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AHAaJI3 Cy4YaCHOr'0 CTAaHY i MepPCNeKTHB PO3BUTKY Y rajy3i po3po0ku Ta
CYNPOBOJAY CUCTEM IHTePHET-0AHKIHTY

AkTyajabHicTh. Po3poOka cucreMm iHTEepHET-OaHKIHTY HOTpeOye BHpIMICHHS MPOOJIEeMH X MPOEKTYBaHHS 3 ypaxyBaHHAM
MOCTIHOTO PO3BUTKY Taly3i Ta MOsIBH HOBHUX BUMOT 10 13, Ak QyHKIiOHATBHUX, TaK i HeQyHKIiOHAMBHUX. [100yn0Ba Takmx
CHCTEM 3 3a0e3IEYEHHSM HaJeKHOTO PIBHS ITOKAa3HHKIB SIKOCTI BHMarae OOIPYHTOBAaHOTO BHOOPY €TaJOHHOI CHCTEMHOT
apXITEeKTypH, a TAKOXK BUKOPHCTAHHS Cy4aCHUX METOJiB 0OpOOKHU 3HAHB II0JJ0 BUMOT KOPHUCTYBadiB. | TOMy, TUTaHHS OOYI0BH
I[bOTO KJIACy CHCTEM € aKTyaJIbHOIO HAyKOBO-TEXHIYHOIO 33a1ayuelo.

Meta. MeToro IbOoro JOCIiKEHHS € aHAJli3 Cy4aCHOTO CTaHy Ta IIEPCIEKTHB PO3BUTKY Y TalTy3i pO3poOKH Ta CYIIPOBOLY CUCTEM
e-Banking, 1mo m03BOJHTH MOTHBOBAHO 3alpPONOHYBATH iX BJOCKOHAJEHHS LLISXOM 3aCTOCYBAHHS 3HAHHA-OPi€HTOBAHOTO
MiAXO0AY Ui 0OPOOKH 3HAHB MO0 BUMOT KOPUCTYBAYiB CUCTEMH Ta BUKOPHCTAHHS MIKPOCEPBICHOT apXiTEKTYpH, SIK €TaJIOHHOT
CHCTEMHO] apXiTEeKTypH, II0 B KiHIIEBOMY PaxyHKY Ma€ Ha METi MiABULICHHS MOKa3HUKIB SKOCTI.

Meroau jaociaimkennsi. JIist JTOCSATHEHHS METH JIOCIHIDKEHHS BHKOHAHO OIVIL ICHYIOUMX B YKpaini cucrem e-Banking,
MPOBENCHO iX MOPIBHUILHUN aHAJi3 Ta CHHTE30BaHA CX€Ma IX THIOBOI (PYHKIIOHATBHOCTI. I MOAanbIIoro po3BUTKY IIOTO
KJIacy CHCTEM MOTHBOBAHO OOpaHO METO]| aHaJIi3y YaCOBHX PsiB, SIK OCHOBHUI METOJl IPOTHO3YBaHHS Ji KOPHCTyBava Ipu
po6oTi ¢ ¢yHKIIOHATOM MOOYJOBH BHUIMCOK 3a paxyHKoM. BukoHaHo 306ip iH(opMamii MI0OI0 MOTOYHHX MOKA3HUKIB
HNPOJIYKTUBHOCTI CUCTEM IPH IOOYI0BI BUIHCOK.

PesyabTaT. Ha OCHOBI IpOBEAEHOro aHaji3y MOTOYHOTO CTaHy, 3pOo0JICHO OOIPYHTOBAaHHMH BHCHOBOK IIPO MOXKJIMBICTH Ta
JOUUTBHICTD TiIBUINEHHS MPOIYKTUBHOCTI cHcTeM e-Banking muiixomM BUKOPHCTaHHS 3HAHHSA-OPIEHTOBAHOTO MIAXOIY LIS
00poOKH 3HaHB MIOI0 BUMOT KOPHCTYBAUiB, a TAKOXK MIKPOCEPBICHOI apXiTEeKTypH MPH MPOESKTYBAHHS Ta PO3poOIi CUCTEM e-
Banking. MoTHBOBaHO 3alPOIIOHOBAHO 3aIPOBAUTH HOBHI OKPEMHI MOIYIb MPOTHO3YBAHHS il KOPUCTyBada y CHCTEMI,
SIKMHA JTO3BOJIUTH CHCTEMi BHKOHYBAaTH BaXKKi 3a 4acOM Ta pecypcaMu oOrlepallii KITi€HTIiB 3a3JalieTilb, U1 ONTHMAaIbHOTO
BUKOPUCTaHHS CUCTEMHHX PECYPCiB.

BucnoBkn. PosrisiHyTi mpoGiiemMu 1moB’si3aHi 3 HoOyI0BOIO Ta po3poOKolo cucteM e-Banking, 3po0ieHo aHaTiTHYHMIT OTIIsI
ICHYIOUHX Ha PUHKY YKpaiHU cHCTeM Ta mo0OyoBaHa cxeMa 1X THIIOBOI (pyHKI[IOHaIEHOCTI. 3alpOOHOBAHO PO3POOUTH MOTYJIb
NPOTHO3YBaHHA Jill KOPHCTyBa4ya y CHUCTEMi, SIKMHl BUKOPHCTOBYE 3HAHHS-OPI€EHTOBaHI METOJAW, Ta BHKOPHCTATH HOTO IS
MPOTHO3YBAaHHA omeparii moOyxoBH KOpUCTyBadeM BHIHMCKH 3a PaXyHKaMH Ta IIONEPeIHBOI MiATOTOBKH I[i€l BUIUCKH IS
MiIBUIIIEHHS TIPOAYKTUBHOCTI poboTu crctem e-Banking.

Knwwuoei cnoea: inmepnem-6ankine, 3HAHHA-OPIEHMOBAHULL NIOXI0, MIKPOCEpPSICHA apXimeKmypa, Mempuku sAKOCMI,
NPOOYKMUBHICIb, MEMOO AHANIZY YACOBUX PAOIB, PEKOMEHOAYIUHA CUCMEMA, 6UNUCKA 30 PAXYHKOM.
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1. AxkTyajbHicTh mnpodjeM po3podku i cympoBoay cuctem e-Banking. Mera i 3amaui
JOCIIi/IZKeHHS

Y cy4acHOMY CBITI 3pocTae HEOOXiIHICTh BIPOBA/KEHHS BCE OUIBIIOI KUTBKOCTI €JICKTPOHHHX
nocnyr y 0aHKiBChbKiit cdepi, 30kpeMa y cucteMax iHTepHeT-0aHkinry (e-Banking). Ockinbku cructeMu
e-Banking € ocHOBHMM KilacoM OaHKIBCBKMX iH(OpMAamiiHUX CHCTEM, 3 SIKUMH Oe3mocepenHbo
B3a€EMOJi€ KII€HT OaHKy, SIKM € OCHOBHHM JKEPENIOM MPUOYTKY Oyab-sikoi OaHKIBCHKOI yCTaHOBH.
Ilepenik Takux MOCIYT Ta iX CKIAMHICTH 3pOCTA€ MIOACHHO. bi3HEC-BUMOTH KOPHUCTYBadiB BUMAararmTh
BiJI pO3pOOHHKIB 3a0e3MeUeHHs IBUAKOTO BIIPOBADKEHHS HOBOrO (DYHKINIOHATY Y cucTeMu e-Banking,
3a0e3MeyeH sl MiHiIMi3allil, a Kpallle, BiICyTHOCTI BIJIMBY HOBHX MOJYJIB Ha SIKICTh Ta JIOTIKY poboTn
BXKE BOPOBADKEHOTO (DYHKI[IOHATY, a TakoX 3a0€3MEeUeHHS BiAMOBOCTIMKOCTI TpU TMIKOBUX
HaBaHTAKEHHSIX Ha CHCTEMY.

VY cBow uepry, 0aHKH, SK KiHIIEBI BIACHHKH IMPOAYKTY, TaKOX BHUCYBAIOTh CBOI BUMOTH [0
nporpamHuoro 3abesneueHns (I113) cucrem e-Banking, cepen HUX MOXHa BUIUTHTH: MiHIMi3alis pecypciB
TP TOPU30HTATBHOMY MacIITa0yBaHHI, MiHIMi3aIlisl BUTpAT Ha cynpoBix 113, MOXXITUBICT MOHITOPHHTY
po0OUOTro CTaHy CHCTEMH, BIPOBAKEHHS BUMOT peryistopa (Hamionansauit 6ank Ykpainu - HBY) y
BiJIBE/ICHI CTPOKH, a TAKOXK IIBUJIKE YCYHEHHsI 3HalIeHUX BpaznuBocTeld. OCTaHHE € BKpall BasKIMBUM B
YMOBaxX 3HAYHOT'O POCTY KiTBKOCTI KibepaTak Ha KpUTHYHY iH(ppacTpyKTypy aepkasu [1].

B ymoBax konmu HajgaHHS 0aHKOM ITOCITYT CBOEMY KIIIE€HTY IMMOBHHHO BinOYyBaTHCh Y HAWKOPOTII
CTPOKH 1 3 MiHIMI3alli€l0 KiJIbKOCTI BiABiyBaHb KIIIEHTOM BiJilJIeHb OaHKy, cucTeMH e-Banking, siki
3a0e3MevyI0Th AUCTaHIifHEe 00CTYrOByBaHHS KITIEHTIB, € OJHUM 3 OCHOBHHX iHCTPYMEHTIB JUISI IPOJAKY
0aHKIBCHKHX IMPOIYKTIB Ta BeJeHHs Oi3Hecy OaHKOM B IioMy. SKicTh poOOTH IUX CHCTEM € OTHHUM 3
OCHOBHHX (DaKTOPIB, IKi CIIPUSAIOTH 320X0UCHHIO HOBHX KJIIE€HTIB AJIs Oy/1b-IKOTr0 OaHKy [2].

Binburicte cuctem e-Banking, siki BUKOPUCTOBYIOTHCS YKpaiHCBKUMH OaHKaMu, 10Ci IOOyAOBaHi 3
BUKOPHUCTAaHHSIM MOHOMITHHX apxiTekTyp (MA), sKi 3a cBOiMH BIACTHBOCTSIMU TipIe MiAXOIATH IS
3a0e3reyeH s BUINEHABEIEHUX BHMOT, aHK MikpocepBicHiI apxitektypu (MCA), siki y CBOIO depry
3a0e3neuyloTh THy4KicTh [T-iHppacTpyKTypH, HE3aleKHICTh KOMIIOHEHTIB OJWH BiJA OJHOTO,
MOJKJIMBICTH aJalITHBHOTO MacIuTabyBaHHs Ta 31aTHICTh 10 MBHAKOT MoaepHizartii 13 [3].

MeTor0 1IHOTO TOCTIHKEHHS € aHalli3 CYYaCHOTO CTaHy Ta MEPCIIEKTUB PO3BUTKY Y Tally3i po3poOKH
Ta CynpoBOAYy cucTeM e-Banking, muisixom orisay Ta HOpiBHJIBHOTO aHANI3Y ICHYIOUHX CHCTEM, CHHTE3Y
ix THmoBoi QyHKIiOHATBHOCTI. TaKkoXK ONHIEIO 3 3324 JOCITIHKEHHS € MOTUBOBAaHHI BHOIp HAIIPSIMKIB
Ta MiIXOMIB JJIS1 BIOCKOHAICHHS 1 pO3BUTKY X cHCTeM. J{JIs miABUIIEHHS IPOAYKTUBHOCTI CHCTEM e-
Banking B mamiii po6OTi IPOMIOHYETHCSI 3aCTOCYBAHHS 3HAHHA-OPIEHTOBAHOTO IMTiAXO/TY TP PO3POOIT IIHX
CUCTEM JIsi 0OpOOKH 3HAHB MO0 BUMOT KOPUCTYBauiB, a Takox BUKOpucTaHHS MCA, sK eTaloHHOI
CUCTEeMHOI apxiTekTypu. KiHIieBa MeTa JaHOTO MiIXO0/Y € MiABUINEHHS SKOCTi 00CITyrOBYBaHHS KIII€HTIB
OaHKy.

[TpomoHOBaHa KOHIIEMIIsI Ma€ Ha MeTi 3a0e3nevnTH e(eKTHBHY 0OpOOKY HAKOMWYEHWUX 3HAHb Ta
BIIPOBAKCHHS Pe3yJIbTaTiB iXx 00poOKku y cuctemu e-Banking, 1o gonoBHIOE Bke iCHYIOUI MTiAXOIH 10
PO3pOOKH MPOrpaMHOTO 3a0e3MeYeHHs TAKUX CUCTEM. Y poOOTi [4] ONTUCYIOTHCSI IPHHITUITA Ta TIepeBaru
3aCTOCYBaHHS MOJICJILHOTO IMIIXOAy y cuctemax e-Banking, a Takoxx HaBemeni Computational
Independent Model Tta Platform Independent Model nmns cuctem e-Banking, ski € meBHOIO
KOHIETITYaJIbHOIO MOJISJUTIO JIISI CHCTEM IIbOTO KJIaCy Ta ONUCYIOTH OCHOBHI (yHKMIi cucTeMu i ix
B3a€MO3B’5130K. ¥ poOoTi [5] komnanis Yalantis, sika cnenianizyerbes Ha po3po6ui [13 y chepi din-tex,
CIIUPAIOYUCh Ha CBITOBUH JIOCBII, HABOUTH MPUHLIKITY 3acTocyBaHHs MCA, sik reference architecture, y
THIIOBHX cUcTeMax e-Banking, omucye BUKIMKM 3 SKUMU CTHUKAeThCs npu BrpoBapkeHHi MCA Tta
BUJIISE TIEBHI (DYHKITIOHATBHI PiBHI, AKi XapaKTEepHI CUCTEMaM I[bOT0 Kiacy. AJie iCHYrOUi JOCITi KSHHS
HE ONUCYIOTh BUKOPUCTAHHS caMe 3HAHHSI-OPIEHTOBAHUX MOJICINICH Ta METOIIB y crcTeMax e-Banking.

2. llopiBHAILHUH OIS JesIKUX iCHYI0UMX cucTeM e-Banking
Ha migcrasi ananizy iHpopMaiiitHux mxepen 0yio 3po0ieHo MOPiBHAIBHAN OIS JCSIKUX iCHYIOUHX
TaKUX CHCTEM, SIKi TIpeicTaBieHi B Ykpaini [6 - 13].
VYci icnyroui cuctemu e-Banking MoskHa yYMOBHO PO3JIUIMTH Ha JIBa KJIaCH:
® PO3BHHEHI KOMEpLiiHI PilICHHS;
®  CHUCTEMH BJIACHOT pO3POOKH.
Bapto BinzHaunTH, 1o A cucteM e-Banking BiacyTHiN Takuil Kiac, sIK “O€3KOIITOBHI IpOrpaMHi
npoayktu” (open source). lle oOymoBineHO THM, 0 cuctemu e-Banking MmaioTh BiAmoBigaTu
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MDKHapOIHUM CTaHmapTaMm, TakuM sk Hampukiaang PCI DSS, a Takok TOCTIHHO BIIPOBaKyBaTH HOBI
BUMOTH HalliOHAJILHOTO PETYJIISITOPA.

Jo mporpaMHUX KOMEpLIHHUX pilieHs i3 rpynu (1) HanexaTh, HAIPUKIaL, Taki cucreMu sik iFOBS,
sKa po3pobneHa kommaniero CS, 1 iBank2, sika po3po6nena komnasnieto IbO Codrt. Ilepmmii mpoaykT €
OJTHUM 3 JIiJIEpiB HAa PUHKY 1 € OLIBII MOMYJIsIpHUM cepen ropuandHux oci6 Ta @Ol anix mist hisuaHmx
0ci6. A6comtoTHa OiTbIIICTE OAHKIB, TPU HAJAHHI CBOIX IOCIYT ISl FOPUANYHUX 0C10, BUKOPHCTOBYIOTh
came cuctemy iIFOBS. Cucrema iBank?2 Takosx OinbIlie BAKOPHUCTOBY€ETHCS OaHKaMH P HAAaHHI TOCITYT
IOPUINYHIM 0c00aM, ajie € MEHIII TOMYJIIPHOIO Yepe3 MEHITY KiTbKIiCTh (DyHKITIOHATY Ta iHTeTpaiiHuX
MOYKJIMBOCTEH.

[Tporpamui npoayktu rpynu (2) TakoK BHKOPHUCTOBYIOTbCS JOCHUTH IIMPOKO, 1 3a3BHYal
PO3pOOISAIOTECS BIACHUMHA KOMAHJAMH MPOTrPaMiCTiB HAWOUMBIN YCIIIMHUX OaHKIB, SIKi Kparie
MPEJICTaBJICHI y cerMeHTi ¢isnuHux oci6. Ile 00yMOBICHO HEOOXiTHICTIO MIBUIKOTO BIIPOBAKCHHS
OHOBJICHB IS peaKiii Ha 3MiHHU y CyCIIBHUX NPOLIEcax, a TAKOK OakaHHSIM MaTH BIACHUN YHIKaIbHUHI
U3aifH 3aCTOCYHKY. XapaKTepHUMH MPEACTaBHUKAMHU I[bOTO KIIacy € cuctemu e-Banking Takux OaHKiB
sk [IpuBaTO6ank, MoHoOaHk Ta A-baHk.

Hwxkue ctucno posrisHeMo XapaKkTepUCTUKU ACSKUX HaiOinpll momupeHux cucteM e-Banking, 3
METOI0 IMOOYIOBY Ta aHANI3Y, B MOAANBIIOMY, CXEMH IX TUIOBOI ()YHKITIOHATBHOCTI.

2.1. Cucrema iFOBS

Lls cuctema € onHI€I0 3 HAWOINBII MOMYISPHUX CHCTEM HA YKPaiHCBKOMY PHHKY, OCKIUIBKU €
KOMEPLIHHUM TPOIYKTOM, SKHA Ma€ BENHKY Pi3HOMAaHITHICTh (YHKI[IOHATY Ta MOMJIMBOCTI IS
iHTerpamii 3 core-cucTeMaMy OaHKY, TAKHUMHU 5K, HAIIPUKIIA]], aBTOMaTH30BaHi OaHkiBcbki cucteMu(ABC)
yn CRM-cucremu. Cucrema mpeicTaBieHa y [BOX CHCTEMHHX apXiTeKTypax: MOHONITHIM Ta
MIKpPOCEpBICHIH.

Cucrema Hanae A kiieHTiB Web-iatepdeiic, Windows-momaTox i MOOLITBHI JOAATKH Imi 1 1aTdopMu
IOS ta Android, a Takox inTepdeiic st anmiHicTpyBaHHs. JloAaTKOBO cUCTeMa MIATPUMYE ISl KITIEHTIB
BiAKpHTI iHTepdeiicu ams 30BHIIIHBOT inTerpariii (Open API) [6, 7].

Cepen HalOUTBII IIKaBUX OCOOIMBOCTEH IHOTO MPOIYKTY MOKHA BUILTUTH:

® HasBHICTb OKpeMHX iHTepQeiciB Al KIieHTiB Qi3myHMX 0ci0, IOPUIUYHUX OCi0, a TaKoX
@®OII. Koxen inTepdeiic po3poOiieHHid 3 ypaxyBaHHSIM crienu(ikd poOOTH i HEOOXiTHOTO
(YHKIIOHATY KOXHOI 3 TPYIl KOPUCTYBadiB

® HaSBHICTh THYYKOI POJILOBOI CUCTEMH SIK [T KOPHCTYBAUiB, TaK 1 UIsl a{MiHICTpaTOpiB

®  IIMPOKHH CIIEKTp MiATPUMYBAHHUX 3aCO0IB aBTOPHU3AIlii Ta iX KOMOiHaIi{

®  BHCOKa CTYMiHb MacCHITA0OBAHOCTI CHCTEMH y BEpCii 3 MIKPOCEPBICHOIO apXiTEKTYPOIO

2.2. Cucrema iBank2
L1 cucrema TakoX € KOMEpLIHHAM MPOAYKTOM, ajle BOHAa MEHINE IMpeJCcTaBieHa Ha PUHKY 4epes
ripiry pi3HOMaHITHICTh (YHKIIOHAITY, 8 TAaKOX TipIIy MPOJYKTHUBHICTH NMPU BHCOKOMY HaBaHTaKEHHI.
Cuctema Hapasi IpeAcTaBlieHa JHMIIE Y MOHOJITHIM apXiTeKTypi, aje BCE OJHO EKCIUTyaTYeTbCs
JISKiJIbKkoMa OaHKaMM HalliOHAJILHOTO PiBHS, TAKUMH SIK, Hanpukiiaj, Paiiddaiizen bank uyu TackomOaHK.
Cucrema Hagae i kiieHTiB suire Web-iatepdeiic i MoOiinbpHi momatku mix miargopmu [0S Ta
Android, a Takox iHTepdeiic s aaminicTpyBanss [8, 9].
Oco0IMBOCTSIMH JaHOT CUCTEMH €:
® HasBHICTh OKpeMHX iHTepQeiciB A KIIiEHTIB Qi3MUHUX 0cCi0, IOPUIUYHUX OCi0, a TaKoX
OOl
® HasBHICTb cepTH(]iKoBaHMX KpuUnTorpadidHux 0i0Mi0TEK BIACHOIO BHPOOHMITBA, a TaKOXK
uentpy ceprudikauii kimowis(LICK) [10, 11]
®  MOXJHBICTH IBO(AKTOPHOI aBTOpH3aLii 3a Joromororo aoaatky Google Authenticator
Cepen HENOMNIKIB CHCTEMH MOXHA BHIUIUTH IOTAaHI MOMIIMBOCTI I MacmiTa0yBaHHS, SKi
00yMOBIIEHI BHKOPHUCTAHOIO apXiTEKTypOlo, a TaKOXK KIIEHTCHKHHA iHTepdelic, sKUH HE BiAMOBiJAE
BuMoram cydacHoro Ul/UX-nuzaiiny.

2.3. Cucrema Privat24
Cucrema Privat24 € BiacHow po3poOkoro [IpuBarbaHky - HaOLIBIIOrO yKpaiHChKOro OaHKy. Lls
cUcTeMa € HaiO1IbII BUKOPHCTOBYBAHOIO 3a KIJIBKICTIO KOpHCTyBadiB. Sk 1 momepenHs, Us cucTema
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Hajae s KiieHTiB guire Web-intepdetic 1 MoOubHI qoaaTku mia matdopmu [0S ta Android, a Takosx
inTepdeiic ais aaminicTpyBanHs [12].
Cepen 0cOOIMBOCTEN CUCTEMHU MOYKHA BUIITUTH:
®  HasBHICTh OKPEMHX iHTEPQEHCIB TSI KITEHTIB Pi3NIHUX OCI0 Ta FOPUINIHUX OCIO
e  HalOUTBIIY PI3HOMaHITHICTH (YHKITIOHATY
®  HaABHICTH 3aCO0IB IETATHHOTO MOHITOPHHTY Jiif KOPUCTyBada
® TapHI MOXJIMBOCTI MacIITa0yBaHHS CHCTEMH P 3MiHI B CepeOBHUII (PyHKIIIOHYBaHHS
Cucrema MOBHICTIO Hapa3i moOy10BaHa 3 BHKOPUCTAHHSAM MIKPOCEPBICHOT apXiTEKTYPH, 1 € ICKpaBUM
MPUKJIaI0M IIABHOTO MEPEXOY Bil MOHOJITHOT apXiTEKTypH 10 MiKPOCEPBICHOI.

2.4. Cucrema Monobank
Cucrema Monobank € BiacHOIO po3poOKoro omHONMeHHOTO OaHKy. Ll cmcrema Oyna BBeneHa B
ekcrutyaraniro y 2017 poui i € oxHiero 3 HaiiHOBiMX e-Banking cucteM, sKi Oif0Th Ha yKpaiHCBKOMY
0aHKiBCbKOMY pUHKY. Uepe3 HOBH3HY CHUCTEMa € €JUHHUM NPEACTABHUKOM, CEpe/l HAaBEICHUX B IIOMY
JIOKYMEHTI, 5IKa 3 caMoro moyaTky Oyna moOymoBaHa Ta po3pobieHa 3 BukopuctanasM MCA. Ane Hapa3i,
Ha BIOMIHY BiJl TIONMEPEIHIX MEPEPaxOBaHUX CUCTEM, I CHUCTEMa MPEACTABICHA JIUINE y BUIJISAAL
MOOLTBEHUX JonatkiB mix miardopmu I0OS ta Android, i mae iHTepdeiicu nuie A KIEHTIB Qi3UIHUX
oci6 [13]. Lle Mo>xHa BBaXKaTh OCHOBHUMH HEJIOJIKaMH TMIOPIBHSIHO 3 aHAJIOTAMHU.
Cepen iHIIX 0COOTMBOCTEHN BHIIIISIOTHCS:
®  HasIBHICTH 3aCO0IB JICTAIBHOTO MOHITOPUHTY Jiii KOPUCTYyBayda
® rapHi MOXKIIMBOCTI MacIITadyBaHHs CUCTEMH MPH 3MiHi B cepeoBUIIl (DYHKIIIOHYBaHHS
e  HaWIIBHIIE BIPOBaIKEHHSI HOBOTO (DYHKIIIOHATY B MPOAYKTHBHE CEPEIOBHILIE

2.5. IlopiBHAIbHMIT aHAJII3 HABEIEHUX CHCTEM

st mpoBeneHHs MOPiBHSJIPHOTO aHANi3y BIACTUBOCTEH BUIIE3TafaHUX cUcTeM e-Banking, cuHTe3y
3araJibHOI CXeMH X THIOBOI (PYHKIIIOHAJILHOCTI, a TAKOXK IS PO3POOKH MOTHBOBAHOI MTPOIO3UIIIT IO/10
il MOXIMBOTO MOAJBIIOr0 BIOCKOHAJIEHHS, y Iiii poOOTI BHKOPUCTaHA METOJIMKA, siKa Oylia
3amporoHoBaHa y [14] mns ompallfoBaHHS aHAJOTIYHOT MPOOJIEMAaTHUKU Yy Taly3i PO3pOOKH CKIAIHUX
cucteM ynpasmiHHs [T-iHQpacTpyKTypOrO MigIpUEMCTB.

Pe3ynbraT MOpIBHAHHS PO3IJISHYTHX B JaHOMY PO3JUII CHCTeM HaBeaeHo y Tabmuii 1. OriHku
BHUCTaBIISUIUCS TPYIIOI0 €KCIEPTiB 3a 5-TH OAIBHOIO IIKAJIOLO.

Tabnuys 1. Iopiensnns cucmem e-Banking

Kputepii iIFOBS iBank2 Privat24 Monobank
BHK.OPHCTOByBaHa . qaCTKOB.O MomnonitHa | MikpocepBicHa | MikpocepBicHa
apxiTeKTypa MiKpocepBicHa
MacmraboBaHiCTh 4 3 5 5
[MayukicTs KOHDIrypyBaHHS 5 4 5 5
CynpoBoKyBaHICTh 4 4 4 5
IuTepdetic 4 3 4 5
P13HOM.aH1THICTI> 5 4 5 3
(dhyHKITIOHATY
besmeka 4 4 4 4
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[IponyKTHBHICTB 5 4 5 4
MO)K.J'II/IB.OCTI JUISL IHTETpalii 4 4 5 4
30BHIILIHIX CUCTEM

[TpoBeneHuii NOPiBHAIBHUN aHAIII3 UX MPOAYKTIB 103BOJIsIE BA3HAYMTH OCHOBHI KpUTEPii, 32 IKUMH
MO’KHA BHKOHATH OIIHKY THITOBOi cucTemu e-Banking. B HacTymHuX po3ainax Oyae moOymoBaHa THIIOBa
(GyHKUIOHANBHICTD iCHYyIOUMX B YKpaiHi cucteM e-Banking, a Takox Oyae 3amponoHOBaHWM HIIAX ii
BJIOCKOHAJICHHS 33 PaxXyHOK BIPOBA)KEHHS 3HAHHI-OPI€EHTOBAHOTO MiAXOY Y MPOLEC MPOSKTYBaHHS Ta
PO3poOKH BbOTO KiIacy OaHKIBChKUX iH(opMamiiHux cucteM. [IpormoHOBaHUH MiAXiA BKIIFOYAE TaKOXK
BUKOPHCTaHHS MIKPOCEPBICHOT apXiTeKTypH, sKa 3a0e3nedye Kpalli MOKa3HUKH SAKOCT1 IS INX CHCTEM.

