KTiB, 3 SKUMHU
B3a€MO/IIE MPOIIEC.

[ToBemiHKOBI IIpaBUJIa BU3HAYAIOTh IOMYCTUMY IOBEAIHKY, TOOTO JOMYCTHMI HIANPOIIECH B
BI1. dakTryHO Taki paBujia 3a0a0Th JCKiIbKa ajlbTepHaTUB BUKOHaHHS BI1 B 3aekHOCTI Bij
BUMOT JIO PECYPCiB, MOCTAYAIBHUKIB KIIIEHTIB Ta BUKOHABIIIB. Hanpukia, moBeiHKOBE MPaBUIIO
MOJKe 3aJlaBaTd okpeMuii mianpouec B3aemomnii i3 VIP kimientom: «VIP-kiIieHT MOBUHEH MaTh
MOJJIMBICTh OTPUMATH 3aMOBJICHHS 3 0€30IUIaTHOI0 JocTaBKowo» [21] abo  3amaTu matepHu
BHMOT KJII€HTIB Tpotiecy [22].

OmnepauiiiHi mpaBuiIa 3aal0Th YMOBH BUKOHAHHS OKpeMHX il mpouecy. 3a3BH4ail Taki
MpaBwiia BU3HAYAIOTH Napy mocuinoBHuX Aiil bII B 3amexxHoCTi Big nmotounux pecypceis [23]. Lli
NpaBUiIa OPIEHTOBaHI Ha YCYHEHHS MOMMJIOK IPY BUKOHAHHI OKpeMuX 3aBaaHb. Hampuxman,
yMOBH 0OPMJIICHHSI KPYITHUX 3aMOBJICHb BU3HAUAE TaKe MPABUIIO: «3aMOBJICHHS Ha CyMy OUIbII
HiK 10000 rpH MaroTh OyTH CXBajeHi MEHEIKEPOM).

CTpyKTypHI TpaBwia 3aJal0Th apXiTeKTypy J[AaHUX, LI0 ONHCYIOTh BIACTHUBOCTI Ta
B3a€MO3B'A3KM 00'€KTiB B oprasizauii, ki BukopuctoBye BII [24]. B mozneni BIl mi npasuna
3a3BHYail BU3HAYAIOTh PECYPCH, SKI BUKOPUCTOBYE npouec. Hanpuknaz, «3aMOBII€HHS TOBUHHO
MICTHTH LIOHAHMEHILIE OAUH TOBap».

lepapxis mpaBui GOpMy€ETbCS TAKAM YHHOM: OTIE€paLliifHi IpaBUia MAlOTh BAKOPHCTOBYBATH
CTPYKTYpHi npaBuia. BinnoBigHo, 3MiHa CTPYKTYPHUX HPaBHJI MOKE MPUBECTH IO KACKaJHOTO
KOPUT'YBaHHS ONEpallifHUX Ta MOBEAIHKOBUX NpaBUIL. SIK HACHTIOK, CTPYKTYPHI IPaBUIa MalOTh
OyTH CTaTUYHUMH.

OmnepauiiiHi npaBuia BpaxoBYIOTh HasiBHI pecypcu Ta TUMOBY JoTiKy BII, To6TO MOXyTb
3MiHIOBAaTUCh NIPU 3MiHI pecypciB Ta 3axayu bI1.

CTpyKTypHi Ta onepauiiiHi mpaBuia 3a3Budaii € 000B'13xkoBuMu (ProcessMaker, n.d.).
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[ToBemiHKOBI MpaBMIIa PO3MUPIOIOTH THITOBY JIOTiKY BIIL, po6msauu BI1 myneTuBapianTHUM.
Tomy mOBeAIHKOBI MpaBMIIa MOXKYTh CYTTEBO 3MiHIOBATHCH 3 YaCOM.

Oco0nuBiCTh 3aCTOCYBaHHS Oi3HEC-TIPaBWII HA MEPIIOMY PiBHI MPOIECHOI 3pLIOCTI, SIKUI
XapaKTepU3yEThCA HEKOHTPOJILOBAHUMH Ta [IOTaHO BU3HAYCHUMHU IIPOLIECAMH, IIOJIATA€E B TAKOMY.

[To-mrepire, MOBEAIHKOBI MpaBMiIa € HEIBHUMHU Ha JTAHOMY PiBHI BHACHIOK BiACYTHOCTI
BU3HAYEHHUX MOCHifoBHOCTEeH [21] moaiif Ta peakTHBHOro, a HE MPOAKTUBHOIO MiJXOLy OO
BukoHaHHs Ait [19]. Ilpore moBenmiHkoBI mpaBwia MOXYTh OyTH c(OpPMOBaHI Ha OCHOBI
BUJIUICHHS TUIIOBUX MTOCITIJOBHOCTEH i, 110 BUKOHYIOTHCS TpU OaraTopa3osiii peamnizaitii bI1.

[o-ppyre, onepaiiiHi mpaBuiIa 4aCTKOBO BUKOPHCTOBYIOTHCS Ha JAHOMY PiBHi, 30KpeMa sIK
0OMEKEHHS AJIs1 OKPEMUX Hii.

[o-TpeTe, cTpyKTYypHI paBWiIa, 10 334al0Th CTATHYHI 3B’ SI3KU MK JaHUMH, € KIFOUOBUMHU
JUTS. BUKOHAHHS poOiT Ha JaHOMY piBHi. BayKnuBicTh JaHMX MpaBwi MOB'sI3aHa 3 TUM, 110 HAaBIThH
HEYNOPSIIKOBaHI Jii Ha TOYaTKOBOMY pIiBHI TPOIECHOI 3piIOCTi  BUKOPUCTOBYIOTH
CTpYKTypoBaHy iH(popmaiito npo pecypcu BIL.

Takum urHOM, 1IpH OOy HOBI Monem BI1 B pamkax mepexoty Bij MOYaTKOBOTO JI0 APYTroro
PiBHS ITPOIIECHOI 3piIOCTi TOLITHHO BUKOPHUCTOBYBATH CTPYKTYpHI Ta ONepaliiiHi mpaBuia.

5. Mopneas Oi3Hec-npoiecy MOYaTKOBOI0 PiBHS NMPOLECHOI 3pijIocTi

3anporioHoBana wmojens bII MicTuTe Tpu KIO4OBHX piBHA mpencraBieHHs bBIT:
MOCHIIOBHICTh [TIi, OKpeMi Mii 3 MOXJHMBOCTAMH Ta OOMEXKEHHSIMHU JOCTYIY /O PECYpCiB;
pecypeu, 3 sikumu ornepye BII, siki po3risaaroThes y acleKTi 3HaHb.

XapaKkTepUCTUKH PiBHIB AaHOI MO/JIeNTi TIPEICTaBICHO Y Tal0. 2.

Tabnung 2
XapaKkTepUCTHKH iepapxii Gi3Hec-TpaBuIl
PiBeHs iepapxii [IpencraBnenHs Oi3HeC-TIpaBUII Ha
TIPaBUI Biznec-npaBmia MepIIoMy PiBHI MPOIECHOT 3p1IOCTi
1. IMocnigoBHicTh  |[ToBEIiHKOBI MpaBHIa TemmopasbHi mpaBuia TUILY «Futurey, mo
niii (workflow) BU3HAYAIOTh ~ MHOXHHY  HiJIIPOLECIB
OizHEcC-TpoIieCy
2. Oxpewmi il Omneparniiini npaBuia TemmopanbHi npaBuia Ttuimy «Nexty,
Oi3Hec-nporecy BH3HAYAIOTh PE3yJIbTaTH MOMEPEIHBOT Aii
SIK YMOBY JUIsl HACTYITHOT Aii
3. Pecypcu 0i3Hec- |CTpyKTypHI npaBuiia Habip JIOTTYCTUMUX 3HauYeHb
porecy BJIACTUBOCTEH /IS Oii Oi3HEC-TIPOIIECY;
KO)KHA TOMisl BiZoOpakae pes3yNbTaTH
BUKOHAHHS OCTaHHBOI JIiT Oi3HEC-TIpoLeCy

BripoBajykeHHS NPOLECHOTO YNPaBIiHHA IOYMHAETHCS 3 MEPLIOrO PIiBHS HPOLECHOT
3pinocti. Ha manomy piBHi 3piniocti noseninka BII € He crangapTH30BaHOIO, TOMY MOXIIUBI
MIOCHIIOBHOCTI 1M Mpouecy SBHO HE BU3HA4aloThCs. OAHAK MPH MPOLECHOMY YIPaBIiHHI, SIK
NPaBUIIO, BUKOHYETHCSL MOHITOPUHT BII. Pe3ynpTat MOHITOPUHTY NpEACTAaBISIOTHCA Y BUIITIAIL
jory. AHajii3 JOTy Ja€ MOXJIMBICTh BHUSIBUTH 3HaHHA mpo noBeldiHKy bIl i B mopmambmomy
CTaH/IapTH3yBaTH MOCTiIOBHOCTI ik BIL.

Jlor L cTannapTu30BaHOro Npolecy CKIanaeThes 3 Tpac E;, To0TO nocmigoBHOCTEH MOIiMH

E; =<ei 1,6 2,06 j,...> , KOXHa 3 SKUX BioOpakae omHopaszoBe BukoHaHHs BII. KoxxHa momis
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& j dixcye 3aBepuieHHs abo 3MiHY CTaHy OJHI€] 3 Aiii npowuecy.
Jlor L mpouecy mepioro piBHs HPOLECHOI 3pLIOCTI CKIAJAETHCA 13 Habopy moaii €j,
L= {e i } , TOOTO IaHUii JIOT HE MICTHThH SIBHOT YIOPSJKOBAHOCTI MoAil 1o TpacaM. I[IpoTe koxkHa

noaisg € j Mae MITKy 4acy t j» O Hmae MOXUJIMBICTh 3aJIaTH TEMITOPATbHI 3aJIEKHOCTI MiXK

nomismu. Lli TemmopanbHi 3aJIeKHOCTI MPEACTABIAIOTHCS y (QOpPMI TEMHOPaIbHUX-MPABHUIL
TemmopanbHi MpaBuiia MOXKYTh OyTH BHKOPHUCTaHI Uil YIOPSAKYBaHHS MO MO Tpacam i
MOJIAJTBINOT MOOYI0BH MPOLIECHOT MOIETI METOAaMHU Process mining.

B pamkax pospobnenoi 3HaHHsS-opieHTOBaHOi Mojeni bBII BUKOpHCTOBYETBCS Take
NpEACTaBICHHS TEMIOPaJbHUX 3HaHb, IO BiJOOpPaXalOTh MOBEIIHKOBi, OMEpaliiiHi Ta
CTPYKTYpHi MpaBujia Ha MEePIIOMY PiBHI MPOIECHOI 3pUIOCTI.

IloBeninkosi 6i3Hec-mpaBuiia BigOOPaXKalOTHCS TEMIIOPAIBHUMH MPAaBUIAMH fl THUITY

j+m
«Futurex», To6TO NpaBuIaMH, AKI YIOPAIKOBYIOT Y Yaci 1Bi NOAIl €j,€j,y 33 YMOBH, IO MK

HHMMH € 1H111 moaii, Tooto m >1:
flim =(8j.8jum)[m>1. (1)

@DakTHYHO NpaBUIIa fl 0OYMOBITIOIOTh TOYATKOBY 1 KiHIEBY Aito mimnpouecy bIl,

j+m
HaNPUKIa, i 13 IepeBipKH OIIaTH Ta CKACyBaHHS 3aMOBJICHHS Y BUIIAJIKY BiJICYTHOCTI OTUIATH.
[TpoTe Mix MU JBOMA AisIMU MO)KyTI) OyTH POMiXHI [i1, TOB'sI3aHi 13 CIIKYBaHHS 3 KJIIEHTOM,

3 Gankom, Tomo. To6To npasuno f ! j+m OOYMOBIIIO€ JCKIIbKA BapIaHTIB IIEPEXOY BLI MOJII €;
1o momii €j,p. Lli mepexoxn MOKyTh OyTH NpeICTaBieHI MPaBUIAMH X JJ 41 Tary «Next», gxi

3a/1al0Th TEMIIOPAJFHUH MOPSIOK TBOX MOCIIIOBHUX Y Yaci MO €j,€j41:
i
Xj j+1 <e € j+1> (2)

. . . . j j+l j+m-1
BianoBiiHO, KOXKEH BapiaHT peaii3alli npaBuia f j+m Mae BUITIAN < i 0 Xj j21e XJ m >

Tonui TeMIiopanbHi 3HaHHSI r ' m 110710 TTOCTi0BHOCTI poOiT BIT MoXyTh OyTH NpeacTaBIeHI

TAaKOK KOMOIHAI[IEI0 TEMNOPaJbHHUX TPaBHJ, M0 ICHYE IOHAHMEHIIEe OJHA TOCHTiJOBHICTH
npasun tuny «Next», sika 3abesredye nepexij Bill Iepexoiy Bil € 10 €j.y

i o e j+1 j+m-1
_f1+m <]+1’Xj+2’ X]+m > (3)

[pasuiio rjj+m BiIoOpa)ka€e IOBEIIHKOBE IPABHJIO 1 MICTHTh 0a30By IOBEAIHKOBY

MOCHIIOBHICTh MOJiH, MPOTe He MICTUTH iHpOpMaLii mpo aTpubyTn uux noxAi. OcTaHHsS MOXe
OyTH OTpUMaHa i3 CTPYKTYPHHUX IpaBHIL.

OmnepauiiiHi npaBuiIa Ha NEPIIOMY PiBHI MPOLECHOI 3piIOCTI MOXKYTh OyTH BimoOpaskeHi
TEMIIOpAJIbHUMH TpaBuiamMu (2), SKi BH3HAYAIOTH IONEPETHIO MOJII0 SIK YMOBY BHKOHAHHS
HactynHoi aii. Hanpukman, nii «BigmpaBka 3aMOBJICHHS» Ma€ IepeayBaTh [Iisl «OTPUMAaHHS
TOBAapPHO-TPAHCHOPTHOI HakIagHoi». [y meranpHOro BiOOpa)XeHHS ONepaliiHUX MpaBHIl
HEOOXiZHO JOMOBHUTH IpaBwia Tuny «Next» iHpopmauiero mpo pecypcu (00'€KTH, 3 SIKUMHU
B3aemozie Ta ski BuxkopuctoBye bBII). Taka indopmauis BigoOpakaeTbcs 3a JOMOMOTOIO
CTPYKTYPHHUX TIpaBHIL.
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CTpyKTypHI mpaBWiIa TPEACTaBISIOTECS HAOOPOM VA ={Vk"} nmorryctuMux | — 3HadeHb

atpubyTiB A= {ak} moxii. Takuii miaxin oOyMOBIIEHUH THUM, IO aTPHOYTH MOAIH BKITFOYAIOThH
aTpuOyT 00'eKTiB, 3 sskuME onepye BII.

Crnig 3a3HauuTH, MO B cUcTeMax MOHITOpuHTY bIl TpaaumiiHO BHKOPHCTOBYETHCS
OJHAKOBHil HabIp aTpuOyTIB IS BCIX MOAii. TOAI CTPYKTYpHE NMPABHIIO [j BU3HAYAETHCS UL
KOXHOI ToAi1 (ToOTO As1st KokHOI BifmnoinHoi aii BIT) Ta MicTuTs iH(pOpMAaIIifO PO MiAMHOXAHY

k.l . .
Vj" HOMyCTHMHX 3HAYCHB aTpuOyTiB Mol € it

rj ={v'j"'}. (4)

TakuMm 4MHOM, MOBEIIHKOBE MPaBHIIO p(l) IpY BIPOBAKEHHI MPOLIECHOTO YIPABIiHHA
NPEACTaBISIETHCS HA0OPOM TEMITOPATBHUX MpaBwi (3), A7 SKUX BU3HAUCHI CTPYKTYpHI MpaBuIIa

(4):
o® i

J+m

(Vn=j,j+m)3rn. (5)
AHaoriuHo, onepariifHe IpaBuiIo p(z) MPEACTABIIIETHECS TEMIIOPAJIBHUM IIPABUIOM THILY
«Nexty» Ta nBoMa CTPYKTYpPHUMH TPaBUIIAMH:

5 )
p( )= XJJ+1

3 M- (6)

TakumM urHOM, 3HaHHs npo BIT npezcraieni HaGopom nosexinkosux npasmn PY = { p(l)}
, OTIEPALIi THHUX MTPaBUI p@ = { p(z)} Ta CTPYKTYPHHUX IIPABUI PO = {rj } . BigmosinHo, 3HaHHS-

opierroBana mojens bI1 BP wmicTuts mpaBuia Beix TppOX piBHIB 32 YMOBH, IO OlEpaliiiHi Ta
CTPYKTYpPHI IpaBwIIa 3aJiaHi UIs BCiX MOJIii Jory:

8P = [P®,P®, P|(vj)ar, (vj =13 -1)3xL., . (7)

O6mexenns (Vj)3r; Binobpaxae meobxinmicts omucy atpuGytis momiit. ObMexeHHs

(ijl,J —1)EIXJ-j .1 3amae mimcHicte BII, T0O6TO OGe3mepepBHy mocmimoBHIiCTh ik BIL

BaxnmuBicTh BKITIOYEHHS 1aHOTO 0OMEKEHHS MOB'SI3aHa 3 TUM, IO JIOT MPOILECY TIEPIIOTo PiBHS
3pIOCTI € HEYNMOpSAKOBaHUM 32 TpacamMH. TOMYy TpeJCTaBJICHHS 3HAaHb MAa€ MICTHTH BCi
3aJIEKHOCTI MiX MapaMu MMOCTiIOBHHX ITOJIiH, 10 00YMOBIIOIOTE NOTIK poOiT BIT.