2.6. TunoBa ¢pynkuioHaJbHicTH cucteMm e-Banking

Tumnosa ¢yHKIiOHATBHICTE cucTeM e-Banking mae 3abe3neuyBaTu Bech CIEKTp MOCIYT, SIKi OaHK, K
¢iHaHCOBa YCTaHOB, IOBMHEH HAJaBaTH KIi€HTAM y AMCTaHLiIHHOMY BUIIIAA. Sk Oyno 3a3HadeHO y
MOTIePETHIX PO3/Iiax, CACTEMH Kiacy e-Banking € TakuMu 110 AMHaMIYHO PO3BUBAIOTKCS, 1, BIIIOBIIHO,
¢opMaizoBaHa cxemMa THIOBOI (YHKIIIOHANBHOCTI cucTeM e-Banking, ska HaBegena Ha puc.2.1 y
Burisaai UML-miarpaMu makeTiB, MOXKE PO3IJISLIATUCS SK IEBHA KOHIENTyallbHA MOJENb ““ieanbHOl
CUCTeMHM’, ajie JIMIIE CTAaHOM Ha 3apa3. B mpoleci po3BUTKY MOXYTh JI0JIaBaTHCS HOBI (YHKIIII, aye
3a3Bu4ai 1e OymyTh PyHKIT 3-T0 piBHS, 3TiAHO HABEIEHOI Jiarpamm.

Oneparmii kmieHTiB. DyHKIIT mi€i Tpymu MaloTh CTpaTeTidyHEe 3HAYEHHS /IS KOXHOI CHCTEMHU e-
Banking, ockinbku came BOHM 3a0e3MedyroTh Oe3lmocepeqHIO B3aeMOJil0 0aHKy Ta HOro KI€HTIB,
KUTBKICTh Ta PiBEHB 3a/I0BOJICHHS SIKUX BIAIrPa€ TOJIOBHY POJIb B YCHIIIHOCTI (PYHKIIOHYBaHHS OaHKY SIK
Oiznecy. Came y 1ilt rpyni GpyHKIIH OCHOBHY POJb Bilirpae Mu3aifiH, MIBUAKOIIS Ta BiIMOBOCTIHKICTBD,
OCKITBKH KITiEHTa OaHKY He IIKaBUTh BHYTPIIIHS CKJIaJ0Ba CUCTEMH, i1 apXiTeKTypa YH CTEK TEXHOJIOTIH.
Jist KiieHTa BayKITMBO OTPUMATH SIKICHY ITOCITYTY, 03 300iB B poOOTi CHCTEMH Ta 3 BAKOHAHHSIM SIKOMOTa
MEHIIO1 KiUTbKOCTI miKd y cuctemi. i ¢yHKuif miei rpynu oOoB'sI3kK0BO Mae OyTH po3poOiieHuil Ta
miITpUMYyBAaTHCS TIEBHUI piBeHb 00cyroByBants (Service Level Agreement - SLA).

Cuctema aaminicTpyBanHs. g rpyma mporneciB Biamosizae 3a poboTy crmiBpoOITHUKIB OaHKY, SKi
Oe3nmocepeTHO B3aEMOIIFOTH 3 KIIIEHTaMU: TPAIIOIOTh Y BIATINIEHHIX a00 y Bimaimi marpuMkn. Cucrema
aJMiHICTpYBaHHs TIOBWHHA 3a0e3MeduyBaTy MOBHUM CIIEKTp (QYHKIIi, SIKi MOTPiOHI IS CTBOpEHHS Ta
penaryBaHHsl 0OJTIKOBHX 3aIHCiB KOPHCTYBadiB CHCTEMH, B TOMY YHCHi i BUJaui HOBHUX TIpaB UM PoOJiei
KOpUCTYBauaMm, JJisi BAKOHAHHS Omepallii aBTopu3allii pi3HOMaHITHAX i KOpUCTyBada Ta/abo iHIIOTro
aZMiHICTpaTOpa B CUCTEMi, B TOMY 4ucii i B pexkumi “maker - checker”(abo 4-eyes), mis ¢ikcarii ta
MEeperisy yciX YCHIIIHUX Ta HEYCHIIIHUX i OyAb-iKOr0 KOPHCTyBauya, OCOOJMBO KPUTHYHHUX
(biHaHCOBHX OTIepallii Ta aBTOpPH3allii.

3abe3neuenns Oe3nexu. OyHKuUii i€l rpyny € OAHUMH 3 TOJIOBHUX OCKIJIBKM B YMOBax MOCTIHHOrO
PO3BUTKY METOIB JJIs 3/1iliCHEHHS KibepaTak, OaHKIBChKa cdepa € OJHIEI 3 HAUTTPIOPUTETHIIINX TS
3AICHEHHS X aTak, OCKUIbKA 00po0JIsie IHHUK akTHB - Tpourn. Jlo QyHKIiH miel Tpynu BiTHOCATD
MOJIyJIi, IO BiJNOBINAIOTH 32 BHSIB MIAXPAMCHKUX Ta aHOMAJbHHUX OIeparliii, OJOKyBaHHS iX UM
HaKJIaJJaHHS JI0JIaTKOBOTO (PaKkTOpy JUIS MiATBEPKEHHS, a TAKOXK 3a CIIOBIMICHHS BiJIIOBIIAIEHOTO
mipo3 ity 6aHKy MpOo HASBHICTH MiIO3PUIHX IDIATEXKIB y KOHKPETHOTO KJIIEHTA YW TPYIH KITieHTiB. s
3aXHCTY BiJl BIJOMHUX Ta HAWO1JIBII 3arpo3/IMBUX aTak Ha BeO-10/1aTKH MatOTh OyTH BIPOBaKeHi QyHKIIIi
aHai3y BXiJHUX 3alHTiB A0 CHUCTEMH s 3amo0iraHHs OOpOOKH MOAYISIMH Oi3HEC-JIOTIKH CHUCTEMH
3aIUTiB, SIKI MalOTh O3HAKU aTaKy Ha BeO-1oaaTok. [lepermik akTyaqbHUX BPa3MUBOCTEH MiATPUMYETHCS
YYaCHHKaMH BIJIKPUTOTO TPOEKTY 3axucTy BeO-nomatkiB(OWASP) [15], B pamkax SKOro TaKoX
PO3pOOIIETECS KEPIBHUH JOKYMEHT, SIKMH Jie-pakTo € craHmapToM, 3aXHCTy BeO-IOJaTKiB IpHU
npoekTyBaHHi Ta po3podbri OWASP ASVS [16]. HeoOxigHicTh KepyBaTHCS JIOKYMEHTaMHU
po3podaeHumu OWASP € Hapasi Bumororo HarionansHoro 0Oanky Ykpainu [17].
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Puc. 2.1 Tunosa ¢pynxyionansvricme cucmem e-Banking

Momnitopunar crany cucrtemu. DOyHKIIT MOHITOpHHTY 3a0e3neuytoTs IT-Bimminmam OaHKy, sKi
CYNPOBOPKYIOTh CUCTEMY, MOXIJIMBICTh ONICPATUBHOI'O PearyBaHHs Ha IMO3aIITATHI IHI[UJICHTH B CUCTEMI,
a TaKoX PO3CIi{yBaHHS IIUX NOJiH. /|0 OCHOBHUX METPUK, SIKi TOBHHHI OyTH 3a0€31eYeHi CHCTEMaMH e-
Banking BifHOCATH BHYTpIIIHI TOKa3HUKH CTaHY KOMITOHEHTIB CHCTEMH, sIKi TAaKOK Ha3UBarOTh liveness-
METPUKAMH, MEPEKEB1 IIOKA3HUKH SIK ITPH B3a€EMO/Ii1 PI3HUX KOMIIOHEHTIB CUCTEMH MiK 00010, TaK i MpH
B3a€EMOJIi1 3 CTOPOHHIMH CHUCTEMaMH, a TaKOXX METPHKH MPOJYKTHBHOCTI KIIFOYOBUX Oi3HeC-(QyHKIIiH
cucremu. J{ist 30epiraHHs Ta HAKONTMYECHHS IUX METPHK MOXe OyTH SIK pO3poOJIeHHH 1HTErpOoBaHUN B
cucremy e-Banking mosysib, Tak i BHKOPUCTOBYBATHCS KOPIIOPATHBHI CHCTEMH 0OPOOKH, HAKOTTUYCHHS
Ta Bi3yali3ailii METPHK CUCTEMH, SIKi BXKE€ BIIPOBAKEHI B OaHKY K KOPIIOpPATUBHHE cTaHmapt. Jlo Taknux
CHCTEM MOJXKHA BimHecTH, Hanpuknaj, Grafana, Prometheus, Zipkin, Jaeger [18-21].

3. ITobynoBa nepcneKTUBHOI PyHKIIOHATBLHOI cxeMHu cuctemu e-Banking

OpnmHieto 3 ocHOBHUX (hyHKLIH cucTeMu e-Banking € moOynoBa BUITMCOK 3a paxyHKamH. LIs oneparist
€ ONHI€I0 3 HalyYacTille BUKOPUCTOBYBaHMX (DYHKIIH THIOBOI cuctemu e-Banking [22]. Busnauenns,
CTPYKTypa, IPU3HAYCHHS BUIIMCOK Ta OCOOJIMBOCTI iX 10OYyI0BH HaBeeHi y [23, 24]. 3a CBOEIO CYTTIO
moOyI0oBa BUITMCKM 3a PaXyHKOM € OIEPalli€l0 Yac BUKOHAHHS sKOi, a TaKOX HEOOXiTHI pecypcH,
3aJexaTh BiJ BXIIHMX YMOB, TAaKuUX SIK: KUIBKICTh OOpaHMX pPaxyHKiB, KiJBbKICTh ycCiX omepauiil 3a
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paxyHkKoM, oOpaHuii mepion BHUMIHCKH, dopmar Bummcku (Hampukian, PDF, XLS, XML, Ttormo),
HEOOXI1THICTh COPTYBaHHS, TOIIO. Bei 11l YHHHUKY TIPU3BOATH IO IBOX MPOOIIEM:
e HEMOKJIMBO OJHO3HAYHO OIIIHUTH Yac BUKOHAHHS omepalii i crBoputu neBHi SLA-kputepii
e TOTpiOEH BeNMKHUIl 00’e€M pecypciB, a 0COOIUBO CHUIBHUX, TAKUX SK PoOOTa 0a3u JaHuX, B
mpolieci BUKOHAHHSI orepalii moO0yI0BH BUIIICKH 3 BEIMKUM OOCATOM IJIATEXKiB

Hpyra mpobiiema HETAaTHBHO BIUTMBAE Ha (PYHKITIOHYBAHHS CHCTEMH B IJIOMY, OCKIJIBKY TIPU3BOIUTH
JI0 TOTO, IO MOy, AKi BUKOHYIOTH iHIII Omeparii B CHCTeMi, O4iKYIOTh 3BIIbHEHHSA pecypcy 0asu
naHux. OCoOJIMBO 1€ BiTYYTHO y MEPiojIH, K € HAHOUTBII TUIIOBUMH JJIs TOOYIOBY BUITUCOK OaraThma
KiieHTamMu cuctemu e-Banking. SIckpaBumM mpukiamoM € modyaoBa pidvHOT BUITMCKA B OCTAHHIX YHCIIAX
TPYAHSA, KOJNH Taki BUMTUCKU OyAYIOTH 1 HAWOLIBII 3a 00CsSTOM IaTexiB KirieHTH O0aHky. llpu oMy,
CHCTEMH, sIKi OOYZOBaHI Ha OCHOBI MOHOJIITHHX apXiTEKTyp, 4epe3 BUKOPHCTAHHS CIIIBHUX PECypciB
Ta CepeIOBHINA yCiMa MOAYJISIMA CUCTEMH BiT4yBalOTh OUIBIINI HEraTUBHUN €(EKT, Hi’)K CUCTEMHU Ha
OCHOBI MIKPOCEPBICHOI apXIiTeKTYypH.

Came TOMY [OUITBHO PO3IJISIHYTH JEsIKi MOXIIMBOCTI 3HAHHA-OPIEHTOBAHOTO MIAXOMLY [0
MPOEKTYBaHHs Ta po3poOku cucreM e-Banking, skuii 103BOJIMB OM BUKOHYBaTH aHalli3 MOBEIiHKH Ta
MIOTIEPETHIX i KOPUCTYyBada y CHCTEMI IPH MOOYIOBi OyIb-SIKNX BHUIHCOK Ta BUKOPHUCTATH HOTO IS
MPOTHO3YBaHHS MaiOyTHIX Iilf 1OTO KOPUCTyBada TOB’S3aHUX 3 MOOYAOBOIO BHMUCKH. OTpHMaHi
MPOTHO3HU MPOMOHYETHCS BUKOPUCTATH JJI1 MOXKIIUBOCTI CUCTEMH “IISITH Ha yIepeKeHHs 1 TOTyBaTH
JMaHi A “TIpOTrHO30BaHOT BUMWICKHW 3a3[alierifb i, 10 HaWOLIBIl BaXKIWBO, y Yac HaMEHIIOi
3aBaHTaXEHOCTI cucTeMu. Hampukian, sIKIio KOprCTyBad KOKEH OCTaHHIH AeHb MICSIIs, Ha MPOTS3i BKe
HiBpOKY, Oy/y€e MiCSIUHY BUTIMCKY 32 CBOIM I'PUBHEBUM PaxyHKOM, TO € BEJIMKa HMOBIPHICTh TOTO, IO i
HACTYIMHOTO MicsIsg BiH Takox Oyne OyAyBaTH MICSAYHY BHITUCKY 3a UM paxyHKoM. OmHuM 3
BUKOPHCTOBYBAaHHUX MiXO/IB JIO TAKOTO IMPOTHO3YBAHHS € METO/] aHATI3y YaCOBUX PAIiB, SIKUI JO3BOJISE
JUTsL OTMCAHOI MOJEJi, HA OCHOBI paHile 310paHMX JaHWX, BUKOHATH MporHozyBaHHS [25]. Mertox
BIJIHOCUTBCS JI0 KaTeropii popmaiizoBaHUX MaTeMaTHYHUX METOIIB, 110 0a3yeThCsl Ha cTatucTuil [26].
CxItajioBi 4aCTHHU TPOTHO3Y HaBeneHi y [27] Ta cxeMaTWyHo 300pakeHi y BUTISALI OJIOK-CXeMH Ha
pUCYHKY 3.1.

MporHos

MeToau Ta moaeni

BXifHI NnapameTpu icTopuYHi aaHi
A p P P A NpPOrHO3yBaHHA

Puc. 3.1 Fnok-cxema ckiadosux 4acmut npocHo3y

BxigHnmu napameTpamMu MOXYTh OyTH MOTOYHHI Yac Ta CTaH paxyHKiB KOpUcTyBaua. lcropuuHumu
JIAHUMH € YC1 MHHYJII oniepallii 3 moOyI0BH BUITUCOK IIbOI'0 KOHKPETHOTO KOPUCTYBaya, a TAKOX 1HIITUX
KOPHCTYBadiB CHCTEMH, B TOMY YHCHi 1 MeTaiHdopmallis omneparlii: oOpaHuii nepioa BUMHCKH, 00OpaHi
paxyHKH, yac GOpMYyBaHHSI BUIIMCKH, GOpPMAT BUIKCKH, TOmO. J{o Mozenel Ta METOAIB MPOrHO3yBaHHS
MOJKHA BIJIHECTH CEMaHTHUHI IpaBujia 00poOKHU Ta aHaJli3y 30epekeHol icTopu4Hol iH(opMallii, MeToau
30epiranns 1€l iHdopmarlii, TOOyI0BaHy IOMEHHY MOJE]b OIepallii, a TaKoX METOZ OTPUMAaHHSI
“IporHo3y” B KOHKPETHUHA MOMEHT 4acy.

Crij okpeMo 3a3HAYMTH, [0 METOJIM aHaJi3y YacOBUX PSJIiB TAKOXK 3aCTOCOBYIOTHCS IIPU PO3POOII
CydJaCHHMX PEKOMEHIAIIHUX cucTeM (recommender system) pi3HOTrO MpU3HAUYCHHS (JMB., HAPUKIIAL Y
[28, 29, 30]), mo Takox Moke OyTH OJHUM 3 YMHHHUKIB MOTHBAIil /Ui OOpaHHS 3allpOIIOHOBAHOTO
HiIX0y 10 pOo3MMpeHHs (PyHKIIOHAIBHOCTI ITePCIEeKTUBHOT cuctemu e-Banking.
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3 ypaxyBaHHSAM ILHUX MIpKyBaHb IPOIMOHYETHCS PO3LUIMPUTH THUIIOBY (PYHKIIIOHAIBHICTH CHCTEM €-
Banking HoBUM Momynem, sik 3a3HaueHO Ha pucyHKy 3.2. Ha wmiit cxemi rpymy ¢yHkuii “oneparii
KITIIEHTIB” JOMOBHEHO ‘‘YHiBEpCAILHUM MOZYJIEM MpPOTHO3YBaHHS [Iili kopucTyBaya”. B KoHTEKcCTi
MiIOMEeHy BHIMCOK 1€l MOAYNb BifNOBimae 3a 0OpoOKy icTopudHOi iH(OopMaIlrii, MPOrHO3yBaHHS il
KOpHCTyBaua B CHCTEMi NpHW MOOYZOBI BHITUCOK 3a paxyHKaMH, a TaKOX IOBHHEH CTBOPIOBATH Y
pO3paxOBaHWH HUM 4Yac CHCTEMHI 3aladi 1o MOOYAOBiI “IPOTHO30BAHOI BUITUCKU™, SIKi BXKE nai
00pOOIISIFOTECS MOy IEM MOOYIOBH BHITMCOK 3 ypaxXyBaHHs MPOTHO30BAHUX IMapaMeTPiB i€l BUMHCKH.
B wmaiibyTHROMY (YHKITIOHAT YHIBEpCAaIHbHOTO MOJIYJS MPOTHO3YBAHHA MOXE OYTH PpO3MIHPEHHHA
MOJKJIMBICTIO TIPOTHO3YBAHHS JIii KOPUCTYBa4a y CUCTEMI B LijloMy. [0 Takux nifi MOKHA, HATIPUKIIAJ,
BiJTHECTH: 3aIIOBHEHHS IMapaMeTPiB CTBOPIOBAHUX IUIATEXKIB, OIIaTa KOMYHAIBHUX MOCIYT, MiA0ip YMOB
KPEIUTIB Ta ACTIO3HTIB.

™\
Onepauii KnieHTiB
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NPOrHo3yBaHHA

Puc. 3.2 Poswupena ¢hynxyionanvricms cucmemu e-Banking

BukopucTaHHs MiKpOCEpBiCHOI apXiTEKTypH JIO3BOJIHMTH OTPUMATH MaKCHUMAaIBHUHN pe3yibTaT Bill
3aMpOIIOHOBAHOTO MiIX0y. Yepes BIacTHBICTh MiKpPOCEPBICHOI apXiTEKTYpH, SKa IOJIATAE B PO3JIITICHH]
CHCTEMH Ha OKpPEeMi He3aJIeXKHi CepBiCH, TO € MOXKIIMBICTD BiIOKPEMIICHHS HOBOTO MOJYJIIO B OKpeMHit
MiKpOCEpBIC, SIKUif He MATHMeE BIUIMBY Ha CTa0iIbHICTh pOOOTH IHIINX KIIIEHTCHKUX OTepallii Ta CHCTEMH
B 1iyioMy[31]. Takosx BIPOBa/KEHHS MiKPOCEPBICHOT apXiTeKTypH 3a0e3MeunTh Habarato OibIl FHyYKe
MacitaOyBaHHS CHCTEMH 3 MiHIMAJIBHUMH PECypcaMH NPH MIKOBHX HAaBaHTaKCHHSX, IO 3a0e3neuye
MiIBUIICHHS MPOAYKTHUBHOCTI cucTeMu e-Banking B 1isioMy, OCKITBKM MakKCUMalbHO 3HHXKYE BIUIHB
omepatii (opMyBaHHS BUITUCOK Ha iHIN (QYHKIII cHCTeMH, OCOOIMBO B MOPIBHSHHI 3 MOHOJITHOIO
apXiTEeKTyporo, B sIKiil iCHYIOTh CIUIBHI pecypcu [32, 33]. B koHTeKCTI 1i€i poOOTH 1€ B MEpIry 4epry
CTOCYETHCS MIKPOCEPBICY, KW BiIMIOBiAATHME B CUCTEMI 32 JIOMEHHY 00J1acTh “(hopMyBaHHS BUITHCOK
3a paxyHKaMmu’, OCKUIbKM camMe Ha HbOTO IOKJIQJaTHMEThCSl KOPUCHE HAaBaHTAXKEHHS 1O MOOYJO0Bi
HPOTHO30BAaHHUX BUITHCOK.

4. MotuBanisi JOUIJILHOCTI 3aCTOCYBAHHA 3HAHHSA-OPIEHTOBAHOIO MiIX0Ay NpPH po3podui
cucremu e-Banking nis nmigBuieHHs ix e()eKTUBHOCTI

Jns BusiBNeHHA icHyrounx npoOseM B moOynoBi Ta poOoTi cucrem e-Banking, y mepion mroTuii-
kBiTeHb 2024 poky OyJIO NMPOBEJCHO ONMUTYBAaHHS CHIBPOOITHHKIB BB CYIPOBOAY Ta PO3pPOOKH
ykpaincekoi komnadii CS, sika € po3poduukom cucremu iFOBS. Byno BusBIIeHO, 110 oniepariist 100y 10BH
BUIIMCKH 33 PAaXyHKOM € HaiOiNbII JOBrOIO OlEpali€lo B CHCTEMi, a TAaKOX, yepe3 HEOoOXiIHICTh
ONEpyBaHHS BEJUKUM O00’€MOM JaHMX INPH BUKOHAHHI, CTBOPIOE HAMOUIbII HETaTHBHUI BIUIMB Ha
HIBUAKOIIO 1HIIKMX Ormepalliii KopucTyBadiB B cucTemi. OIHMM 3 TPUKIAAIB TAKOTO BIUIMBY OYJIO
3HIKEHHS Yy 4 pa3u NpOIyKTHBHOCTI Omepauiid 3 MpoBeAeHH ITPUBHEBHX IUIATEXKIB Yepe3 3all0OBHEHHS
kemoBaHoi obnacti nam’ari y CYB/l Oracle nanumu, ski oTpuMyBasucsi cepBepoM st GOpMyBaHHS
PIYHOT BUIIMCKH O[HOT'O 3 HAMOIIBININX KIIIEHTIB OaHKY, SKHH € KOPIIOpAIi€r0 HAI[lOHAIBHOIO MaciuTaldy
Ta Ma€ JIOCHTh BEIHKY KiJIbKICTh PaXxyHKIB 1 MPOBEICHUX 33 IIUMHU PaxXyHKaMH IUIATEXIB. 3HIKECHHS
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MPOYKTUBHOCTI CIIOCTEPIrajgocss B MPOMDKOK dYacy, BIPOJOBXK SKOTO (GopMyBayiacs BHUIE3ragaHa
BUIIHCKA.

Hapasi B cuctemi iFOBS noOynoBa BHIMUCKH 32 paXyHKOM BHKOHYETHCS CHHXPOHHO Ta B MOMEHT
3anuTy KopucTyBada. [loOymoBa pidyHOi BUNMCKH 3aiiMae Bif 1-2 ceKyHA IUIsl KOPUCTYBAdiB i3 KaTteropii
MaJIoro/cepeHporo Oi3Hecy, 10 AEKITBKOX JEeCSITKIB CEKYH/I ISl KOPIIOpalliid HalliOHaTbHOTO MacIITaly.
VY Tabauui 2 HaBeJeHa CTATUCTHKA (OPMYBaHHS BUIIMCOK 3a paxyHKamu y (opmari pdf, sikuii Hapasi €
HAWOUTBII TOMYJISIPHAM Cepel] KOPUCTYBadiB, B 3aJE€KHOCTI Bil KUIBKOCTI CTOPIHOK c(hOpMOBaHOI
Bunmcky. [Ipornenypa ¢popMyBaHHS BUIMCKU CKIIAA€THCS 3 IBOX OCHOBHHUX YaCTHH:

® TIArOTOBKA JaHUX MPO IUIATEXk1 HA OCHOBI BX1THUX MapaMETPiB BUITHCKH
e (dopmysanns PDF-gaiiny 3a nonomoroto 6i6mioreku JasperReports [34]

Tabauys 2. Cmamucmuka popmy8aHHs UNUCOK 3d PAXYHKAMU
KitbKicTs cTopiHok HiI[FOT(();Ié)a JTAHIX CDopMyBaHEII:CI)’DF—d)aﬁny Y(c;g;"o
1 40 120 160
5 60 220 280
10 70 350 420
20 80 600 680
50 200 1500 1700
100 350 3100 3450
150 800 4200 5000
360 2500 12000 14500
500 4500 15000 19500
850 5500 40000 45500

OTpumaHa CTaTUCTHKAa BUKOHAHHS omepaniii (opMyBaHHS BUIMCKH KOPHCTYBauaMH CHCTEMH
MOKa3ye, IO € TIEBHI YacOBi 3aKOHOMIPHOCTI TAKKX Olepalliii Ta ix napamerpis. Bee 1ie 1o3Boisie 3poduTn
BHCHOBOK, II[0 BIIPOBA/DKEHHA ‘‘MOAYJIIO TMPOTHO3YBAaHHA [i KOpHCTyBada” Jisl Oomeparliii mo0yJ oBH
BUIIMCOK 32 PaxyHKaMH € LiJIKOM JOLIBHUM 1 Ma€ JOIIOMOITH B JOCSTHEHHI OCHOBHOI METH po0oTH, a
came TiIBUIIeHHS MTPOAYKTHBHOCTI poboTH cucteMu e-Banking. [IporoHoBaHe pillieHHs B TIEpIy 4epry
HarpaBJieHe Ha OaHKH BCEYKPaiHCHKOTO MacliTady, sIKi cepesl CBOiX KIIIEHTIB MalOTh SK Koprioparii
HalllOHAJILHOTO MaciuTaly, Ui SKUX MOTPiOHO 3a0e3MEeYUTH MOXKIMBICTE OOPOOKH BEIMKMX 00’ €MiB
TUTATDKHUX JIAaHHWX, TaK 1 BEJIMKY KiJbKICTh KOPHCTYBaviB 3 Kareropii ¢izmuHux oci® Ta/abo manoro-
cepeaHbOro Oi3HECY, SIKi Uepe3 CBOKO BEIMKY KiJbKICTh MOCTIHHO CTBOPIOIOTH HABAHTAXKEHHS HA CUCTEMY
1 IOTpeOyIOTh MEBHUI PiBEHB SIKOCTI HaZaHUX OAHKOM JIUCTAaHLIMHUX MOCIYT BIOPOJIOBXK YCHOI'O Hacy
poOOTH CUCTEMH.

5 BuCHOBKH Ta HANPSIMOK MOAAJIbIINX AOCTi/IZKeHb
B crarTi po3rasHyTI Aeski mpoOiemMu MOB’s3aHi MoOyI0BOKO Ta po3podkoro cuctem e-Banking,
3pO0JICHO aHATITUYHUI OIJIAJ] ICHYIOUMX Ha PUHKY YKpalHM CHCTEM Ta MmoOynoBaHa cxema iX THIOBOL
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GYHKITIOHANBHOCTI. [IJI MiABUIICHHS IPOAYKTHBHOCTI POOOTH IIMX CHCTEM 3alPOIIOHOBAHO PO3POOHUTH
MOJYJb MPOTHO3YBaHHS /il KOPUCTYBaya y CUCTEMi, SKHIl BUKOPUCTOBYE 3HAHHS-OPIEHTOBAHI METOIH,
a camMe METOJ aHaNi3y YaCOBHX PSAiB B MOETHAHHI 3 CEMAaHTUYHUMHU MPaBUJIAMH, Ta BUKOPUCTATH HOTO
JUISL TIPOTHO3YBAHHS oOIepariii moOyIoBH KOPHCTYBaueM BHUIUCKH 3a PaXyHKaMH Ta IONEPEIHBOT
MiATOTOBKH IIi€i BUMHUCKH ISl ONITUMI3allii BUTPAT PeCypCiB CHCTEMH Ha IO OIMEpaIlifo Ta 3HWKCHHS
BIUIMBY omepalii (opMyBaHHsI BUIIMCKU Ha (DYHKIIIi CHCTEMH B IIIJIOMY.