6. Ilpuknag noOynoBH 3HAHHA-OPiEHTOBAaHOI MoJesi Oi3Hec-mpouecy AJs NMepPIIOro
PiBHS npouecHoi 3pinocTi

ITo6ynoBa enemenTiB Mojeni BI1 BukoHaHa Ha OCHOBI aHawi3y jory dipmu VOIVOIT, sikuit
MICTHTB 3aIIKCH TIPO MPOIIEC CEPBICHOTO 0OCIYrOBYyBaHHS MPOMYKIIii JaHoi Gipmu. JIor MicTHTh
TIOCITIIOBHICTh OaraTopazoBoro BukoHaHHs bI1 BUIMX piBHIB 3pinocti. @parMeHT Jory i3 TphoX
Tpac Oyyio (GparMEeHTOBAaHO Y BHIVIAI HEYMOPSIKOBAHOI TMOCTIIOBHOCTI 12 momid s
BIJIIOBITHOCTI ITPOLIECY TEPIIIOrO PiBHSI 3PIIOCTI.

Omnuc mozii 3aJa€THCsI TAKOIO MOCHIJOBHICTIO aTPUOYTIB: =«0rg:groupy, «resource country,
«org:resource», «organization country», «org: role», «concept:name», «impact», «product,
«time:timestampy», «lifecycle:transition». Jns BigiOpaHux mnoxiii BU3HAYEHO MHOXKUHY
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MOXJTMBUX 3HAYEHb IUX aTpUOyTiB. 30KpeMa, /Ul BUKOHABIIB: org:role ={«Rijiny, «Kennethy,
«Ewa»}, mis npoaykrie product ={«PROD660», «PROD424», «<PROD424»}. Ha ocHOBI 1ux

HaOOPiB 3HAUYEHB BUAUICHI CTPYKTYpHI TIpaBUja P® 1151 koKHOT i3 BXiZHUX MO

J1ist BUALICHHS TPaBUIT P® nocninosHicTs moiii OyJI0 YHOPSITKOBAHO 32 TEMITOPATILHUM
aTpubyTOoM «time:timestampy» Ta BUAIJICHO MiIMHOKUHY MOIH, IS IKUX TEMIIOpalibHa Pi3HHILISL
MDK TIEPIIIOI0 1 OCTAaHHBOIO IMOIEI0 MIMHOKHHN MEHITE, HIXK PI3HHIS B 9aci MK HOIISIMH 3
pi3HMX TiAMHOXWH (MO 3 IMX MIAMHOXXHUH BUKOHYBAIHCH B pi3HI pokw). Otpumano 9
TeMIopanbHuX TpaBuwi Tty «NeXt» mis nux maIMHOXWH. Y CYKYIHOCTI i3 CTPYKTypHUMH

IpaBUJIaMU BOHU CKJIAJIM MHOXHHY P(Z) .

Muoxusa PY mictuts ogue mpaBmiio tumy «Future», ockiapku Ha HAOOPi 3 TPHOX Tpac
BiJICYTHI aJIbTepHATHUBHI BapiaHTU BUKOHAHHS HPOLIECY.

Y migcyMmMKy, 3HaHHS-OPI€EHTOBaHA MOJIENb MPOIECY MICTUTh OJHE IIOBEIiHKOBE, 9
omepariiinux ta 12 crpykrypHux npasui. KoxxHa mois i3 BXiJJHOro HabOpy MiCTUTh IICHTHYHHMA
Ha01p aTpuOYTIB, 110 CBIIYMTH ITPO BUKOHAHHS YMOBH Yy Bupasi (7).

TakuM 4YMHOM, CYKYIHICTh IIMX TpaBHJ HOBHICTIO BiloOpa)kae MOPSIOK BXiAHUX Tpac,
TOOTO Ha OCHOBI MPaBUJI MOXe OyTH MOOYJ0BaHa CTaHJAPTH30BaHA MOJIENIb BXiJJTHOTO MPOIIECY.

[Nopanemmii po3BUTOK 3HaHHs-opieHTOBaHOTO omucy BII moB's3anmii i3 GopMyBaHHSIM
CTPYKTYPHHX Ta TEMIOPAILHUX 00MEXCHB JUIsS BUIIICHHS i IMHOYKHH IO/IiM, 1110 BIIMOBIAaI0Th
pizauM BII Ta pi3HuM Tpacam mporecy B paMKax OJHOTO JIOTY.

7. BucHOBKH

Po3pobiieno Habip Mopeneil mnpenacTaBiieHHs 3HaHb monxo bII, mo BigoOpakaroTh
MIOBE/IIHKOBI, OmepamiiiHi Ta CTpyKTypHi Oi3Hec-mpaBuia. IloBemiHKOBI Oi3Hec-TipaBuia, IO
00yMOBITIOIOTH BUKOHaHHS TinnporeciB BIl, mpencrasieHi TeMmopalbHUMH MPaBHIAMU THUITY
«Futurey, sixi 00'eTHYIOTH MOCTIIOBHICTH TEMIIOPATLHUX TPaBHII THITY «Next» 32 YMOBH OIHCY
BJIACTUBOCTEH MOAINA MpoLecy CTPYKTYpHUMH npaBwiamu. OnepauiliHi Oi3Hec-mpaBuia, L0
BHM3HAYaIOTh YMOBU BUKOHaHHS mii BIl, mpeacraBneni komOiHAIEr0 TEMIOPATBHUX IIPABHII
«Next», siKi 3aJa10Th MOPSAAOK Y Yaci ISl MOCTIIOBHUX JIiH, Ta CTPYKTYpHUX npaBuil. CTPyKTypHi
NpaBHUjIa OMUCYIOTh PECYpCH TPOIeCy Ha OCHOBI BH3HAYEHHS JIOMyCTHMHUX 3Ha4eHb aTpUOYTIiB
00'exTiB, 3 sskuMu onepye BIl. Po3pobneni Momeni npeacTaBneHHs 3HAHb JAFOTh MOXMIIUBICTh
BU3HAYHUTH yNopsiaKoBaHicTs Aiit BI1 meprroro piBHS mporecHoi 3piiocTi, 0 CTBOPIOE YMOBU
JUTSI TIEPEXO0JTy IO HACTYITHUX PiBHIB 3pUTOCTI IPOIECHOTO YIIPABIiHHS.

3anporoHOBaHO 3HAHHA-OPIEHTOBAHY MOJIENIb MOYATKOBOTO DPIBHS 3piJIOCTI MPOLECHOTO
YIOpaBIiHHS, [0 MICTUTH ITOBEAIHKOBI, OMEpalliiiHi Ta CTPYKTypHi Oi3Hec-TpaBHja 3a YMOBH
HasBHOCTI TEeMIOpaIbHUX NpaBuil TUITY «NexXt» Ta cTpyKTypHHX HpaBHJI IS BCIX MOJIH JIOTY,
mo BimoOpakae BHKOHAHHS Iporecy. Mognens 3a0e3nedye MOXIIMBICTD BIIPOBAKEHHS
NPOLIECHOT'O YNPAaBIIiHHI HUIAXOM MOOYJIOBU CTaHAAPTH30BAHOTO ONMHUCY IpOLEecy Ha OCHOBI
3aJIeKHOCTEH MIXK AisIMU, BU3HAYEHUX Y Gopmi Oi3HEeC-TIpaBHIL.
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C.®. YAJIUH, B.O. JIELIIHHCHKHMU, I.0. JIEILJHUHCHKA

KAY3AJIbBHA MEHTAJIbBHA MOJEJIb PIINIEHHSA B 3AJJAYI ITIOBY/J1OBU
MOSICHEHbD B IHTEJEKTYAJIBHIA IHOOPMAIIAHIA CUCTEMI

[IpenMeToM HOCTIIKEHHS € IPOLEC MOOYJOBH Kay3aJbHIUX MEHTAIbHUX MOJIIICH PilleHH
IHTEJIeKTyalbHOI CUCTeMH. BUKOHAaHO aHalli3 MOXKIIMBOCTEH BUKOPUCTaHHS MEHTAIbHIX MOJENIEH
pu OOYOBI MOSICHEHD B iHTENEKTYyaIbHUX CHCTEMaX 3 BUAUICHHAM Kay3albHHUX, aHAIOTIYHAX,
(OTBKIOPHUX Ta TMHAMIYHUX Mozesiei. OOTpyHTOBAHO MOMIIMBICTh BUKOPHCTAHHS Kay3aIbHUX
MoJiesield pY BUPIIIEHHI 3a/]a4l HOOY10BU MOsSICHEHb. Po3po0iieHo Kay3aabHy MEHTaIbHY MOJIENb
pIIICHHS IHTENEKTYalbHOI CHUCTEMH, SIKa MICTHUTh ONMC BXIIHUX JaHUX, OIUC BJIACTUBOCTEH
pilIeHHS Ta TPWYIMHHO-HACIHIJKOBI 3alle)KHOCTI MK BXIJHHMH JaHUMH W BIACTHBOCTIMHU
pimenHs. BkazaHi 3ajexHocTi 00'€IHYIOTbCS Yy albTEpPHATHBHI BapiaHTH DpillleHb B paMKax
MeHTaJIbHOT Moziesti. MoJienb BpaxoBye SIK TIO3UTHBHI, TaK 1 HEraTHBHI BIIACTUBOCTI OTPUMAHOTO
pe3ynbTary.

1. Beryn

CyuacHi iHTenekryanbHi cucremu (IC) BHKOpPHCTOBYIOTH aHaji3 IaHHX 1 AJITOPUTMH
MAIIIMHHOTO HAaBYaHHS I TOOYJOBH PillleHb, IKi MOXKYTh OyTH BUKOPUCTAaHI KOPUCTYBAYaMU Y
CBOTH MpakTU4HIN MisuTbHOCTI. Taki anroputMu GOopMyBaHHS PillIeHb 3a3BUYal € HETIPO3OPUMH,
0 YCKJIAJHIOE 1X pOo3yMiHHS KopucTyBadamu [1]. Hempo3opicTe anropuTMiB MOXKe TIPHU3BECTH
JIO 3HIDKEHHSI JIOBIpH JI0 PillIeHb CHCTEMH, IO O0YMOBIIOE HEOOXiMHICTh MOOYAOBH TOSCHEHb.
IlosicHeHHs MarOTh MPEACTaBIATH Mnpouec (opMyBaHHS pIilIEHHS Yy 3pO3yMUIOMY AJIs
KOpHCTYBaua BUTIISI [2].

Juis  3a0e3nedeHHs 3pO3YMINOCTI TOSCHEHh HEOOXIJHO BpPaxOBYBaTH OCOOIHMBOCTI
NPUYMHHO-HACIIKOBOTO MHCJICHHS JIOAWHH, SIKE€ O0a3yeTbcs Ha MEHTAIbHUX MOJENsX.
MeHnTanbpHa MOZENb € BHYTPIIIHIM IIPECTAaBICHHIM 30BHIIIHBOI CTOCOBHO JIFOJUHU PEAJIBHOCTI.
Taka mozenb (opMy€eThCS Ha OCHOBI JOCBiTy Ta 3HaHb JIOAWHH [3].

B xonrtekcti B3aeMonii 3 1HTEJIEKTYyalbHUMH CHUCTEMaMHM MEHTAIbHI MOJAETI MOXYTh
MICTHTH JI€KJIapaTUBHI Ta NPOLEAYpPHi 3HaHHS Hpo Ipolec GOopMyBaHHS PILLIEHb Ta OTPUMAaHE
pimeHns. 30kpemMa, Kay3aibHi MEHTaIbHI MOJENi Aal0Th MOXIIMBICTh KOPUCTYBA4€Bl OMHUCATH
NPUYMHHO-HACIIIKOBI 3B'I3KH MK BXIZTHUMH JaHUMH Ta oTpuManumi B IC pesynbratamu. Tomy
Po3po0Ka Kay3aJbHUX MEHTAIBHUX MOAEJIEH [l KOPUCTYBAUiB, SIKi 3aCTOCOBYIOTH PE3yJIbTaTh
poOOTH IHTEIEKTYaIbHOI CHCTEMH IPY BUPIIICHHI MPAKTUYHUX 3a1a4 y chepi cBoei mpodeciitHoi
TUSTBHOCTI, 1a€ MOYIIMBICTh MiBUIINTH €()eKTUBHICTh MOSCHEHb 1, SIK HACHTIJIOK, €()EeKTUBHICTH
BUKOPHCTaHHS PillIeHb IHTENIEKTYaIbHUX 1H(QOPMAIIHHIX CUCTEM.

2. AHAJI3 JiTepaTypHUX JaHUX i MOCTAHOBKA MPOOJIeMH JOCTiIKEeHHS

JlocnipkeHHs B Taiy3i MOSICHIOBAIBHOTO IITYYHOTO 1HTEJIEKTY rependadaoTs po3pooky IC,
sKi 3a0e3MevyroTh MPO30PiCTh MNPOLECY NPUAHATTSA pimieHs i KopuctyBadiB [4], [5].
[Ipo3zopicTh anroputMmiB (GopMyBaHHsS pIlIEHHS € TEPEIyMOBOIO IXHBOI 3pO3YMIIOCTI JUIS
KIiHIIEBUX KOPHUCTYBAYiB, MO OOYMOBIIIOE TOTPeOy Y BpaxyBaHHI OCOOJIUBOCTEH CHPUHHSTTS
iHpopMallii KOpUCTyBaueM TIpU TOOYAOBI TOsCHEHb. Taki 0OCOONMBOCTI BimOOpakeHi Yy
MEHTaIbHUX MoJensix kopuctyBauiB [3], [6]. Tlpu 1oOymOBI  MEHTAIBHHX  MOJeJei
BPaxOBYIOThCSI KOHTP(AKTH (ANbTEpHATHBHI BapiaHTH PIllICHHS ), YIIOPSAAKOBAHICTh JIil TIPOIIECY
¢dopmyBaHHs pimenHs y daci [7], [8], a Takoxk Kay3aibHi 3aJI€KHOCTI, [0 BU3HAYAIOTH TPUYMHA
orpumanux B IC pimenb. KomOiHyBaHHS KOHTP(AKTUYHOTO aHaNi3y i3 TEMITOPAILHHUMH Ta
Kay3aJlbHUMHU 3aJIOKHOCTAMH TIPH 1MOOYIOBI MOSCHEHb 3arpornonoBano B pobotax [9], [10].
Takuid miaXiJ JO3BOJISIE CTBOPIOBATH TMOBHIIII Ta 3pO3YyMLTIINII IMOSICHEHHS 3 YpPaxyBaHHSAM SIK
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aTbTepHATHBHUX BapiaHTiB pimens [11], Tak i 6a30BUX MPHUHIOUIIB MOOYJOBH MEHTAIBHUX
moneneit monuau [12], [13]. OxHak Takuil miaxig OpieHTOBaHWHN B MEPIITy 4Yepry Ha MOOYHOBY
3araJbHUX TOSACHEHH 1 HE OPIEHTOBAHUI HA MEPEBIPKY BiAMOBITHOCTI Kay3albHUX 3aJICKHOCTEH
mozo pimenHs IC y mosicHeHHI Ta y mpeAcTaBIeHHI KoprcTyBada. ToMy moOymoBa MEHTaIEHUX
MoJeNell KOpUCTyBada 3 SIBHUM IIPEICTABICHHSAM Kay3aJbHUX 3aJIEKHOCTEH IONO MPUIMH
pillieHb iHTENEeKTYaIbHOI CHCTEMH € BasKJIMBOIO 3a7adyero, 0 i CBiTYUTh PO aKTyallbHICTh TEMH
IOCIIIKEHHS.

3. Mera i 3ana4i 1ocaaixkeHHs

MeToto HocTiIKeHHS € po3poOKa Kay3albHOTO MiAX0Iy 10 00y 10BY MEHTAJIbHUX MOAETeH
pillIeHHs B cUCTeMax IITYYHOTO iHTENEKTYy 3 TUM, 00 3a0e3MeunTH MOXKIUBICTh MOOYIOBH Ta
YTOYHEHHS MOSCHEHHS 3T1THO 31 3HAHHSAMH KOPHCTYBaua Mpo NpeAMETHY 00JacThb.

st foCSTHEHHSI TIOCTaBJIEHOI METH Y po0OOTi BUPILIYIOThCA Taki 3a/adi: CTPYKTYypHU3aLis
MEHTaJIBHUX MOJEJICH 3 ypaxyBaHHSM iXHIX BIACTUBOCTEH B acmekTi popMyBaHHS MOSICHEHD B
IHTENIeKTyallbHUX ~ CHUCTEMax; pO3po0Ka  Kay3aJdbHOI MEHTANbHOI  MOJAENI  pillleHHS
IHTENEKTYalIbHOI CHCTEMH.