B HacTynmHEX po0OTax IIAHYETHCS OMUCATH OCOOIMBOCTI 3aCTOCYBAaHHS MIKPOCEPBICHOI apXiTeKTypH
B TIO€IHAHHI 31 3HAHHA-OPIEHTOBAaHUMH METOJaMH TpU MOoOyAoBi cucteM e-banking. B momampimomy
TUTAaHYETHCS PO3POOUTH MPOTOTHUIT BiIMOBITHOIO MOMYJS CUCTEMH Ta IOCTIAUTH €PEKTHBHICTH HOTO
3aCTOCYBaHHS y pealbHiit cuctemi e-Banking.
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Analysis of the current state and future prospects in the domain of
development and maintenance of Internet banking systems

Relevance. The development of Internet banking systems requires solving the problem of their design, where the constant
development of the industry and the emergence of new requirements, both functional and non-functional, needs to be taken into
account. The development of such systems requires a reasonable choice of reference system architecture, as well as the use of
modern knowledge-based methods for processing user requirements, to ensure the appropriate level of system quality metrics.
Therefore, the issue of building this class of systems is an urgent scientific and technical task.

Goal. The purpose of this study is to analyze the current state and future prospects in the field of development and maintenance
of e-Banking systems, which will allow to substantiate their improvement by applying a knowledge-based approach to processing
knowledge about the user requirements of system and using microservice architecture as a reference system architecture, which
ultimately aims to improve quality metrics.

Research methods. In order to achieve the goal of the study, a review of the existing e-Banking systems in Ukraine was carried
out, their comparative analysis was carried out and the diagram of their typical functionality was synthesized. For the further
development of this class of systems, the method of time series analysis was chosen as the main method of predicting user actions
when working with the functionality of building account statements. The collection of information on the current performance
indicators of systems during the construction of statements was carried out too.

The results. Based on the analysis of the current state of affairs, a well-founded conclusion is made about the possibility and
feasibility of increasing the performance of e-Banking systems by using a knowledge-oriented approach to processing knowledge
about user requirements, as well as microservice architecture in the design and development process of e-Banking systems.
Reasonably substantiated proposal to introduce a new separate module for predicting user actions in the system, which will allow
the system to perform time- and resource-intensive customer operations in advance for optimal use of system resources.
Conclusions. The considered problems are related to the designing and development of e-Banking systems, an analytical review
of existing systems on the Ukrainian market was made, and a diagram of their typical functionality was built. It is proposed to
develop a module for predicting user actions in the system, which uses knowledge-oriented methods, and to use it to predict the
user's operation of building a statement of accounts and pre-preparing this statement to improve the performance of e-Banking
systems.

Keywords: e-banking, knowledge-oriented approach, microservice architecture, quality metrics, performance, method of time
series analysis, recommender system, account statement..

Hapgiiwna y nepuin pegakyii 18.04.2024, B octanHiit - 21.05.2024.
The first version has been received on 18.04.2024, the final version - on 21.05.2024.



ISSN 2304 -6201 BicHuk XapkiBcbkoro HawjioHanbHOro yHisepcuteTy imeHi B. H. KapasiHa
cepia «MaTematiiHe MogenioBaHHs. IHopmaLliiHi TexHonorii. ABTOMAaTM30BaHi CUCTEMM yNpaBniHHsA», BUNyck 62, 2024 19

DOI: https://doi.org/10.26565/2304-6201-2024-62-02

VJIK (UDC) 519.216

Danilevskyi Mykhailo PhD student; V.N. Karazin Kharkiv National University, Svobody Square,
4, Kharkiv-22, Ukraine, 61022
e-mail: m.danilevskiy@gmail.com
https://orcid.org/0009-0000-0030-2218

Yanovsky Volodymyr Doctor of Physical and Mathematical Sciences, professor; V. N. Karazin
Kharkiv National University, sq. Svobody 4, Kharkiv, Ukraine, 61000;
Institute of Single Crystals, National Academy of Sciences of Ukraing,
Nauki Ave. 60, Kharkiv, Ukraine, 61001
e-mail:_yanovsky@isc.kharkov.ua
https://orcid.org/0000-0003-0461-749X

Matsiy Olga PhD of Technical Sciences, docent; V.N. Karazin Kharkiv National
University, Svobody Square, 4, Kharkiv-22, Ukraine, 61022
e-mail: olga.matsiy@gmail.com
https://orcid.org/0000-0002-1350-9418

Modeling and Analysis of a Dynamic Network of Telephone Subscribers
Considering the Degree of Connectivity by Means of Contact Lists

Abstract. Modeling complex dynamic networks, whose components interact and evolve, is essential for understanding and
predicting their behaviour. It helps to optimize performance, improve resilience, and effectively manage resources in
technological, information, social, and biological networks. Purpose. The purpose of the work is to model a dynamic network
of telephone subscribers, identify and evaluate its main properties. The focus is on experiments with the resulting model and
determining the dependencies of network properties based on simulation data. Research methods. The methods of constructing
computer models, methods of analyzing network parameters, the method of least squares and the Monte Carlo method of
stochastic dynamics of discrete states by using time steps of equal length have been used in the work. The computer model has
been developed in Python by using the Pandas, Numpy and NetworkX libraries. Results. A model of a dynamic network of
telephone subscribers is proposed with imitation of contact lists, which usually include family members, colleagues, and friends.
Experiments have been conducted with the model and the dependences of network properties on the number of subscribers and
the fraction of contacts within contact lists have been investigated. The values of the model parameters at which the network
exhibits the properties of a small-world network has been determined. Conclusions. The proposed model of a dynamic network
of telephone subscribers with imitation of contact lists has allowed to identify the dependences of the network properties on the
number of subscribers and the fraction of contacts within the contact lists. It was revealed that the node degree distribution
corresponds to the lognormal law. The number of links in the call graph depends on the number of subscribers linearly, and the
higher the fraction of contacts, the fewer links are created when a new subscriber appears. An increase in the number of
subscribers affects the network density reducing it according to a hyperbolic law. As the fraction of contacts increases, the
network density decreases, since an increasing number of connections are created among a limited number of subscribers. The
clustering coefficient changes according to a hyperbolic law as well. The average value of the shortest path length for certain
network parameters is well approximated by a logarithmic function when the fraction of contacts is more than 0.80 within contact
lists. Finally, the qualities of a small-world network can be recognised in the dynamic network of telephone subscribers when
the fraction of contacts in the contact list falls between 0.80 and 0.90, as determined by the coefficient w (4).
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1. Introduction

Various world phenomena — social, physical, biological to name a few — can be represented as complex
dynamic networks. In [1], the authors identified four categories of complex networks: technological,
informational, social and biological. Representing complex networks as structures that change over time
allows identifying structural and temporal patterns. Thus, a dynamic network can be identified as one in
which nodes and edges appear and/or disappear over time [2].

Numerous studies have been conducted on the modeling and analysis of complex dynamic networks.
In [2], the authors present a classification of dynamic networks and the basics of their modeling using
graph neural networks. In [3], the authors propose criteria for choosing a dynamic and static model of a
social network to analyze their properties. The social network models predominantly presented in the
physics-oriented literature on the complex networks have been classified and compared in [4].

The data obtained from actual networks of phone subscribers have been analyzed in several papers.
For instance, in [5], the authors have presented studies on the interaction patterns of millions of mobile
phone users. In [6], a network of telephone subscribers of more than 1 million users is studied based on
call data presented by the mobile network. The authors evaluate such indicators as the distribution of the
number of telephone calls, conversation time, and the number of unique connections per subscriber. In
[ 71, the authors have considered the data on telephone calls from four different geographical regions, have
generated call graphs and analyzed their static properties. The dynamic network of telephone subscribers
and the influence of the degree of persistence of connections on the structure of the network have been
examined in [8]. Other types of dynamic networks have been analyzed as well. The overview of financial
networks — definitions of various types of networks and discussion on the dynamic aspect of the
functioning and distribution of resources in such networks has been presented in [9]. In [10], the authors
describe biological networks, as well as the principles and algorithms of graph neural networks, which
can be used to predict the emergence of new connections and diseases.

The papers [5-8] focus on the analysis of existing networks of telephone subscribers. However, only
a limited number of works are devoted to the simulation modeling of dynamic networks of telephone
subscribers. For example, in [11], the authors proposed a simulation model of a call-center, which allows
doing a “what-if” analysis to determine the number of operators required to satisfy a certain requirement
for the system. In [12], the authors have developed a telephone network model for an electricity
distribution company with the aim of modeling and further optimizing the technical infrastructure of the
telephone network. Modeling a dynamic telephone network as a social communications network with
different types of subscribers has not been covered in the literature.

The paper proposes a model of a dynamic network of telephone subscribers, in which the number of
subscribers is static, and the connections between them change at discrete time intervals According to the
terminology presented in [2], such a network can be classified as a discrete node-static temporal network.
Furthermore, following the classification of dynamic communication networks proposed in [13], the
telephone subscriber network is synchronous with one-to-one connections, which means that connections
exist only between two subscribers simultaneously.

2. Modeling dynamic network of telephone subscribers

A network of telephone subscribers is formed by a certain number of nodes (subscribers) and the
connections between them. In such a network, a connection is established when two subscribers are
engaged in a call. For instance, the average person makes five to seven calls per day, while sale managers
may make two or three hundred calls daily. Consequently, at any given moment, a certain number of
pairwise connections are established. During the experiment with the model, calls and connections
between subscribers have been saved in a log. From the recorded set of paired connections, a dynamic
network of telephone subscribers is formed over a specific period. The study aims to analyze the
properties of the obtained dynamic network.

The telephone network model proposed in this work differs from the model presented in [14]. The
distinction is that each subscriber has a contact list in our model. The fraction of calls between subscribers
from the contact list is the specified by the model parameter, and in other cases, the contacts are selected
randomly. The lognormal distribution law is used to assign the quantity of calls per day to subscribers
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[15]. New calls cannot be placed or received by subscribers while they are engaged in a call. The
probability of a call ending at a certain time is used to model the call duration.

The input parameters of the model include the number of subscribers, parameters of the lognormal
distribution law for modeling the number of calls per day, the duration of the experiment, the average
duration of conversations, the fraction of calls to subscribers from the contact list, and the number of
subscribers in the contact list.

With the help of a developed model, such properties of a dynamic network of telephone subscribers
as the degree distribution law, the number of created links, network density, clustering coefficient, and
the average shortest path length have been investigated.

3. Description of the experiment

During the experiments conducted over a specified period, connections between subscribers are
simulated, resulting in a dynamic network. The number of subscribers is predetermined and remains
constant. In this model, one unit of time is equivalent to one minute. The duration of the experiment, the
parameters of the lognormal distribution law for the daily number of calls, the size of the contact list, and
the fraction of calls to subscribers from the contact list are specified. The uniform distribution law is used
to select a subscriber for communication, both within the contact list and among all other subscribers.
The duration of a call is determined by the probability of its termination at any unit of time, which is set
at 0.99 for all experiments. Once a connection is established, subscribers are isolated, which means that
they cannot make or receive additional calls. The progress of the experiments is recorded in Table 1:

Table 1. Experiment data sample

idx | caller_id | callee_id | start time | finish_time
0 12 62 0 1
1 23 4 4 7
2 72 64 8 9

where idx is the record number, caller_id is the caller identifier, callee_id is the callee identifier,
start_time is the call starting time, finish_time is the call finishing time, duration is the call duration.

Input data for the experiment: number of subscribers is 1000, duration is 10080 of time units (minutes),
the parameters of the lognormal distribution correspond to normal subscribers (v = 1.1, 0 = 1.0) [15].

4. Study of the obtained data

During the experiments, data on 34834 subscriber contacts have been obtained. Using this data, the
distribution of the number of subscriber calls during the day has been constructed. This distribution can
be compared to the distribution obtained in [15], where it has been found that the number of calls follows
a lognormal distribution. Therefore, the consistency of the model with the experimental data could be
evaluated.

0.25 1 — t=7.0

t=7.0, with zero callers
—8— experimental data (normal abonents)
0.20 4 —— lognormal (u=1.1, 0=1.0)
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Fig.1 Distribution of the number of subscribers by the number of calls per day. In green — experimental data of a

real network, simulation data: yellow — all subscribers are included, blue — only those subscribers who made at

least one call, black curve — the lognormal law with = 1.1 and o= 1.0.

The green line corresponds to experimental data from the real telephone network of subscribers [15].
The results obtained from the telephone network simulation are depicted by the orange and blue lines.



ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
22 series «Mathematical modeling. Information technology. Automated control systems» issue 62, 2024

The blue line represents the distribution of calls determined without considering subscribers who did not
make a single call throughout the entire experiment. The orange line represents the distribution including
all subscribers. The black curve corresponds to the data obtained by approximating experimental
observations by using a lognormal distribution law with parameters = 1.1and o= 1.0.

In the experimental data from a real telephone subscriber network, all subscribers made at least one
call. In contrast, the simulated network included subscribers who did not make a single call, as indicated
by the distribution depicted by the orange line. That resulted in different data distributions.

The distribution of subscribers who made at least one call during the model simulation is represented
by the blue curve in Fig. 1, which shows good agreement with the experimental data, represented by the
green curve. Over time, subscribers create a network of connections. We have used the information
obtained from experiments with the constructed computer model to conduct a more thorough analysis of
the characteristics of the telephone subscriber network.

5. Analysis of dynamic network properties

Numerical experiments have been conducted with varying numbers of subscribers at consistent time
intervals to investigate the properties of a dynamic network of telephone subscribers. We have assessed
the relationship between these properties and the fraction of calls made within the contact list, as well as
the total number of subscribers in the network. Among the properties analyzed, we have examined the
number of edges in the network, clustering coefficients, network density, average shortest path length,
and degree distribution. Additionally, we have determined the type of network resulting from those model
experiments.

A total of 580 experiments have been conducted. The number of subscribers ranged from 10 in the
first experiment to 1000 in the last one, with the fraction of calls within the contact list varying from 0.0
to 1.0. The interval was 0.1 from 0.0 to 0.8, and 0.01 from 0.81 to 1.0. In each experiment, the number of
subscribers increased by 50. Fig. 2 presents graphs of various networks formed with different fractions
of calls but with a consistent number of 100 subscribers. The graphs clearly show the formation of
subscriber groups within contact lists and the connections between these groups when calls are made to
other subscribers. Those groups or cliques are especially visible in networks with a high fraction of calls
within their contact lists.

N subscribers: 100, N links: 2080, Fraction of calls:0.1 N subscribers: 100, N links: 1627, Fraction of calls:0.5 N subscribers: 100, N links: 1418, Fraction of calls:0.6

N subscribers: 100, N links: 1254, Fraction of calls:0.7 N subscribers: 100, N links: 1060, Fraction of calls:0.8 N subscribers: 100, N links: 898, Fraction of cals:0.85
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¥ r'@
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Fig.2 Simulated telephone subscriber networks. N subscribers — number of subscribers, N links — number of links,
Fraction of calls — fraction of calls made within subscriber contact lists
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The properties of the generated networks have been examined. The form of each network can be
explained by using the distribution of node degrees, which represents the number of connections a
subscriber established with other subscribers during the experiment. The obtained dependencies are
shown in Fig. 3.

T T T T T T T T
0 200 400 600 800 1000 0.0 0.2 0.4 0.6 0.8 1.0
Number of subscribers in a network Fraction of calls
a) b)

Fig.3 Average node degrees dependence on a) number of subscribers; and b) fraction of calls within contact lists.

From the graphs presented in Fig. 3, it could be seen that the degrees of the nodes/subscribers weakly
depend on the number of subscribers in the network and have a linear dependence on the fraction of calls.
For networks with a small number of subscribers where, for example, 10 subscribers have time to form
all possible connections, the degree of nodes is equal to the number of subscribers in the network minus
1. Consequently, the higher the fraction of calls within contact lists, the lower the node degrees.

As stated previously, the number of calls per day is distributed according to a lognormal law. The
degree of nodes and the number of calls are closely related because connections and degrees in a dynamic
network of telephone subscribers are formed through calls between subscribers.

Network size 600 Network size 600
0.10
0.10 - —— fraction of calls: 0.0 —— fraction of calls: 0.0
—— lognorm 0=0.27, u=3.9 —— lognorm 0=0.27, u=3.9
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0.08 1 —— lognorm 0=0.27, u=3.55 —— lognorm 0=0.27, u=3.55
- fraction of calls: 0.7 - fraction of calls: 0.7
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a) b)

Fig.4 Distribution of node degrees and approximating lognormal distribution curves:
a) network with the 600 subscribers; b) network with the 900 subscribers.

The lognormal distribution curves that correspond to the node degree distributions are shown in Fig.
4. For networks with 600 and 900 subscribers, we have examined whether the node distribution agreed
with the lognormal law. The data indicates a decent degree of agreement, with p depending on the fraction
of calls in contact lists (the higher the fraction, the smaller x); meanwhile, o remains unchanged.

Next, we have examined the relationship between the number of links and the number of subscribers
in the network as well as the fraction of calls. An edge in the call graph between two subscribers is
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considered to be a link. The dependencies discovered through model experiments are displayed in Fig. 5,
along with straight lines representing them. The results show that the number of links made during the
experiment is directly correlated with the total number of subscribers in the network. Additionally, the
fraction of calls made within contact lists influences the angle of inclination of the straight line. The
higher the fraction is, the smaller the angle is and, consequently, the fewer links made over a given amount
of time. The relationship between those data, when approximated linearly by using the least squares
method, is as follows:

L =—-30.15NF + 1212.57F + 35.57N — 1184.21 Q)

where L is the number of links, N is the number of subscribers in the network, F is the fraction of calls
within the contact list.
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Fig.5 Dependence of the number of links on a) the number of subscribers; b) the number of subscribers and the
fraction of calls within contact lists.

From that dependence it follows that each new subscriber on average creates 5 new links during the
experiment (10800 discrete intervals) when the fraction of calls is equal to 1. For instance, with a fraction
of 0.7, the subscriber creates on average about 15 new links etc. Fig. 5b shows the dependence of the
number of links on the number of subscribers and the fraction of calls in contact lists.

Next, we present simulation data which shows how the network density changes with an increase in
the number of subscribers over the same time interval for different values of the fraction of contacts.
Network density is the ratio of an actual number of links to the maximum number of links that can be
created with the same number of nodes [1]. The obtained relationships, as well as their approximations,
are shown in Fig. 6.

Density

0.4

0.1

0.0

200 400 600 800 1000
Number of subscribers in each network

Fig.6 Dependence of network density on the number of subscribers in the network and the fraction of calls

The simulation data is shown in Fig. 6 by the lines with dots, and the approximation of the
dependencies is shown in black. An examination of the data has revealed a hyperbolic dependence of
density on the number of subscribers in the network and the fraction of calls:
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p=—"v— 2

1+95.30—87.29F

where p is the network density.

Good agreement with the simulation data is noticeable in Fig. 6. As the number of subscribers
increases, the network density decreases. Additionally, as the fraction of calls increases, the network
density decreases further. That is due to the fact that a higher fraction of calls leads to fewer new links
being created among the possible ones, and vice versa. The network density value determined by relation
(2) also depends on the duration of the experiment, necessitating further research.

The next network metric analyzed is the average clustering coefficient, which measures the degree of
interconnection for subscriber's contacts. A higher clustering coefficient indicates greater connectivity
within the graph. Fig. 7 shows how the average clustering coefficient varies with the number of
subscribers and the fraction of calls.
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Fig.7 Dependence of the clustering coefficient on the number of subscribers in networks with different fractions of
calls

In Fig. 7, the hyperbolic dependence of the clustering coefficient on the number of subscribers in the
network with the fraction of calls in the interval [0.0, 0.7] can be observed.

C=—% ®)

N
1+

where C is the clustering coefficient, a and b are the parameters of the hyperbolic dependence.
The parameters a and b depend on the fraction of calls. The corresponding dependencies are presented
in Fig. 8.
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Fig.8 Dependence of parameters “a” and “b” on the fraction of calls
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It should be noted that the experiments have been carried out with network sizes from 10 to 1000
subscribers and for the same time interval. This explains the transformation of the hyperbolic curve, which
depends on the fraction of calls, and the values of the obtained parameters are valid over the time interval
of the experiment.

Next, we have considered the changes in the average shortest path length obtained as a result of the
simulation. The lengths of all links between adjacent nodes are considered to be equal to one. The average
internode distance is the average path over all pairs of nodes between which there is at least one path
connecting them. In the categories of the telephone network and connections between people, this
indicator characterizes the average number of contacts required to connect any two subscribers.

5 5 5 T
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Fig.9 Dependence of the average shortest path length between two subscribers on the number of subscribers in
the network and the proportion of contacts within contact lists

In small-world networks, the average shortest path length between two nodes grows in proportion to
the logarithm of the number of nodes [16] or subscribers based on the average number of contacts in the
case of the telephone network. In the model, the dependence of the average length of the shortest path on
the number of subscribers in the network is well approximated by the logarithm to base 11 and 7 for
networks with the fraction of contacts in the intervals [0.80, 0.90] and [0.91, 0.98], which is shown in
Fig. 9b and 9c, respectively. For networks with fractions of up to 0.7, the logarithmic curve in Fig. 9a
corresponds to the logarithm of 25, which is too many regular contacts for normal subscribers.

Let us check if any of the networks obtained as a result of the experiments are small-world networks.
Small-world networks are characterized by a high clustering coefficient and a short path length [16, 17].
The distribution of node degrees in small-world networks can be similar to the distributions in random
networks [18], so they can be Poisson or normal distributions. The degree to which a network is a small-
world network can be measured using the coefficient o [17], which considers the clustering coefficient
and the average shortest path length and compares them with the equivalent regular lattice and random
network, respectively:

— Lrand _ ¢ 4
@ L Ciatt “)

where  is the small-world measurement

The values of w are in the range from -1 to 1. Moreover, if the value of w tends to 1, then it means
that the network has the characteristics of a random graph, and if it approaches -1, then the characteristics
of a lattice. Values w around 0 indicate that the network is a small-world network. An alternative small-
world measurement metric is the o proposed in [19]. That metric has several disadvantages, described in
[17], so the w metric has been used to analyze the simulated network.
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Fig.10 Dependence of w on the number of subscribers in the network and the fraction of contacts within contact
lists

Fig. 10 shows the dependence of w on the share of contacts and the number of subscribers in the
network. Let us reiterate that the proportion of contacts determines the degree of call and, accordingly, at
low values w the network resembles a random graph. In our case, for networks with a fraction of contacts
up to 0.80, the values of the coefficient w are in the interval [0.05, 0.55], which characterizes such
networks as random graphs. In a dynamic network of telephone subscribers with fraction values in the
range [0.80, 0.90], the coefficient w crosses the value 0O; as a result, those networks show small-world
network characteristics. At higher values of the fraction of calls within the contact list, the network has
the properties of a regular lattice.

6. Conclusions

In this work, a dynamic network of telephone subscribers has been modeled and its features have been
analyzed in relation to the number of subscribers and the fraction of calls made within subscribers' contact
lists. The presence of subscribers' contact list, which usually includes family members, colleagues,
friends, and the closeness of their connections determines the topology of the network and the dynamics
of its properties. Subscribers connected by contact lists and the connections between them are clearly
visualized with a high fraction of contacts between them. When the fraction of calls within contact lists
is low, the network is transformed into a random graph. As a result of the analysis of the network
properties, it has been revealed that the distribution of node degrees corresponds to the lognormal law
with parameters x« and ¢. The distribution parameters do not depend on the number of subscribers in the
network but depend on the fraction of contacts — the higher the fraction, the smaller the parameter x, and,
accordingly, the smaller the value of degrees. The parameter ¢ is equal to 0.27 and is independent of both
the subscriber number and the call fraction. The number of links depends linearly on the number of
subscribers — the higher the fraction, the fewer links are created with the appearance of additional
subscribers (1). Thus, with a fraction of 0.9, a new subscriber creates on average 8.3 links with other
subscribers, and with a share of 0.7, 15 links are created. An increase in the number of subscribers affects
the network density, reducing it according to the hyperbolic law (2). As the fraction of contacts increases,
the density decreases, since an increasing proportion of links are created among a limited number of
subscribers. The clustering coefficient, just like the density, changes according to a hyperbolic law. The
parameters of the hyperbolic law have a complex dependence on the fraction of contacts presented
graphically in Fig. 8. The average value of the shortest path length is well approximated by a logarithmic
function to base 11 and 7 for networks with a fraction of calls within contact list more than 0.80, which
indicates the properties of small-world network. Additionally, the presence of small-world properties has
been assessed by using the coefficient w (4) and it has been revealed that a dynamic network of telephone
subscribers demonstrates such properties when the fraction of contacts within the contact list is in the
interval [0.80, 0.90].
It should be noted that experiments for all networks from 10 to 1000 subscribers have been carried out
over the same period. This limitation affects the number of links created between subscribers and,
accordingly, in networks with a small number of subscribers, all possible links can be established over a
given period, and with a large number, only a small fraction of links can be formed. This model could be
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used for the further research on the effects of abnormal users (spammers) on telephone subscriber network
properties, information propagation speed, and its relationship to contact list sizes and call share.
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MogaenoBaHHS Ta AHAJII3 IMHAMIYHOI Mepe:Ki Te1eOHHUX A00HEHTIB 3
YPaxyBaHHAM CTYIEHS 3B'I3aHOCTi 32C00aMHU KOHTAKT-JIUCTIB

AKTyanbHicTb. MOJETIOBaHHS CKJIQJHUX AUHAMIYHUX MEPEK, KOMIIOHCHTH SIKMX B3a€MOIIOTh i PO3BHBAIOTHCS 3 YACOM, MA€
B&X/IMBE 3HAYCHHS, OCKUIBKHM JI03BOJISIE PO3YMITH Ta INPOTHO3YBaTH IXHIO INOBeXiHKy. lle momomarae ONTHUMI3yBaTH
MPOIYKTUBHICT, MiABUIYBAaTU CTIHKICTh Ta €(PEKTUBHO YIIPABILATH PECypcaMy Y TEXHOJIOTIYHHX, iHpOpMaIiifHUX, COmianbHUX
Ta Oi0JIOTIYHUX MEpexkKax.

Meta. MeToro pobOTH € MOJICITIOBaHHS AUHAMIYHOT MEpexi Tele(OHHUX aOOHCHTIB Ta BUSBICHHS OCHOBHHX BJIACTHBOCTEH
Mepexi. ['oyioBHa yBara 30cepe/pkeHa Ha eKCIIepUMEHTax 3 po3po0JIeHOI0 MOJIEIIIIO Ta BU3HAYEHHS 3aJI)KHOCTEH BIAaCTUBOCTEH
Mepexi 3a JaHUMHU MOJICTIOBaHHSI.

MeTtonu gocimkeHHs. B po60Ti BUKOPHUCTOBYBAINCS METO I TOOYA0BH KOMIT'FOTEPHUX MOJIENeil, METO M aHalIi3y IapaMeTpiB
MepeK, METO]| HallMeHIINX KBajpatiB i Metox MonTe-Kapio croxacTuuHOl AMHAMIKH JUCKPETHHX CTaHIB 3 BUKOPHCTAHHAM
TUMYACOBHX KPOKIB OnHaKoBOI moBxuHH. Komm'torepHa Momens po3pobiiena MoBoro Python i3 Buxopucranusm 6i6Gmiotex
Pandas, Numpy ta NetworkX.

Pe3yabTaT. 3anmponoHOBaHO MOJENh AWHAMIYHOI Mepexi TerneOHHHX aOOHEHTIB 3 IMITAIli€l0 KOHTAKT-JUCTIB, A0 SKUX
3a3BUYail BXOAATH WiIEHH ciM'T, kKoierH, py3i. [IpoBeieHo eKcriepuMeHTH 3 MOJIEIITIO Ta JOCIIKEHO 3aJISKHOCT] BIIaCTUBOCTEH
Mepexi Bijl KITBKOCTI aOOHEHTIB Ta YaCTKH KOHTAKTIB Y paMKaX KOHTAKT-JIHCTiB. BU3HaYeHO NpH SKNX 3HAYCHHSIX MapaMeTpiB
MOJIeITi MEpeXka, 10 OTPUMYETHCS B pe3yIbTaTi MOJICITIOBAHHS, MA€ BIACTHBOCTI MEPEKi TICHOTO CBIiTY.