4. Ananiz MOXKIMBOCTEl BUKOPHCTAHHA MEHTAJLHHUX Mojejeldl Mpu MNoOyIoBi
NMOSICHEHb B iHTEJIEKTYyaIbHUX CHCTEMAX

MeHTanbHi MOJeNi ONUCYIOTh BHYTPILIHE MPEACTABICHHS 30BHIIIHBOI PEaTbHOCTI
moauHOo. Taki MoJenm JalTh MOXIMBICTH IHTEPIPETYBATH HABKOJUIIHE CEPEIOBHIIE,
NPOTHO3YBaTH TOAil Ta mpuiiMaTu oOTpyHTOBaHi pimeHHs [14]. IIpoBexenuit aHamiz mae
MOJKJIMBICTh BUUIUTH TaKi THITA MOJICIICH: Kay3abHi; «3a aHAJIOTIEH0»; POIbKIOPHI; JMHAMIYHI.

Kay3anpai Mojeni BioOpakaroTh NPEACTABICHHS JIIOACH IIOAO0 HMPUYMHHO-HACIIIKOBUX
3B’S3KiB MK OJisIMH. Taki Mojie i MOXKYTh OyTH BUKOPUCTaH1 JII IPOTHO3YBAHHS pE3yJIbTaTiB
BU3HAYCHHUIA /ili, B TOMY YHCIi TIPH poOOTi 3 iHpopMaiiHuMu cuctemamu [15].

MeHTanbHI MOZIET «3a aHAJIOTi€0» OCHOBaH1 Ha BUKOPUCTaHHI 3HaHb 3 OJHI€T PeIMETHOT
obrnacTti JuIsl TpeACTaBICHHS Ta PO3yMiHHA iHIIOT mpeameTHoi cdepu. Hampuknan, anamoris
«Tedvis BOJAM» MOXE BHUKOPHCTOBYBAaTHCH JUIS IIOSICHEHHS PE3YJIbTaTiB Aii eJIeKTPUYHOrO
ctpymy [16]. Taki MmoJieni BUKOPUCTOBYIOTHCS I HABUYAHHS B HOBIii IPEIMETHIN 00JIACTI Ta JUIs
ajanTarii o0 HOBUX IOJIH i cutyaiid. [lepeBara Mojieneit «3a aHaIOTI€I0» MONATAE Y MOKIHMBOCTI
CHPOLLICHHS CKJIQJAHUX KOHLEMLiN, 0 pOOUTh OCTAaHHI AOCTYIHUMH il po3yMiHHs. ToOTo 3a
JTIOTIOMOTO0 TaKUX MOJIeNIel CTPYKTYPYIOTh Ta TIOTIM IHTETPYIOTh HOBY iH(OpMAIIit0 B iCHYIOUi
KOTHITHBHI cxeMmu. [IpoTe miaxin «3a aHamorieo» Mae OOMEXEHHs: aHAJIOTii MOXYTh OyTH
HETOYHUMH y BUIAJKY CYTTEBHX BIIIMIHHOCTEH MiX 00'€KTaMH, IJ1s AKX BBOAUTHCS aHAJIOTS.

QDONBKIOPHI MEHTANbHI MOJeNli  BiJoOpa)karoTh yCTaJeHI IePeKOHaHHS Y TIEBHIH
npenMeTHii obmacti. Taki Momeni (GOpMyrOThCS Ha OCHOBI MOBCSKIEHHOTO JIOCBITY i TOMY
3a3BUYall € HETOYHHMH a00 HenmoBHUMH. DONBKIOpHI Mozaeni 0a3yrOThCS Ha IHTYITHBHOMY
PO3YyMiHHI HABKOJIMIIHBOT'O CEPEAOBHILA Ta YACTO BUKOPHCTOBYIOTh aHTPONOLEHTPUYHUHN MiAXiA
JI0 TIPEJCTABICHHS IOMINA Ta SBUII HABKOJIUIIHBOTO cepenoBuina [17]. DonbkiopHi Mozaemni y
npolieci HaBYaHHS TpaHCHOPMYIOTHCS y Kay3albHI abo Mozeni «3a ananoriero». [Ipote Taxi
MOJEIi MOXKYTh IPOTUPIYUTH HOBUM 3HAHHSIM, 110 YTPYAHIOE X KOPUTYBaHHS.

JuHamiuHi MEHTaJIbHI MOJENi BiJoOpaKyIOTh 3MiHHU B 4aci y CHCTEMi, 3 KOO B3a€EMOJIIE€
nmroarHa. BOHM BpaxoBYyIOTH 3BOPOTHMH 3B'SI30K Ta 3aTpUMKH y daci. Taki Moneni MOXKYTh
BioOpakaTh HemiHilHI 3amexHocti. Taki Mojenm JalOTh MOMJIMBICT MPEICTABUTH
aIbTEPHATUBHI CLEHapii PO3BUTKY MOAIH, & TAKOXK OILIHIOBATH HACHIAKH IMX AJbTEPHATHB.
Hanpukian, B eKOHOMiYHOMY TUIaHYBaHHI TakKi MOJIENI MOXYTh JIOTIOMOTTH Iepe0adnuTH BIUIUB
3MiH y TIOJITHII HA MAKPOEKOHOMIUHY CTaOUIBHICTD [18].

Po3rnsHyTi BHIlle MEHTANBHI MO MOXKHA MPEJICTABUTH Y BHUTIISAI cXeM ab0 CKPUIITIB.
Cxema BijioOpakae y3arallbHeHi CTPYKTYpH 3HaHb IIIOJI0 BU3HAYEHOI KaTeropii 00’ekTiB abo
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SBHII, TOOTO TpEACTaBIsE NeKIapaTUBHI 3HaHHSA. CKPUIT € Pi3HOBHIOM CXEMH, IO OMHCYE
MOCIIAOBHICTE Jili a00 MOAiA y 3a1aHOMy KOHTEKCTi, TOOTO CKpPHIIT BimoOpakae mpolenypHi
3HAHHS.

MenTaneHi MOJeni MOXYTh BimoOpakaTH IHAWBIAyalnbHI a00 KOJEKTHBHI 3HaHHS.
[HnmBiTyansHI MEHTATBHI MOJIENI BiAOOpaXaroTh 0OCOOMCTHI JOCBI Ta 3HAHHS OKPEMO] JIFOTUHH.
KonekTuBHi Mojeni 00'€qHYIOTH JOCBIJl TPYIl JIFOJEH 1 MOXYTh BpaxOBYBaTH KYJIBTYpHI a0o
cotmiansHi HOpMH [19].

VY3aralibHeHY TIOPIBHSUIBHY XapaKTePUCTHKY TIPEACTABICHUX MEHTaJIbHHX MOJEICH
HaBejCHO B Ta0u. 1.

Tabmuus 1
[IpencraBneHHs MOSCHEHD Y TEMIIOPAJIBbHOMY Ta Kay3aJIbHOMY aCIEKTaX
Tun moneni | BmactusocTi [epeBaru OOMeXEHHS
Kayzanbhi BimoGpaxarotsb J03BoJsIrOTE IporHo3yBath | [loTpeOyroTh TOYHHX
MoJei MIPUYNHHO-HACIII IKOBI HACJIJIKH JiH. JaHuX 1 BpaxyBaHHI
3B’SI3KM MIXK MOJISIMU. KOHTEKCTY npu
(dhopmyBaHHI
Mopemni «3a | ba3yrotbcs Ha | CrpusroTh HaBYaHHIO Ta | AHaiorii MOXyThb OyTH
AHAJIOTI€0» | BUKOPUCTAaHHI 3HAHb 3 | ajanTarii 10 HOBUX | HETOYHUMH Y pa3i 3HAYHUX
onHi€l NpeAMETHOI | CUTYyaIliif; CHPOLIYIOTh | BiIMIHHOCTEH MiX
o0OacTi A | ckimamHl  KOoHIenmii it | o0’ektamu abo cucTEMaMH.
NPE/ICTAaBICHHS 3HaHb 3 | JIETILOrO PO3YyMiHHS.
1HIIOT.
®onpkiopHi | BimoOpaxkarots IaTyiTHBHO 3po3yMini; | HeTouHicTh 1 HEMOBHOTA;
MoJei IHTY{THUBHI CIIYTYIOTh OCHOBOIO IUISl | MOXYTh CYIIepEeUnTH
MIepEKOHAHHS, (hopmyBaHHsS TOYHILIIMX | HOBUM  3HAaHHIM, IO
chopMoBaHi Ha OCHOBI | Mojeneil (kKay3albHUX ab0 | YCKIIAIHIOE ix
TIOBCSIKZAEHHOTO «3a aHAJIOTIEION). KOpUT'yBaHHS.
JIOCBiTY.
Junamivsi BinoGpaxarors  3miHm | Jlo3BonstoTe  ouiHioBaTH | IloTpeGyroTh 3HAYHUX
Mozenl TIPOIIECiB y Yaci. HACIIAKN allbTePHATHBHUX | OOYMCIIOBAIBEHUX
CIICHapIiB Iiii. pecypciB;  CKIAmHI LIS
PO3yMiHHS 6e3
creniagi30BaHuX 3HaHb.

[lopiBHSHHS HaBeACHUX B Ta0im. 1 0a30BUX XapaKTEPUCTUK MEHTAJILHUX MOJCJCH 1ae
MOJKJIUBICTH 3pOOUTH BUCHOBOK IIPO T€, M0 MOJIEINI «32a aHAJIOTIE0» Ta YOJIBKIOPHI MOJIETI 4acTo
€ HEMOBHUMH Ta HETOYHHUMH, a JIMHAMIYHI MOJAEII MOTPEeOYIOTh CIeliali30BaHUX 3HAHb 3
npeaMeTHOi obmacTi. 3a3HayeHi BIACTUBOCTI OOMEXKYIOTh 1X BHKOPHUCTaHHS TpPU MOOYHOBI
MOSICHEHh B 1HTENEKTyaJbHUX CHCTeMmax. [IpoTe Kay3aibHI MOJENi JaloTh MOXJIMBICTh
MPOTHO3YBaTH HACIIJIKM BUKOHAHUX JiH, 10 OOYMOBIIIOE BaXKJIMBICTh 1X BHKOPHCTaHHS IPH
MOOYI0B1 TIOSICHEHb.

5. Kay3ajqbHa MeHTaJIbHA MOJIeJIb PillleHHS iHTeT1eKTyaJbHOI CHCTEMH

Kay3anpHi Mozeni MarTh Taki KIIOYOBI XapaKTEPUCTHKH: IPEJCTABICHHS MPUYUH Ta
HACJIIJIKIB;, PENpe3cHTallisi CTPYKTYPH CHCTEMH, 3 SIKOI B3AEMOJIE JIFOJWHA; IMPEICTABICHHS
3BOPOTHOTO 3B'S3KYy; BpaxyBaHHS TEMIIOPAILHOTO AacCleKTy; aJalTHUBHICTh, OOMEXeHa
palliOHaIbHICTb.

[IpencraBieHHss NpUYMH Ta HACHIJIKIB pillleHb Ja€ MOXJIHUBICTh MOOymyBaTH Ta
0OI'pyHTYBAaTH MpoLEeC NPUHHATTS Ta BUOOPY PIllIeHHS B LiJbOBiH MpeaIMeTHIN 00acTi.

KorniTueHi kay3aiabHi MOAEI BPaXOBYIOTh YIOPSIKOBaHICTh Y Yaci IPUYMHH Ta HACIIIKIB.

Taka BIacTUBICTH Jae MOKJIUBICTh npeaACTaBUTHU CUCTEMHU, 1€ PC3YJIbTATH BXi,Z[HI/IX ,I[lfl MOXYTb
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MIPOSIBIISITHCH 13 3aTPUMKOIO B Jaci.

PempeseHTamist CTpyKTypH CHCTEMH B MEHTAJIbHIA MOJENi BigoOpaXkae pO3yMiHHS
KOMIIOHEHTIB CHUCTEMH, 3 SIKOIO B3a€EMOJII€ JIOAMHA, a TAKOXK 3B'SI3KIB MIJK [IUMH KOMIIOHEHTAMHU.

KayzanpHi MEHTaIbHI MOZIETI MOXYTH BiJOOpayKaTH MUKIN TTO3UTHBHOTO a00 HETaTHBHOTO
3BOPOTHOTO 3B'A3KY, 110 A€ MOXJIMBICTh IPOTHO3YBAaTH JOBTOCTPOKOBI HACIHIIKH il Ta 3MiHH
CTaHIB CUCTEMH, 3 SIKOIO B3a€MOJIE JIIOI1HA.

BrnacTuBicTh aganTUBHOCTI Kay3albHUX MOJENEH BiZoOpaka€ MOXKIIHMBICTH yTOYHEHHS
NPUYMHHO-HACTIIKOBUX 3B'S3KiB 3 4acOM i3 BMKOPHCTaHHSM HOBOTO JIOCBiAy Ta JOAAaTKOBI
iHpopMmarii.

OOMexeHHs Kay3albHUX MEHTAJILHUX MOJIENIeH MOJISIrae y CpoIeHH] pealbHUX MPUIUHHO-
HACITiIKOBUX 3aJIEKHOCTEH BHACIIZIOK KOTHITUBHUX OOMEXeHb JIToAnHU. [IpoTe naHe oOMexeHHs
HE € CYTTEBUM IPH BUPIILIEHHI 331a4i 00y JOBU MOSICHEHb, OCKUTBKY MOSICHEHHS — 1I€ CIPOIICHE
npecTaBIeHHs mponecy GopMyBaHHs pillieHHS B iHTEIEKTYalbHIi CHCTEMI.

VY3arajgpHEeHHsI BIACTHBOCTEH Kay3aJlbHUX MOJIEJIEH B acmeKkTi MoOyAOBH TOSICHEHb B
IHTENEeKTyalIbHUX 1H(QOpMAaIIifHUX ccTeMax HaBEACHO B TaOII. 2.

Tabnung 2
BracTuBOCTI Kay3aJIbHUX MEHTAJILHUX MOJICIICH

Bnactusicth (0)117(¢ [lepeBaru mpu TOOYAOBI Ta YTOYHEHHI
HOSICHEHb

[MpencraBnennst | BimoOpakae npencraieHHs nporecy | Jlac MOXIIMBICTh MOSICHUTH NPUYUHU Ta
MPUYHHUA T (opMyBaHHS/BUOOPY  pINIEHHS Yy | HACHIAKHU MPUAHSATOTO PIMICHHS
HACIAKIB MMOAIA | 3amaHiil mpeqMeTHil obmacTi

Ta pillieHb

PenpesenTanis Binobpaxae npencrasieHus | Jlo3Boisie MOSICHUTH CTPYKTYpY
CTPYKTYpH KOMIIOHCHTIB CHCTEMH. CKJIaTHOT CHCTEMH.

CHCTEMH

[IpencraBneHHs BpaxoBye HHMKIH MO3UTHBHOTO Ta | Jlomomarae MOSICHUTH PEaKIli0 CHCTEMH

3BOPOTHOTO HEraTHBHOT'O 3BOPOTHOTO 3B’S3KY JUIsl | HA 3MIHHU Y BXIJIHUX JAHUX.
3B'AI3KY MPOTHO3yBaHHS JIOBIOCTPOKOBHX
HACIIAKIB JiH.
BpaxyBanHus BinoOpakae uacoBi 3aTpuMKHM Mix | Jlae MOXIMBICTE MOSICHUTH IPOLEC
TEeMIIOPaJIbHOTO | MPUYMHOIO Ta  HACHiIKOM, IO | (hOpMyBaHHS pileHHs B
ACTIEKTY JIO3BOJISIE  YIIOPSAKYBATH JIAHIIOXKOK | 1HTENEKTyalbHIl iHpOpMaiiHi i
[ 13 OTpUMaHHSI pe3yJIbTaTy. cucTteMi 13 3aJaHMM  CTYyNEHeM
Jerajizamii.
AnanTHBHICTH MoXIHBiCTh yrountoBati | CTBOploe  yMOBHM Uil YTOYHEHHS
MPWIAHHO-HACIIAKOBI 3B’SI3KM Ha | MOSCHEHHsS y Tporeci (yHKIIOHYBaHHS
OCHOBI HOBOTO JOCBily ~ Ta | IHTEJEKTyalbHOi iH(popMariiHoi
JIOJaTKOBOT iH(OopMaIiii. CHCTEMHU.
OobmerxeHa Cropourye  peaibHi  NPUYMHHO- | 3abe3lmedyye  MOIIMBICTE  NOOYHOBH
pamioHaIbHICTh HaCIIiAKOBI 3aJIeKHOCTI gepe3 | MOSCHEHb Ha OCHOBI JIMIIE KITFOYOBHX
KOTHITHBHI 0OMEXEeHHS JIIOJHH. 3aJieKHOCTEH  mpomecy  (OpMyBaHHS
pileHHs B IHTEJIEKTYIIbHIH

iHpopManiitHiii cucTemi.