BucHoBKkH. 3ampornoHoBaHa MOJENb JUHAMIYHOI Mepexi TeneOHHHX aOOHEHTIB 3 IMITalli€l0 KOHTAKT-JIHCTIB JO3BOJIMIA
BUSIBUTH 3aJI€)KHOCTI BJIACTHBOCTEH MepexXi Bifl KITbKOCTI a0OHEHTIB Ta YaCTKH KOHTAKTiB Y paMKaX KOHTaKT-JIUCTIiB. BusiBneno,
IO PO3MOJIT CTYNEHIB BEPIIMH BiAIMOBITA€ JIOTHOPMAIFHOMY 3aKOHY. KiNBKICTh 3B'S3KIB JHIHHO 3a€XKHTh Bi KiJTBKOCTI
a0OHEHTIB, IPUIOMY UMM BHIA YACTKA KOHTAKTIB, THM MEHIIIE 3B'SI3KiB CTBOPIOETHCS 3 TIOSIBOIO HOBOTO abOHEHTA. 301IbIIeHH S
KIJIBKOCTI a0OHEHTIB BIUIMBA€E Ha IIUTBHICTH MEPEXi Ta 3HIKYE ii 3a TinepOONIYHUM 3aKOHOM. Y pasi MiJBHIICHHS YaCTKH
KOHTAaKTIB HIUTBHICTh 3HIKYETHCS, OCKUIBKH Jenaii Oinblia 4acTHHA 3B'SI3KIB CTBOPIOETHCS cepell 0OMEKEeHO1 KiTbKOCTI
abonenTiB. KoedirieHT kiactepusaiiii Tak camo, sIK i IIITBHICTh 3MIHIOEThCS 3a TinepOoaiuHiM 3aKoHOM. CepeiHe 3HAYCHHS
HaWKOPOTILIOro NULXY 33 IEBHUX MapaMeTpiB Mepexi 100pe armpoKCUMY€EThCs JTorapu(MiuHOIO QYHKIIIEIO 32 YACTKU KOHTAKTIB
6inbure 0.80. KoedimieHT o mokasye, 1110 npy 4acTii KOHTAKTIB B Me)Kax KOHTAKT-1UCTIB B iHTepBai [0.80, 0.90] 3mMoxensoBana
Mepexa TeneoHHIX aDOHEHTIB Ma€ BIACTHBOCTI MEPEXi TiICHOTO CBITY.

Knrouosi cnosa: cxnaona ounamiuna mepedica, spag MobinbHux GUKIUKIE, meneponHa mepedicd, 102HOPMATbHULL PO3NoOLT,
PO3n00IN CMYneHis, wintbhicms Mepedici, Koe@iyieum kiacmepu3ayii, cepeoHsi 008IUCUHA HAUKOPOMUIO2O ULTSIXY, Mepeicd
MIiCHO20 C8imy.
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Po3po0ka moaesii HeHPOHHOI MepesKi VI YCYHEHHSI HeOTHO3HAYHOCTI
oMorpagiB y TEKCTOBUX JAHUX

V wiii HayKOBIH CTATTI JOCHIIKYETHCS CTBOPEHHS MOJIENi HEHPOHHOI MEpexi, CIPsAMOBAHOI Ha BUPIIICHHS HEOJAHO3HAYHOCTI
oMorpadiB y TEKCTOBUX JaHHX. Pi3HI THIHM HEHPOHHHX MEpPEX PETEeJbHO BHBYAIOTHCS HAa HpEeIMeT iXHBOrO MOTEHLialry Y
BUpilIeHHI i€l mpobiemu. CTaTTs 3arIMOIIOETHCS B METOIOJIOTIUHI aCTIIEKTH apXiTEKTYpH HEHPOHHOI MEpPEeXKi, IO BKIFOUAE
aHani3, MPOEKTYBaHHs, peaili3allifo, TeCTyBaHHs, OI[IHKY Ta ONTHUMi3allif0. BajJIMBICTh KOXKHOTO €Taly LBOrO IIPOIECy
HaroJIONIYEThCsl Ha BXKIJIMBOCTI MIMOOKOTO PO3YMIHHS THIIB HEHPOHHUX MEpeX Ta iX 3aCTOCYBaHHS, a TaKOX PO3YMHOTO
BUOOpy TexHousorii. KopucHicTh po3poOiieHOi Mopeni HOIIUPIOETHCS Ha JOMEHH, L0 BHKOPUCTOBYIOTH aBTOMAaTHYHE
PO3Mi3HABaHHSA MOBH, MIATPUMKY IPHUHATTS PilICHb HA OCHOBI TEKCTY, BAOCKOHAJICHHS CUCTEM IOIIYKY Ta 00p0OKY IPHPOTHOT
MOBH. JOCTITHUKH Ta MPAKTUKU B 00J1acTi 00poOKH MPUPOTHOT MOBH Ta KiIacudikamii TEKCTOBHX JaHUX 3HAWIYTPH LIO CTATTIO
L[IHHOIO.

AKTyaJlBHICTB: y CydacHOMY CBITI po3poOka Mozeni HeHpOHHOI Mepexi Ul BHPIIIEHHS HEOJHO3HAYHOCTI oMmorpadis y
TEKCTOBUX JAaHUX BHU3HAYAETHCS BUKIMKAMH, SIKi CTOITH Iepe] ranys3sto oOpoOku mpupoxHoi MoBH. Lls monmenb 3maTHa
BUIIPABIITH TOMUJIKH, TOB'SI3aHI 3 HEBIPHIM PO3YMiHHSM 3HaueHb CIIB Y TEKCTi, IO 3a0e3MeYnTh OLIBITY TOYHICTh Ta SKICTh
aHaNizy TEeKCTOBOrO MaTepiany. BukopucranHs ii MOXIHMBE B pi3HUX cepax, BKIIOYAIOYH aBTOMATHYHE BH3HAUYEHHS MOBH,
MiATPUMKY IPUHHATTS pillIeHb Ha OCHOBI TEKCTOBOT iH(OpMaIlii, yIOCKOHAJICHHS CUCTEM IIOMIYKY Ta KIacU(iKamii JaHUX.
Merta: migBHUIIEHHS AKOCTI 0OPOOKH TEKCTY, 30KpeMa, IOJIMIIEHHS TOYHOCTI PO3Mi3HABaHHS CIIiB, SIKi MalOTh OUIBILE OJHOTO
3HA4YCHHS, 3a JOMOMOTOI0 pO3POOKH Ta BIPOBAHKEHHS HEHPOHHOI Mepexki, fka Oyae MaTh MOXIHUBICTH YyCyBaTH
HEOJHO3HAYHOCTI OMOTpadiB Y TEKCTOBUX JIaHHUX B PEATBHOMY Yaci.

Mertoan KOCHTiPKEHHS: ISl TOCTiIKeHHsT 00paHoi 0671acTi OyJi0 BUKOPUCTAHO METO/IM CHCTEMHUI aHai3, METOJH IIIMOOKOTro
HABYaHHS, TEOpis HEHPOHHHX MEpEeX, METOAM OOpOOKH Ta MiATOTOBKH [aHHX, IMiTalliiiHe MojeitoBaHHs. [IporpamHe
3a0e3rneyenHs po3pobiieHo 3a qonoMororo Mosu Python i Bukopucrani makeru sklearn, keras i t.x..

Pe3ynpTraTh: ronoBHUM pe3yinbTaToM poGoTH Oyia po3poOka MoJieli HeHpOHHI Mepexi, sika yCyBa€e HeoJHO3HAYHOCTi oMorpadiB
y TEKCTOBHX JIaHUX B PEaNbHOMY Yaci, 10 J]€ MOKIIMBICTh PO3BUTKY il Ha iHIIMX MOBax.

BUCHOBKHM: pO3MISIHYTO TPOOJIeMy HEOZHO3HAYHOCTI oMorpadiB y TeKTCTOBHX AaHMX. OCKUIBKM ILie 3aBHaHHS OOpOOKH
HNPUPOJHOI MOBU Oyna po3poliieHa MoJenb HEHPOHHOI Mepeki 3 JOBrol0 KOPOTKOCTPOKOBOIO MaM’STTIO 3 BUKOPHCTaHHIM
emOeninroBux moneneit, LSTM-mapy Ta MOBHO3B’A3aHUX mapiB. JlOCHMKEHHS 3acBIIYMIO BaXIJIMBICTH IHHOBALIHHUX
MiAXOMIB y BHpIIIEHHI MPOOIeM HEOIHO3HAYHOCTI OMOTrpadiB y TEKCTOBUX JaHHX, a BUKOPHUCTAHHA HEHPOHHHX MEPEX Ta
TEXHOJIOT1/ IITYYHOTO IHTEJIEKTY CTa€ OOIIII0YAM HAPSIMKOM JJIS TTONANTBIINX JOCTIKEHb Ta BIIPOBAKEHB Y Il 00JIaCTi.
Knrwowuoei cnosa: neiiponni mepeoici, omozpag, mooenv, embedine, PYTHON, LSTM.

Ax uuryBatu: €ropos €. C., [lImatkos C. 1. Po3poOka mozaeni HEHpoHHOI Mepexi AJsl yCYyHEHHS
HEOJIHO3HAYHOCTI oMOrpadiB y TEKCTOBUX JNaHUX. Bichuk Xapkigcbkozo HayioHATbHO2O YHIBEPCUMENLY
imeni  B. H. Kapasina, cepis ~ Mamemamuune  mooenosanus.  Ingpopmayitini  mexuonoaii.
Aemomamuszoeani cucmemu ynpaeninus. 2024, sun. 62. C.30-36. https://doi.org/10.26565/2304-6201-
2024-62-03
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1. Beryn

VY cydacHoMy iH(pOpMAIiTHOMY CYCIiJIbCTBI, B SKOMY BeJIM4e3HI 00'eMU TEKCTOBOI iH(opmarrii
00pOOIISIFOThCS MIOIEHHO, PO3po0Ka ePeKTUBHIX IHCTPYMEHTIB JJIsl aBTOMAaTUYHOI 0OPOOKH Ta aHaTi3y
TEKCTOBUX JAaHWX CTa€ HAA3BUYAMHO BAXIMBOIO 3amadero. OnmHaK ICHYIOTH pIi3HI JIEKCHYHI
HEOJTHO3HAYHICTI, SIKi YCKJIQIHIOIOTh Il TpOIleC, 1 O/IHI€I0 3 OCHOBHHUX IMPOOJIEM € HEOJIHO3HAYHICTh
omorpadiB — CIiB, IO MAIOTh OAHAKOBY JIEKCUYIHY (POpMY, ajie pi3HEe 3HAYCHHS.

2. OOrpyHTYBaHHSI Ta BUOIP THIY HeiiPOHHOI Mepe:xXi 3 IOBrol KOPOTKOCTPOKOBOIO NMaM’SITTIO
(LSTM)

a) O6podka mocainoBHocTeii: LSTM Mepexi eeKTHBHO MPAIIOIOTh 3 MOCIIIOBHOCTAMHE JaHUX,
TAKMMH SK TEKCT, YaCOBi PSIIH TOIIO. IXHiif MexaHi3M JIOBroi mam'sTi 103BoIsie 36epiratn Ta
BUKOPHCTOBYBATH 1H(OPMALIiIO 3 IOMEPEAHIX KPOKiB MOCIiAOBHOCTI, 110 pOOHTS X ieanbHIMHU
JUISL TPOTHO3YBaHHS Ha OCHOBI ICTOPUYHHX JaHUX.

b) Bupimennsi npodemu 3HMKaw4Yoro rpagienty: LSTM Mepexi MaroTh MEXaHi3MH BOPOTHOTO
KOHTPOJTIO, IO O3BOJIAIOTH €(EKTHBHO YIIPABISATH IPAAi€HTAMH y TIPOIECi 3BOPOTHOTO
PO3MOBCIOKEHHS TOMIUTKH. Lle Jonomarae yHUKHYTH TpOOJIEeMH 3HUKAIOUOT0 TPAi€HTy Ta
JTO3BOJISIE TPEHYBATH TIHOOKI MepexkKi OLTbI e)eKTHBHO.

C) YupaBJiHHS J0OBrocTpOKOBOI0 3ajiexkHicTio: LSTM 31aTHI eeKTHBHO BHPIIIlyBaTH 3aBIaHH,
JIe TIOTPIOHO YIPABJISATH JOBIOCTPOKOBUMH 3JICKHOCTSIMH MiX JaHUMHU. [le 0co0IMBO KOPUCHO
y 3a/1a4ax, JIc BaXKJIMBO BPaXOBYBAaTH KOHTEKCT Ha OiJIbIIl JIOBTiH BiJICTaHI B yaci abo
MOCTiTOBHOCTI.

d) I'myukicTs B apxitektypi: LSTM Mepexi MoxkyTh OyTH MOIM(IKOBaHI Ta aJanToBaHi st
PI3HUX 3aBllaHb, BKIIIOYAOUHN KJIacH(iKalliio, MPOTrHO3YBaHHsI Ta TeHEPAIliio MOCIi0BHOCTEH.
Bonu MoOXyTh OyTH BUKOPHCTaHI SK YacTHHA OLITBIN CKIIAJHUX apXiTeKTyp abo BOymIOBaHi B
1HIIT MOJIEN, [0 POOUTSH 1X YHIBEpCAIbHUMH JIJIS PI3HOMAaHITHUX 3acTocyBaHb (puc. 1). [1-2]

Previous
Cell
State

[ Cell
x E State

» Pointwise Multiplication Sigmoid Activated NN

+ | Pointwise Addition m Tanh Activated NN

@B rointwise Tanh (Not a NN)

Pucynox 1 — Jliacpama LSTM

w

. ApxiTekTypa HelipoHHOI Mepexi (puc. 2)

Input Layer (Bxinnuii map): nei map BigoOpakae BXiJHi AaHi B MoJiesb. JJaHUM BXiJHUM IapOM
€ Embedding 3 mapameTpamu, siKi BU3HAYAIOTh PO3MIp CIOBHHKA (Vocab_size), pO3MipHiCTh
BekTopa eMoeninry (embedding dim) i moBxkuHy BXiHOT mocmigoBHOCTI (input_length).

Embedding Layer (Illap emOeminry): mei map BUKOPUCTOBYEThCS JJIsl IEPETBOPEHHS 1HICKCIB
CIIiB y BeKTOpH eMOeniHry. Bektop emMOeninry - e 4YMCIOBUI BEKTOP, SIKUH MPEACTaBIIIE
CJIOBO Y TPOCTOpPi BUCOKOI po3MipHOCTi. BennunHa input_length Bkasye Ha MakcumanbHy
JIOBXKHUHY BX1JHHX TIOCITiIOBHOCTEH.

LSTM Layer (lap LSTM): map nosrorpuBanoi KopoTkocTpokoBoi mnam'sti (LSTM)
BUKOPUCTOBYETBCS JJIsSi MOJCTIOBAHHS JOBrOTPUBAIMX 3aJI€KHOCTEH B TOCHIJOBHOCTSIX.
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Bin mpwuiiMae BXif Bij Inapy eMOEIIHTY 1 TeHepye BHYTPIIIHIA CTaH, SKUH IepeaaeThes
HACTYITHUAM IIapaM.

e Dense Layer (IloBHO3B's3ammii miap): mei map BUKOPHCTOBYETHCS i Kiacugikamii abo
perpecii. [lns BupimeHHs MOCTaBIEHOI 3a/adi BUKOPHCTOBYETHCS (DYHKIISI aKTHUBamii
softmax 1 BU3HaYeHHS IMOBiIpHOCTEH KOXKHOTO Kitacy.[3]

e OQOutput Layer (Buxigawuii map): map BU3Ha4a€ BUX1IHI KIMOBIPHOCTI U Pi3HHUX KJIACiB y 3a1a4i
Kiacuikartii.

e 3B'I3KM MIX IMApaMH: CTPUIKH MK IIapaMH MPEACTABISAIOTH MOTIK JAaHUX BiJl OJHOTO IIapy 0
iHmoro. BoHu Takok BKa3ylOTh HampsIMOK Tmiepenadi iHQopmamii. BpaxoByrouu
BUIIIE3a3HaUEHi QakTopu, oOpaHa apxiTekTypa LSTM 3abe3neuye epeKTHBHEBUSBICHHS Ta
YCYHEHHSI HEOJAHO3HAYHOCTI oMorpadiB y TEKCTOBUX NaHMX, 3[aTHICTh aJanTyBaTHCS O
PI3HHX KOHTEKCTIB Ta YHUKHEHHS PO0JIeM 3HUKIIUX TPAIi€HTIB IIiJ] 4ac TpeHyBaHHs.[4-5]

embedding input | input: | [(None, 100)]

InputLayer output: | [(None, 100)]

embedding | input: (None, 100)
Embedding | output: | (None, 100, 50)

Istm | iput: | (None, 100, 50)
LSTM | output: | (None, 100)

Y
dense | input: | (None, 100)

Dense | output: | (None, 10)

Pucynox 2 — Mooens netiponnoi mepesici 01 yCyHeHHs HeOOHO3ZHAYHOCII OMO2Paghie y MeKCmosux Oanux

4. HaBuyaHHA HeilipOHHOI Mepe:Ki, Ta TeCTYBaHHSA

Kpoxu:

* [Tonepenns oOpodKa:
Ouninenns 1anux: Bunanenus HenoTpiOHOT a00 HeiHpopMaTHBHOI iHPOpMaIIii,
TaKoil SIK 3aliBi CHMBOJIH, ITPO0iIH, 3HaKK MyHKTYyarii. [le momomarae y
MOKPAIIeHH] SKOCTi TaHWX Ta €(PEeKTUBHOCTI MOJIEII.
Tokenizamisi: Po30uTTs TexkcTy Ha okpemi "TokeHu" ado ciopa. Lle HeoOXiaHO 1St
HOAAJIBIIOTO PEJICTABICHHS TEKCTY Y BUTIIS/I YHCIOBHX BEKTOPIB, 3pO3YMIITHX
JUISL MOJIENI.
JlemaTu3amisi Ta cTeMiHr: 3MEHIIICHHS CJIOBA J10 Horo 6a3oBoi hopmu (Jiemu) abo
KopeHeBoi Gopmu (cTemy). Lle monomarae mojieni y BHOOpi KJIFOUOBUX CIOB IS
po3mi3HaBaHHS CEMaHTHUKH.[6]

* BekTopwu3zalisi TEKCTY:
Leit mponiec nepeTBOPIOE CIOBA 1 TOKEHH B YUCJIOBI MPEACTABICHHS, 110
BUKOPUCTOBYIOTECS IS OAAJIBILIOTO HABYAHHS MOJEIT.

* Inimiamizanis:
Bu3Havae movaTkoBi mapameTpu MoJieli Ta ii KOMIIOHEHTIB.

» Eran onrumizarii:
3a gomomororo onTuMizaropa Adam mpoxoanuTk MPOIEC aaamnTarlii Bar MOAENTi i
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KOHKPETHI J]aHi.

e Eran (bopBapzmoro Ta 3BOPOTHBOI'O MOMIUPCHHA:

@opBap/He MOUIUPEHHS: BXiIHI JaHI MOAAIOTHCA B MOJIENb, JIe BOHH MPOXOIAThH Yepes3
pi3HI mapu Ta OTPUMYIOTh NPOTHO30BaHI 3HaueHHsA. Ilicias 1poro BimOyBaeThCS

00paxyHOK BTpaT Ta I04YaTOK 3BOPOTHOT'O MOLIMPEHHS.

3BOpPOTHE MOMIMPEHHs: O0YHCIICHHS TPAJiEHTIB BTPAT BITHOCHO mapameTpiB Mozeni. Lli
TPagi€HTH BUKOPUCTOBYIOTHCS JIJIS aKTyalliallii Bar MIapiB y BIAMOBITHOCTI i3 3aJaHUMU
npaBwiamMu ontumizamii. Iled nporec mo3Bossie mozeni "BUMmTHCH" 3 BXOJOB Ta

BUIIPABJIATU TIOMHAJIKH, Hi):[,J'IaIHTOBYIOQI/I rnapamMeTpu.

e OwiHkKa:

Banioayia ma mecmysanna: OniHKa MOJeNi Ha BaligamiifHOMy HAOOpi JUIS HaNaIITyBaHHS
mapaMeTpiB Ta Ha TECTOBOMY HA0OPi [T OI[IHKY 3arajibHOi €(h)eKTUBHOCTI.

Mempuku epexmusnocmi: BUKOPUCTaHHS BIAMOBIAHUX METPHUK JJIi BHUMIpPIOBaHHS
TOYHOCTI, Yy TJINBOCTI, CIIEIM(IYHOCTI Ta iHIIUX NapaMeTpiB MPOAYKTHUBHOCTI[7].

bank,
bank-

bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank
bank

Pucynox 3 — Buensio y sixomy 30epicaiomvcsi Oani

[IpoBenenmii ekcriepuMeHT 3 pisHUME KOH(Diryparismu (Tadi. 1) Mojeni mokasas, o BapiaHT (Apyra
kosioHka) 3 mapamerpamu LSTM = 64, Dense = 128, batch size = 64, Epochs = 10, Adam = 0.001
JEMOHCTPY€E HalBUILI 3HaYEeHHs 000X METPHUK - BUCOKY TOUHICTh (Accuracy = 0.8802) ta 3nauenns AUC-
ROC (0.8916). lle cBimuuth mpo Te, 1O I KOHGIrypamis Mojeni ePEeKTUBHO BHUPIIIYE 3a1ady
knacugikamii omorpadis, HafawYM HAMKpaIlli pe3yJIbTaTH Yy MOPiBHSAHHI 3 iIHIIMMH BapiaHTaMH.

Takox BaXJIMBO 3a3HAYUTH, MO 30inbleHHs KUTbkOCcTi LSTM-mapiB He 3aBXIU TPU3BOIUTH JI0
MOJITIIIIEHHS Pe3yJIbTATIB, & 3MEHIICHHS KUTbKOCTI MOXKE BIUTHHYTH Ha €(DEKTUBHICTh MOJIEII.

301IbIIEHHS KIJIBKOCTI €M0X HE 3aBXKIH MPU3BOIUTH JI0 MOKPAIIEHHS, a IIBH/IKICTh HABYAHHS MOXKE
BUSIBUTHUCS KIIFOUOBUM (DAKTOPOM: 301IIBIIICHHS IIIBHIKOCTI MOXKE IIPU3BECTH JI0 3POCTAHHS TOYHOCTI

taAUC-ROC.

verb, tip|enclose|transact|act|work|give|cover|believe
depositor relation,noun,fiduciary relation

account,noun,account

bill, noun, paper money
building,noun,depository
card,noun,credit card
charter,noun,charter
check,noun,draft
clerk,noun,banker
closing,noun,closure
commissioner,noun,commissioner
deposit,noun, fund
discount,noun,interest rate
draft,noun,draft
examination,noun,examination
examiner,noun,examiner
failure,noun,failure
gravel,noun,gravel
guard,noun,watchman

holding company,noun,holding company
holiday,noun,legal holiday
identification number,noun,number
1line,noun,credit
1loan,noun,loan
manager,noun,director
martin,noun,martin

note,noun, paper money|

Tabnuys 1 - Pe3ynomamu excnepumenmis 3 pisHUMU RApAMempamu Mooeii
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LSTM=64 | L LSTM =32 | LSTM = LSTM =64 | LSTM =64
S 128
Demes = Pemes = Demes = 64 Demes = Demes =
128 MS ) Demes = 256 128
Batch_size | 556
Batch size | Batch size | =64 Batch size | Batch size
=64 =64 Batch size | =64 =64
Epochs = —64
Epochs = E 10 Epochs = Epochs =
10 Epochs=5 |10 10
Iédam = Adam = P
Adam = 0.001 0.001 Adam = Adam = Adam =
0.001 h 0.01 0.01 0.0001
Accuracy
AUC-ROC

Hauanns Mojeni mpornuIo AOCUTH yCIinHo. [lounHaroun 3 BUCOKOTO 3HAYSHHS TOYHOCTI Ha TIEpIIiit
€roci, MOMITHO MEBHU 3piCT HACTYIMHUX €M0X, IO CBIIYHUTH PO TE, IO MOJIENIb €(EKTUBHO BUNTHCS Ha
HaBYaJIbHUX JMaHuX. OfHAaK, MOXKJINBO, BapTO 3BEPHYTH yBary Ha Te, IO Ha OCTaHHIXeIoXaxX MOXKHA
CriocTepiraTé MeBHUH CIajl y TOYHOCTI Ta 1HIIMX METPHUKAaX Ha BamimaniitHoMmy HaOopi. Lle Moxe Oytu
03HAKOIO TIepeHaBYaHHs MoJieli a00 HEOOX1THOCTI MiArOHKH TilepriapaMeTpis.

e AN
0.5 1
o E
o 04 ~— train data
5 validation data
-
0.3 1
024
0 1 1 ] 1 1) | ]
0 20 40 60 80 100
epochs

Pucynox 4 — I'paghix knacosoi mounoumi mooeiui

Pe3yabTaTu T2 BUCHOBKH

Mojiens JIEMOHCTPY€E BHCOKHI piBeHb €()EeKTHBHOCTI Ta TMPOAYKTHBHOCTI 3aBISIKH pO3pOOJICHii
apxiTeKTypi, pi3HOMAHITHOCTI Ta SKOCTI JaHUX JJIsl HABYAHHS, a TaKOX OOpaHUM TineprapaMerpam.
Apxitektypa Brimoyae LSTM-mapu, emOeniHrn ta apomnayT-luiapu, ski e(EeKTHBHO MPALIOIOTh 3
TEKCTOBUMH JIaHUMH, 110 MiATBEPKYETHCS BUCOKOIO TOUHICTIO 89% Ta 3nadeHHsmM AUC-ROC 0.8916.
Hapuanphi nani ckmagarothess 3 10 THCSY TEKCTOBHX JIaHUX 3 JaTaceTry, MOTepelHbo OOpOOJIeHHX
nusixom BuganenHss HTML-cytHocrelr, URL-agpec Ta iHmmx HemoTpiOHuX cumBomiB. Ilposeneni
€KCIIEpPUMEHTH Ta aHaJli3 Pe3yJIbTaTiB JO3BOJIMIIM BU3HAYUTH ONTHMANbHI TillepnapaMeTpy MOJEII.

MoysibHa CTPYKTYpa Ta apXiTeKTypa MPOrpaMHOI peaizallii Takoxk 3a0e3MeUyIoTh JIETKY IHTerpaIiito
Ta ajanTalilo MOJEJIi JJs BUKOPUCTAaHHS Ha pi3HuX mnardopmax. Hanpukian, Mogens Oyna ycminiHo
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BIIPOBa/DKEHA y cepenoBuiii Telegram, 110 JO3BOJISE B pealbHOMY Yaci MPOBOAMTH aHai3 1 yCyBaTH
HEOJTHO3HAYHOCTI OMOrpadiB y TEKCTOBHUX JIaHUX, SKI HAAXOMATh Yepe3 o0pany miardopmy.
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Development of a neural network model to resolve homograph ambiguity in
text data

This paper explores the creation of a neural network model aimed at resolving the ambiguity of homographs in textual data.
Various neural network types are scrutinized for their potential in addressing this challenge. The paper delves into the
methodological aspects of neural network architecture, encompassing analysis, design, implementation, testing, evaluation, and
optimization. Each stage of this process is underlined for its significance, stressing the importance of a thorough understanding
of neural network types and their applications, as well as judicious technology selection. The utility of the developed model
extends to domains utilizing automatic language recognition, text-based decision support, enhancement of search systems, and
natural language processing. Researchers and practitioners in the field of natural language processing and text data classification
will find this paper valuable.

Relevance: in today's world, the development of a neural network model to resolve the ambiguity of homographs in textual data
is determined by the challenges facing the field of natural language processing. This model is able to correct errors associated
with incorrect understanding of the meanings of words in the text, which will ensure greater accuracy and quality of the analysis
of the text material. Its use is possible in various areas, including automatic language detection, decision support based on text
information, improvement of search systems and data classification.

The goal: to improve the quality of text processing, in particular, to improve the accuracy of recognition of words that have more
than one meaning, through the development and implementation of a neural network that will be able to resolve homograph
ambiguities in text data in real time.

Research methods: system analysis, deep learning methods, neural network theory, data processing and preparation methods,
simulation modeling were used to study the selected area. The software is developed using the Python language and uses the
sklearn, keras and other packages.

Results: the main result of the work is the development of a neural network model that eliminates homograph ambiguities in
text data in real time, which makes it possible to expand it for the other languages.

Conclusions: the problem of ambiguity of homographs in textual data has been considered. For this natural language processing
task, a neural network model with long short-term memory was developed using embedding models, LSTM layer, and fully
connected layers. The study proves the importance of innovative approaches in solving homograph ambiguity problems in textual
data, and that the use of neural networks and artificial intelligence technologies becomes a promising direction for further
research and implementation in this area.

Keywords: neural networks, homograph, model, embedding, PYTHON, LSTM
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Bbararopa3oBe HaBUaAHHSI HEHPOHHUX MEPE:K JISI ABTOMATHYHOI cCerMeHTamil
obJsacTi xpeOTa

AKTyanabHicTh. [IpodinakTHuHi Ta JIarHOCTHYHI JOCHI/PKEHHS HASBHOCTI KIiCTKOBHX 3aXBOPIOBAaHb, IOTPEOYIOTH
MOP(OMETPUYHHX JOCITIPKEHb PEHTI'€HIBCHKUX 3HIMKIB BIIUILTY TpyIHOT KIIITHHU. B TenepiniHiii yac ay1st po3B’si3yBaHHs TaKUX
3aa4 BCe YaCTillle BHKOPUCTOBYIOTH METOIY INTYYHOTO IHTENEKTy. 30KpeMa B MLilf poOOTi TOCIHi/KeHa MOXIIHMBICTBH
3aCTOCYBaHHsI IITYYHOTO IHTENEKTY IPH CErMEHTAlil MeIUYHHX 300pakKeHb 3 MU0 aBTOMAaTHYHOTO J[IarHOCTYBaHHS
3aXBOPIOBAHb KICTKOBOI cHCTeMH JIOIUHHM. OCHOBHI TpyIHOIII ITi€i 3amadi MOB’A3aHi 3 THM, IO peajbHI PEHTTCHIBCBHKi
300pake€HHS MAalOTh TPAaHWYHI XapaKTEPHCTHKH SKOCTi, HANPHUKJIal, 3a MapaMeTpoM BiJHOIICHHS CUTHAIY A0 IIyMy abo
KOHTpAcTy. 3 Li€l MPUYMHHU 3aCTOCYBaHHS CTaHAAPTHUX METOJIB PO3Mi3HaBaHHSA 300pakeHb a00 aBTOMATHYHOI A1arHOCTUKH
CTa€ HeMOXKIMBUM. L1i TpyIHOIII PUBETH 10 TOTO, IO B TEMEPIMIHIN Yac iCHy€e TOCTAaTHRO BEJIMKA KiBbKICTh POOIT B il ramysi,
ayie pe3yabTaTy OLTBIIOCTI 3 HUX JEMOHCTPYIOTh HEJOCTaTHI JUI IPAaKTHYHOTO BUKOPUCTaHHS pelyibratd. HaBenena B mii
po6oTi opHriHaJbHA METOJIMKA BHUKOPHUCTaHHS aHCaMONI0 HEHPOHHHMX MepeX I03BONMJIA y3aralbHUTH 3700yTi xoTerep
pe3yNbTaTH Ta TIOETHATH MEPEBAry 1HIINX ITiIXOiB.

Meta. JlochmigMTH MOJJIMBICTh BHKOPHCTaHHS INTYYHOTO IHTEIEKTY B CErMEHTAlil MEIWYHUX 300pakeHb 3 METOI0
ABTOMATHYHOI ZIarTHOCTHKH 3aXBOPIOBAHb KiCTKOBOI CHCTEMH JIFOJIMHH.

Mertonu Jociaif:keHHsi. Y JaHOMY JOCHI/KCHI BHKOPHUCTOBYBABCS aHCAMONEBHII METON CETMEHTAlii pPEeHTICHIBCHKUX
300pakeHb. OCHOBY HaBYAJIBHHX JaHHUX OyJI0 CTBOPEHO Ha 0a3i peHTTeHIBCHKUX 3HIMKIB Y3STHX 3 BIAKPUTUX pKepen. Beporo
KiJIBKIiCTh 300paskeHb craHOBWiA 183 3HiMKiB. [lowaTkoBi maHi Oyno MoamGpikoBaHO 3TiJHO 3 BIMOTaMH HEOOXITHUMH IS
HaBUaHHA Mozenell. Bei 300paxeHHs Oyiu mepeBeieHi 10 rpafallii ciporo Ta 3MiHeHi 10 po3MipiB 256X256 mikcemiB.
Pe3yabTaTh. 3aBISKH BUKOPHUCTAHHIO IIbOTO METO/IY B JIBOX TECTOBHMX BHIIAIKax OyJI0 OTpPHMaHO MOKpalieHHs TouHocTi 3 0,543
10 0,820 ms neproro 3HiMKy Ta 3 0,725 10 0,923 11t Apyroro 3HiMKYy.

BucnoBkn. byso 3ampornoHoBaHO i ZOCIIPKEHO 3aCTOCYBaHHS METOMUKHM BHKOPUCTAHHS aHCAMOJII0 HEHPOHHUX MEpPEeX, L0
6araropa3oBO HABYAIOTHCS, JUIi aBTOMATHYHOI CerMeHTalii meBHOi obmacti xpebra, a came AinsHKH xpebra Th8-
Thll.3acrocyBaHHS IBOrO METOIY JO3BOJMIO OTPUMATH OLTBII CTaOLIBHI Ta TOYHI mependadeHHs ISl UIyKaHUX AiTSTHOK
xpe0Ta, HaBiTh JJIsI 3HIMKIB 3 BHCOKHM PiBHEM LIYMY.

Knrouogi cnoea: wimyunui inmenexm, MAawiuHHe HAGYAHHS, PO3NI3HABAHHS 300padiceHb, HEUPOHHA Mepedicd, aHCamOnb
HeUpoHHUX Mepedic, MOpGomempisl.

Sx nutyBatu: Kontoxos B. /., Mopryn O. M., Hemuenko K.E. baratopa3zoBe HaB4aHHS HEHPOHHUX
MepexX I aBTOMAaTW4YHOI CerMeHTallii oOmacti xpebra. Bicnux  Xapxiscvkoeo  HAyioHAnIbHO20
yrigepcumemy imeni B.H Kapas3zina, cepis «Mamemamuune mooenosanns. Inghopmayivini mexnonoeii.
Aemomamuszoeani cucmemu ynpasninusy. 2024. urn. 62, C.37-44.

https://doi.org/10.26565/2304-6201-2024-62-04

How to quote: V.D. Koniukhov, O.M. Morgun and K.E. Nemchenko, “Multiple training of neural
networks for automatic spine segmentation”. Bulletin of V.N. Karazin Kharkiv National University,
series Mathematical modelling. Information technology. Automated control systems, vol. 62, pp. 37 - 44,
2024. [In Ukrainian]  https://doi.org/10.26565/2304-6201-2024-62-04

1 Beryn
JliarHoCTHKa Ta OLiHKa HAasBHOCTI KiCTKOBHX 3aXBOPIOBAHb, 30KpEMa KOMIIPECIHHUX MEPETIOMIB ,
noTpedye MOPHOMETPUYHUX JOCHTIHDKEHh OIYHUX PEHTICHIBCHKUX 3HIMKIB BIJJIUTY TPYIHOI KIITHHU
(BI'K) [1], ski BUMararoTh Bija JiKaps-peHTTEHOJIOTA JIy’Ke TPUBAIOL i TpyaomicTkoi pobotu. s
NOJIETIICHHS Li€l poOOTH, TOOTO aBTOMAaTHUYHOI CErMEHTAli{ 32 JONOMOIOI0 KOMITTOTEPHOI IpOrpamH,

© Kowtoxos B. [1., MopryH O. M., HemueHko K.E., 2024
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0.

BY



https://doi.org/10.26565/2304-6201-2024-62-04
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:riggelllll@gmail.com
https://orcid.org/0009-0007-0256-1388
mailto:lrmt@ukr.net
https://orcid.org/0009-0005-6157-9110
mailto:nemchenko@karazin.ua
https://orcid.org/0000-0002-0734-942X
https://doi.org/10.26565/2304-6201-2022-53-01
https://doi.org/10.26565/2304-6201-2022-53-01
https://doi.org/10.26565/2304-6201-2024-62-03

ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
38 series «Mathematical modeling. Information technology. Automated control systems» issue 62, 2024

pamire po3po0isiTacs 3HadHa KUTBKICTh Pi3HOMAHITHHX anropuTMiB [2 —4]. [IpoTe TpyaHOMmII peamizamii
OUX AITOPUTMIB TOB'A3aHI 3 HU3KOI NOpWYMH. [Ipy PEHTrCHONOTiYHMX JOCTIDKEHHSIX MOBHHEH
BukonyBarucsi npuHuun ALARA (As Low As Reasonably Achievable), To6to mo3a ompomiHeHHS
namieHTa Ma€ OyTH HAcTIbKM HHM3bKOK, HACKUIBKM L€ MOXJIMBO. lle MpU3BOIUTH [0 HHU3BKOTO
BiTHOIIIEHHS CUTHAJI/IITYM, JIe TIi/I CATHAIIOM PO3yMI€ThCS padialliiHu{ KOHTPACT, a ITiJ1 IITyMOM KBaHTOBI
Ta CTPYKTYpHi rymMu. CTPYKTYPHHUH IIyM — 1€ IIyM, SIKWI TIOB'SI3aHUM 3 HAKJIaJCHHSIM Ha 00JacTh XpebTa
IHIINX aHATOMIYHUX OpTaHiB TpPH MPOEKTYBaHHI TPUBHMIPHOTO 00'ekTa (JIFOACHKOTO Tija) Ha
JBOBUMIpDHUI THpHiiMad pPEHTIeHIBCHKOro 300paskeHHS. Lle mpoekTyBaHHS NPHU3BOIUTH TAKOXK 0
PO3MUTTA IpaHHLb 300pakeHHs1 XpeOTa, 0 BiAMOBIAHO MOTIPIIyE HOTO BUSABJICHHS Ta CErMEHTALi0. Y
pas3i CTaHZapTHOTO MiIXOAY A0 3aCTOCYBaHHs, HaBITh CIEUiali30BaHMX JIi MEAWLIUHA HEHPOHHUX
Mepexx (mampukimanm U-Net abo ananoriB) [5], BUHHKAOTh MPOOJIEMH TP CETMEHTAIlli peasbHUX
3alIyMIICHUX 1 PO3MHUTUX PEHTTEHIBCHKHX 300paxkeHb 6iunoi mpoekuii BI'K. Jlns BupimenHs 3amadi
ABTOMAaTHYHOI cerMeHTalii AUITHKH XpeOTa HaBiTh Y TAKUX 3alIyMJICHHX 1 POBMUTHX PEHTICHIBCBKUX
3HIMKaX y Iil CTAaTTi 3allpOMTOHOBAHO METO] 0araTropa3oBOro HaBYaHHS HEHPOHHUX MEPEXK.

OcTaHHIM 9acOM 3aBJSKH MPOTPECY B PO3IBUTKY KOMI'IOTEPHOI TEXHIKH Ta aJITOPUTMIB IMITYIHOTO
IHTENIeKTY 3'IBUJIACS BEJMKA KUIBbKICTh JOCTIIKECHb 3 BUKOPUCTAHHIM 3TOPTKOBUX HEHPOHHUX MEPEx
JUTSL aBTOMAaTHYHOI cerMenTaittii xpeora [6 — §]. [IpakTn4aHO BCi BOHU MOB'sI3aHi 3 pO3pOOKOI0 allTOPHTMIB
YIOCKOHAJICHHSI CTaHAAPTHOTO 3aCTOCYBaHHS HEHPOHHHMX Mepex 10 300pakeHb xpedOra. [lo Takmx
ANTOPUTMIB MOKHa BiAHECTH TiOpHIHI METOAM, SKi TOETHYIOTH paHille po3poOiieHi anropuTMH
MAaIIMHHOTO HABYaHHS T4 BUKOPUCTAHHSI 3TOPTKOBUX HEUPOHHHUX MEPEXK 3 INTMOOKUM HaBuaHHAM [ 7], abo
BUKOPHCTAHHS 0araTo3ajaqHux MyJIbTUMOAAIBHIX HEHPOHHUX Mepex [6].

VY wili craTTi NPOMOHYETHCS 1 JOCHIIKYEThCS 3aCTOCYBaHHS METOJWKH BUKOPUCTAHHS aHCaMOJIO
HEHPOHHHUX MEPEXK, 10 0araTopa3oBO HABYAIOTHCS, ISl aBTOMATHYHOI CerMEHTallii MEeBHOI 00JacTi
xpebTa, a came minsHkE xpedra Th8-Thll.

2 Metoan

3agaua aBTOMAaTUYHOI cerMeHTarii AinsHku xpedra 3 xpebusimu Th8-Thll BupinryBamocs y nBa
€TaIH, 110 J03BOJIWIO JOCSTTH TOCTATHHO BUCOKOTO PiBHS BU3HAYECHHS IIyKaHOi 00JIacTi.

2.1 Mepmuii eran

Ha nepuromy erarti , nepBUHHOTO Tiepe10adeHHs ITyKaHOi 001acTi , JOCIiIKyBaIHCs MOBHOPOPMATHI
peHTreHiBCchKi 3HIMKH O0i9nO1 poekmii BI'K monuan. [Iporeaypa 3acTocyBaHHsS HEHPOHHUX MEPEX IS
BU3HAYEHHs JaHOI 4acTHMHU XpeOTa Oyina cranmapTHoio. Crovatky BuOHMpaBcs HaOip 300paxkeHb 3a
SKAMH TIPOBOJMJIOCS HaBUaHHS HEHPOHHUX Mepex. B sikocTi Takux HaOOpIB , BUKOPHCTOBYBAIUCS
3araJbHOJIOCTYIHI HaOOpH , sKi 3HaXOoAAThCs y Mepexi Inteprer [10]. IToTiM BpydHY CTBOPHOBAIHCS
Macku obrnactedd, TOOTO oOjacTel sKi MIiCTATh IIykaHy HinsHKY 3 XpeOmsmu Th8-Thll. I[Mpukmagu
BUXIJIHUX 300pa)kKeHb Ta BiJIOBIJIHI Macku Moka3aHi Ha Puc. 2.1. ¥V HamoMy BHIaJIKy HaBUaHHS BCIiX
MoJieNieii HeMpOHHHUX MepesK MpoBOrIIocs Ha Habopi 31 183 3HIMKIB, siKi MacIITabyBainucs 0 PO3Mipy
256*256 mikceniB. Yci 300pakeHHA Oy/nn BHKOHAHI B Irpajawisix ciporo B Aiana3oHi iHTEHCHBHOCTI
curnany 0-255.

Puc.2.1 Ipuxnaou éxionux 300pasiceHb ma 8i0N0GiOHI MACKU
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Hapuanus 37iicHIOBAIOCS Ha HACTYIHUX HelipoHHHX Mepexax: FCN8, FCN32, MobileNet_Segnet,
U-Net, MobileNet Unet, VGG_Segnet. Ilpu mpomy mapameTpyd HaBYaHHsS BHOUPANUCS OJHAKOBI.
TumoBuii pe3ynpTar nepeadaueHHs - BUXITHUA PEHTTEHIBCHKHM 3HIMOK, BIAMOBigHA HOMYy Macka i
pe3yibTaT BU3HAYCHHS JIUITHKA XpeOTa, 110 NIYKAEThCs, oKa3aHo Ha Puc.2.2.

Puc.2.2 Ipuxnao suxionoeo penmeeHiecbko2o 3HIMKY, 6i0N0GIOHA UOMY MACKA uwyKanoi obracmi (6inutl KoHmyp)
ma pesyromam nepeobauenus (YOpHUuL KOHMyp)

Bignosigauii wiii Moaesi HelpoHHOT Mepexi rpadik BTpaT, a TaKOX rpadik 3pocTaHHs IKOCTi

BM3HAYEHHS [ITyKaHO1 00acTi mpezacrapieHi Ha Puc.2.3.
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Puc.2.3 3anescnicmo 6i0 kinvkocmi enox empam (a) ma skocmi nepeddauents 306paicerns (6)

KinbkicHe mopiBHSIHHS Tiepen0aueHb, OTPUMAHKX 32 JIOTIOMOTOI0 HaBYCHUX MOJieNiell HeHPOHHUX
Mepex Ta JIFOAWHH, 3IiHCHIOBAIOCS 3a JomoMororo koedirienta Dice [9].
Jlia migBUIEHHST TOYHOCTI rependadeHHsT Macok (a oTke miaBumeHHs koedinienta Dice) Oyio
3aMpoOIIOHOBAHO HaBYaTH HEHpOHHY Mepexy 10 pasiB, a HOTiM BU3HAYEHI 00J1acTi yCepeTHNUTH 3a BCiMa
BU3HAYCHHSMHU.

2.2 Ipyruii eTan
Jiist MoKpaInieHHs! IKOCTi cerMeHTallii, Ha Ipyromy eTari OyJo 3amporiOHOBAaHO BUKOPUCTOBYBATH
PAA HEHPOHHUX MEpeX IIe pa3, ajieé 3 MEHIIUM PO3MIPOM JIOCIIDKYBaHOI 00JacTi pEeHTTeHIBCHKOTO
3HIMKY, 7€ 3[1iIHCHIOETbCS CETMEHTALLiSl.
Miclie 3HaXO0/DKEHH 11i€1 00J1aCTi BU3HAYAETHCS 32 Pe3yJIbTaTaMM IEPIIOro eTamy, B TaKUi crocio.
Sk 1o 3MeHIIeHy o0JiacTh BUOMpPaEMO MPSIMOKYTHUK , 10 BKitoyae xpeOii oauH Bumie (Th7) i oqun
Hwk4e (Th12) mykanoi ginsgHku xpedra, mo Bkiatouae xpedui Th8-Thll. Ilpuknanu peHTreHiBCBKUX
3HIMKIB 1 BiAIOBITHUX 1M, CTBOPEHHX BPYYHY MAcCOK, 32 SKMMH 3/A1HCHIOBAIIOCS HaBYaHHS HEHPOHHHUX
MepexK, mokazano Ha Puc.2.4.
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Puc.2.4 Ilpuxnaou ¢hpaemenmis suxionux 300paxceHb ma 8ionosioni Macku wykauoi ooracmi

Koopaunatu tentpy nependadysanoi obmnacti 300paxkennst ( X_,Y, ) BU3HAaYaIMCs 3a TOMOMOTOR0

nepeaoaueHoi MacKu (OTpUMaHOI Ha TIEPIIOMY €Tarli)) 3a (OopMYJIOH:

1
X = 2 (Xminmay) (2.1)
Ta
1. .
Yo = 2 (Ymingay) (2.2)

ae X max s X min » YmaX , Ta Ymin — KOOPJMHATH KpaiHiX TOYOK y 300paskeHHI epeadaueHoi ooaacTi.

Jlayii HaBKOJIO LLOTO IIGHTPY BUOMpanacs BHpi3aHa 3 IOBHOTO PEHTIEHIBCHKOTO 300pa)kKCHHS

NPSMOKYTHA A1ISTHKA 3 pO3MipaMu LO xH 0 » IKI BU3HAYAIOTHCS 32 POPMYIIOH0:

Ly =033-1L, (2.3)
Ta
Hy=05-H (2.4)

ne L i H - moBHa mmpuHa Ta BHCOTa BXiJHOTO peHTreHiBchkoro 300paxkenHs. Koedimientn 0.33 1 0.5
BUOMpanucs 3 aHaizy 183 peHTreHiBChbKUX 300pakeHb Tak, MO0 y BHpi3aHy 00JacTh BMiCTHIIACS
ninsiHKa xpeora 3 xpebipsimu Th7-Th12.

3 ExciepumeHTH Ta pe3yJbTaTH

[Ticns mpoBeAeHHS TpeHyBaHb, MPOBOJMIIOCS TECTYBaHHsS Ha iHIIOMY Habopi 300pakeHb, IO
CKJIaJaroThes 3 58 peHTreHiBcbkux 3HiMKiB O0iuHo1 poekii BI'K, B3stux 3 intepuery [10], sixi oTpumani
B PI3HMX yMOBaXx i1 Ha pPi3HUX PEHTI€HIBCHKUX amaparax. [Ipy HpoMy ciaiJl 3a3HAUYNTH, IO MTOTIEPETHHOTO
BiI0OPY 300payKEHHS 3a AKICTIO HE MPOBOJIMIIOCS, & JTOCTIIKYBAIMCS BC1 300pakeHHs, SIKi OyJIU B I[UX
6azax.

PesynpTatn nepeabaueHHs MacoK IUISHKH XpeoTa, 1o Bitodae xpeoui Th8-Thl1, nist nBox pizHux

HaBuaHb npecrasieHi Ha Puc.3.1. [lns nemMoncTpallii eeKTHBHOCTI 6araTopa3oBOro HaBYaHHS BUOPAHO
3HIMKH 3 BUCOKHM piBHEM IIyMY 1 PO3MUTHMH MeXaMu XpeOTa.
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A A

Puc.3.1 puxnaou euxionux 300pasicenv, 8i0nosiOHUX MACOK (binuti KOHmMyp) ma nepedbayeHux obracmet
(wopHUTl KOHMYP) 0151 080X PisHUX Hasuanb. A - 300padicenns 14 3 6aszu [10], b - 306pascenns 23 3 6azu [10]

KinpkicHi pe3ynbraTh mependaueHb HEHPOHHMX MEpEkK, LI0 OKPEMO HaBYAIOTHCS, a TaKOXK
yCepeIHEHb 110 JISCATH HaBYaHHsIX, HaBeaeHi Ha Puc.3.2. Sk BugHO 3 ricTrorpam, HaBeneHux Ha Puc.3.2,
OKpeMi HaBYaHHS MOXXYTh JaBaTH Kpalli pe3yibTaTd 3a Koedimiearom Dice s SKoroch KOHKPETHOTO
PEHTIeHIBCHKOTO 300paskeHHs, ajie UIsl IHIIOTO PEHTIeHIBCHKOr0 300payKeHHS 1 OKpeMe HaBYaHHS J1a€
ripimii pe3ynbTaT mopiBHSIHO 3 ycepenHeHHsaM. Ha Puc.3.2, Takox HaBOAATHCS pe3yIbTaTH yCepeTHEHHSI
nepeadadeHb IBOX HEMPOHHMX Mepex. Pesynbratu nepeabaueHHs iHmmx HedpoHHHX Mepex (FCNS,
FCN32, U-net, VGG_Segnet) Puc.3.2 He HABOAATHCS, OCKIJIBKM BOHHM 3HAYHO MOCTYNAINCS HEHPOHHUM
Mmepexkam MobileNet Segnet 1 MobileNet Unet.
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Puc.3.2 Kinvkicui pesynemamu oecsimu nepeddaierb HeUpOHHUX MEPEIC, WO OKPEMO HABUAIOMbCS, d MAKOIC
ycepeoueHi no 0ecsimu Hag4aHHsax 015 080X 300padicensb. Temua ninis — pe3ynbmam ycepeoHenus 071 NeeHOL
mepeosici. Ceimna ainis — pe3ynvmam ycepeoHenHs no 000M Mepedricam.
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OjiHaK, HaBITh PE3YJIbTATH IIMX HAWKpalIUX HEHPOHHHX MEPEX JICMOHCTPYIOTHh BIIHOCHO HHU3BKY
AKicTh cermeHTtauii. Lle 3yMOBIIEHO, SIK BUCOKMM pIiBHEM WLIyMy, MalldM pajialiiHUM KOHTPAcTOM,
PO3MHUTHUMH MeXaMH XpeOTa, Tak W MajauM pO3MIipOM IIYKaHOTO 300pakKeHHs, MPOTH IOBHOTO
300paxensst OigHoi mpoekmii BI'K monuau. Tomy, sk 3a3Hadanocss BUIIE, AU TOJIMIIEHHS SKOCTI
CerMeHTallil, Ha APYroMy eTarli, IPOIMOHYBAIOCS BUKOPUCTOBYBATH PsIJI HEHPOHHUX MEpEXK IIIe pa3, aie
3 MEHIIINM PO3MIPOM JTOCIIKYBaHOI 001aCTi, Jie 3/{iIHCHIOETHCS CErMEHTAITis.

AHAJIOTIYHO MEPIIOMY €Tamy Ticis MPOBEACHHS TPEHYBaHb MPOBOJIWIOCS TECTYBaHHS HA TOMY XK
HaboPi 300paXkeHb, IO CKIANAIOTHCA 3 TUX XKe 58 peHTreHiBchbkuX 3HIMKiB OiyHO1 poekiii BI'K, amne 3i
3MEHIIICHOI O0JIACTIO JOCHIKeHb. Sk 1 B mepmioMy erari, Juis nepeadadeHHs Macku xpe0Ta, 1o
Bkmouae xpebui Th8-Thll, 3acTocoByBamucst Ti X IIICTh HEHPOHHUX MEPEXK 3 IECITUKPATHUM
HAaBYaHHAM 1 ycepemHEHHSIM mependadeHnx Macok. Haiikpamii pesymsratu (3a xoedimientom Dice)
MOKa3alu YCEpeIHCHHs JBOX HelpoHHUX Mepex MobileNet Segnet ta VGG Segnet. Ilepenbaueni
obnacTti Jyis TMX CaMHX BHIAJKiB, sk i Ha Puc.5 mokazano Ha Puc.3.3. Koeoimient Dice nmmux nBox
BumaaKiB 3pic 3 0,543 go 0,820 mst 3aiMKa Ne 14 13 0,725 mo 0,923 ms 3niMka Ne 23.

Puc.3.3 Ipuxnaou euxionux 306pao;cé, 610n0GIONUX MACOK (6‘1'Jm'1ill<olrﬁmyp) rﬁa nepedbauenux oboracmeii
(wopruii konmyp). A - s06pasicenns 14 3 6asu [10], b - 306pasicenns 23 3 6azu [10]

4 BUCHOBKH
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3anpornoHOBaHO METOJ IMiABHUINEHHS TOYHOCTI IepefOadeHHs HEHMPOHHUX MEPEXk 3a PaxyHOK

JIBOCTAITHOTO 1 0araTopa3oBOro HaBYAaHHS HU3KW HEHpOHHUX Mepexk. Lleit MeTon 103BOIMB JOMOTTHCS
CTablNBHOCTI 1 TOYHOCTI mepeadadeHp MyKaHuX AUISTHOK XpeOTa, HaBiTh JUIs 3HIMKIB 3 BUCOKUM piBHEM
IIyMy, HA3BKAM KOHTPAaCTOM 1 PO3MHTHMH MEXaMH IIyKAaHUX O0'€KTiB. 3alpONOHOBAaHY METOAHKY
MOJJIMBO 3aCTOCOBYBATU SIK UL AOCHIIPKEHHS IHIIMX OpPraHiB JIIOAWHU, TaK 1 B HE MEAWYHUX
3aCTOCYBaHHSX, JI€ 3yCTPIYalOTHCS HESKICHI 300paskeHHsL.

10.
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Multiple training of neural networks for automatic spine segmentation

Actuality

Preventive and diagnostic studies of the presence of bone diseases require morphometric studies of X-ray images of the chest
area. Nowadays, artificial intelligence methods are increasingly being used to solve such problems. The main difficulties of this
task are related to the fact that X-ray images have quality limitations, for example, in terms of signal-to-noise ratio or contrast.
For this reason, the application of standard methods of image recognition or automatic diagnosis becomes impossible. These
difficulties have led to the fact that there is currently a fairly large number of works in this field, but the results of most of them
are insufficient for practical use.

Goal
Investigate the possibility of using artificial intelligence in the segmentation of medical images for the purpose of automatic
diagnosis of diseases of the human bone system.

Research methods

The ensemble method of X-ray image segmentation has been used in the study. The baseline of training data was created on
the basis of X-ray images taken from open sources. The total number of images is 183. The initial data was modified according
to the requirements necessary for model training. All images were converted to grayscale and resized to 256x256 pixels.