MeHTankHa Kay3ajdbHa MOJIENIb KOPHUCTYBaya IHTEIEKTYalIbHOI CUCTEMH, IO BifoOpakae
HaBeZieH1 B Ta0J. 2 BIIACTUBOCTI, MICTUTh TaKi KJIFOYOBI KOMIIOHEHTH:

— JIaHi, 110 OMUCYIOTh KOMIIOHEHTH CHUCTEMH, 3 SKOIO IPAIIOE€ KOPUCTYBad (B TOMY YHCIi
BXIJTHI Ta BUXI1JIHI JaHi);

—TEeMIIOpaJIbHI  3aJIe)KHOCTi, IO BigOOPaXKalOTh 3B'SI30K MK BXIJHHUMH JaHUMH Ta
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pe3ynpTaToOM y Yaci;

— IPUYMHHO-HACIIKOBI 3aJIe)KHOCTI, AKi 0a3yIOThCS Ha TEMITOPAIBHUX 3AJICKHOCTSIX Ta
BiIOOpakaroTh 3B'I30K MK BXoaMu Ta Buxoaamu IC;

— abTEPHATUBHI aCMeKTH PillleHb, M0 MOXYTh BiOOpakaTH MO3UTHBHI Ta HETaTUBHI IS
KOPHUCTYBaua acleKTH OTPUMAHOTO Pe3ybTary;

dopmallbHO Kay3adbHa MEHTaJIbHA MoOnenb M, 10 Mae mpeACTaBICHI BHIIE
XapaKTEePUCTUKH, CKIafaeThesl i3 Habopy ambrepHatuB M;. KoxHa 3 1uX ambTepHaTHB

BiJITIOBi/Ia€ OJTHOMY 3 MOXKIIMBHUX PIIIeHb 1HTENEKTyaIbHOI cicTeMu. KirouoBa BiAMIHHICT MiX
aJbTEpPHATHBAMH TIOB'I3aHA 13 OOMEXKCHHSAMH IIOJAO0 BXIMHWX Ta BHUXIOHUX MaHWX. Taxi
00MeXeHHS MOXKYTh OyTH TIOB’SI3aHi, HAPUKIIAJ, i3 (PiHAHCOBUM acIeKTOM — KOPHUCTYBa4 MOXKE
OTpUMaTH OI0KETHE a00 MpeMiaabHe PIlICHHS.

(1)

Koxkna 3 anbrepratus M; cknazaetbes 3 npasun 7 |,

110 MICTATE Napy: (BXiHI faHi V; ;

. . | . .
AK IpUYHHA; BJIACTHUBICTH OTPUMAHOI'O PIIICHHSA r,( ]) K HB.CJ'III[OK). Taki IpaBujia MOXYTb

BpaxoByBaTH HaOip | anpTepHATUBHUX BapiaHTIB OMUCY OJHI€ET i Ti€T K BIACTUBOCTI OTPUMAHOTO
(1)
1]

pimenns. Koxxen |-it BapiaHT onucy BIaCTUBOCTI 'Y OpIEHTOBaHUi Ha OTPEOH KOPHCTyBaya 3

BiJIIOBITHAM PiBHEM 3HaHb IIIOJI0 MPEJAMETHOI 00J1aCTi.

(1)

i,j MOXKe OyTH IPEACTAaBICHO y BUTTISAL

Tomi KokKHE IPABUIIO TT;

Alov =% i=11, j=13,1=1L (1)

Cnia 3a3HaYUTH, IO 3TIHO 13 3arajibHUM IPEJICTABICHHSAM Kay3aJbHOCTI, I KOXKHOTO

. |
NpaBuila Ma€ BUKOHYBATHUCh TEMIIOPAIbHA YHOPSIKOBAHICTD t(vi’ j)<t(ri(,j)), TOOTO Hac

. . I
O3Sy IPUYMHU t(Vi’j ) 3aBXK/JIM € MEHILIHM, HIXK 4ac pO3IJISIy HACIIIKY t(l’i(y j)) . BuzHauenns

TEMIIOPAJIBHOTO MOPSAKY A€ MOXKIIMBICTh MOOYAYBAaTH JAHIIOKOK IPUYKH Ta HACIHIJKIB HaBiTh
Y BUMNAJKY MPOIYCKY MPOMIKHUX CKJIaJOBUX JAHOTO JIAHIFOXKKA.

AnprepHatuBa M; y Kay3anbHiIH MeHTalIbHIH MOJENi CKIANA€ThCs 3 JEKLIBKOX HAOOpiB

| . o . . .
HE ) IMPUYIMHHO-HACIIAKOBUX 3aJIC)KHOCTCHU, OPIEHTOBAHUX HA PI13HUX I-x KOPHUCTYBaY1B:

Mfﬁﬂwfnp=&#4- )

0y

BinmnoriaHo, 3araibpHa Kay3aibHa MEHTaJIbHA MOJCIb MAa€ BUTJIS/;

M =vM,. ®3)

Mogens (3) BpaxoBye Jsniie OaxaHi A1 KOPHCTyBada BIACTUBOCTI pe3yibraTy. Takuid
MiAX1/1 1a€ MOXKJIMBICTB ONIEPATHBHO Bi0Opa3uTu noTpedu kopuctyBada. O1HaK BiH HE BPAXOBYE
MOYJINBI OOMEKEHHS, 1110 BUHUKAIOTh IPY BUKOPHUCTAHHI pilleHHs. ToMy KO)KHa aJlbTepHATHBA
AKi

MI 5 Kle HAaBCACHUX BUIIC NPUYIUH v, Mae 6YTI/I JOIIOBHCHA HCpeJIlKOM MpUIrNH Vi

I J 2
MOXYTb YCKIIAJJHUTHU BUKOPHUCTAHHSA OTPUMAaHOI'O B crucTemi piHIeHHSI.

I J ’
BinnoBigHo, yTouHeHa Kay3albHa 3aJeXHICTh Ha0YBa€ BUTIISLY:

ﬁ,('J) (v,1:>r(')) (v :>r(|)) 4)

1) i 1]
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3anpoIroHOBaHEe MPEICTABICHHS MEHTAILHOT MOJICTI Ja€ MOYKIIUBICTE BiTOOPa3UTH KITIOYOB1
€JIEeMEHTH 00'€KTy, CUCTeMH ab0 PIIICHHS, 3 SIKUMH B3a€MO/II€ Ta SKi BUKOPHCTOBYE KOPUCTYBAH,

+

4epe3 MHOKHHHM HOro BIIACTHBOCTEH Vi ;

Ta V- OtprMaHe pilIeHHS XapaKTepU3yeThCS
MHOXHHOIO BIIACTUBOCTEH ri(,lj) .

6. LimrocTpaTUBHUI NPUKJIAA NO0YA0BH Kay3aJbHOI MEHTAIBbHOI MO KOpHUCTyBava

ExcnepumenTansHy mepeBipKy MOKIHMBOCTI MOOYAOBH Kay3adbHOI MEHTAJIbHOI MOJENi
KOpUCTYBaua BUKOHAHO I miat(opmMu €-COMMErce 3a pe3yabTaTaMH aHali3y XapaKkTepHUCTHUK
MOO1TbHUX TenedOoHiB (MPUYMHA) Ta BIATYKiB MOKYIIIB UX TenedoHiB (HACTI0K) Ha CTOPIHKax
«comments» posminy https://rozetka.com.ua/mobile-phones/c80003/. dns Toro, 100
y3aralbHUTH IPUYMHH Ta HACITIAKH, B paMKax eKCIiepUMeHTy Oyiio BigiOpaHo Mozeni TenedoHiB
onHoro BupoOHMKa. [Ipuknanu BXiZHUX JaHHUX IJis MOOYJOBH MEHTAJIBLHUX MOJENCH HaBeaeHO
Ha puc. 1.

Mepesard: - MNoTyXHAR;

- NnocknA ekpax;

- Aricue Bigeo;

- 1Ta;

- Android }))
Mepe.arn: MNpoayKTMBHICTL, Ge3Ni4 KOPMCHUX OYHKLIM, B TOMY YMCHi | B Kamepi, cama kamepa ay>e
KpYyTa, An3aiH Koprycy, S-Pen Ans MeHe Le reTb HoBe BIKPUTTSA, OY>KEe MPUEMHO KOPUCTYBATUCSH HUM,
nMcaTh HoTaTKM

Puc. 1. Ilpuknagu ganux [uis 1oOyI0BY HACHIAKIB Y MEHTAJIbHIA MOEi

Kay3anbHi MeHTanpHi Mojelni chopMoBaHO 3a TphoMa 0a30BMMHM IapamMeTpaMH Vi j> o

BU3HAYAIOTh NMPHYMHY Kay3aJIbHOI 3aJISKHOCTI: THII Tporecopa; 00'eM ONepaTUBHOI Mam'sTi;
nam'siTh TOCTiHOTO 30epiraHHs. B pe3ynbTari OTpuMaHO BapiaHTH MOJEIi, MPECTaBIIeHI B
Tabm. 3.

Taomuus 3
KayzanpHi MeHTanbpHI MO/IENI TeaedOHiB, MPEACTaBIeHNX Ha IIaT(HOpPMi eIeKTPOHHOT
KoMepIii
PiBeHb [Mpuuunna Hacninoxk 1 Hacninok 2
Mozenl
1 2 3 4
BbazoBuit ITponiecop Exynos bazoBa npoJyKTHBHICTb CrabinbHa pobota
1280 06a30BMX JOJIATKIB
6GB RAM OOMerxeHna b0arato3agayHicTh OpnouacHa po6ota 3-4
JI0JIaTKIB
128GB mam'sti OOMexeHi MOXKIIUBOCTI Ob6MexeHa KiJbKiCTh
30epiranHs JaHUX JIOJIaTKiB Ta (haniiB
Cepenniit IMoxpamenuit [TixBrIIeHa NPOYKTHUBHICTD Cra6inpHa poboTa B irpax
npouecop
8GB RAM Posmupena 6arato3amagHicTh Binbre ogHodacHo
BIJIKpUTHUX JIOJIATKIB
256GB nam'sti Tunosi MOXIMBOCTI 30epiraHHs BETUKO]
30epiraHHs JaHUX KUTBKOCTI Meniadaiinis

87


https://rozetka.com.ua/mobile-phones/c80003/

Kinens tadm. 3

1 2 3 4
Ipemiym Snapdragon 8 Gen MaxkcumanbpHa Pobota 3 BakkmmMu

MPOIYKTUBHICTh JOaTKaMH

12GB RAM BararosamauHicTh s HeoOMmerxeHa Ha mpakTHIli
po¢eCIHHOr0 BUKOPUCTAHHS KIIBKICTD TOJATKIB

1TB mam'sti BincyTHICTD MpaKTHIHUX Bukopucranus y
oOMerxeHb o0 30epiranHs npodeciifHill TiITHHOCTI
JAHUX

Jana Tabnuis y3arajipHIOE IICTh allbTEpHATUBHUX BapiaHTIB PIlICHHS B OHIN MEHTaIbHI
mozneni. Lli BapiaHTH BiANOBiNAIOTH Pi3HUM MOTpedaM Ta Pi3HUM DPIBHIM 3HAHH KOPHCTYBadiB
JIaHO1 CUCTEMHU.

B pamkax anpTepHATHB, IMO-TIEpIIe, BUAUIEHO TPU PiBHI XapaKTEPUCTUK MOOIITHHOTO
tenedony: 0asoBuil; cepenHiit; mpemiym. Lli piBHI BimmoBimaroTh QiHAHCOBUM OOMEXECHHIM
KOpUCTYBaua Ta Pi3HUM MOTpedaM MI0J0 BUKOPUCTAaHHs Tele(oHy — Bifl MIATPUMKH 0a30BUX
¢GyHKUIA 10 BUKOpUCTaHHS Yy mpodeciiinii maisubHOCTI. Tlo-mpyre, NMpUYMHHO-HACHTIIKOBI
3aJIeKHOCT1 OPIEHTOBAHO HA KOPHCTYBAYiB 3 PI3HUMH PiBHSAMH 3HaHb MO0 IPEAMETHOT 00acTi
(moBepxHeBUM Ta TmpodeciiHUM), [0 TMpeAcTaBieHi y croBmumkax «Hacmimok 1» Ta
«Hacmigox 2».

7. O06roBopenHsi pe3yJbTATIB JOCTiKEHHA

[IpencraBinena Mojens BU3HAYAE 3AIEKHOCTI MDK KIIOUOBHMH JJIs KOpUCTyBaya
3HAYCHHIMH BXiJTHUX TapaMeTPiB Ta XapaKTEPUCTUKAMHU PillICHHSI.

[lepepara naHoro migxoay MOB'S3aHa i3 MOMJIMBICTIO MOOYIOBH B paMKax MEHTaJIbHOI
MOJIEJIl IEKIJIbKOX aJlbTEPHATHBHUX HA0OPIB Kay3albHUX 3aJIC)KHOCTEH, 1110 CTBOPIOE YMOBH JIJIsI
YTOYHEHHS TIOSICHEHHS 3T1THO 3 MOTpebaMu KOPHUCTyBava.

OOMeKeHHs 3alPOIIOHOBAHOIO ITiIX0Ay IOB'sI3aHi 13 CKIAAHICTIO BUJIIJICHHS HACHIIKIB y
MEHTaJIbHIA MOJIei, OCKUIbKH iH(pOpMAaIlisl 100 OCOOJIMBOCTEH BUKOPUCTAHHS OTPUMAHUX B
IHTENeKTyallbHIlM cUCTeMi pillleHb 3a3BUYail MpeJICTaBlIeHa B TEKCTOBIH (opMi, sika He 3aBKIU
nepeadavac BUKOPUCTaHHS TEPMiHOJIOTT MPpeAMETHOT 00JIacTi.

[Nomanpiuii HAMPSAMOK JIOCIIPKEHB MO0 MOOYI0BU Kay3aJIbHUX MOJEJICH MOB'SI3aHUi 13
PO3pOOKOIO MiAXOY /0 aBTOMAaTH30BaHOT'O (POPMYBAHHS Kay3aJbHHX 3aJIe)KHOCTEH MOJeli Ha
OCHOBI 1HTENIEKTYAIBHOIO aHaJi3y BIJATyKiB KOPHCTYBadiB MIOJ0 OCOOIMBOCTEH BUKOPUCTAHHS
pillleHb IHTENEKTYIbHOI CHCTEMH.

8. BucHoBkH

BukoHaHo aHani3 MOXJIMBOCTEH BHKOPHCTaHHS MEHTAJbHUX MOJENeH TpH MOoOYyI0Bi
NOSICHEHh B IHTENEKTyaJbHUX cucTeMax. [loka3aHO BIMIHHOCTI Kay3aJbHUX MEHTAIbHHX
MoJenel, MoJeNel «3a aHaJIori€ro», (QOIBKIOPHUX Ta IWHAMIYHMX MEHTAJIBHHX MOJIEINEH.
OOrpyHTOBaHO BHOIp Kay3aJbHUX MEHTAJbHHX MOJENEH Ul BUKOPUCTAHHS MpH NOOYHOBi
MOSICHEHb B 1HTEJIEKTyanbHUX cucTemax. [lokasaHo, mo kay3ajabHi MEHTAJIBHI MOJENi Aal0Th
MOJJIUBICTh PENPE3EHTYBATU CTPYKTYPY CHCTEMH, 3 SIKOIO B3a€EMOJi€ KOPUCTYBay, OMHUCATH
nporiec GopMyBaHHs pillleHHS Y BH3HAuUEHIN NpeaMeTHiN 00iacTi, BpaXxOBYBaTH MOXKIUBOCTI
MO3UTUBHOIO Ta HETATHBHOT'O 3BOPOTHOIO 3B’s3Ky. Taki Mozesni MOXyTb OyTH TONOBHEHI Ta
YTOUHEHI NpW BHSBJICHHI HOBHX MNPUYMHHO-HACIIIKOBHX 3aJIeKHOCTEH Y BiANOBIAHIN
npeaMeTHiit obnacTi.

3anponoHOBaHO Kay3aJbHY MEHTAJbHY MOJAETb PIICHHA iHTEJIEKTYaJbHOI CHCTEMH IS
BUPILICHHS 33/1a4i 100y J0BU MOsICHEHb. MoJiesib MicTUTh Habip albTepHATHBHUX NMPEACTABICHb
NPUYMH 1 HACHiAKIB OTPUMAHOTO PILIEHHS 3 ypaxyBaHHSIM MOXKJIUBOCTEH Ta OOMEXEHb LI0A0
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BUKOPHCTaHHS PIllIeHHA. 3aCTOCYBaHHs ajJbTEPHATHB A€ MOXKIUBICTH IMiJOWpATH MOSICHEHHS
3TiTHO 3 OOMEXEHHSMH IIOAO0 BXIAHHX JaHUX Ta OOMEXEHHSAMH IIOJ0 MOKIJIMBOCTEH
BUKOPHUCTAHHS PIlICHHS IHTEIEKTYaIbHOI CHCTEMH.
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YK 681.5+519.711.2

Jloriko-anre6paiuna Mmojeqb MNPUAHATTA pilleHb JIsI AaBTOMATH30BAHOTO KOHBe€pa
cOpTyBaHHSI 00’€KTiB momroBux Bigmpasiens / [.B. I'pedennik, O.A. Koanenko. ACY Ta npuiaau
aBTomaruku. 2024. Ne 183. C. 5-14.

O0’eXTOM IOCTIIKEHHS € TIPOLEC YIPaBIiHHSI aBTOMATH30BAaHUM COPTYBAIBHUM KOHBEEPOM.

Hns mocraBku 00’ekTiB momrToBux BimnparieHs (OIIB) norictwdHi KOMITaHII BHKOPHUCTOBYIOTH
MEpeXy NPOMDKHMX Ta KIHIIEBHUX IEHTpIB copryBaHHs mocwiok. Jlins copryBanns OIIB nentpum
o0JIaIHyIOThCS ~ aBTOMATM30BAaHUMM  COPTYBAIBHMMH  KOHBeEpamMH.  ['OJIOBHUM  HEIOJIKOM
ABTOMATH30BaHUX KOHBeepiB copTyBaHHA OIIB mpoMiXHHX EHTPIB € OOMEKEHHA iXHIX Moenei
NPUHHATTA pimieHs. Llel Henonik no’s3aHuit 3 TuM, 1o copryBanHs OIIB npoBoauThes 6e3 ypaxyBaHHs
ixupoi Barm Ta rabaputiB. lle Moxe mpu3sBecTH 10 HeeEeKTHBHOTO BHUKOPHCTaHHS 00’eMy Ky30Ba
BaHTa)XIBOK MPH X 3aBaHTA)XEHHI, a TAKOXX PU3HUKY MOLIKOPKEHHS IMOCHIIOK, KOJIH BOHH PO3MIILYIOTHCS
OJIHA Ha OJHIH.

Jnst peamizanii ynpapiiHHS aBTOMAaTH30BaHUM COPTYBAJIbHUM KOHBEEPOM 13 3aJ]aHOIO JIOTIKOIO
copryBanas OIIB po3pobieHo moriko-anreOpaiuHy MoIenb MPUHAHATTA pilleHb HAa OCHOBI JIOTIKH
CKIHYCHHUX NpenukaTiB. Po3po0ieHa Moens 1o3Bosie peanizyBaTu Kiacudikarito OB 3a mapamerpamu
Baru Ta rabapuTiB, BU3HAYCHUX JJIsI 3aBaHTAXKYBAILHUX JIBepeit TepMminaii. s peasnizauii 3agaHol J0riku
COPTYBaHHS BH3HA4Y€HO KPHUTEPIi, AKi peai3yloThcs Y BUTIISII CUCTEMHU MpeauKaTiB. PeanizoBana jorika
COPTYBaHHA JO3BOJsIE 3a0€3MEYMTH [Ba BapiaHTH KOMIIAKTHOTO 3aBAaHTa)XCHHS BAaHTAXKIBOK 3
JIOTPUMaHHIM YMOBH 30epexenns nimicaocti OIIB. Ilepmmii Bapiant — nocnigoBre 3aBantaxenns OI1B,
MOYMHAIOYM 3 HAMBaXKIMIMX 1 BeNMKOrabapUTHUX 1 3aKiHYYIOUM HAIJIETIIMMH 1 MaJora0apuTHHMH.
Jpyruii BapiaHT — OJHOYACHE 3aBaHTa)XCHHS BAaHTAXIBOK Ha BCix ABepsAx TepMmiHamy OIIB ogHakoBmx
JIiara3oHiB Baru.

Po3pobiiena Jjoriko-anreOpaiuHa MOJENb NPUHHATTSA pIlIEHb MOXe OYyTH BHKOPUCTaHa B
ABTOMAaTHYHHUX COPTYBAJbHUX KOHBEEPAX PI3HOTO MPU3HAYECHHS IJIs peaizallii COpTyBaHHS BaHTaXiB, IO
TPaHCHOPTYIOTHCS, BIAIOBIAHO 10 MapaMeTpiB IXHBOI Baru Ta rabapwuTiB.

KirouoBi cioBa: mpenukar, anredpa CKiIHYEHHHMX IpPEIUKATiB, MOJEIb NPUUHSITTS PpilleHb,
ABTOMATH30BaHUI COPTYBaIbHUI KOHBEEP, 00 €KT MOIITOBOTO BiANIPABICHHS, COPTYBAHHS.

Tabn. 3. L. 2. bibmiorp.: 20 Ha3B.

UDC681.5+519.711.2

The logic-algebraic model of decision-making for an automated parcel sorting conveyor / I.
Grebennik, O. Kovalenko. Management Information System and Devices. 2024. Ne 183.P. 5-14.

The object of study is the management process of an Automated Sorting Conveyor (ASC).

Logistics companies utilize a network of intermediary and final Parcel Sorting Centers (PSC) for mail
delivery. To sort parcels, PSCs are equipped with ASC. A major drawback of ASC at intermediary PSCs
is the limitations of their decision-making models. This deficiency is associated with the fact that parcel
sorting is conducted without joint consideration of their weight and dimensions. This may lead to the
inefficient use of cargo space within truck bodies during loading, as well as the risk of damage to parcels
when they are placed one on top of another.

A logic-algebraic decision-making model based on the logic of finite predicates has been developed
to manage the ASC with a specified parcel sorting logic. The created model enables parcel classification
according to parameters of weight and dimensions, defined for each loading door of PSC terminals. To
realize the given logic of parcel sorting, criteria are defined, which are implemented in the form of a system
of predicates. The implemented sorting logic allows to provide two variants of compact loading of lorries
with observance of the condition of parcel integrity preservation. The first option is a sequential loading of
parcels, starting with the heaviest and bulkiest and ending with the lightest and smallest. The second option
is the simultaneous loading of trucks at all doors of the terminal with parcels of the same weight categories.

The developed logic-algebraic decision-making model can be employed in ASC of various purposes
to sort transported goods according to their weight and dimensions.
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Keywords: predicate, algebra of finite predicates, decision-making model, automated sorting
conveyor, parcel, sorting.
Tab. 3. Fig. 2. Ref.: 20 items.

VK 004.4:656.7:629.7

KomnoHeHnTHi Moaei oniHIOBaHHS Aerpaaauii Ajs BiTHOBJIeHHA aBianiiiHoi TexHikm min yac i
TexHiuHOro o6cayropyBanns/ JILM. Jlyrait. ACY ta npumagu aBromatuku. 2024. Ne 183. C. 14-35.

CkiagHa TexXHIYHAa CHCTeMa MO)ke OyTH oXapaKTepH30BaHa CKIHYEHHOIO KIJBKICTIO TEXHIYHUX
XapaKTEepUCTHK, 110 BiANOBINAIOTH i1 MPU3HAYEHHIO, HANPUKIAA, WMOBIPHICTH 0e3BIAMOBHOI poboTH,
pecypc Tomo. [1ix gac excruTyaTanii TeXHIYHOI CHCTEMH TIiJl BIUIMBOM 30BHIIIHIX (aKTOPiB (MEXaHIIHOTO
HaBaHTAXXCHHsI, TEMIIEpaTypH, XIMIYHOTO BIUTUBY TOILO) BiIOYBa€ThCs 3MiHA BIaCTHBOCTEH CUCTEMH, SIKY
NPUHHATO Ha3MBaTH Aerpananieo. Gi3MUHUMU NPUKIIAJaMHU SBUIIA JETPaaalii MOXYTh CIY)KUTH BTOMHE
HAKOIMYEHHS TIOIMIKOPKEHb, PICT HIUTMH, 3HOC, KOpo3is Tomo. ABiamiiiHa TexHika (AT) € moporoto i
BHMAara€ BHCOKOT'O PiBHA HAJIHHOCTI Ta OE3MeKH, a, OTKe, MOoTpedye MOCTIHOTO MOHITOPUHTY CTaHy
CHCTEeMH Ha NpeAMeT BIUIMBY JerpajalifHuxX mpoueciB. Mojenp jaerpajainii cucreMu Moxe OyTH
nmoOy/J0BaHa Ha OCHOBI iH(OpMAIIl PO CTaH KOMIIOHECHTIB 00’ €KTa AIarHOCTYBAaHH:. 3HAUYCHHS BEITMIUHH
(mipm) merpanarii exeMeHTa TEXHIYHOI CHCTEMH MAa€ CIYXXHTH OCHOBOIO JJISI MPUHHATTS PIIICHHS PO
MOJANIBINY eKCIUTyaTalito BHpoOy. TakuM YHMHOM, Ha eTali eKCIUIyaTalii Mpu 3MIHCHEHI TeXHIYHOTO
00CIIyrOBYBaHHS KpIM MONIYKY Ta aHaTi3y HECTIPABHOCTEH Ma€ OI[IHIOBATUCS BILTUB MPOLICCIB Aerpaaarii
Ha AT. Tomy y JOCHIIKEHHI CTaBUTHCS Ta BHPILIYEThCS aKTyasbHA 3ajada CTBOPCHHS MOAENEH, o
JIO3BOJISIFOTH IUIAHYBaTH Aii 13 3a0e3neyeHHs HeoOXiqHoro piBHs HaaiHOCTI AT Ta MOJOBXUTH TepMiH ii
eKcIutyartaii. MeTow MOCHIKCHHS € pPO3POOJCHHS KOMIIOHCHTHOI MOJENi, Ha OCHOBI SKOT MOXHa
BU3HAYHUTH BIUIMB NPOIIECiB Aerpananii Ha ctad AT. Moens BUKOPHCTOBY€ OaraTopiBHEBE MPEICTABICHHS
KOMITOHEHTHOI apxiTekTypu 3paska AT Ta JeKOMIIO3WII0 CHCTEMH. 3alpONOHOBaHA MOJIENb J03BOJISIE
NpUIMaTH PillIeHHS] CTOCOBHO 3aMiHM YM PEMOHTY KOMIIOHEHTIB, K1 3a3HAIOTh ferpajaanii. [IpoBoaurscs
MO/ICITFOBAaHHS MPOIECiB 00CITYTOBYBAaHHS ITi] 9aC POOOTH acpornopTy. JJochimKyeThcsa B3a€EMO3B’ 130K MiK
areHTaMH 3alpoIIOHOBAHOI Yy JIOCHIPKEHHI MyJbTHareHTHoi mozeni BimHoBneHHs AT B aepomnopry. Y
JIOCJIIJDKEHH]  3alpONOHOBAaHO MOJIeb ONTUMi3alii BUOOpY nocravanbHUKa KomroHeHTiB AT no
aeporopTy, 10 A03BOJHMTh CKOPOTHUTH TPHMBANICTh 1 BapTiCTh TexHIYHOro oOciyroByBaHHs AT, sika
eKcIuTyatryeThes. [IpeaMeToM JOCIHiIKeHHSI € NPOTHO3YBaHHS MOTped B OOCIyroBYBaHHI 1 3amacHUX
yacTMHaX Ha erami ekcryartamnii AT. BukopucToBYrOTbCS Taki MaTeMaTHdHI MOJENi Ta METONM:
CHCTEeMHHUIl aHaii3, OaraToKpHTepiaibHa ONTHMI3allisi, MYJIbTHATCHTHE MOJEIIOBAHHS, EKCIIEPTHE
OIL[IHIOBaHHS.

KirouoBi ciioBa: nerpananis, aBialiiiHa TexXHiKa, MyJIbTHAr€HTHE MOJETIOBAHHS, KOMITOHCHTHHH
MiAX1, eKCIUTyaTallisl, 3aracHi YaCTHHH, TeXHIYHE 00CIyrOByBaHHS, PEMOHT.

Tabn. 3. L. 6. bidmiorp.: 28 Ha3s.

UDC 004.4:656.7:629.7

Component models of degradation assessment for recovery of aviation equipment during its
maintenance / L. Lutai. Management Information System and Devices. 2024. Ne 183. P. 14-35.

A complex technical system can be characterized by a finite number of technical characteristics that
correspond to its purpose, for example, the probability of failure-free operation, resource, etc. During the
operation of a technical system under the influence of external factors (mechanical load, temperature,
chemical influence, etc.), a change in the properties of the system occurs, which is commonly called
degradation. Physical examples of the phenomenon of degradation can be fatigue damage accumulation,
crack growth, wear, corrosion, etc. Aviation equipment (AE) is expensive and requires a high level of
reliability and safety, and, therefore, requires constant monitoring of the state of the system for the influence
of degradation processes. A system degradation model can be built on the basis of information about the
state of the components of the diagnostic object. The value of the magnitude (measure) of degradation of
an element of a technical system should serve as the basis for making a decision on further operation of the
product. Thus, at the operation stage, when performing technical maintenance, in addition to searching and
analyzing faults, the influence of degradation processes on the AE should be assessed. Therefore, the study
poses and solves the urgent task of creating models that allow planning actions to ensure the required level
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of AE reliability and extend its service life. The purpose of the study is to develop a component model,
based on which it is possible to determine the impact of degradation processes on the state of the AE. The
model uses a multi-level representation of the component architecture of the AE sample and system
decomposition. The proposed model allows making decisions regarding the replacement or repair of
components that are subject to degradation. The modeling of maintenance processes during airport
operation is carried out. The relationship between the agents of the multi-agent model of AE restoration at
the airport proposed in the study is studied. The study proposes a model for optimizing the selection of an
AE component supplier to the airport, which will reduce the duration and cost of technical maintenance of
the AE that is being operated. The subject of the study is the forecasting of maintenance and spare parts
needs at the AE operation stage. The following mathematical models and methods are used: system
analysis, multi-criteria optimization, multi-agent modeling, expert evaluation.

Key words: degradation, aviation equipment, multi-agent modeling, component approach, operation,
spare parts, maintenance, repair.

Tab. 3. Fig. 6. Ref.: 28 items.

YK 004.8

JocaimkeHHs1 apXiTeKTyp HeHpPOHHHUX Mepesk [Jisl NiABUIIEHHSI TOYHOCTi NPOTrHO3YBAHHSA
nonuty Ha npoaykuio / L. 1O. [Taudroposa, H. b. Mamxkuna. ACY ta npunanu aBromatuku. 2024. Ne 183,
C. 35-45.

Po3riIsHyTO OCHOBHI apXiTEKTypH HEWPOHHUX MEPEX, SIKi 3aCTOCOBYIOTHCS IUISi IPOTHO3YBaHHS
NONHUTy Ha mnponykuito. OkpeMy yBary NpPUALIEHO PEKypeHTHHM HeiipoHHuM wmepexam (RNN), mo
JIEMOHCTPYIOTh BHUCOKY €(DEKTHBHICTh y POOOTI 3 YaCOBMMHU pSJaMH Ta BHUSABJICHHI 3aJCKHOCTCH Mix
maanMu. JletanpHO mpoananizoBaHo apxitekrypy LSTM (Long Short-Term Memory), ska €
BIOCKOHaJeHNM BapianToM RNN i 103BoJsie €peKTHBHO BUPINTYBaTH MPOOJIeMy 3HUKAIOUNX TPaIi€HTIB,
1110 € xapakTepHoto Jurs Tpanuuidnaux RNN. 3aBasku 3naTHOCTI 30epiraTti iHpopMallito Ha JOBIII Nepioau
LSTM e ineanpHOO IS 337124, SIKi IIOTPEOYIOTH aHAJII3y JOBIOTPHBAINX 3AJIC)KHOCTEH, TAKNX SIK CE30HHI
KOJIMBAHHSI TIOITUTY Ha MPOJYKIIIO.

[TpoananizoBaHo 3acTOCyBaHHsI 3ropTKOBHX HelpoHHuX Mepex (CNN), ski mokasyroTe 100pi
pe3yabTaTH mpu 0OpOOIl CTPYKTYPOBAaHHUX JaHWX, TAKUX SIK 300pakKeHHs a00 MaTpuil. 3aBIsKH CBOTi
30aTHOCTI €(QEeKTUBHO BHABIATH MpocTopoBi 3anekHocTi CNN MOXyTh OyTH KOPHCHMMH JUISt
MPOTHO3YBAaHHA MOMNHTY, KOJIH HEOOXiJHO BpaxOBYBAaTH CKJIAIHI B3a€EMO3B’S3KHM MK PI3HUMH O3HaKaMu
JIAHUX, 30KpeMa JUIsl OL[IHKHU MOIHUTY, 110 3aJIKHUTh BiJl MHOXKHHHHUX (DaKTOPIB.

Posrsnyto apxitexktypu Feedforward Neural Networks (FNN), Gated Recurrent Units (GRU),
Attention-based models (ABM) ta Autoencoders (AE), siki TakoX MOXyTh OyTH 3aCTOCOBaHi st
BUPIIIEHHS 3a/lad MMPOTHO3YBaHHS MOMUTY. BUKOHAHO MOPIBHSUILHUN aHaJi3 apXiTEeKTyp 3 TOYKH 30pY
TOYHOCTI IPOTHO3Y Ta 3aTHOCTI MPAIIOBATH 3 YACOBUMH PSIJIaMH.

3aBIsAKH TOPIBHAHHIO IIBUAKOCTI HABYAaHHS, 9acy 0OpOOKH JaHWUX Ta HAAIHHOCTI PI3HUX apXiTEeKTyp,
3 TOYKH 30py CTAOUIBHOCTI Pe3yJbTaTiB Ta HAAIHHOCTI MPOTHO3iB, BU3HAYCHO, 1[0 JJIsI POTHO3YBaHHS
MOMHUTY Ha NPOJYKIII0 Hale(EeKTUBHINIMMHU € MEpEeXi, SKi BUKOPHCTOBYIOTH apxitekrypy LSTM. Li
Mepexi 3a0e3MMeTyI0Th BUCOKY TOYHICTB Ta HAIIHHICTh Pe3yIIbTaTiB, a TAKOXK T0OPE MPAIOIOTH 3 YaCOBIUMU
psiiamMH, 110 € BasKJIMBUM JJIsl IPOTHO3YBAaHHS IONMUTY B YMOBaX JIMHAMIUYHHUX 3MiH.