Results
Using this method in the two test cases resulted in an improvement in accuracy from 0.543 to 0.820 for the first snapshot and
from 0.725 to 0.923 for the second snapshot.

Conclusions

We have proposed and investigated the application of the methodology of using an ensemble of reusable neural networks for
automatic segmentation of a certain area of the spine, namely the Th8-Th11 spine region. The application of this method allowed
obtaining more stable and accurate predictions for the desired spine regions, even for images with high noise levels.

Keywords: artificial intelligence, machine learning, image recognition, neural network, ensemble of neural networks,
morphometry.
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Moaeab KOMIT’FOTEPHOI CHCTEMH MOCEJIEHHA CTYACHTIB Y T'YPTOKHTOK

Merta poGoTH: aBTOMATH3AIIisI IPOLECY MTOCEIEHHS CTYICHTIB Y TYPTOKUTKH YHIBEPCUTETIB Yepe3 CTBOPEHHS KOMI IOTEPHOL
CHCTEMH IIOCEJIEHH], IKa BPAXOBYE OCOOHCTI BUMOTH CTYAEHTIB Ta IIOKPAIIY€E PO3IIOILT MiCIIb.

MeTonu JOCTiTKeHHsI: METOAW ONTHMI3alii, 30KpeMa EBOJIOLIMHUHA MiIXiJ 3 3aCTOCYBaHHSM T'CHETHYHHX AJITOPHUTMIB,
MOJICIIOBAHHS apXITEKTypH IIPOrpaMHOr0 3a0e3MeYeHHs, METOAM Ta TEXHOJOTil pO3poOKH IPOrpaMHOro 3abe3nedeHHs.
Komrm’rorepra cucrema moOyzoBaHa Ha OCHOBI TPUPIBHEBOI apXiTEKTypH, sika BKJIIOYAE PiBHI Ipe3eHTanii, 6i3HeC-JIOTiKH Ta
nmanux. s po3poOKM BHKOpUCTaHI TexHouorii: Spring Boot mamst cepBepHoi yacTuHH, Angular Asl KIIIEHTCHKOI YaCTHHHU Ta
PostgreSQL st 30epiranss gaHuX.

VY pe3yabTaTi po3pobieHa KOMI'IOTEpHA CHCTEMA J03BOJISIE ABTOMATU3YBATH MPOLEC MMOCEICHHS CTYICHTIB Y TYPTOXHTKH,
BpPaxOBYIOUH iXHI IHIUBiAyaidbHI MOTpeOM Ta mepeBard. BoHa 3a0e3medye Kpamiuii poO3MONT CTYyOSHTIB MO KiMHATax
TYPTOXKUTKIB, 3 ypaxyBaHHSIM TaKUX KPUTEPIiB, sIK CTaTh, TUI 0COOMCTOCTI (IHTPOBEPT/EKCTpaBepT), Kypc HaBuaHH:. CHucTema
3a0e3rneyye MOXKIUBICTh aIMiHICTpYBaHHS Ta MOHITOPHHTY IIPOILECY HOCEIEHHs, IO JO03BOJIIE MpAliBHUKAM YHIBEPCUTETY
OIIEpaTHBHO pearyBaTH Ha 3MiHHM Ta BHPILNIyBAaTH MOXIJINBI npoOiemu. Bubip texnonorii, Takux sk Spring Boot, Angular Ta
PostgreSQL, 3a06e3mneuye kpocmatGopMHicTh, O€3MEKy JaHUX Ta MOKJIMBICTH aJanTallii CHCTEeMH JI0 3MiHHHX yMOB. MoJienb
0a3u maHUX BKIIOYae TaOmuIi, y SKuX 30epiraeTscs iHPOpMAIis PO CTYICHTIB, MPALiBHHUKIB, KIMHATH TYPTOXKHUTKIB Ta 1HIII
HEeoOXi/IH1 1aHi, 0 JO3BOJISE 3a0€3MeUNTH e(EKTHBHE YIPaBIiHHS iHPOPMALIE.

BHCHOBKH: 3al[pONIOHOBaHA CHCTEMa JJO3BOJISIE aBTOMATH3yBaTH MPOLIEC PO3NOAUICHHS CTYICHTIB y KIMHATH TYPTOXKHTKY,
BPaxOBYIOUM IXHI iHAWBiAyalbHI MOTpeOu Ta mobaxaHHs. lle poOWUTh 11 MEPCHEKTUBHUM IHCTPYMEHTOM [UIS YIpaBIiHHA
JKUTJIOBUM (POHIOM 3aKjaiiB BUINOI OCBITH, IO MOXE NMPUCKOPUTH TPOIEC MOCENEHHS Ta CIPOCTUTH HOTro OIOPOKpATHUHY
CTOPOHY. ABTOMAaTH3allisl MPOIECY IIOCENEHHS I03BOJISE 3MEHIIMTH HAaBAaHTAXKEHHS Ha aJMIiHICTpaTHMBHHMH IEepCOHaN Ta
MIHIMI3yBaTH KiTBKICTh NMOMHJIOK, IO BHHHUKAIOTH MiJ Yac PYYHOrO PO3MOJIIY MICIb y TYPTOXXKUTKaxX. TakuM 4YHHOM,
po3po0iieHa cucTeMa He TiJbKM MOKpallye YMOBH O(GOPMIICHHS JOKYMEHTIB Ha MPOKMBaHHS UL CTY/AEHTIB, aje W crpuse
TiIBUIIEHHIO €()eKTHBHOCTI pOOOTH aIMiHICTPATUBHOTO IIEPCOHATY YHIBEPCUTETIB.

Knwwuoei cnosa: xomn’romepna cucmema, e8omoyitinuil nioxio, 2eHemuyHull areopumm, ONMuMi3ayiiina 3a0aya, NOCenNeHHs.
cmyoenmis.

Sx muryBaru: Crpinens B.€., [onikoB M.C. Mozeib KOMIT FOTEPHOT CUCTEMH IOCEJICHHS CTY/ICHTIB
y TYpPTOXMTOK. Bicnux Xapkiecbkozo mayionanvHoeo yHigepcumemy imeni B.H.Kapa3zina, cepis.
«Mamemamuune moodemosanns. Inghopmayiini mexronoeii. Agmomamuz08ani cucmemu YAPAGIiHHAY.
2024. pun. 62. C.45-54. https://doi.org/10.26565/2304-6201-2024-62-05

How to quote: V.Y. Strilets, and M.S. Holikov, “Model of the computer system for settling students
inadormitory”, Bulletin of V.N. Karazin Kharkiv National University, series “Mathematical modelling.
Information ~ technology.  Automated  control  systems, vol. 62, pp.45-54, 2024.
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1 Beryn

Crpareris pO3BUTKY CYYacHOI'O CYCIIUILCTBA CIPSIMOBaHA Ha BIPOBADKEHHS 1HPOpMAIliHO-
KOMYHIKaIlifHUX TeXHOJIOTiH y Bci cepu xutTs. Lludposizauis € qep>kaBHOO MOTMITHKOIO YKpainu [1],
sKa Ma€ Ha METi MOOYIOBY 1 pO3BUTOK iH(OPMALIIHOTO CYCIIUIBCTBA, OPIEHTOBAHOTO Ha iHTEpECH Jroiei
Ta BiJIKPHUTE JIO IOCTYITy, OOMiHY 1 KOpUCTYBaHHS JaHUMH. [{ndpoBizalis cripusie MONEreHHI0 T0CTYITy
10 mocayr y cdepi OXOpOHH 370pOB’sS ¥ OCBITH, HaJaHHIO (IHAHCOBUX IIOCIYI, MPO30POCTI Ta
e(eKTUBHOCTI IPOLIECIB YIPaBIiHHS.

© Crpineup B.€., Monikos M.C., 2024
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0.

BY



https://doi.org/10.26565/2304-6201-2024-62-05
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7855-3957
https://doi.org/10.26565/2304-6201-2022-53-01
https://doi.org/10.26565/2304-6201-2022-53-01

ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
46 series «Mathematical modeling. Information technology. Automated control systems» issue 62, 2024

CtBOpeHHsT IU(POBOr0 MPOCTOPY B 3aKjanax BHIIOI OCBITH J03BOJISIE HE TUIBKH 3a0€3MCYUTH
e(eKTUBHUI HaBUAIBHHUU TPOIIEC, aJi¢ ¥ MOJNIMIIUTA B3aEMOJII0 MiX CTyICHTaMH 1 BiJUIUIaMHU Ta
ciy:)x0aMy yHIBEpPCUTETIB, SIKi BIIMOBIJAIOTH 3a KuTTe3abe3neueHHs. OQHi€l0 3 TaKUX CIykO € ciryk0a
TIOCETIEHHsI CTYCHTIB, SKa BIAMOBIa€ 32 pO3MIIIEHHS IHOTOPOAHIX CTYIEHTIB, aCIiPaHTIB, IOKTOPAHTIB,
Ta ciMell CTyAEHTIB, acHipaHTIiB, JHOKTOPAHTIB y TypTOXHTKax yHiBepcuteriB. LllopigHo kowmicii 3
MOCEJICHHSI PO3IIIAJAIOTh 3asBU CTYAEHTIB (ACHipaHTiB, JOKTOPAHTIB) Ha HAJaHHS MICIS IPOXUBAHHS Y
ryproxuTkax. [ligxoam 10 po3moOAiNeHHs CTYAeHTIB MO KiMHATax 3a3BWYail BPaxOBYIOTH JIHIIE CTATh
CTYJEHTIB 1 HampsAMOK MiATOTOBKM (akamemiuHi Tpymu). Tomi sk OCOOMCTICHI PHICH CTYAEHTIB i
noOakaHHA 3IMIIAIOTECS O0e3 yBaru. ToMy 3aaisl BUPILIEHHS Li€l MPoOJIeMU € MOKIUBUM CTBOPEHHS
iHpOpMaLlIHHIX CUCTEM Uil TOCEJCHHS CTYACHTIB, fIKi OynyTh NMpHAMaTH 3asBKH BiJ CTYACHTIB 1
JI03BOJISITH aBTOMATH3YBATH MIPOLIEC PO3CETICHHS 3 ypaxyBaHHAM Pi3HOMAHITHUX KPUTEPIiB, TIOYNHAIOUN
BiJl KIIBKOCTI MICI[b JKUTJIOBOTO (POHAY 1 3aKiHUYIOUHM MOOaKaHHSMH CTYJIEHTIB 00 NCUXOTHUITY IXHiX
MaiOyTHIX CycCiaiB.

MeTtoro pobOTH € aBTOMAaTH3AIlisl TPOLIECY TTOCEICHHS CTYAEHTIB A0 TYPTOXHUTKIB Yepe3 CTBOPEHHS,
peatizamiro i BIPOBaHKEHHS MOJIENI KOMIT FOTEPHOI CUCTEMH TIOCETICHHS CTYCHTIB.

CTBOprOBaHa KOMII'IOTEPHA CHCTeMa Tepefdavae HasBHICTH MOJYJS, SKWH OyJe BiINOBiIaTH 3a
BUpIIICHHS 3a7adi po3celleHHs CTyAeHTiB. [laHa 3amada € KOMOIHATOPHOIO ONTHUMI3ALIHHOIO 33]a9et0
PO MPU3HAYECHHA. Y KOHTEKCTi MOCEJIeHHs CTYJeHTIB HeOOXiTHO 0 yBaru pi3HI BUMOTH, HATIPHUKIIA],
MIPO’KWBAHHS CTYACHTIB OZIHI€T CTATi B KIMHATaX, MPOIEC B3aEMHOTO BIUIMBY UM CIIIJIKyBaHHS CTYJCHTIB
3 ypaxyBaHHSM iX THIy OCOOMCTOCTI, KUIbKICTh BIIBHHMX MiCIlb y KiMHaTax Tomo. CaMe Il BUMOTH
(xkputepii) bopMyrOTh MHOXHHY OOMeXeHb 3afadi onmTmmizarii. Jns ii po3B’si3aHHS TPONOHYETHCS
BUKOPHUCTATH CBOJIFOIIHMI TIAXi, 30KpeMa FreHeTUYHI aJrOpPUTMHU.

EBosromiiiHi anropuTMu, HaTXHEHHI TPUPOJHUM BiIOOPOM i TEHETUYHUMU MPOLIECAMH, € JIIEBIMU B
PO3B’si3aHHI KOMOIHATOPHMX ONTHMi3amiiHUX 3amad [2, 3]. OxHi€0 i3 KIFOYOBUX NPUYNH BHOOPY
€BOITIOIIHNX aNTOPUTMIB, 0COOJIMBO TEHETUYHOTO alNTOPUTMY, € 3AaTHICTh aaliTyBaTUCS O 3MIHHUX
ymoB. Hanpukian, y 3aadi po3cesieHHs CTYACHTIB MOXKYTh BUHHKATH HOBI OOMEXeHHs1 a00 BUMOTH, Ha
SIKi TPaIUIIIHI METOIU pearyrTh MOBUIBHO a00 HEOCTATHHO THYYKO. EBOIIONINHI allrOPUTMU, 3aBIISKH
CBOTH MPUPOIi, 371aTHI OTIEPATHBHO KOPETYBATH CBOI PillICHHA, 320€3MeUyI0UH MTPH I[bOMY €(EKTHBHICT
pillieHb.

OTxe, BNPOBAPKEHHS EBOJIOLIHHOTO MigXOLy B MOJEIh KOMIT'IOTEPHOI CHUCTEMH IIOCENICHHS
CTYJEeHTIB 00ilsie 3HA4YHI TepeBard: MOXKIWBICTh BpaxyBaHHS MHOXXHHH (aKTOpIB PI3HUX THIIIB,
HOKpalleHe BUKOPUCTAHHS PECYpCiB Ta THYYKICTh ymnpaBiiHHsA. Lle poOWTH CTBOpIOBaHY MOJENb
NEPCIEKTUBHUM 1HCTPYMEHTOM JIJIsl BUPILICHHS OpraHizallifHMX 1 ympaBJIiHCBKHX 3agad y cdepi
COLIIAJIBHOTO 320e3neUueHHs 3aKIa/IiB BUILIOT OCBITH.

2 Onuc icHyI0YHX pimieHs i GpopMy/TIOBaHHS MPOOJIeMH JIJI5 PO3B'A3aHHS

[Ipouec moceneHHsl CTYNIEHTIB y TYPTOXHUTOK PETYIIOETHCS HOPMATHBHO-TIPABOBUMH JIOKYMEHTAMH
HaBYAJIBbHUX 3aKJIAIB 1 € JOCTATHBO CTAaHIAPTHUM 3 HE3HAYHUMH BiAMIHHOCTSIMH, TOOTO aBTOMAaTH30BaHi
CHCTEMH TIOCENICHHS CTYJICHTIB 1 iX MoJeni OynyTh 6a3yBaTHCS Ha CXOXKHX NpUHIUNAX. TakuM YUHOM,
OJIHMMU 3 OCHOBHHMX BHMOT JIO MTOAI0HUX CUCTEM € KPOCILIaT(OPMHICTD i Oe3meka nanux [4].

Jnst moOymoBr iHTErpOBaHOTO iHQOPMAIIIHOTO CEepEeOBUINA B 3aKiagaX BHINOI OCBITH Hapasi
CTBOpEHI 1 BHKOPHCTOBYIOTHCSI Taki aBTOMaru3oBaHi cucrtemu, ik AC [lexanar, AC Ilpuiimanbua
komicig, AC Cryamicreuko [5]. [Jani cucremn po3poOieni HaykoBo-IOCHiHUM 1HCTHUTYTOM
npuKIagHuX TexHonorii (M. KuiB) 1 ycmimHo BopoBakytoThesa y podory BH3. Bonu Binnosigarots
BAUMOTaM JI0 KpocriaTGoMHOCTI 1 Oe3nekd naHuX, ajie iX BapTICTh € JOCTaTHhO BHCOKOIO, a
BUKOPHUCTaHHS TOTpeOye MOMepeNHiX TPEHIHTiB Uil aJMiHICTPATHBHOTO TEepCOHay, 00 HadyTu
HEOOX1THUX HABUYOK I POOOTH 3 CHCTEMaMH.

Takox Hapasi iCHye MOJIeJIb aBTOMATH3aLli1 MOCETIeHHS CTyJeHTiB A HanionaneHOTro yHiBEpCUTETY
«JIbBIBCHKA MOIITEXHIKA», po3podiieHa 3a jJonoMoroo HiAsm, iHTErpoBaHOTO cepellOBHIA PO3POOKH
nporpam s Windows [6]. s monens 3a0e3rneuye MOBHUH aBTOMATH30BAaHUM IPOIEC MOCEICHHS
CTYZAEHTIB Y TypTOXHTOK. OIHAK, OCKIIbKH BOHA PO3pO0JIeHa TUIBKH ISl OHI€T IIaThopMu, HE MOXKHA
BBXKATH 11 MOBHICTIO KPOCILIAT(HOPMHOIO.

Kpim TOro, icHyrodi aBTOMAaTH30BaHI CHUCTEMH pEAi3yIOTh THIIOBHU IMiJAXiJ JO PO3MIlEHHS
CTYJIEHTIB, 0€3 ypaxyBaHHS JIOJIATKOBUX OCOOMCTUX BHMOT. TOMY MPOTMOHYETHCS PO3POOUTH MOJIENb
KOMIT'IOTEpHOI CHCTEMH IIOCEJIEHHS CTYAEHTIB, sKa BiANOBiJa€ BHMOraM KpOCIUIATQOPMHOCTI Ta
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0e3IeKy, a TAKOXK 3[]aTHa OTPUMATH ONTHMAJIbHE PO3MILCHHS CTYICHTIB, IPUIIMAlOUN 10 yBard HA3KY
JOJATKOBUX (hakTOPiB (HAMIPUKIIA, ICUXOTHUII JIIOAUHU a00 peNiriiiHi nepeKoOHaHHS).

3 EBostoniiinmii minxin 1Jist po3B’si3aHHs 3a1a4i PO po3NOdiJIeHHsI CTYAeHTIB B TyPTOKUTKY

VY cucremax aBToMaTH3aIlii MOCEeNIEHHS CTY/ICHTIB y TYPTOXHUTOK MOTPIOHO BpaxyBaTH pi3HI KpUTEPii
1 BUMOTH. bBinbmiicte KpuTepiiB MOXYTh OYTH CyINEepEewIMBUMH, TOMY BHHHKae mpobiema BHOOpY
KOpPEKTHOTO KpuTepito. lle o3Hadae, Mo JOBOMUTHCS WTH HAa KOMIIPOMIC, OOMPAIOYM IS KOXKHOTO
KPHUTEPIIo 3HAUCHHS, SKE HE € ONTUMAJIBHUM, ajle IPUHHATHUM 3 YpaXyBaHHIM IHIIUX KPHTEPIiB.

Y cTBOpeHiit MOJeNi IOCeNeHHs CTYACHTIB MPOIMOHYETHCS B3ATH 10 YBaru Taki KpUTEpii: cTaTh, TUI
0coOuCTOCTI (IHTPOBEPT UM EKCTPABEPT) Ta KypC CTYACHTIB.

1. TennmepHuit KpUTEPIii:
— U1 KO’KHOI KIMHATH MEePEBIPSETHCS, YU BCi CTYIEHTH OJIHI€T cTaTi (Y0IOBIKM a00 JKiHKN);
— SKIIO B KIMHATI € 1 YOJIOBIKH, 1 KiHKH, 301IbIIYETHCS JIUYMIBHUK TOMUIKH HEBIIIOBIIHOCTI
crati genderMismatch, sikuii mokasye KinbKiCTh TAKMX KiMHAT.
2. Dbananc iHTpOBepTiB Ta EKCTpaBEPTiB:
— O0YHCHIOETHCS KUTBKICTh IHTPOBEPTIB Ta €KCTPABEPTIB y KOXKHIN KIMHATI;
— SIKIIO KUTBKICTh iHTPOBEPTIB 1 €KCTPaBEPTIB OJHAKOBA, MOKAa3HUK HEBIAMOBIAHOCTI OamaHCy
sociotypeMismatch Gyme 36iabiryBaTucs;
— TepeBipsieThCs, YU B MMOJOBUHI KIMHAT 1€l OanaHc piBHUIA, 1 SIKIIO Tak, To SociotypeMismatch
301BIIY€ETHCS TMIE Pas3.
3. Posmnonuin 3a pokaMu HaBYaHHS:
— MiAPaxOBYETHCS KUTBKICTh CTYIEHTIB KOXXHOTO POKY HaBYaHHS B KiMHATi Ta OOYUCIIOETHCS
cepeHs Pi3HUIIA MK POKAMU;
— SIKIIO PI3HUI MK pOKaMU sl OyIb-sIKOTO CTYACHTA MEPEBHIIY€E CEPETHIO PI3HUINO OiibIIe,
HI)K Ha OJIUH KYPC, 301IbIIYETHCS TOMHUIIKA CEPEAHBOI PI3HUII pOKY HaB4aHHs courseMismatch.
3aranbpHa TbOBA (QYHKIIISI O0YUCITIOETHCS 32 POPMYIIOHO:
f = 0.8genderMismatch + 0.1sociotypeMismatch + 0.1courseMismatch.

Jns maHoi minpoBOI (QyHKIII MOTPIOHO MOCSATTH MIHIMYMY, OCKIJIBKM B TaKOMY BHITAIKy Oyme
3a0e3reyeHa MiHIMaIbHa MOMUJIKA [T KOXKHOTO 3 KpUTepiiB. UM MeHIe 3HaueHHsI HiTboBOT QYHKIII,
TUM e(DEeKTUBHIIIINM € PO3TIOIiJICHHS CTY/ICHTIB.

Barogi koedilieHTH A1 KOXKHOTO KPUTEPi0 BU3HAYAIOTH 1X BAKIIMBICTH B 3arajbHiN OIiHII IITHOBOL
¢yskii. HaiOinpmuii BIUIMB Ma€ TEHAEPHUN KPUTEpil, OCKUIPKA 1€ BAXKIMBO JUISI KOMQOPTY
MPOKUBAHHS CTY/ICHTIB.

st po3B’si3aHHs c(hopMyIIbOBAHOI 3a/1adi PO PO3MOIITICHHS CTYIEHTIB B TYPTOXHUTKY OyB 0OpaHHid
EBOITIOIIMHAN TIIXi/, a caMe — TeHETUYHHIA allTOPUTM.

EBosromiiHuii miaxii BAKOPUCTOBYE MPHHIMITN €BOMIOLIHHUX MPOIECIB Y MPUPOL JJIsi BUPIMICHHS
po0JIeM TOIIYKY HaWKpalux pillieHb Cepell MOKIMBUX BapiaHTiB. lleW mimxim 0a3yeTbcst Ha Teopii
npupoHoro Bigbopy JlapBiHa Ta KOHIENIii T€HETHYHOTO PO3BUTKY. EBONIOININHI anroputMu — 1€
HOTY)KHUH THCTPYMEHT JJIsl BUILIEHHS Oy/Ib-IKHX CKJIaJHUX 33j1ad. Llefl Tum anropuTMiB BKIIOYAE B
ce0e TeHeTHYHI AITOPUTMH, CEBOJIOLIHHY CTpaTerilo, €BOJIOIIiHE MPOrpaMyBaHHsS, aAlTOPUTMH
nuQepenIiiaTbHoi eBOJIONI Ta IeHEeTHYHe NPOrpaMyBaHHs. IX IIMPOKO BUKOPMCTOBYIOTH y Di3HHX
ray3sx, BKIIOYAIOYH ONTHMI3AII0, IITYYHAN 1HTENEKT Ta iHxXeHepito [7].

I'eHeTHYHI aJrOPUTMH BUKOPUCTOBYIOTH KOHIEHIT "xpomocom" 1 "reHiB" i MOMAETIOBAaHHS
MOJKJIMBUX PO3B’SI3KIB 33/1a41. XpOMOCOMH MPECTABISIOTH PO3B’SI3KU, 2 TeHU BU3HAYAIOTH 1X MapaMeTpH
M XapakTepucTHKU. Hanpukiaz, 11 3a/1a4i MoceieHHs CTYACHTIB y KIMHATH, KOKHA XpOMOCOMa MOXKe
NPEJICTABIISTH COOOKO CITMCOK KIMHAT, @ TeHH BU3HAYATHMYTh KOKHY KIMHATY Y IIbOMY CITUCKY, 1 KOXKEH
CTYIICHT Y KIMHATi — 1ie 3Ha4YeHHs reny [8].

BaxmBo 3a3HAauMTH, M0 TEHETHYHI AJITOPUTMH MPAlIOOTh 3 MOMYJSLI€0 iHAWBIAIB, IO
BIZJPI3HSAETHCSA Bijl iHIINX JITOPUTMIB, SIKi IPALIOIOTH 3 OJHUM PILLICHHSIM.

['eHeTHuYHMII ANTOPUTM IMITYE MPHUPOJHHUN BiIOIP, CTBOPIOIOYHM Ta EBOJIOIIOHYIOYH MOIYJISIIO
pilleHb, e Kpail pillieHHs MaloTh OiNblle HIaHCIB HAa PO3MHOXKEHHS Ta MyTauito. B posrmangysaniii
3ajadi pillieHHs — 1€ PO3MO/iJ CTYIEHTIB 110 KIMHATaX, BPaXOBYIOUH iXHi XapaKTepPUCTUKH, TaKi SIK CTaTh,
KypC 1 COLIIOTHII.

OcHOBHa iJiesl ITOJISITAE B TOMY, 110 BHIIAJIKOBI MYTAIlii Ta CXpPEIyBaHHS CTBOPIOIOTH HOBI IIOKOJIIHHS
pileHb, sIKi Bce Kpalle BHPIMIYIOTH HOCTaBleHy 3ajaady. B anropuTmi peanizoBaHO ajanTaiio
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nmapameTpiB (MMOBIpHOCTI MyTaIlii Ta KpocoBepa) Ha OCHOBI CEPEIHBOI MTPUCTOCOBAHOCTI TOITYJISI1, 110
JIO3BOJIIE AITOPUTMY IIBHJIIE 3HAXOIUTH HAOMIDKEHI 10 ONTUMAIBHUX PILICHHS, aJalTyIuuCh JI0
3MIHHHX YMOB.

AJTOPUTM CKITAIA€ThCA 3 IT'ITH OCHOBHHX €TaIliB Y 3aJ]aHOMY TTOPSKY:

—  1HImiamisarnis,;

—  BImOip;

—  CXpeIIyBaHHS,

—  MyTamif;

—  OIliHKa MPUCTOCOBAHOCTI.

Ha erami ininianizanii moTpiOHO BU3HAYUTH BXIiJIHI JjaHi, 100 CTBOPUTHU MMOYATKOBY momyJsiito. Le
3MIIACHIOETHCS IIJISIXOM 3aITUTIB 70 0a3u JaHUX JUIS OTPUMAaHHS CITUCKY CTY/ICHTIB 1 KIMHAT 3 1X KUTBbKiCTIO
Miciie. JlaHi Ipo CTyEHTIB BKJIFOYAIOTh CTaTh, KypC Ta COIIOTHII, a TAaKOX 1H(OPMAIIiIO PO KiTBKICTh
KIMHAT 1 KUTBKICTh MiCIIb Y KOXHIM KIMHATI.

[Ticns oTpuMaHHA JaHUX, CTYIEHTH BUMaJKOBHUM YHMHOM PO3IMOJUIAIOTHCS MO KiMHATaX, CTBOPIOIOYH
MOYaTKOBY MOMYJIsiLit0. ['€eHOM, Yy IbOMY KOHTEKCTi, MPEACTaBIsA€ CTPYKTYpYy AaHHX, SIKa BHU3HAUAE
PO3MOILI CTYACHTIB 1O KiMHaTax. BCTaHOBIIOETHCS pO3MIp OIS,

OO0uncneHHs MPUCTOCOBAHOCTI (IIUTFOBOT (DYHKIIIT) KOKHOTO 1HMBI/IA BiAOYBa€THCS MiCisi CTBOPEHHS
nomyssmii. BoHu copTyroTbes 3a piBHEM IPUCTOCOBAHOCTI, 1 IepIiia MOJIOBHHA MOMYJISIIT BiIOUPAETHCS
SK TOTeHIiHI 0aTbku. Metox BimOOpy, SIKUH BHKOPUCTOBYETHCS, HA3MBAETHCA "TYpHIpHHUHA BimoOip".
Moro cyTh monsrae B ToMy, IO Kpallle MPHCTOCOBAHI OCOOHHH MAlOTh Gijblile MAHCIB MepenaTH CBO
"reHn" HACTYNMHOMY MOKOJIHHIO, MOKPAIIYIOUYH TAKUM YHHOM SIKICTh PIIlICHb.