KitrodoBi cioBa: HeMpOHHI Mepeski; apXiTeKTypa; HABYaHHS; OPIBHAILHUN aHaJi3; IIONHT; IPOTHO3;
TOYHICTb.

Tabm. 2. Puc. 0. Bi6umiorp.: 11 Hass.

UDC 004.8

Research on neural network architectures for enhancing the accuracy of product demand
forecasting / I. Y. Panforova, N. B. Hanzhyla. Management Information System and Devices. 2024. Ne
183. P. 35-45.

The main neural network architectures applied for product demand forecasting are examined.
Particular attention is given to Recurrent Neural Networks (RNN), which demonstrate high efficiency when
working with time series and detecting dependencies within data. A detailed analysis is provided for the
Long Short-Term Memory (LSTM) architecture, an advanced variant of RNN that effectively addresses the
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vanishing gradient problem, a common issue in traditional RNN. Due to its capability to retain information
over extended periods, LSTM is ideal for tasks requiring the analysis of long-term dependencies, such as
seasonal fluctuations in product demand.

The application of Convolutional Neural Networks (CNN) is analyzed, which show strong
performance when processing structured data, such as images or matrices. With their ability to effectively
detect spatial dependencies, CNN can be useful for demand forecasting when complex relationships
between various data features need to be considered, particularly for demand evaluations dependent on
multiple factors.

The architectures Feedforward Neural Networks (FNN), Gated Recurrent Units (GRU), Attention-
based models (ABM) and Autoencoders (AE) are considered, which can also be applied to solve demand
forecasting problems. A comparative analysis of the architectures is made in terms of forecast accuracy and
ability to work with time series.

By evaluating the training speed, data processing time, and reliability of these architectures in terms
of the stability of results and forecast reliability, it has been determined that LSTM architectures are the
most effective for product demand forecasting. These networks provide high accuracy and reliability of
results and perform well with time series, which is crucial for forecasting demand under dynamic
conditions.

Keywords: neural networks; architecture; learning; comparative analysis; demand; forecast; accuracy.

Tab. 2, Fig. 0, Ref.: 11 items.

YK 004.67

Indopmaniiina TexHoJsioris o0IpyHTYBaHHs Ta (opMmyBanHs uUiHHicHOi mpomosuuii / B.L
[TexoBuoBa, I.A. ManbkoBa, JI.A. Kinumenko, A.O. IToranenko. ACY Tta mpunaau aBToMatuku. 2024. Ne
183. C. 46-61.

O0’€KTOM TOCTIKCHHS € Tpollec POpMyBaHHS I[iHHICHOT npomo3uiiii. [IpeaMeToM AOCTIIKEHHS €
iHpopMaliliHa TEXHOJOTriss OOIpyHTyBaHHS Ta (OpMyBaHHS LIHHICHOI IPOMO3MLIi SK IHCTPYMEHT
aBTOMaTm3amii mporo mpomecy. JlocTymHi 3aco0M Oi3Hec-aHANITHKH OPi€HTOBaHI Ha aBTOMATH3AIil0
CTaTUCTHYHOI 0OPOOKH TaHWX 3a MONTYKOBUMH JAaHUMH KJIIEHTIB. AJe 11i 3ac00HM HEe BPaxOBYIOTh 3MIiHH Y
BHMOTAaX Ta BIIOJ00AaHHIX KITI€HTIB, SKi CIIUPAIOTHCS HA JTOCBIJl BAKOPHUCTAHHS TOTO 200 1HIIIOTO MPOIYKTY.
ToMy TeopeTHuHi Ta PUKIATHI TOCITiHKSHHS 0COOIMBOCTEH 3aCTOCYBaHHS HOBITHIX METOIIIB Ta 3aCO0iB
iH(pOpMaiHHUX TEXHOJOTIH s Oi3HeC-aHAJMITHKH y CTBOPEHHI IIHHICHOT MPOMO3HIIi € aKTyalbHIUMH i
3aTpe0yBaHUMH.

Mertoro ocii/pKeHHs € po3podka iHdopMaliiiHoT TexHooril popMyBaHHs LIHHICHOT TPOMO3UIlii, B
OCHOBY SIKOi 3alpOIIOHOBAHO IOKJIACTH ICHYIOUI IHCTpYMEHTaJbHI 3ac00M aBTOMAaTH30BaHOi 0OpOOKM
BEIMKHX MACHBIB JaHUX, ANl BU3HAYEHHS BUMOTI, MOTpeO, BIOA0OaHb, MEPECTOPOr Ta OYiKYyBaHb
CIOXKMBAYiB BiJl MPOAYKTY 200 MOCIYTH OrOJIONICHOT IIIHHOCTI, SIKi BOHM TOTOBI MPUI0aTH.

B mporeci JOCTiKCHHS pPO3POOJCHO [MMOBEAIHKOBY MOMACTbh IH(POPMAIIAHOI TEXHOJIOTI]
o0rpyHTYBaHHS Ta (HOpMYyBaHHS IIHHICHOI Iporo3uii. Pe3ynbpraTi po3poOKH 1miei MOJIENi IPEeaCTaBICHO
y Burisgi UML Activity-giarpamu, sika IeTadbHO JEMOHCTPYE MOCTITOBHICTE BUKOHAHHS IPOIECIB Ta
B3aeMOJIiI0 3 0a3aMu NaHWX 1 30BHIMIHIMHU JDKepenamu iHdopmanii. Po3pobneHa moBemiHKOBa MOIETh
0a3yeThcs Ha iHTerparii cydacHHX 3aco0iB aBTOMaTH3aIlii 300py, 0OpOOKHM Ta aHAN3Y NAaHWX, TAKUX K
cucTeMu Oi3HEC-aHANITHKH, MAaIlTHHE HABYaHHS Ta METOJH OIIHKU KJII€HTCHKOTO IOCBimy. Buxomsuu 3
1i€i MoBeXiHKOBOI Mojei, po3po0JIeHO JiarpaMy BapiaHTiB BUKOPHUCTaHHs iH(OpMamiiHOT TEeXHOJIOTii
(hopMyBaHHS IIHHICHOI MPOTO3HILii, sIKA BU3HAYa€ OCOOJIMBOCTI MPOrpaMHOi peaiizamii i€l TEXHOOT1].
CcdopmoBaHO TaKOX BapiaHT TEXHOJIOTIYHOTO CTEKa 3aIPOIIOHOBAHO1 1H(pOpPMAIliitHOT TEXHOIOTI].

KirouoBi croBa: anamis, 0i3Hec-TIpOIeCH, BUMOTH, KJIIEHTH, KOHKYPEHTOCIIPOMOXKHICTh, TOTPEOH,
LIHHICTD.

Tabx. 2. Puc. 4. bibmiorp.: 23 Ha3Bu.

UDC 004.67

Information technology for justification and value proposition formation / V. Shekhovtsova,
I. Malkova, D. Klymenko, A. Potapenko. Management Information System and Devices. 2024. Ne 183.
P.46-61.

The object of the study is the process of forming a value proposition. The subject of the study is
information technology for justification and forming a value proposition as a tool for automating this
process. Available business analytics tools are focused on automating statistical data processing based on
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customer search data. However, these tools do not take into account changes in customer requirements and
preferences, which are based on the experience of using a particular product. Therefore, theoretical and
applied research into the specifics of using the latest methods and tools of information technology for
business analytics in creating a value proposition is relevant and in demand.

The purpose of the study is to develop an information technology for forming a value proposition,
based on existing tools for automated processing of large data sets to determine the requirements, needs,
preferences, concerns, and expectations of consumers from a product or service of declared value that they
are ready to purchase.

In the process of research, a behavioral model of information technology for justification and
formation of a value proposition was developed. The results of the development of this model are presented
in the form of a UML Activity diagram, which demonstrates in detail the sequence of process execution
and interaction with databases and external sources of information. The developed behavioral model is
based on the integration of modern tools for automating data collection, processing and analysis, such as
business analytics systems, machine learning and customer experience assessment methods. Based on this
behavioral model, a diagram of options for using information technology to form a value proposition has
been developed, which defines the features of the software implementation of this technology. A variant of
the technological stack of the proposed information technology has also been formed.

Keywords: analysis, business processes, requirements, customers, competitiveness, needs, value.

Tab. 2. Fig. 4. Ref.. 23 items.

YK 004.67

Mertoa anaxi3y BiarykiB kii€HTiB mpo npauiBHHKIB mpoaykToBoi | T-kommnanii / C.A. Tpucras,
O.[. MixuaoBa. ACY ta nprraau aBromatuku. 2024. Ne 183. C. 61-73.

[IpeaMeToM JOCHIKEHHS € Creliaii3oBaHMi MeToz 300py Ta aHamidy BIITYKIB KIIIEHTIB TIPO
npaniBHUKIB npoaykroBoi IT-komnanii. MeToo JOCHiKeHHsS € po3po0OKa TEOPETUYHHX 1 MPUKIATHUX
pilleHs 3 aBTOMAaTH30BaHOI OOPOOKH BiATYKiB KII€HTIB, 3aCTOCYBAaHHS SIKMX CIIPHUSATHME IIiIBHUIICHHIO
e(peKTUBHOCTI aHaIII3y Ta MPUUHATTS ynpaBiiHChKuX pimeHb B [T-kommnawnii. [yt nocsirHeHHs 1iei MeTu
OyJ10 BUpiIIEHO Taki 3a/1a4i: po3po0IIeHO creliai3oBaHui MeTo]1 300py Ta aHaIli3y BiATYKIB KJII€HTIB PO
MPaIiBHUKIB TPOIYKTOBOi IT-KoMIaHil; BH3HAYCHO KIFOYOBI MOKA3HUKH, SIKI BPaXOBYIOTHCS IIif Yac
aHaJ3y BIATYKIB KIIEHTIB IS OLIHKA MPOAYKTUBHOCTI Ta SKOCTI pOoOOTH TpaIiBHUKIB, PO3pPOOICHO
OCHOBHI ITPOEKTHI PillICHHS aHATITHYHOI MTiJICUCTEMH, SIKa Peai3ye 3arpONOHOBAHUI METO/I.

B craTTi mociimkeHo iCHYROUi MPOIEeIypu Ta CHHTE30BaHO PIillIeHHs, sKi HeoOXimHI A mepenadi
JMaHUX UIs TONANBIIOI OOpPOOKHM aHANITUIHUMH I1HCTPYMEHTaMH, OOpOOKH Ta OYHINCHHS HaHUWX,
cerMeHTalii BIATYKiB, KUIbKICHOTO aHali3y 1 Bi3yanmizauil JaHUX, BUAUICHHS NPIOPUTETIB Ta GopMyBaHHS
iHcaiTiB. HaBelneHo cXeMy ajiropuTMy 3acTOCYBaHHS METOAY OIIHKH e(eKTHBHOCTI MpalliBHUKIB
npoaykToBoi IT-kommaHii. 3amponoHoBaHUE MeToA OyJI0 3aCTOCOBAaHO B XapKiBChbKil mpoaykTosiid 1T-
komranii NIX Solutions min yac po3poOkH cremianizoBaHOi aHATITHYHOI MIJICUCTEMH, KA PO3LIMPIOE
MOXIIMBOCTI icHytouoi iH(popmauiitHoi cucremu. OmnncaHo KpuUTepii OIIHIOBaHHS e(QEKTUBHOCTI
MpaliBHUKIB, iHQOpMaIliiiHe 3a0e3MeYeHHs Ta iIHCTpPYMEHTa bHI 3aCO0H, BUKOPUCTAHI IIiJl 9ac pO3pOOKH
aHamMTHYHOI TigcucremMu. HaBenmeHo mpukimax cTopiHkE iHTepdeiicy aHamiTHHOI migcucremu. Lo
aHAJITUYHY MiJICUCTEMY YCIIIIHO BBEJIEHO B €KCILIyaTallilo B KOMIaHii, o 3a0e3neuye ii kepiBHUITBO
Bi3yaJIbHUMH iHCATaMu 11 OOTPYHTOBAHOTO MPUHHATTS YIPABIIHCHKUX PIlICHb.

KirouoBi cnoBa: aHaii3 BiNT'YKiB KJI€HTIB, Oi3HEC-aHANITHKA, Bi3yai3alis JaHUX, 3aJI0BOJICHICTh
KJII€HTIB, OYMIICHHS Ta 00poOKa JaHuX, HOpMyBaHHS 1HCANTIB.

Tabn. 1. Im. 5. bibmiorp.: 19 Ha3s.

UDC 004.67

Method for analyzing customer feedback about employees of a product IT company / S.A.
Trystan, O.D. Mikhnova. Management Information System and Devices. 2024. Ne 183. P. 61-73.

The subject of the study is a specialized method of collecting and analyzing customer feedback about
employees of a product IT company. The purpose of the study is to develop theoretical and applied solutions
for automated processing of customer feedback, the use of which will help to improve the efficiency of
analysis and management decision-making in an IT company. To achieve this goal, the following tasks
were solved: a specialized method for collecting and analyzing customer feedback about employees of a
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product IT company was developed; key indicators that are taken into account when analyzing customer
feedback to assess the productivity and quality of employees were identified; the main design solutions of
the analytical subsystem that implements the proposed method were developed.

The article examines existing procedures and synthesizes solutions required for data transfer for
further processing by analytical tools, data processing and cleaning, segmentation of feedback, quantitative
analysis and data visualization, prioritization and insight generation. The article presents a flowchart of the
algorithm for applying the method for evaluating the efficiency of employees of a product IT company.
The proposed method was applied in NIX Solutions, a product IT company located in Kharkiv, during the
development of a specialized analytical subsystem that expands the capabilities of the existing 1S. The
authors describe the criteria for evaluating employee performance, information support, and tools used in
the development of the analytical subsystem. An example of the interface page of the analytical subsystem
is presented. This analytical subsystem has been successfully put into operation in the company, providing
its management with visual insights for grounded decision-making.

Keywords: business intelligence, customer feedback analysis, customer satisfaction, data cleaning
and processing, data visualization, generation of insights.

Tab. 1. Fig. 5. Ref.: 19 items.

YK 004.8:004.9

3HaHHSA-OpiEHTOBaHA MoJeJb Oi3Hec-Mpouecy NMOYATKOBOr0 PiBHA 3pilocTi MpolecHOro
ynpasiainas / O.B. Yana, €.0. Boraro. ACY ta npunagn aBromatuku. 2024. Ne 183. C. 74-81.

[IpeameToM HOCIHIKEHHS € Oi3HEC-MPOLECH MOYaTKOBOTO PiBHS MPOIECHOI 3piiocTi. MeToro €
po3po0OKa 3HAHHA-OPIEHTOBAHOTO MiAXOAY IO IPEACTaBICHHS Oi3HEC-MPOIECiB MOYATKOBOI'O PIiBHS
MPOIIECHOI 3piiocTi AN 3a0e3meueHHsT MOXKIMBOCTI MOOYAOBH MO Oi3Hec-Tponecy KepoBaHOTO
piBHS mporecHOi 3pimocti. JnA JOCATHEHHS METH BHUPINIYIOTBCS Taki 3ajgadi: iepapxidHa
CTPYKTypH3allis peACTaBICHHS 3HaHb B MoJieJi Oi3Hec-TIpoliecy Ha OCHOBI Oi3Hec-IpaBuil; po3pobKka
3HAHHA-OPIEHTOBAHOI MO/ Oi3HEC-TIPOIIECY.

BukoHaHO i€papXiduHy CTPYKTYpH3aIlif0o NpEJCTaBICHHS 3HAHb B MOJeNi Oi3Hec-mpolecy Ha
OCHOBI Oi3Hec-mpaBmil. Po3po0iieHo npeacTaBIeHHs 3HaHb, 110 BiI0Opakae MOBEAIHKOBI, OmepariiHi
Ta CTPYKTYpHI Oi3Hec-TpaBWiIa Ha HepuioMy piBHI mpouecHoi 3pinocti. IloBeniHkoBi mpaBuia
NpPEJCTAaBJICHO 3 BHUKOPUCTAHHS TEMIOpANbHUX mpaBuin TNy «Future», omepamidHi — 3
BUKOPUCTAaHHSAM npaBwi THny «Next», CTpyKTypHi — Ha OCHOBI Ha0oOpy IONYCTHMHX 3HA4eHb
aTpuOyTIB MOiN JOTYy Oi3HEC-IPOIIECY.

3anponoHOBaHO 3HAHHSI-OPIEHTOBAaHY MOJENb Oi3HeC-Npolecy MOYATKOBOTO PiBHS MPOLECHOT
3p1IOCTI, IO BiTOOpaXkae MOCIIiIOBHICTD JIii, OKpeMi i 3 MOKIMBOCTSAMH Ta 0OMEKe HHIMH JTOCTYITY
JI0 pecypciB, pecypcu IMpolecy Ha OCHOBI MOBEIIHKOBUX, ONEpaliifHUX Ta CTPYKTYpHHX Oi3Hec-
npaBuil. 3anpoIOHOBaHAa MoJelb 3a0e3rneyye MOXKJIMBICTh BIPOBAKEHHS MPOLIECHOTO YNpaBIiHHSI
IUUSIXOM TOOYIOBH CTaHAAPTH30BAHOTO OIMCY IPOLECY HA OCHOBI 3alIe)KHOCTEH MK IisIMH,
BH3HauYeHUX y Gopmi Oi3Hec-npaBuiI.

Kirowogi ciioBa: iHdopmaliiitna cicteMa npoLecHOro ypaBiiHHs, 013HeC-TIpoliec, piBHI MPOIECHOT
3pisocTi, Oi3HEC-TpaBwia, TEMIIOPANbHI PABUIIA, 3HAHHS, 3HAHHA-OPIEHTOBaHA MOJCIIb.

Taba. 2. L. 0. bi6miorp.: 24 Ha3Bw.

UDC 004.8:004.9

Knowledge-oriented model of business process at the initial level of process management
maturity / O.V. Chala, Y.O. Bogatov. Management Information System and Devices. 2024. Ne 183. P. 74-
81.

The subject of the research is business processes at the initial level of process maturity. The aim is to
develop a knowledge-oriented approach to representing business processes at the initial level of process
maturity to enable the construction of a business process model at the managed level of process maturity.
To achieve this goal, the following tasks are addressed: hierarchical structuring of knowledge representation
in the business process model based on business rules; development of a knowledge-oriented business
process model.

A hierarchical structuring of knowledge representation in the business process model based on
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business rules has been performed. A knowledge representation that reflects behavioral, operational, and
structural business rules at the first level of process maturity has been developed. Behavioral rules are
represented using «Future» type temporal rules, operational rules using «Next» type rules, and structural
rules based on a set of permissible values for business process log event attributes.

A knowledge-oriented model of business process at the initial level of process maturity is proposed,
reflecting the sequence of actions, individual actions with capabilities and limitations of resource access,
and process resources based on behavioral, operational, and structural business rules. The proposed model
enables the implementation of process management by constructing a standardized process description
based on dependencies between actions defined in the form of business rules.

Keywords: process management information system, business process, process maturity levels,
business rules, temporal rules, knowledge, knowledge-oriented model.

Tab. 2. Fig. 0. Ref.: 24 items.

YK 004.8:004.9

Kay3anbHa MeHTaJIbHA MoJenb pillleHHS B 3ajadi nmo0yJoBM NOsSICHEHb B IHTeleKTyaJbHil
inpopmaniiinii cucremi / C.®. Yamumii, B.O. Jlemuncekmii, [.O. Jlemmuaceka. ACY i npunmann
aBroMaTuku. 2024. Ne 183. C. 82-89.

[IpenmeToM JochifpkeHHs € Tpolec MOOYyIOBM Kay3aJlbHHX MEHTAJIbHHUX MOJENel pilleHHs
IHTENEKTyanbHOI cucTeMH. MeTo € po3poOka Kay3aJbHOrO MiIXOMy M0 MOOYIOBU MEHTaIbHUX
MoOJieJIeH pilleHHS B CHCTEMaXx INTYYHOTO IHTEIEKTYy AJs 3a0e3Me4CHHS MOJKJIMBOCTI MOOYIOBH Ta
YTOYHEHHS IIOSICHEHHS 3TiJHO 31 3HaHHAMHM KOPUCTyBaya NpO IpeaMeTHy o0nacTb. 3anadi:
CTPYKTypH3allis MEHTaJbHUX MOJEJell 3 ypaxyBaHHSAM iXHIX BJIaCTUBOCTEH B acmekTi (GopMyBaHHS
MOSICHEHb B 1HTENEKTyaJdbHHX CHCTEMax; pO3poOKa Kay3aabHOI MEHTaIbHOI MOJEN pIIIeHHS
IHTEJNEeKTyanbHOI cucTeMu. BrucHoBkH. BUKOHaHO aHanmi3 MOXIMBOCTEH BHKOPHCTaHHS MEHTAJIBHHUX
MoJiesield B 3a/1a4i MoOyA0BU MOSICHEHb 3 BUJIJICHHSIM Kay3aJbHHMX, aHAJOTIYHHX, (OJILKIOPHUX Ta
JUHaMI4HUX Mojeseil. HaykoBa HOBH3HA OTpUMaHKX PE3yJbTATIB MOJSTaE B TAKOMY. 3alIpOIIOHOBAHO
Kay3aJbHY MEHTQJIbHY MOJENb pIleHHS IHTEJICKTyallbHOI CHCTEMH, sKa MICTUTh Halip
aNbTepHATHUBHUX MPEJCTaBICHb MPUYMH 1 HACHIAKIB OTPUMAHOrO pIlIEHHs 3 YpaxyBaHHSIM
MOXJIMBOCTEH Ta 0OMEXEHb 11010 BUKOPHUCTaHHS pilieHHs. Mojelb BpaxoBy€e SK MO3UTHUBHI, TaK i
HETaTHBHI BIACTUBOCTI OTPUMAHOTO Pe3yJbTaTy, 0 CTBOPIOE YMOBH IS MiJIBUIIEHHS PiBHS JIOBIpH
KopucTyBadiB. Po3pobieHo GopmanbHe npencTaBiIeHHs Kay3adbHOI MEHTaJIbHOI MOJEII, 10 MiCTUTh
TEMIIOpPAIbHO YNOPSIKOBAHI NpaBuia, sKi MOB'A3yIOTh BXiJHI JaHi SIK NPUYUHH Ta BIACTUBOCTI
OTPUMAHOr0 pilmeHHs K Hacuigku. [IpaBuna o0'eAHYIOTBCS B ajdbTEPHATHBH, IO AA€ MOXKIUBICTH
Mig0MpaTH TMOSCHEHHA 3TiMHO 3 OOMEXEHHAMH WIOM0 BXIJHHX JaHUX Ta OOMEXEeHb IMIOJ0
MOJKJIMBOCTEH BUKOPUCTAHHS PILICHHS 1HTEJICKTYaIbHOT CUCTEMH.

KirouoBi crioBa: kay3ajibHa MEHTaJIbHA MOJIEITb, OSICHEHHS, IHTEJIEKTyallbHa CUCTEMa, TEMIIOpabHa
3aJIeXKHICTb, Kay3aJIbHa 3aJIC)KHICTh, TPUYNHHO-HACIIAKOBHUH 3B’ 530K, CHCTEMa ITyYHOTO IHTEJIEKTY.

Tab6m. 3. Inn. 1. Bi6niorp.: 19 Ha3s.

UDC 004.8:004.9

Causal mental model of decision in the task of building explanations in intelligent information
system / S.F. Chalyi, V.O. Leshchynskyi, 1.0. Leshchynska. Management Information System and
Devices. 2024. Ne 183. P. 82-89.

The subject of research is the process of building causal mental models of intelligent system decisions.
The aim is to develop a causal approach to building mental models of decisions in artificial intelligence
systems to enable the construction and refinement of explanations according to the user's knowledge of the
domain. Tasks: structuring mental models considering their properties in the aspect of forming explanations
in intelligent systems; development of a causal mental model of intelligent system decision. Conclusions.
The analysis of possibilities for using mental models in the task of building explanations has been
performed, highlighting causal, analogical, folk, and dynamic models. The scientific novelty of the obtained
results is as follows. A causal mental model of intelligent system decision is proposed, which contains a set
of alternative representations of causes and effects of the obtained decision, taking into account the
possibilities and limitations regarding the use of the decision. The model takes into account both positive
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and negative properties of the obtained result, which creates conditions for increasing the level of user trust.
A formal representation of the causal mental model has been developed, containing temporally ordered
rules that link input data as causes and properties of the obtained decision as effects. The rules are combined
into alternatives, which makes it possible to select explanations according to input data constraints and
limitations on the possibilities of using the intelligent system decision.

Keywords: causal mental model, explanation, intelligent system, temporal dependency, causal
dependency, cause-and-effect relationship, artificial intelligence system.

Tab. 3. Fig. 1. Ref.: 19 items.
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MPABUJIA O®OPMJIEHHA CTATEM
YV BCEYKPATHCBKOMY MIKBIJOMYOMY HAYKOBO-TEXHIYHOMY
3BIPHUKY
«ABTOMATHU30BAHI CUCTEMMU YIIPABJIIHHA TA ITPUJIAIX ABTOMATHUKW»

1. 3aranbHi BUMOTH

Jlo po3risimy npuiiMaroThCs paHiliie He OmyOIiKOBaHI CTATTI YKPaTHCHKOKO Ta aHTIIHCHKOIO
MoBaMu. CTaTTi aHIIIIHCHKOI0O MOBOIO MOJAIOTHECS Pa3oM 3 YKpPaiHCBKOMOBHHM BapiaHTOM.
CrarTi, TepeKiaJieHi aHMINHCHKOI 3a JOMOMOrOK KOMITIOTEPHOTO IepeKiiajada Ta He
BiJjpearoBaHi HAIEKHUM YHHOM, HE PO3TIISAJAI0THCS.

HaykoBa ctarTs, sika moJgaeThesi A0 PO3IIsAY, Mae OyTH CTPYKTypOBaHa Ta MICTHTH BCi
OCHOBHI YaCTHHH, XapaKTepHi I HAYKOBOI CTaTTi:

— MOCTaHOBKa MPOOJIeMH y 3aralbHOMY BUTJISIII Ta 11 3B'A30K 3 BAXKJIMBHUMH HAYKOBHMH Ta
NPaKTUYHUMH 33J]a4aMH;

— aHaji3 OCTaHHIX JOCIHIKEHb Ta MyOJiKalii, y SIKMX pO3MoYaro BHPIMICHHS IaHOI
npobJeMy Ta Ha sIKi CIIUPAETBCS aBTOP, BUIIJICHHS HEBUPILICHWX paHillle YaCTHH 3arajbHOol
npooJieMu;

— (hopMyTrOBaHHS 11iJIeH cTaTTi (IIOCTAHOBKA 3aj1adi);

— MOJIaHHA OCHOBHOT'O MaTepially JOCIHi/PKeHb 3 MOBHUM OOIPYHTYBAaHHSIM OTPHMaHHUX
pe3yNbTaTiB;

— BUCHOBKHM JAaHOTO JIOCTIJKCHHSI Ta TEPCNEKTUBH MOAAIBIINX JOCHIIKEHb Y JaHOMY
HaINpPSIMKY;

— nepenik nocuianb (References).

2. BUMOTH /10 CTPYKTYPH PYKOMHUCY

CTpyKTYypHO MaTepiaay cTaTTi HOAUISIOTHCSA Ha TaKi eIeMEHTH:

- V]K;

— Tpi3BUINA Ta iHIIlaJdk aBTOPIB CTaTTi;

— 3aroJIOBOK CTartTi;

— aHOTAIlis JO CTATTI;

— OCHOBHUIA TEKCT CTaTTi;

— MepeJTiK TOCHIIaHb;

— J1aTa HaJIXOKEHHS CTATTI IO peAKOJerii 30ipHHKa;

— BIZIOMOCTI TTPO aBTOPIB CTATTi;

— pedepaTn yKpaiHCHKOIO Ta aHIITIHCHKOIO MOBaMH.

Baxxanuii mopsmok Ta 3MiCT pO3iJIiB OCHOBHOTO TEKCTY CTATTi:

a) po3xain 1 «Berym», B ikoMy BU3Ha4Ya€eTbhes MpobiieMa y 3aralbHOMY BUIJISAIL Ta 11 3B'SI30K
3 BXXJIMBUMH HAYKOBHMH Ta IPAKTHUYHUMH 33/1a4aMU;

0) po3nin 2 «AHai3 JiTepaTypHUX JKepesl Ta BU3HAUYEHHs MpOOIeMHU AOCIiIKEHHS», B
SKOMY HaBOZSTHCS PE3yJIbTaTH aHaji3y OCTaHHIX JOCTI/KeHb Ta MmyOmikamid, e po3movaro
BUPILICHHS 1aHOI MPOOJIEMH Ta Ha SIKi CHHMPA€ETHCS aBTOP, BUIUISIOTHCS HEBUPILICHI paHile
YaCTMHHM 3arajbHOi NpOOJIEeMH JOCHIDKEHHS Ta KOHKPETHU3YEThCSl TOJOBHA Ipodiema
JIOCITI/PKEHHS Y IaHil CTaTTi;

B) po3ain 3 «MeTa i 3a1aui JOCIiPKEHHS», B SKOMY HABOAATHCS OIHMCH METH JTOCIIDKEHHS
Ta 3aJa4 JIOCTIJDKEHHS, BUPIIMICHHS SKUAX JO3BOJIE JIOCATTH BW3HAYEHOI paHIlle METH
JTOCITI JIKEHHS;
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r) po3zin 4 «Marepiaiy i METOIN TOCTKEHHS, B SIKOMY HaBOASTHCS OMUCH (HOPMATBHOTO
amapary Ta paHillle TTPOBEeIeHNX €KCIIEPHUMEHTAIBHHUX JOCIHIHKEeHb, IKi OyIyTh BUKOPHUCTaHI y
MOATBIIIOMY TEKCTi CTaTTi;

n) po3ain 5 «Pe3ymbrati HOCTHIIKEHHN», B AIKOMY CTPYKTYPOBaHO HAaBOIATHCS PE3yNbTaTH
BUpIMIeHHsT CHOPMYIbOBAaHUX y PO3IiTL 3 OKpeMHX 3amad JOCHTIDKeHHS (TEOPEeTHYHUX Ta
eKCIIEpUMEHTAIBHUX );

e) po3ain 6 «OOroBOpeHHsSI Pe3yJbTAaTiB JOCTIIPKEHHSI», B SIKOMY HaBOISATHCS: OITUC
0cOOIMBOCTEH OTPUMAHUX PE3YJIbTAaTiB JOCHIKEHHsS Ta iXHBbOI BiIIMIHHOCTI Bifl pe3yibTaTiB
MOTIEpEHIX AOCIiIKEeHb Y BINMOBIAHIM Tamy3i; omuc mepeBar OTPUMaHUX Pe3yJbTaTiB mepen
ICHYIOUMMH; OIUC HEAONIKIB 1 OOMEKeHb, SIKi YTPYAHIOIOTH BHKOPHCTaHHS OTPUMaHHX
pe3yNbTaTiB JOCTIHKEHHS; OMKC MOAANBIINX TMEPCHEKTHB MPOBEIEHHS AOCHIIKEHb 3a LM
HaNpsIMOM;

K) po3ain 7 «BHCHOBKMY», B SIKOMY HABOJSTBCS CTHCHI OIMHMCH OTPUMAHUX PE3YNbTaTiB
BUPILIICHHS] OKPEMHX 3324 JOCIIKEHHS Ta 3arajlbHUH BICHOBOK MPO JOCSATHEHHS MOCTaBICHOT
y po3Aauii 3 METH TOCIiIKEHHS.

3arojoBKH OKPEMHUX PO3JiTiB OCHOBHOT'O TEKCTY CTaTTi MOXKYTh 3MIHIOBATHCS BiIOBITHO
JI0 3MICTY KOHKPETHOI CTaTTi.

Po3ninu OCHOBHOTO TEKCTY CTaTTi, MEpENiK IMOCWIaHb, JHaTa HAaJIXOPKCHHS CTAaTTi N0
penkoJerii 30ipHUKa Ta BIZOMOCTI MPO aBTOPIB CTATTI BIJOKPEMJIFOIOTHCS OJUH Bifl OJTHOIO
OJTHUM MOPOXKHIM PSIKOM.

3. Bumoru /10 opopmJIeHHSI PYKOTUCY

Jlo po3riisity mpuiiMaroThCsl MaTepiaid cTaTeld 00CsATOM HE MEHINE 5 TOBHHUX CTOPIHOK (3
ypaxyBaHHSM PUCYHKIB 1 TaOIHIIB).

Marepianu ctaTTi moBuHHI OyTH Habpanumu y peaakropi MS Word. Tpunyctumi hopmati
daiiny 3 marepianamu crarti —.doc a6o .doCX.

®opwmar cropinku — A4 (210x297 mm). [lons 30Uy, 3BEpXYy, Crpasa, 3iiBa — 3 CM.

OcHoBHHUiT TekeT crarTi HabupaeTsest mpupTom Times New Roman, kersb 11, intepan —
1,1, aG3amuuii Binctyn — 8 MM, iHTepBanu niepe i miciast — 0 MM, BUPIBHIOBaHHS 110 IIIHPHUHI.

Jos YK — mpudt Times New Roman, kernb 11, intepsan — 1,1, ab3aunuii Bigctym — 8
MM, iHTepBa nepe — 0 MM, iHTEepBaIT TicKsI — 6 MM, BUPIBHIOBAHHS 110 IIIHPHHI.

JIost ipi3BuIN Ta iHimiagiB aBTopiB crarTi — mpudt Times New Roman, kerib 11, inTepBat
— 1,1, abG3arHmiA BiICTYI — 8 MM, IHTepBaIH Tiepe]] 1 Miciast — 6 MM, BUPIBHIOBaHHS IO IIIUPHUHI.

Jlnst 3aronoBka crarti — mpudt Times New Roman, keribs 11, HamiBXUPHUIA, iHTEpBAT —
1,1, aG3amHuii BigcTym — 8 MM, iHTEpBAJH Mepex i micis — 6 MM, BUPIBHIOBAHHS 10 ITUPHHI.