[Ticnss BinOopy BimOyBaeThCsl CXpeEllyBaHHA. BUKOPHUCTOBYETHCS OIHOTOYKOBHI KPOCOBED, [IE
BUTIAJKOBIM YHHOM BHOWPAETHCSA TOYKA PO3Pi3y B TEHETHYHUX MOCITITOBHOCTAX (CIUCKY KiMHAT).
YacruHa Bij 0HOTO 0aThKa MEePeNacThCsl MEPIIOMY HAIaJKy O TOYKH pO3pi3y, a YacTHUHA Bij 1HIIOTO
OaThKa IiCIs TOUKH PO3pi3y — APYroMy HaIaaKYy.

ITotim BiOyBa€eThCS MyTallis, KOHTPOJIbOBAaHA HMOBIPHICHIM METOI0M. BUKOpHCTOBY€EThCA "MyTaItis
00MiHY", Zic TBOE CTYACHTIB 3MIHIOIOTHCSA MICIIMU MK PI3HMMHU KiMHAaTaMu, 11100 30€pertd KOpHCHI
KOMOIHaii.

AJanTHBHICTH KPOCOBEpa Ta MyTallii — 0coOJIrBa prica I[bOr0 anropuT™My. BoHa 103BoIIsIE anroputMy
aZanTyBaTHCA 10 YMOB 3aj[adi Ta MATPUMYBATH OallaHC MiX OCTiPKEHHSIM HOBHX pillieHb (exploration)
1 BUKOPUCTaHHIM BXe 3HaijeHux (exploitation). SIkiio kpocoBep A00pe mpaifroe, Horo HMOBIPHICTb
30UTBIIYETHCS, 1 HABITAKH, SKIO MyTaIlis e)eKTUBHIIIA, TO 301IBITY€ETHCS 11 IMOBIPHICTB.

Takuit miaxig 10 po3B’s3aHHS 33]1a4i JTO3BOJISE ATOPUTMY OOpE MPUCTOCOBYBATHCS 1 eheKTHBHO
3HAXOJUTH HAOJMKEHI JIO ONITUMAJILHOTO PIIICHHS B 3MIHHOMY CEPE0BHIIII.

4 MopenoBaHHS NMPoOLECY MOCEJeHHS CTYAEHTIB
IIpu cTBOpeHHI MOJENI KOMITHOTEPHOI CHUCTEMH HEOOXIIHO BH3HAUUTH 3arajibHy CTPYKTYpy Ta
HanpssM (YHKIIIOHYBaHHS CHCTEMH, SKi MarOTh BiZOOpaXkaT OCHOBHI €Taly MPOLECy IOCEICHHS
CTYJICHTIB Y TYPTOXKHUTOK
Bynu BupineHi Taki OCHOBHI €Tamy IIbOTro MPOoIecy:
1. Peecrparisi CTyieHTa y CHCTEMI.
2. ABropwu3allisi BCiX KOPUCTYBaUiB, 3a/liTHUX Y TPOILIECI.
3. CryzmeHT HaJCHUIIA€ 3alUTH MPaLiBHUKAM YHIBEPCUTETY JUIA MiATBEPAKCHHS BUKOHAHHS IIEBHUX
BHMOT, 3aJI)KHO BiJl CrIeIiaTi3allii npaliBHUKa.
4. CniBpoOIiTHUKM TPUHAMAIOTh PIMICHHS IOA0 IMiITBEPKCHHS BUKOHAHHS KOHKPETHHUX BHUMOT
CTYAEHTOM.
5. SIkmo cTyzneHT BUKOHAB YCi BUMOTH, BiH OTPUMYE JI03BiJI HA MOCEIEHHS B I'YPTOKHUTOK.
6. Posmopiny cTyJIeHTIB 10 TYpTOXHUTKAX (KIMHATaX) 3 BAKOPUCTAHHSM T€HETUIHOTO AlITOPUTMY.
7. JlonaTtkoBa mepeBipKa Ha reHzep, SKIIO 11e HeoOXiTHO.
HetanpHime posrisHemo etanu 3 1 4. [lix npaniBHUKaM#u po3yMilOTbCS KOPUCTYBayi 3 HACTYITHUMHU
POISIMH:
—  MeJcecTpa;
—  EKOHOMICT;
— 3acTYIHUK JICKaHa.
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Koxxen i3 1mux coiBpoOITHHKIB BIiAMOBiIae 3a KOHKPETHI 3aBIaHHS: MEACECTpa — IMiATBEPIKYE
MPOXO/PKEHHS CTYJCHTOM MEIMYHOTO OISy, EKOHOMICT — TIEPEBIpsI€ OIUIATY MICISl B TYPTOXKUTKY, a
3aCTYIHHUK JIeKaHa — MATBEPKYE CTaTyC CTyJAeHTa. Llei mporiec MoXkHa ONMCaTH Ha KOHIICTITyaTbHOMY
PiBHI 3a JIOITIOMOTOIO JTiarpamMu MpereeHTIB, K IToKa3aHo Ha puc. 1.

3anuT Ha niaTBepoKEHHA

MpoxomkeHHsa

P — Mencectpa

OnnaTa 3a micue y
TYPTOMMTKY

CryaeHt ExoHomMicT

MinTeEpaKEHHS, WO
e cnpasai cTyaeHT

SBCT)’I'IH HK aekaHa

Pucynox 1. Jiaepama npeyedenmis 63aemo0ii cmyodenma i aominicmpayii

TakuM 9WHOM CTYACHT Yepe3 CHCTEMY TOJIA€ 3aIUT Ha TIOCEICHHS 1 HEOOXiIHi IS IIbOT0 JOKYMEHTH
1 OTPUMYE BIiATIOBI b MiCTS PO3TISAY JOKYMEHTIB aMiHICTPAITIEIO 1 3aCTOCYBaHHS MOJIENI MTOCETICHHS.

5 IIpoekTyBaHHS apXiTeKTYpH KOMIT IOTEPHOI CHCTEMU MOCeJIeHHsI CTYIeHTIiB

Jns 3abe3meueHHs cTaOUTBHOTO (DYHKITIOHYBaHHS 1 O€3MEeKH JaHWUX NI KOMII FOTEPHOI CHCTEMH
MOCEJICHHSI CTYICHTIB OyJia 00OpaHa po3MoIijIcHa apXiTeKTypa.

Posnoxinena apxiTekTypa MOJSTae B TOMY, IO KOMIIOHEHTH CHCTEMH DO3TallOBaHI Ha PI3HUX
¢i3nyHNX abo JOTIYHMX MAaIIWHAX 1 3'€HaHI Mepekel s MiABHINEHHS MaciiTaboBaHOCTI Ta
edexTrBHOCTI. TpUpiBHEBA apXiTEKTypa € MiATHIIOM PO3MOAUICHOT apXiTeKTypH, A€ IpOorpaMHa cucTeMa
po3aisieHa Ha TpH piBHI a00 komroHeHTH [9]. KoxkeH 3 HUX Ma€e CBO€ MPU3HAYCHHS Ta COPSMOBAHHUI Ha
BUpIIICHHS TEBHUX 3aBaaHb. Lli piBHI BKIIIOYAIOTH Mpe3eHTAIMHNN, Oi3HEC-JIOTIKM Ta PiBEHb JNAaHUX

(puc. 2).

Client

Pucyrnoxk 2. Modens mpupisnesol apximexmypu Komn lomepHoi cucmemu

Ha piBHi npeacTaBneHHs 3HaX0AUThCS iHTEpdEc, IKMH KOPUCTYBad OAYHTh 1 3 SIKUM BiH B3a€EMOJIE.
Ie#i piBeHb BiAMOBigae 3a BUBeACHHs iH(oOpMaii i KOpUCTyBada Ta 00poOKy HOro BBeleHb. Bin
nepeae KOMaHI® JUIsi OOpOOKM HACTYITHUM DPIBHEM, a TaKOX OTPHMYE BiJIOBIII JJIsi BiJJOOpaKEeHHS
KOPUCTYBaueBi.

Biznec-norika — 11e MicIie, Jie¢ 3HaXOUThCs "MO30K" ITporpamMHoi cucteMu. TyT 00pobIseThest OizHec-
JOoriKa Ta TPOLECH, IO BWU3HAYAIOTh, SK CUCTeMa Mae mpaioBaTH. llell piBeHb BCTaHOBIIOE



ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
50 series «Mathematical modeling. Information technology. Automated control systems» issue 62, 2024

KOHTPOJIbOBAHHUI Ta Oe3MeuHuil Ccrocid B3aeMOIl MIXK piBHEM IPEACTAaBICHHS Ta piBHEM daHuX. Komu
KOPHCTYBau B3aEMOJII€ 3 CHCTEMOIO, HATIPUKJIAJI, BiAPaBIIsIE€ 3alIOBHEHY GopMy, Oi3HEC-JIOTiKa aHai3y€e
110 iH(OpMAITiI0 Ta BUKOHYE TIOTPIOHI omepariii st B3aEMOJIT 3 TaHUMHU.

PiBenp moctymy A0 JaHWX — I€ PiBEHb, SIKUH mepenbadae oOMiH iHpopMartiero 3 0a3010 TaHUX YH
IHIIMH JDKepenaMu qaHux. L{eit piBeHb BiAOBIga€e 32 yIIpaBmiHAS Ta JOCTYII 10 JAHUX IS iX HACTYITHO1
00poOKku Ha mapi 6i3HEC-TIOTIKH.

Ha piBHi Oi3HEC-JIOTIKM peani3oBaHWN MOIYJh IS pO3B’sI3aHHS 3a7adi MOCEJCHHS CTYICHTIB Ha
OCHOBI 3aIPOTIOHOBAHOTO €BONIOIIIHOTO migxoxy. Lleit 6ok B3aemomie 3 6a3010 AAHUX Ta OTPUMYE
BXI1JIH1 ZJaHi PO CTYACHTIB: Kypc, comioTuIl Ta renaep. [licis poOoTH anroputMy pe3ylbTaTy BUBOJISTHCS
y KOHCOJIb y CIIPOIIIEHOMY (DOpMaTi, SIKHii TIOKa3ye KiHIICBHUI BapiaHT MOCEJICHHS CTY/ICHTIB 110 KiMHATaXx.
He#t migxix Moxe OyTH po3MIMpeHUi y MailOyTHBOMY AJIsSi CTBOPEHHS IMMOBHOIIIHHOI CUCTEMH, sKa Oyze
BpaxoByBaTH Oijbllle MapamMeTpiB Ta HaAaBaTH KOpUCTyBayaMm Oiniblre iHpopMamii mpo ixHe MaiiOyTHE
MPO’KUBAHHS.

6 Bu3HaueHHsI CTPYKTYPH 0231 JaHUX KOMIT IOTEPHOI CHCTEMH

Hns hopMmyBaHHS CTpyKTypH 0a3u AaHUX MEpHI 3a Bce, MOTPIOHO BU3HAYMTH TOJOBHI CYTHOCTI, 3
SKUMH BiI0yBaTUMYThCS OCHOBHI oreparii. Takumu CyTHOCTSMU €:

— student (Tabnmms 3 iHQOpMAITiEIO TIPO CTYEHTIB);

— users (Tabmus 1 30epexeHHs JaHX KOPUCTYBaviB);

— role (Tabmurs 1151 BU3HAYEHHS POJIi KOPHUCTYBaya);

— employee (Tabnuis 3 iHGOpMAITIEIO TIPO MPAIiBHUKIB YHIBEPCHUTETY);

— administrator (TaOnuIsg 3 JAHUMU PO aAMIHICTPATOPIB);

— dormitory (Tabmuist 3 iHpOpMAIIi€I0 TPO TYPTOKUTKH).

JonmaTkoBi TaOmuWIli BUKOPUCTOBYIOTHCS JUISL JOTIOMIKHUX IIEH, 100 Kpalle BIOPSAKYBaTH Ta
CTpyKTypyBatu naHi. Hanpuknaz, Tabnuii group, speciality i department 70NOBHIOIOTH iH(OPMAIIIIO PO
MPUHANICKHICTh CTYACHTA JI0 aKajeMiduHoi Tpynu i (akylapTeTy, a TaOMUIs ro0m MiCTUTh AaHi Ipo
KIMHATH TYPTOXKUTKIB. 3aramom 3Hao0mnocs 13 taduuis.

Ha ocHoBi koHuenTyaibHOi Mojeni 0a3u NaHWX MOOyHOBaHa JiarpamMa pO3IIUPEHOi CYTHICHO-
3B's13k0B01 Mozeni (Enhanced Entity-Relationship, EER). Lle po3mmpenHst THIIOBOT MoJeli CyTHICHO-
3B'SI3KOBUX JiarpaM J0Ja€ MOKJIMBOCTI Ta JOAATKOBI KOHIIEMIIl JIJIsl IOBHOTO 1 TOYHIIIOTO OIMUCY MiX
o0'extamu B 6a3i gaHux came B3aeM03B's3KiB [ 10]. @parmMeHT nux 3B’ 3KiB MpEACTABICHUNA Y KAHOHIYHIH
Horanii EER-mMozeni Ha puc. 4.

: e
many-to-or

Pucynok 3. @®paemenm xanoniunoi nomayii EER-mo0eni ona mabnuys department, groups ma speciality

7 Budip KoMIOHEHTIB AJIs1 pO3po0Ku

[Io6 cTBOpeHe mporpaMHe 3a0e3leveHHs NpaIioBajJl0O Ha PI3HUX MNPUCTPOAX 1 IuaThopmax,
HEOOXiZJHO BUKOPUCTOBYBATH TEXHOJIOTI, 1110 3a0€3MeUyI0Th KPOCIUIATQOPMHICTD Ha PiBHI CEpPEeJOBHUIIL
BUKOHaHHS. OHUM i3 TPHUKJIAIIB TAKUX TEXHOJIOTIH € mporpaMmyBaHHs Ha MoBi Java [11]. Ineanbaum
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pitieHHsM Oyiia 6 MOJeITb, sIKa IPalLfoe 0Ee3M0CePeIHBO B Opay3epi, 0€3 HEOOXIAHOCTI 3aBaHTAKEHHS Ha
npuctpiit [4].
[Iporpamue pimenHst y ¢opmati BeO-IOAAaTKY MOXHA peajizyBaTH 3a Jomomoror Spring Boot,
Angular Ta PostgreSQL. Lle 103BOTNTh BUKOPHCTOBYBATH KOMIT IOTEPHY CHCTEMY Ha Pi3HHUX MPUCTPOSIX,
3a/IOBOJIGHSIOYH TOJMIOBHHUM KPUTEPId — KPOCTUIATGOPMHICTD. Y JOJATKy TaKOX MOXKHA 3a0e31meunTH
Oesmeyne 30epiraHHs JaHUX CTYACHTIB y XMapHOMY CXOBHIIII, 110 € HAJIMHIIINM, HXK TPUMaHHS iX Ha
OKpeMoMy KomIT'rotepi [4].
Ilim gac po3poOku MoAeni KOMI'IOTEPHOI CHCTEMH ISl BUPIMICHHS 3a/1a4i TIOCENeHHS CTYICHTIB Y
TYPTOKUTOK BaXKJIMBO TPaBWIBHO OOpaTH KOMIIOHEHTH Ta IHCTPYMEHTH, 00 3a0e3nednTH
e(eKTHBHICTh, HAIIHHICTB Ta Oe3neKy aoaaTky. Po3risHeMo nepeBaru oOpaHUX KOMIIOHEHTIB!
1. ®peitmBopk Spring Boot izeansHO MAXOANUTE IJ1s1 pO3POOKH JOJATKIB 3aBISKHA CBOIM MPOCTOTI Ta
HIBUKOMY HajamTyBaHHIO. Bin mae BOynmoBanuii BeO-cepBep Tomcat, 110 MOJNETrIIye PO3rOPTaHHS
JOJATKIB, a TAKOXX MPONOHYE 0araTo KOPUCHUX 0i10i0TeK 1 GYHKIIH, SKi 320IAKYIOTh Yac 1 3yCHIUIS
po3poGHuKiB [12, 13]. Moro koHremnis "koHBeHIii Hax KoHirypariero" Bkasye, o 6arato mapaMeTpis
BXKe BOYJOBaHI 32 3aMOBYYBaHHSIM, IO JO3BOJISIE 30CEPEIUTHCS Ha PO3pOOIl KOAYy, SIKMH BUpINIyE
KOHKpEeTHI 3aBhaHHs. BOynoBanuii koHteliHep s o0poOku HTTP-3amuTiB 103BOJsiE 3amycKaTH
JTOJTATKH SIK OKpeMi BUKOHYBaH1 (haiii, 110 MOJIETTIIYE MPOIEC PO3TOPTaHHS
2. PostgreSQL — 1ie Hafikpamuii BuOip aiist 6a3u qaHuX 3 KiTbKOX MPUYHH:
— HagiliHicTh: PostgreSQL ciaBuThcs CBOEIO CTaOLIBHICTIO 1 HAMIHHICTIO, IO 3a0e3nedye O0e3neKy
JAHUX CTYJICHTIB Ta TYPTOXKHTKIB,

—  PO3IIMPIOBAHICTh Ta THYYKICTh: MOJIMBICTH JIOJaBaHHS BJIACHUX THIIIB JaHUX, (YHKIIH Ta
PO3LIMPEHB A03BOJISIE CTBOPIOBATH YHIKANBHI PillICHHS,

— miaTpuMye o0poOKy reorpadigHoi iHPOpMaIii Ta poOOTH 3 Te0JTaHUMHU 3aBISKHA PO3IIUPEHHSM,
TakuM K PostGIS;

— BigkputHii koxa PostgreSQL crpusie cTBOpEeHHIO CIIBHOTH pO3pOOHUKIB 1 3a0e3neuye OBHUMA
KOHTPOJIb HaJl 023010 JTaHUX;

— cywmicHicTb 3 Java Ta Hibernate: PostgreSQL no0pe npairioe 3 Java ta ORM-pillieHHIMU, TAKUMH
sk Hibernate, 1110 moseriiye B3aemMo/Iiro 3 6a3010 qaHux i3 Be0-goxarky [14, 15].

3. ORM (Java Persistence API 3 Hibernate) no3Bomsie mpeAcTaBIsaTH 00'€KTH Java y BUTIIA/I JaHUX
y 6a3i manux. Hibernate cripornye B3aeMomiro 3 0azaMu JaHUX, JO3BOJISIOYN BUKOHYBaTH omepartii 0e3
HanucaHHs ckinagaux SQL-3amuTis [13].

4. Spring MVC — ueit komnoneHT Spring Framework BukopucToBye apxiTekrypHuii mabnon Model-
View-Controller, o moserirye po3po0OKy Ta yrpasiiHHs BeO-3anuramu y goaarkax Ha Java [12, 13].

5. Spring Security 3a0e3mnedye Oe3neKy Ta aBTEeHTH]IKAIIiI0 KOPUCTYBAUiB, 3aXHUINAI0YH OCOOUCTY Ta
koHOineHIHY iHdopMmartiro [12, 13].

6. Maven — momynsipHAN THCTPYMEHT ISl CKJIaJaHHS TPOEKTIB Ta YNPaBIiHHA 3aJEKHOCTSIMH Yy
cepenoBuIi Java, mo crporrye aoaaBaHHs 0ibmiorek, 3abesrnedye yHipikoBaHWE mporec 300pKH,
JI03BOJISIE IIBUIKO BIPOBAKYBATH HOBI (QYHKIIIT Ta oHOBJICHHS [16].

7. Angular — motyxHuii HpedMBOPK JUTS PO3POOKH KOPHUCTYBAIbKUX iHTEPQEUCIB, 110 JT03BOJISE
CTBOPIOBATH IMHAMI4YHI Ta iHTEepakTuBHI BeO-caiitu [17]. OpHiero 3 ronoBHHMX mnepeBar Angular €
JIBOCTOPOHHSI IPUB'SI3KA IaHUX, 1110 aBTOMATHYHO BiJIoOpakae 3MiHU B MOJIeN B iHTepdelici kopucTyBaya
1 HaBnaku. Angular TakoXX Mae MOTY)XKHUE MexaHi3Mm jaisi o0pobkum HTTP-3amuTiB Ta iHTErpoBany
CHUCTEMY MOJIYJIIB, IO CIIPOIIYE OpraHi3aIlito KOay i 1olaBaHHs HOBUX (QYHKIIIH.

TakuMm 4YuHOM, BHUOIp [MX KOMIIOHEHTIB OOYMOBJCHHH IX WPOAYKTHUBHICTIO, €(EKTHUBHICTIO,
MacITabOBaHICTIO Ta MPOCTOTOI0 BUKOPUCTAHHS.

8 3acTrocyBaHHs Mo/ieJ1i KOMII’IOTEPHOI CHCTEMH TOCeJIeHHs CTYdeHTiB

CTBOpeHa mporpamMHa peajizailiss MOJAEIl KOMIT'IOTEPHOT CHCTEMH IIOCEJICHHS CTYICHTIB Oyiia
npoTecToBaHa Ui posceneHHs 112 cryneHTiB mo 28 xiMHaTam rypToxutky. KokHa kiMHara mana 4
BUIBHHMX MICIISL.

[pu inimiamizamii mi movaTKoBi JaHi OynHM HajaHi TEHETUYHOMY alroputMmy. Po3mip momymsiiii
saganuii — 100 iHauBiAiB.

s apanranii anroputMy 10 yMOB 3afadi OyiM 3a1aHi mapaMeTpH OmepaTopiB KpocoBepa Ta MyTallii
(Tabm. 1).
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Tabnuya 1. Bukopucmani napamempu

3HaueHHS Myranis Kpocosep
MiHiManbHe 0.01 0.6
MaxkcuMansHe 0.5 0.9
ITouaTtkoBe 0.1 0.8

AnroputMm BUKOHYBaBcs npotsroM 10000 itepariiii.
VY pesynbTati poOOTH anropuT™My OyB OTpUMaHHI PO3MOALN CTYIEHTIB Mo KiMHaTax (puc. 4, 5).

Kimnata 1:

FeHpep: vonoeik, 3 CoyioTun: iHTpoBepT
Fenpep: uvonoBik, : CouioTun: iHTpoBEpT
FeHpep: vonoeik, 3 CoyioTun: iHTpoBepT
Fenpep: uvonoBik, : CouioTun: ekcTpaBepT

Kimnata 2:

FeHpep: vonoeik, 3 CoyioTun: iHTpoBepT
Fenpep: uvonoBik, : CouioTun: iHTpoBEpT
Fenpep: yonopik, 3 CoyioTun: iHTpoBepT
Fenpep: uvonoBik, : CouioTun: ekcTpaBepT

. KimHata 16:

KimHaTa 3: . .

. . . Fenpep: vonoeik, Kypc: 2, CouioTtun: iHTpoBepT
FeHpep: vonorik, 3 CoyioTun: iHTpoBepT

) , ) Fewpep: winwka, Kypc: 1, CouioTwn: excTpaBepT
Fenpep: uvonoBik, 3 CouioTun: iHTpoBEpT
. . . Fenpep: uwonoeik, Kypc: 5, CouioTun: ekcTpasepT
FeHpep: vonorik, 3 CoyioTun: iHTpoBepT

Fenpep: wiwka, Kypc: 5, CouioTwn: ekcTpaBepT

Fenpep: uvonoBik, : CouioTun: iHTpoBEpT

Kimuata 17:

KimnaTta
FeHpep: . CouyioTun: iWTpoeepT lenpep: wiwka, Kypc: 2, CouioTwn: iHTpoBepT
eHpep: . CouioTmn: exkcTpaeepT lenpep: wonosik, Kypc: 4, CouioTun: excTpaeepT
Fexgep: : CouioTun: iHTpoBepT Fenpep: wiwka, Kypc: 1, CouioTwn: iHTpoBepT
FeHgep: . CouioTun: iHTpoBepT Fespep: wiwka, Kypc: 1, CouioTwn: exkcTpaeepT
Kimnata 5: Kimnara 18:
leHgep: yonoBik, : CouioTun: iHTpoBepT Fewpep: wiwka, Kypc: 4, CouioTwn: iHTpoBepT
Fenpep: YonoBik, 3 CoyioTun: iWTpoBepT Fenpep: winwka, Kypc: 5, CouioTwn: iHTpoBepT
leHgep: yonoBik, : CoyioTun: iHTpoBepT Fenpep: uwonoeik, Kypc: 4, CouioTun: ekcTpaBepT
leHpep: yonoBik, : CouioTun: iHTpoBEpT lenpep: uwonoBik, Kypc: 1, CouioTun: iHTpoBepT
Pucynox 4. @pazmenm pesynomamie nocenenms Pucynox 5. Cmydenmu 3 pisnumu cenoepamu
y KiMHami

AHaJi3 pe3ysbTaTiB pPO3CENICHHS TOKa3ye, M0 aJITOPUTM IPAIOE 1 3a/laya BUPIIIYEThCS, ajie 1HOI
MOJK€ BUHHMKATH CHUTYyaIlis, KOJM B OJHIN KIMHATI ONMUHSIOTHCS CTYACHTH pi3HOI crati (puc. S5). s
BupilIeHHs1 wi€l nmpoOiemu Oyne po3poOJIeHUI JONATKOBUH ANrOPHUTM, SIKMM IIyKae CTYACHTIB, IO
MIJXOAATh JJIs IEPEMIIIICHHS, 1 3MIHIOE TX MICISIMH, 3a0€31eUy0YH TPABHUIIbHUN PO3IOIII.

9 BucHoBku

[Iponec undposizanii BUMarae CTBOPEHHs Pi3HOMaHITHUX iHQOpMaLiHHUX CUCTEM, 10 SIKUX MOXKHA
BiJTHECTH 3alIPONIOHOBAaHY MOJIENTb KOMII FOTEPHOI CUCTEMHU MOCENIECHHS CTY/ICHTIB.

BrpoBagkeHHS B KOMIT FOTEPHY CUCTEMY T'€HETHYHOT'O aJIrOPUTMY, A03BOJISIE YIOCKOHAIUTH HPOLIEC
MIOCEJICHHSI CTYJCHTIB y TYPTOXXKUTKH, 3a0€31eUylour PO3B’s3aHHs 3a/1a4i PO3MOIIICHHS CTYICHTIB SIK
3aja4i KOMOIHATOpPHOT omnTuMi3alii. BukoprcranHs eBoioLiiHOrO miaxony 3adesnedye eGeKTHBHUMA
PO3IO/IIN CTY/IEHTIB 32 PaXyHOK aJanTUBHOCTI JI0 3MIHHUX YMOB 1 3JIaTHOCTI IIBHJKO KOPHTYBaTH
pillleHHs y BiANOBigL HAa HOBI OOMEXeHHs 4u BUMOTH. Lle 3abe3nedye BUKOHaHHS 0OMEXEHb 1 BUMOT
3agadi, e(peKTHBHE BUKOPUCTAHHS PECypPCiB Ta OIbIY THYUYKICTh YIPaBIiHHS IPOLIECOM ITOCETIECHHS.

Jns yeminmHOoT peaiizaiii MoJiesli KOMIT IOTEpHOT CHCTeMH OyB TNPOBEJCHUHN JeTaIbHUN aHai3
JOCTYITHHX MIAXOIB 1 TEXHOJOT1H po3poOKku. Bynu obpani a1t mporpaMHOi peati3aii TEeXHOJOr11, Taki
stk Java, Spring Boot, Angular i PostgreSQL, 1o 3a0e3neuye kpociiat¢hopMHiCTh, HaAIHHICTD 1 6e3neKy
PO3pOOITIOBAHOTO MTPOTPAMHOTO 3a0€31EUECHHS.

Po3pobiiena apxiTekTypa KOMII’ FOTEPHOI MOJIEINI 3 TPUPIBHEBOKO CTPYKTYPOIO, rapaHTye ePeKTUBHUIMA
po3mnoin 000B’SI3KIB Ta Kpally B3aEMOJII0 MiK KOMIIOHEHTaMH MOJIeNi. BrpoBa/yKeHHS €BOIOMIHHNX
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aJTOPUTMIB Ha piBHI Oi3HEC-JIOTIKM TO3BOJISIE ABTOMATH3YBATH IIPOIIEC ITOCEICHHS 3 YpaxXyBaHHIM
TeH/ICPHUX, COI[IOTUITHUX Ta IHIIUX 1HAUBITyaJIbHUX XapaKTEPUCTHK CTYICHTIB.