Jlnst anoraii — mpudt Times New Roman, kerns 10, intepBan — 1,1, Bigctyn 3nisa — 0,8
cM, a03anHuid BiCTyn — 8 MM, iHTEpBaji nepex — 6 MM, iHTepBa miciast — 0 MM, BUPiBHIOBaHHS
M0 HIMPHHI.

Jlnis 3arosoBkiB Tabmuilp — mpudT Times New Roman, kerns 10, intepsan — 1,1, ab3anHoro
BiZCTylly Hemae, iHTepBaiu mepen i micna — 0 mm, cinoBo «Tabmuus» Ta i HOMep — 3
BUPIBHIOBaHHSM BIIPaBO, Ha3Ba TaOJIUIII (SIKIIO BOHA €) — 3 BUPIBHIOBAHHSAM TI0 IICHTPY.

Jlnst minpucynkoBux mianuciB — mpudt Times New Roman, xerne 10, intepsan — 1,1,
a03amHoro BiACTYIy HEMAE, IHTEpBaK nepex i micis — 0 MM, BUPiBHIOBaHHS 110 LIEHTPY.

JInst mepentiky nmocuiiaHb Ta BijoMocTel mpo aBTopiB — mpudt Times New Roman, kerus 9,
inTepBan — 1,1, ab3annuit BigcTyn — 8§ MM, iHTepBanu nepes i micist — 0 MM, BUPiBHIOBaHHS IO
UIMPHHI.

s pedepariB — mpudT Times New Roman, xersie 10, intepsan — 1,1, ab3amuuii BigcTym
— 8 MM, iHTEpBanK nepes i micas — 0 MM, BUPIBHIOBAHHS 110 ITUPHHI.
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®opmynun HabuparoTbes y pemakropi dopmyn Microsoft Equation a6o MathType,
PO3TAIIOBYIOTECS Y TIEHTPI poOOYOro MO, HyMeparis — 3 mpaBoi CTOPOHHU mmoisl. s 1mporo
HEOOXiTHO BECh PSIIOK PO3TAlIyBaTH CIpaBa, a MOTIM BUPIBHATH (popMmyiry TaOyIsmisiMH Tak,
o0 BOHA pO3TalIoOByBaslacs MO HEHTPY. BimcTym 3Bepxy i1 3HM3Y — mo 6 myHKTIB. Hymeparis
(dhopMyn ycepeauHi KOXKHOI CTaTTi HacKpi3Ha.

dopmynH, a TAKOXK IXHI CKJIaJ0B1, IPUCYTHI y TEKCTi, HAOMPAIOTHCS 3 TAKUMH TIapaMeTpaMu
(nuB. puc. 1).

Hactpoiika Pasmepos *

O AbMHBIA pt o A
2

Hraere 8 pt (1 +B) OTreHa

Mankbii MHoeks g pt 7 kp

Cmenn 12 ptov 2 A nk Crpaska

M anei Cumeon 10 [ r= 1

Monezosarena 1 100 oW MpHMEHHTE

MNonezosatens 2 100 2 v w MPMMEHATE ANA HOBBIX | 3amoackue

Puc. 1. ITapameTpu HacTpOIOBaHHs po3MipiB peaakropa popmyn MathType

KoskHa Tabiu1sl BAKOHYETBCS Ta PO3TAIOBYETHCS B TEKCTi Opa3y Micysl MOCHIIAHHS Ha Hef.
VYci tabnuni y crarti 000B’SI3KOBO HYMEpYIOTHCS, HE3BRKAIOYM Ha X KUIbKIiCTh. Tabmwis
BiZIOKPEMJTIOETHCS BiJI TIOMEPEAHBOTO Ta HACTYITHOTO TEKCTY (Tabiuili, pUCYHKY TOIIO) OAHUM
MIOPOXKHIM PSIKOM.

Hani Bciei Tabnuui HabuparoThes mpudToM po3mipoM 10 MyHKTIB, PO3MILIYIOTHCS IIO
LUEHTPY; y BHIMAAKaX, KOJM HEOOXiIHO MOKa3aTH PO3PSAHICTb, — BUPIBHIOBAHHS 32 3HAKOM.
TommHa citku Tabmuni — 1 myHkT. [pukinan odpopmiieHHs TaOIUI HABEICHO Ha pHC. 2.

Taomums 1

MHOXHHa ONKCIB CyTHOCTEH (HyHKIIOHAIBHOT 3a1a4i

ID HaiiMenyBaHHs

1 Academic_load

2 Academic

3 Department

4 Individual_plan

5 Academic_section

Puc. 2. Ilpuknan opopmiieHHs TaOJIUIIl y TEKCTI CTaTTi.

Baxano TaOnuiio 31 CTOpiHKM Ha CTOPIHKY HE NEPEeHOCUTH. SIKII0 TaOmuIsl HE MOXe
PO3MICTHTHUCS Ha CTOPiHII, ii MOAUIAIOTH HA YaCTHHHU. Y KOXKHINA YacTHHI TaOJUIl MOBTOPIOIOTH
il romoBky Ta OOKOBHK a00 3aMiHIOIOTH iX BIAMOBIAHO HOMEpPaMH KOJIOHOK a00 PSIIKiB,
HYMEPYIOUH iX apabcbkumu nudpaMu Ha nepiuiid yactuHi Tadbmumi. Cnoso «Tabiauis» nogaerbes
nuiie Haj mepuioro ii yacTuHow. Hax HacTynmHuMM 1i YacTUHAMU MPaBOPYY APYKYETHCS:
«IIpomorxkeHHss TaOuI», a Ha ocTaHHId — «KiHelp TaOMI», B yCIX BHUIAJIKaX BKA3yEThCS
HOMeD Ta0uII.

KokeH pHCYHOK BUKOHYETBHCSI Ta PO3TAIIOBYETHCS B TEKCTI OJpa3y Micisl MOCUIAHHS Ha
HBOTO. YCi PHCYHKH B CTarTi OOOB’SI3KOBO HYMEPYIOTHCS, HE3BaKAIOUM Ha iX KIiJIBKICTb.
HeoOxi1HO BCTABIISTH PUCYHKH Y TEKCT K rpadiuni 00’ extu (haitnu 3 posmupernsm .bmp, .jpg,
iff um .png, sikicts He Mente 300 dpi), 06’ext MS Word a6o MS Visio.

100



PrcyHOK BiIOKPEMITIOETHCS BiJ MOMEPENHHOTO Ta HACTYMHOTO TEKCTY (TaOiwIl, pHCYHKY
TOIIIO) OJTHUM TTOPOKHIM PSIKOM.

KoskeH prCyHOK IOBHHEH MaTH MiAPHCYHKOBHH MIAIHKC, B SKOMY BKa3y€ThCSI HOMEp Ta, Yy
BUIIAJIKy HEOOX1HOCTI, Ha3Ba PUCYHKY. SIKII0 pucyHOK 3aiimae MeH1ue 50 % mupuau poOdouoro
MoJIsl, TO MOXKHA 3pOOHUTH OOTIKAHHS PUCYHKY TEKCTOM, PO3TAlIyBaBIIM HOTO JIBOPYY abo
npaBopyd BiJl poboyoro nosst. [Ipukian pucyHKy 3 mignUCOM HaBeJeHUN Ha puc. 3.

[ C1={CI1, CI2, CI3, C14, CIS, CI6, CI7, CI8, CI9, CI10) ]

T
I 1

[ C3={CI1, €12, CI3, C14, CI5, CI8, €19, €110} l [ Cc2={Cle, CI7} l

[ c7={C12, €12, C14, CI5, €18, €18, C110) ] [ C6={CI1) ] [cs:;cn}] [ ca={Ci6} ]

[ ca={C1z, CI2, Cl4, CI&, C19, CI10} l l C&={CI5} l

I C11={CI2, CI2, CI4, CI8, CIg} ] lcm:{cuo;}]

[c13={m2. Ct3.CI4}] [ c12={Cig, C19} ]

Puc. 3. [Ipukian BUKOHAHHS PUCYHKY Ta MiJPUCYHKOBOT'O MiNUCY

[locunmanHs Ha JiTEpaTypHi Ta E€NEKTPOHHI JDKEpeda y TEKCTi CTaTTi MO3HAYAIOThCS Yy
kBagpatHux nyxkkax [1]. o mepemnmiky mocwiiaHp BKITIOYAOTHCS TIIBKKA Ti poOOTH, Ha SIKi
nmocHuiaaeTbes aBTop crarti. [locunanas Ha HeomyOIikoBaHi poOOTH HE TOMYCKalOTHCS.

Jis oopMITeHHS TIepeITiKy OCUJIaHb CJIiJl BAKOPUCTOBYBATH OJMH 3 TAKUX IIA0JIOHIB:

a) mwabnon IEEE  (aBromarmune  odopmienns 3a  mabmonom  IEEE
https://www.citethisforme.com/ieee/source-type);

6) momoxenns JCTY 8302:2015 «Iudopmamnis Tta nokymenranis. bibmiorpadiune
NocWIIaHHsI. 3arajibHi OJIO0KEeHH Ta mpaBuia ckinagandsy ta JJCTY 3582:2013 «Iudopmaris ta
nokymeHranis. bibmiorpadiunuii onmc. CKOpOUYeHHS CIIiB i CIOBOCHONYYEHb YKpPaiHCHKOIO
MOBOI0. 3arajibHi BUMOTH Ta MPaBHUIIay.

KoskeH 3 nyx 1raGioHiB CI1iji BAKOPUCTOBYBATH [Tt O(OPMIICHHSI yCiX €JIEMEHTIB MEePEeiKy
nocwianb. BukopucTaHHs ABOX MAOJOHIB Uit OGOPMIICHHS OJHOTO M TOTO X MEpeNiKy

MOCWJIaHb HEMIPUITYCTHMO.

KoskHe mocunanHs y nepeniky MOCHJIaHb HABOJAMTHCS 3a MOPSIKOM TOSBH IUX MOCHIIaHb Y
TEKCTi CTaTTi.

VY mepeniky nocuiaHp 0akaHO BUKOPHUCTOBYBATH TOCHJIAHHS HAa CyYacHi myOJikarii, BiK
SKUX HE IMEPEBUILYE II’SITH POKIB y MOMEHT Mojadvi CTarTi A0 penakiii. Kpim Toro, mix gac
(dbopMyBaHHS TEpeNiKy TIOCHIaHb CTAaTTi HEOOXIiAHO JOTPUMYBATHCS TAKOTO PO3IMOJTY:
camonutyBanHs — 10 20 %, uTyBaHHs 3apyOiKHUX MyOmiKkanii — He MeHie 50%.

BioMocTi mpo aBTOpIB CINiJ] HABOJUTH YKPaiHCHKOIO Ta aHTIIHCHKOI0 MOBaMHU. Y BiJJOMOCTI
PO aBTOPIB CJiJl BKIIOYATH: ITOBHI Tpi3BUINE, iM’s Ta TO-0AaThKOBi; BUCHHH CTYHiHb (32
HasBHOCTi); BU€HE 3BaHHs (3a HAsBHOCTI); mocamy; KpaiHy, Micto; e-mail (Bkpaii OaxaHO
BKa3yBaTH KOpropatuBHMI €-mail, moxxHa BkasyBatu Kijgpka e-mail, Ha ski Bu Oaxaere
OTPUMYBATH MOBIIOMJICHHS BiJl peJaKLii Ta YNTauiB, SIKi MOXKYTb 3alliKaBUTUCS BalLIOIO CTATTEIO)
; ORCID.

Pedepar HaOupaeTbcsi yKpaiHCHKOIO Ta aHMIIHCHKOIO MOBaMHu. PedepaT moBuHeH OyTH
3MiCTOBHUM, JOTPUMYBATHCS JIOTIKM ONHKCY Ppe3yJbTaTiB Yy CTaTTi Ta JaBaTH MOXKJIHMBICTbH
BCTaHOBHTH ii OCHOBHUH 3MicT. PedepaT He nmoBuHEH MicTuTH GopMyll Ta pucyHKiB. HeoOxinHi
CHUMBOJIX B pedepaTi He0OXiAHO n0JaBaTh yepe3 QYHKLII0 BCTABKH CUMBOJIIB.
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Pedepar micturs: YJIK, Ha3By crarrti (HamiBxupHAM mprdTOM), iHIMIaTH Ta MPi3BUIIA
aBTOpiB (KypcuBoM), TeKCT (He MeHmre 1800 npykoBaHWX 3HAKIB 3 MPOOiITaMH Ta KIFOYOBHMHU
CJIOBaMH), KITFOYOBI CJI0BA, KUTBKICTh TaOIUIh, PUCYHKIB Ta IOCHUJIAHDb y CTaTTi.

Kittouosi crmoBa mouHHI MicTuTH 10 10 ciiB, 2 HE CIIOBOCTIONYYEHb, 0€3 BUKOPHUCTAHHS
abpesiaTyp, B IMEHHOMY BiAMIHKY, PO3ILIATHCS KPAITKOIO 3 KOMOIO.

PedepaTt HamatoThCs 10 peAKOIIErii pa3oM i3 cTaTTel0 Y BUIIISII OKpeMOTo (ailiy.

4. IlpaBuja HaJACWIAHHS CTaTell Ta MOAAJBINOI B3a€EMOJIl 3 peJakuiiiHOIO KoJierieo
30ipHuKa

Jo penkonerii 30ipauka «ACY Ta npuiaau aBTOMaTHKI CITiJ] HAJICUJIATH TaKi MaTepiaiu:

— (aiin y popmari .doc abo .dOCX 3 TEKCTOM CTATTi YKPaiHCHKOIO MOBOIO;

- daiin y dopmari .doc abo .dOCX 3 TEKCTOM CTATTi aHTJIIHCHKOIO MOBOIO (SIKIIIO aBTOPH
OakaroTh OMyOMiKYBaTH CTATTIO Y 30ipHHUKY aHTJIIHCHKOI0 MOBOIO);

— ¢aiin (y ¢opmari .doc abo .doCX 3 Texkctamu pedepaTiB CTaTTi YKPAIiHCHKOIO Ta
aHMTHCHKOI0 MOBAMHU;

— BiJICKAaHOBaHY KO0 EKCIIEPTHOTO BUCHOBKY 3 JO3BOJIOM OITyOIiKyBaTH MaTepiain CTaTTi
y BiAKpUTOMY IpyKy. B pa3i motpebu ekcriepTHI BUCHOBKHM JJisi aBTOPIB — CHIBPOOITHHKIB
(ctynenrtiB, acmipanTiB Tomo) XHYPE MoxyTh odopMITIoBaTHCS PEAKOJIETIEI0 IEHTPATI30BaHO.

Marepianu  crareii  HaJACWIATH  CJICKTPOHHOI  MOIITOKD — 33  aapecor
maksim.ievlanov@nure.ua.

Koxxna Hazjicmana B pelakiilo CTaTTs MICHs NPOXOMKEHHS PpEICH3YBaHHSA 1 TpU
MIO3UTUBHOMY DillleHHI peKoierii Oyie HalpyKkoBaHa B HalOmmKk4IoMy BUITyCcKy 30ipHHKa. s
IILOT0 aBTOPaM BiJ] IMEHI PEIKOJIETIi HaICHIIAEThCSI JIIIIEH31MHNHN TOTOBIP, KU 3aKPIIUIIOE PaBO
nepuroi myoumikamii cTarTi y 30ipHUKY «ACY Ta mpunaayd aBTOMaTukm». ABTOPHU CTATTi MOBHHHI
MIiJNUCATH TIeH JIIEH3IHHUI TOroBip Ta 3aBIpUTH CBOI MIAMKCH TIEUATKOK OpraHisailii, B AKii
BOHM TpamtorTh. [linnmucannii NiNeH31MHWN JOTOBIp aBTOPW CTATTi HAACHWIAIOTh Ha ajpecy
penkorerii 30ipHUKA.
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Binnosiganeuuii Bunyckosuii B.M. JleBukin

Penakrop O.€. HeymuBakina

Komm’rorepra Bepctka M.B. €Bnanos, O.€. HeymuBakina
Ju3aita oOkIaquHKA HOMepa 3a ydacTio €.Yex

IMian. mo apyky 04.12.2024. ®opmat 60x841/8. YMOB. apyK. apk.
O6u1.-Bua. apk. 13,4. Tupax 300 npum.
3am. Ne 144. Ilina goroBipHa.

XapkiBChbKHii HalliOHAIBHUHN YHIBepcuTeT panioenekrponiku (XHYPE).
VYkpaina, 61166, Xapkis, mp. Hayku, 14

Opurizan-MakeT miroTOBICHO Yy peAakuiiHo-BuaaBandoMy Bigaiai XHYPE,
VYkpaina, 61166, Xapkis, mp. Hayku, 14

30ipuuk BigapykosaHo B TOB «/IPYKAPHSA MAIPU/I»
61024, m. Xapkis, Byn. ['ynanosa, 18
Temn.: +38(057)7565325
CBizonrBo cy0’€KTa BUIaBHUYOI CIIPaBH
Cepist IK Ne 4399 Big 27.08.2012 p.
www.madrid.in.ua e-mail:info@madrid.in.ua
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