3aHpOHOHOBaHI/Iﬁ HiI[XiH Mae HOTCHHiaJ’I 3HAaYHO CIPOCTUTH Ta OHTI/IMi3yBaTI/I mponuecC IMOCCICHHSA

CTYJEHTIB y TYPTOXHUTKH, HiABUIIUTH 3aI0BOJIEHICTh KOPHUCTYBadiB 1 €()EeKTHBHICTH BUKOPHUCTAHHSA
JKUTIIOBUX PECYPCIB HABYAFHUX 3aKIIAiB.

oo

© ©
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Model of the computer system for settling students in a dormitory

Purpose: to automate the process of settling students in university dormitories by creating a computer system that takes into
account the personal requirements of students and improves the allocation of places.

Research methods: optimization methods, in particular evolutionary approach using genetic algorithms, software architecture
modeling, software development methods and technologies. The computer system is built on a three-tier architecture that
includes presentation, business logic, and data layers. Technologies used for development: Spring Boot for the server part,
Angular for the client part and PostgreSQL for data storage.

As a result, the developed computer system allows automating the process of settling students in dormitories, considering their
individual needs and preferences. It ensures better allocation of students to dormitory rooms, taking into account such criteria as
gender, personality type (introvert/extrovert), study year and other important factors. The system also provides the ability to
administer and monitor the settlement process, which allows university staff to quickly respond and solve possible problems.
The choice of technologies, such as Spring Boot, Angular and PostgreSQL, ensures cross-platform compatibility, data security
and the ability to adapt the system to changing conditions. The database model includes tables that store information about
students, staff, dorm rooms and other necessary data, which allows for efficient information management.

Conclusions: the proposed system allows automating the process of assigning students to dormitory rooms, taking into account
their individual needs and wishes. This makes it a promising tool for managing the residential fund of higher education
institutions, which can speed up the settlement and simplify bureaucratic processes. Automation of the settlement process allows
reducing the burden on administrative staff and minimize the number of errors that occur during the manual allocation of places
in dormitories. Thus, the developed system not only improves the conditions for registration of residence documents for students,
but also contributes to increasing the efficiency of the administrative staff of universities.

Keywords: computer system, evolutionary approach, genetic algorithm, optimization problem, student accommodation.
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Posib ceMaHTHYHOIO aHAJI3Yy B NOA0JIAHHI 00MesKeHb pesisilliiHol Moaei
JAaHUX

AxrtyanbHictb. CTaTTs NPHUCBSYCHA BU3HAYCHHIO POJIi CEMAHTHYHOTO aHaji3y MpPH MOJOJAaHHS OOMEKEHb TPaauLiiHOI
pemsniitnoi Mozeni nanux. [lotpeba B ceMaHTHYHOMY aHai3i JaHWX BHHUKAa€ BHACIIIOK 3aIIMTy Ha OLTBII BHPa3Hi Ta €MHI
KOHLIENTYyaJbHI Moesi nanux. [IpoGnema, mio 10ci OBHICTIO HE BUpIlIEHa, MOJSATAE B TOMY, IO KJIACHYHI PENALiiiHI MOJeTb
HE MaroTh NpAMOi MIATPUMKH CEMAaHTHKH JaHUX - 3B’s3KiB, aOCTpakuil JaHUX, YCHAaAKyBaHH:I, HOMIMOpdi3My, 1HKAICYIALii,
CKIaHUX 00’€KTiB, a TaKOX OUHAMIUYHHX BJIACTUBOCTEH 00’ekTiB. Ilif CEeMaHTHKOIO PO3yMi€TbCS BUKOPHCTaHHSA IIEBHHUX
KOHCTPYKIIH Ta METOHNIB JJsl TOrO, MO0 BHpakaTd OCOONMBOCTI MPUKIAIHOTO CEPENOBHUINA, SIKI 3ATHINAIOTHCS 1032
TPaIUIIHHOI0 PENAIiiHO0 MoeIUTI0. CeMaHTHYHUIN aHaJli3 TO03BOJIIE€ BU3HAYUTH OB CKIIA/IHI BiTHOIICHHS Ta B3a€MOJIIT MixX
CYTHOCTSIMH, BKJIOUaroun kimacuikariii, arperamii (ckiaagHi 00'€KTH, sSKi MICTAThH iHIII 00'€KTH), acomiarii (3B'SI3KM Mix
CYTHOCTSIMH). TOIO. L[ijuTi0 B)KMBAaHHS KOMIIOHEHTIB CEMaHTHKH € TIiBHUILNCHHS PiBHSA aOCTpakiii MpH MPOCKTYyBaHHI, IO
pOOHTH MOJIENb ORI YHIBEpCATBLHOK. AOCTpaKIlis B CBOIO YEPry - 1€ B CTBOPCHHS y3aralbHECHHX MOJENcH abo KiaciB, sKi
MPEACTaBIAIOTh CYTHOCTI B 0a3i maHmx. CeMaHTHYHMI aHAJi3 AomoMarae€ BU3HAYWTH, K caMe JaHi OymyTh 30epiratumcs Ta
ontuMi3oBaHi B 6a3i njaHux. BiH BiIo4ae B cebe BUOIp THIIB JTaHHUX, IHACKCYBaHHS, HOpMai3allio/ IeHOpMalTi3allio Ta iHmi
ACTIeKTH TPOEKTYBaHHA 0a3u maHux. Meta. B mocmimpkeHHI PO3IJSIHYTI NUTAHHA CEMAaHTHYHOTO aHai3y HaHUX MpU
noOyAyBaHHI PEMIMHIX MOJENeH Ta pesuiiHuX 0a3 1aHux. MeToau 10cai:keHHs1. B cTaTTi mopsa 3 TEOPETUIHNM aHATiI30M
npoOsieMH 3i0paHO Ta MPOaHai30BaHO 3a JJOIOMOTOI0 CEMaHTUYHOTO aHalidy (akTHYHUHA MaTepian- CTPYKTYpH IaHHX 3
ICHYIOUHX IIPOEKTIB Ta XMapHHUX JOAATKIB (Kpamli MPakTHKHN), 3p00JIeHi BUCHOBKH 00 MOJIMBOCTEH IIATPUMKH CEMaHTHKH
3ac00aMH iICHYIOUHX peILINiHHNX MoJeneil Ta pesiiaux 6a3 nanux. Pe3yabTaTu. byio 3po0ieHo onmvc eeMeHTiB CEeMaHTHKHY,
MpOaHali30BaHa iXHA POJb B MOOYIAOBI MOJENi, BUIICHO PSAJ CEMAaHTUYHUX MAOJIOHIB, SK 3aCO0IB MOJOJIAHHSA OOMEXCHb
pernsiitHoi Moaedi.

Knrwwuosei crosa: cemanmuunuii ananiz 0auux, pesayiina Mooeib, KOHYenmyaubhi MoOeni OaHux, cucmemu 6a3 0aHux, Mooei
OaHux, N102iuHUll Ou3alH 6a3u OAHUX, CEMAHMUYHUL AHA3 NPeOMemHol 0OIacmi.

SAx uuryBatu: CysikoBa O. I'. Ponb cemMaHTHYHOro aHaiily B MOJONaHHI OOMEKEHb PeNSLiiHOT
Moneni maHux. Bichux Xapkiecbkoco HayionanvHoco yuieepcumemy imeni B.H.Kapasina, cep.
«Mamemamuune moodemosanns. Ingopmayiini mexnonocii. A6momamuz06ami cucmemu YAPAaeiiHHIAY.
2024. Bum. 62. C.55-69. https://doi.org/10.26565/2304-6201-2024-62-06

How to quote: O. G. Suzikova, “ The role of semantic analysis in overcoming the limitations of the
relational data model ” Bulletin of V.N. Karazin Kharkiv National University, series “Mathematical
modelling. Information technology. Automated control systems, vol. 62, pp.55-69, 2024. [In Ukrainian]
https://doi.org/10.26565/2304-6201-2024-62-06

1. IlocTranoBka mpodJjeMu

Konnenist pensiiiiaoi Mozeni Oyna 3anpornonoBana Y.Kommom y 1969 por, ne Oyna mMojenb
30epiraHHs JaHWX Y JBOMIPHUX TaOIUISIX, 6 OCHOBHOIO OJUHMICIO OYB KOPTEX, KOPTEXK OMKCYBaB
MEBHY CYTHICTb, a MOJISi KOPTEXKY OMUCYBaK aTpuOyTH wiel cyTtHOCcTi [1]. Monenb HaOyna BETHKOT
MOIYJISIPHOCTI caMe ToMY, IO OyJia 3py4HO0, TEOPETUIHO OOIPYHTOBAHOO Ta iHTYITHBHO 3pO3yMIIION0.
Po3poOHuKkyM omiHwmmM ii me i ToMy, O BOHAa Hajana (HaxiBISIM METOJOJIOTII0 MOJETIOBAaHHS, HE
3anexHy Bij aeraned (izwmuHOi peamizamii. Ane ¥ mo 1ei yac 0arato po3pOOHHKIB BBaXKAIOTh, IO
peldLiiHa MOJIENb HE MPOIOHYE JTOCTaTHBO 0AaraToi KOHIENTYalbHOT MOJICII JUISl ACTIEKTIB MPEAMETHOT
rajysi, o0 MOJACJIOEThCS, AKI HE BII0OpaKarOThCs HA TAOIHIIAX HApsamy[2].

3 MOMEHTY CTBOPEHHS PEJISLIMHOr0 MiIXOay Ta KOHIEMUil pelsuiiHuX 0a3 JaHuX MpOHIUIO BKe
OaraTto yacy, aje Ie Ha 30pi iX BUKOPUCTAHHS JAOCIIIHUKH 3a3HAYAJIH, 110 PEJISIiiiHAa MOJEIb JOCUTh
oOMexeHa 1 He MOKe BiJoOpa3uTu 00J1acTh IISUTBHOCTI JIFOJIEH, 1110 aBTOMATH3Y€EThCs, JOCUTh 100pe. Y
BIJIMOBiAb HA LIEH BUKJIMK OyJr 3po0JieH] YnciieHH] cipobu 30araTuTy MiAXij i NPUIM3yBaTH MOXKIHMBOCTI
pensiiitHuX 0a3 JaHUX 10 MOXIIMBOCTEH 00'€KT-OPiEHTOBAHUX MOB, SIKi ONEPYIOTH 13 O1IbII CKIAAHUMH
CTPYKTYpaMH 1, sIK pe3yJIbTaT, JisiTH Ha OUTbII BUCOKOMY PiBHI a0CTpaKIIii.
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Bunukin 00'eKTHO-OpiEHTOBaHA MOJEIL Ta 00 €KT pessiiiiHa MOJAE/b, 10 Majd 3a METy HaJaTh
OiNbII TOCKOHATI 3ac00H 1Sl BioOpakeHHs 00'€KTiB PeabHOrO CBiTy, Hix pensniiina mogenn[3].[4]. Ix
CIpoOM PO3MIMPUTH  TPATUIIHHUNA PENAMiMHUN MiAXin 0a3yBamucs Ha HaMaraHHi peani3yBaTu
HPUHIMIIY 3 HACTYIHOTO CIHCKY:

-3HAUYEHHSAMH TOJIiB B TAOIHUILIX (aTprOyTiB BiTHOCHH) MOXYTh OyTH HE TUTbKH JIiTEpaIbHE 3HAYCHHS,
a i CKIaaHi 00'€KTH;

-3HaueHHS aTpuOyTIB BITHOCHH HE OOOB'SI3KOBO € aTOMapHUMH

-Tpu TOOYAOBI TaOIUIF MOKE BUKOPHCTOBYBATHCS MEXAHI3M yCITaJKyBaHHS,

-kjacu (TaOnuIi) MOKYTh BKJIFOUATH IEBHI omnepanii (OCTaHHIA NMPUHLIWI BKE IMIJIEMEHTOBAaHO B
MexaHi3max BOynoBaHux npoueayp B KoHkpeTHux CYB/I).

Ane TyT JOCTiAHUKY 3ITKHYIINCS 3 HACTYITHOO pobiaemMoro. SKIo crctemi yrnpaBimiHAS 623010 TaHUX
3aKJIaIeHO MOXJIMBICTh ONEPYBaHHs CKIAQAHUMH O0'€KTaMH, TO MPOIECH MOUIYKY Ta MEePETBOPEHHS
iHpopmanii y 0a3i JaHUX ICTOTHO YMOBUTBHIOIOTBCS, OCKUIBKM caMi OO'€KTH - CKIafHi 1 Baxki. 3i
3pOCTaHHSM TMOTYKHOCTI OOYHCIIOBATBHOI TEXHIKH CHTYaIlisl TMOKPAIIyEThCA, aje He pPagiKaIbHO.
YTIOBUTEHEHHS TTPOIIECIB — I1€ TUTaTa 32 CKIIAIHICTh 00'€KTIB CUCTEMH.

VY Toli cammii yac 1ro mpo0OeMy nmporpamicTamM JOBOIUTHCS BUPIIIYBaTH IOIHS TPAKTUYHO. Y LBOMY
TUTaHI BUSBUBCS HE3aCTy>KEHO 3a0yTUM CEMaHTHYHUH aHaIIi3 TPEIMETHOI ramy3i, IKHi Kpa3 y 6ararbox
BUMAAKAX JO3BOJISAE MOA0NATH MpoTupivds. I1in ceMaHTHIHNM aHaTi30M MAa€EThCSA HA YBa3i 3MiCTOBHHM
aHaJIi3 IaHUX Ta MpeIMETHOI 001acTi, pe3yNIbTaTH SIKOTO AI0Th MOXKIIMBICTh TOOYAyBaTH NPUHHATHY Ta
aJICKBaTHY MOJIEJb JUIs peaiizallii B 0a3i JaHuX.

MeTor0 IIFOTO TOCTIPKEHHSI € BU3HAYEHHS POJIi CEMAaHTUYHOTO aHATi3y MPH MOIOIaHHS 00MEeXKeHb
TPaaUIiHHOT PEeAIIHHOT MOJIENI TAaHUX.

3aBIaHHsAMH, 10 BUPINIYIOTHCS, € BUBYCHHS CY4YacHOT'O CTaHy MpoOJjeMH, OMUCAHHS EIEMEHTIB
CEMaHTHKH Ta 3ac00iB aHaJi3y, Ta BUAUICHHSI CEMAaHTHYHIX MIAOJIOHIB, SIK 3aC001B MOI0IaHHSI 00MEXEeHb
penAmiiHo MoeTi.

2. BuBYeHHs Cy4acHOro cTaHy MPOOJIeMH

3apa3 cI0BOCTIONYYEHHS ""cCeMaHTUIHUH aHalli3" 3aCTOCOBYETHCS B OCHOBHOMY B KOHTEKCTI BEIUMKHX
JaHWUX Ta BUPILICHH 3a/1a4i aHaji3y NpUpoaAHOi MOBH. AJle B TJaHOMY BUIAKy MA€ThCsl HA yBa3i aHAII3
OyIb-sIKOT MTPEIMETHOT Taiy3i, ii CyTHOCTEH Ta 3B'SI3KiB MiXK HUMH 33 3MiCTOM.

VY BiAMNOBiAe Ha W BUKIMK 3'SBHIIMCS CEMaHTHYHI MOJemi HaHux. SIK BKasyeTrbcs B [2], meBHi
pO3pOOKM  MOXKHA YMOBHO KiacH(iKyBaTH $K '"CEeMaHTHYHI" MOJEN JaHWX, OCKUIBKH iXHBOIO
BIIMIHHICTIO € T€, 110 BOHM HaMararThCs HaJaTH OUIbIIE CEMaHTHYHOTO BMICTY, HIXK TpajuiliiiHa
pensiiiiHa MoieTb.

B nieHTpi CeMaHTHYHOrO aHalli3y HaXOIUTHCS MEBHA MPEIMETHA raly3b, 10 aBTOMAaTu3yeThes. Lle
YaCTHHA PEAIbHOTO CBIT Ta MPAKTUYHOI JiSUIBHOCTI JIFOJICH, CYyTh MOJICIIIOBAHHS — Y BUIICHHI TEBHUX
BaXIUBUX 00 €KTIB (CYyTHOCTEH) I1iel 00acTi Ta X aCHeKTIB 3 MULTIO MOAAJBIIOT0 MPEICTABICHHS 1X
TaONMUIIMHU 0a3u TaHUX Ta BUKOPUCTAHHS MPHU MOOYIO0BI aBTOMATH30BAaHOTO mporiecy. [2]

Crtpykrypa abo cxema Mojeii 0a3u JaHUX YTpPUMYE B coOi sSK cami 00’€KTH, TaK 1 Pi3HI THIH
B3a€MO3B’s13KH Mi>k HUMH. OO0’ €KTH 3a3BHYail HE CTaTHYHI, HAOip aTprOyTIB ONKCY€ MEBHUI CTaH TAaKOro
00’ekty. TakuM YMHOM MOJIENI 33Jal0Th TEBHI CTPYKTYpH JAaHUX JJIsl ONepariiii MOJCIOBaHHS, sKi
BHUKOPHUCTOBYIOTBCS TS TIOIANBIIIOTO MAHIMYJIIOBAHHS 00’ €KTaMU cXeMH 0a3u JaHuX. MaHimysmii — 1e
0i3HeC JIOTiKa TOTO MPOrPaAMHOTO MPOAYKTY, IO CTBOPIOETHCS AJISI aBTOMATH3ALII.

IlepeBarn pemnsmiiiHOi MOJeNi B TOMy, IO BOHA, XO4a W HE 3[aTHI BUPAXATH BCi 3B SI3KH MiX
00’exTamMH TIpeIMEeTHOI 00acTi, ajie Hajgae 3py4Hi 3acoO0u I 30epiraHHs Ta BioOpaskeHHS NaHUX
¢bizuaHO.

Jns moxpanieHHsT Mojieni Oyiy 3amporoHOBaHI TeBHI iei, mepmoro Oyia imes mpo ¢isndHy
HE3JIKHICTh AaHuX. JlocmigHuky 0a3 JaHuX BiAYYyJH, 110 KOPUCTYyBad MOBHUHEH OyTH BUIBHMM Bij
netanei Gi3maHOT CTPYKTYpH 6a3u aHux. TakuM YHHOM, KOPUCTYBad MIr MOJIEIIOBATH JaHi y crocio,
MOMIOHUI JI0 JTFOICHKOTO CIPUHHSTTS IPOrpaMu.

Hpyra inest mepeabavana 3aXOIUICHHS JOJATKOBOI CEMAHTHMKM B MPOLECI MOJETIOBaHHS JaHUX.
IcHyroui Mmozeni Oynu 31aTHI BU3HAYATH JIesKi ceMaHTUKu Janux [5],[6],[7],[8].

CyTb TOTO, 10 PO3YMIETHCS il CEMAHTUKOIO - 116 BUKOPUCTAHHSI IIEBHUX KOHCTPYKIIIH Ta METOJIB
JUIL TOTO, MO0 BUpakaTH TEBHI OCOOJMBOCTI MPHUKIATHOTO CEPEIOBHINA, SIKI 3aJHMIIAIOTHCS 11034
TPagULiHHOIO PESLiIHHOI0 MOJEILIIO.
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CeMaHTHYHHAN aHAJI3 MOYMHAETHCS 3 PO3YMIHHSA Oi3HEC-TIPOIIECiB Ta MOTPed KOPUCTYBAUIB CHCTEMH.
Lle BuMarae criBmparti 3 npeAcTaBHUKaMHU Oi3HeCYy Ta eKCIepTaMy MPeAMETHOI 001acTi sl BUSIBIICHHS
OCHOBHUX CYyTHOCTEH, B3a€MO3B'SI3KiB 1 BUMOT 110 JaHUX[9].

[Ticns po3ymiHHS TpeIMeTHOI 00JIacTi MPOBOAUTHCS 11eHTH(IKAIIS MOTPIOHNX CYTHOCTEH (00'€KTIB),
X 3B'A3KiB. M0 BKJIOYAE B ceOe BU3HAUEHHS TOTO, II0 € OCHOBHUMH CYTHOCTSIMH 1 SIK BOHH ITOB'S3aHI
ojHa 3 oJHOO [9].

Jns KOXHOi CyTHOCTI BH3HAUAIOTHCA 11 aTpUOYTH, SIKi BIiIOOpaxaroTh I XapaKTepUCTHKH Ta
BiacTuBOCTi. Lle BaxIMBO Ay BU3HAYEHHS K iHpopMarii Oyae 30epiratucs B 6a3i manux. Lle Te, mo
BIJIHOCUTBCS 10 TpaJuLiitHOl pensuiitnol moxeni nanux "Entity-Relationship™[6],[9].

3a ocTaHHI KiJbKa POKIB HOBOIO MAapagWrMOI0 OMHCY Oi3HEC-MPOLECiB, Y TOMY YHUCHi 1 Ui
iH(QOpMAIIIHHIX CUCTEM, CTajla METOIOJIOTs, OpiEHTOBaHA HE MPOCTO HA CYTHOCTI MPEIMETHOI Taiy3i, a
Ha apredakTu Oi3Hecy. OTke, Oi3HEC-TIPOIECH OMKCYIOTHCS 3 MOMIAAY apTedakTiB, SKUMH Oi3Hec
MaHiMmyJItoe mij yac inpopmauiitHoro oominy[ 10].

[adopmamis B cucreMi 1e maHi, BU3HA4YeHI uepe3 apredakTH, KepoBaHI Oi3HECOM, pa3oM 3
OOMEeXEeHHSMH, 110 HaKIaJaloTh YMOBH Ha Ii JaHi Ta SKi Oe3M0oCepeNHbO BHUILTUBAIOTH i3 BHMOT
NpeaMEeTHOI Tamy3i opranizamii| 11].

ApTedakTHO-OpiEHTOBaHE MOJICITIOBAaHHS CTaBUTH apTeakTH (3HaUyIli Oi3HECY 00'€KTH TaHUX) Ta IX
JKUTTEBI UKIH Y (GOKYC MOJETIOBAaHHS Oyb-sKuX Oi3Hec-TiporieciB. Llei Tum MomenmtoBaHHS 3a CBOEIO
CYTTIO € JISKJIapaTUBHUM: TIOTIK YIIPaBJIiHHS Oi3HEC-TPOIIECOM B3arajii He MOJCIIOEThCS, a BUILUIUBAE i3
KUTTEBHUX HUKIIB apTedakTiB[10].

3B's13yBaHHA Oi3HEC-TIPOLIECIB Ta iX MaHWX, SIK 1 paHille, 3aUIMIAETHCS BiIKPUTOI MPOOIEMOIO,
0COOJIMBO MPH PO3MIISA/ KOHICTITyaTbHIX Mojenei. CIiIbHUE pO3TIsg MOJEICH MPOIeCiB Ta JaHUX Ha
KOHIIENITYaJIbHOMY PiBHi Jja€ 0araTo mepeBar. 30KpeMa, MOKpallye po3yMiHHSI BChOTO iH(opMaliifHOro
MIPOIIECY B IIIITOMY, HE3AIEIKHO Bijl IHCTPYMEHTIB, SIKi BAKOPHUCTOBYIOTHCS AJISI CTBOPEHHS iH(opMaIiHoi
cucremu[ 12].

OpnHi€lo 3 IpUYKH, Yepes Ky apTeakTHO OPIEHTOBaHA MapajurMma MoJerurye MOJICIIOBaHHS TaHHX,
€ 3JIaTHICTh MOJICIIIOBATH BIAHOCUHM MiX 00'€KTaMU Pi3HOI MOTY>KHOCTI.

[HmMMK crOBaMM CEMaHTHYHHMN aHami3 [O3BOJISIE BU3HAYUTH OifbII CKJIAAHI BIAHOILICHHA Ta
B3a€MOJII MK CYTHOCTSIMH, BKJIIOYAIOUW Kiacudikamii, arperamii (CKkimagHi 00'€KTH, SKi MICTSTh iHIII
00'exTn), acomianii (3B'13KH Mk CYTHOCTSIMH). TOLIO.

Takox ceMaHTHYHWIA aHami3 JONOMarae BHU3HAYUTH, SK caMe JaHi OymyTb 30epiratucs Ta
omTtuMizoBaHi B 0a3i gaHmx. lle Bkmowae B cebe BUOiIp THUMIB JaHWX, 1HJIEKCYyBaHHS,
HOpMaJTi3allifo/ IeHOpMai3allito Ta 1HII acTIeKTH MPOSKTYBaHHS 0a3H JaHUX.

Ille ogHa QyHKINSI CEMAHTUYHOTO aHANI3Y - BiH JOMOMAara€ BU3HAYUTH MPABUIIA Ta OOMEXEHHS, SKi
3a0e3MeuyroTh ITICHICTh Ta Oe3meKy naHux B 0a3i nannx. Hanpukiam, oOMexeHHs BCTaBKHY, BUJAJICHHS,
3MiHM. SKII0 00’€KTH IOB’si3aHi 4epe3 3B’SI3KHM, TO BCTaBKa, BUJAJICHHA a00 Moaudikailis OIHOTro
00’€eKTa BIUTMHE HA CTAaTyC iCHYBaHHS 1HIIUX 00’ €KTiB, ITOB’3aHUX 13 HAM.

CemaHTUYHUI aHAaJi3 € BAKIMBOIO YaCTUHOIO NMPOEKTYBaHHA 0a3u JaHUX, OCKUJIBKH BiH JIOTIOMAarae
CTBOPHUTH CTPYKTYpY JaHHMX, II0 TOYHIlIe BioOpaskae peajbHy IpeaMeTHY oOiacTh Ta Oinblie
BiJIMOBiae moTpebaM Oi3HECY Ta KOpHCTyBadiB. BiH TakoX cCIpHsi€ MOKPAIICHHIO €QEKTUBHOCTI Ta
NPOAYKTUBHOCTI CHCTEMH Y TNOAAJBIIOMY BHUKOPUCTAHHI, MOJETIIye MOIMIMPEHHS YU NOPTYBaHHS
CHCTEMH y MallOyTHEOMY.

3. EJjeMeHTH CeMaHTHMKH [JIsl KPaIoro po3yMiHHA CTPYKTYpPH JaHUX

Ille B paHHIX cTaTsAxX, MO ApyKyBamuch y 80-90X pokax MOCTIMHUKA HAMITHIA KOMIIOHEHTH
CEMaHTHKHU ISl MaiOyTHHOTO BJOCKOHAJEHHS Mojene naHux. Lm0 BXUBaHHS KOMIIOHEHTIB
CEMaHTHUKH € TIJBUINEHHS piBHA aOCTpakilii MpU  MPOEKTYBaHHI, IO POOHUTH MOJENb OUIbII
YHiBepcaJbHOI0. AOCTpakiisi B CBOIO Yepry - 1€ B CTBOPEHHS y3araJlbHeHHX Mojelneil abo Kiacis, sKi
MPEJICTABIISIIOTh CYTHOCTI B 0a3i JaHuX.

AOCTpakiliss JO3BOJISIE BUJAIJIMTH TOJIOBHI XapakTEPUCTUKW CYTHOCTEH Ta MPHXOBAaTH JEeTai
BHYTPILIHBOTO TPEACTABICHHSI. AOCTpaKuis y CKIaJHHUX Ipolecax YW CHCTEMax J03BOJISIE 3BECTH
HETHUIOBI 00'€KTH 200 MOBEMIHKY J0 THIIOBOTO, 32 PAXYHOK YOTO MOJIENb CYTTEBO cHpoInyeThes| 13].

BukopucTanHs abcTpakiiiii 03BOJISIE TIOKPAIMTH MOJIETh JIAHUX 1 MOJIETIIIUTH PO3YMiHHS CTPYKTYPH
0a3u ganux. KpiM Toro, 1ie 103BOJIsIE€ IMIUIEMEHTYBATH OLIbII 3pO3yMii Ta KepoBaHi iHTepdeiich s
KOpHUCTYBauiB 0a3u JaHUX.
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Hampukian, B crarti [lImiga Ta CBeHcoHa [6] ommcaHi 3B’SA3KH Ta acolliaii, a TaKoX IOB’sI3aHa 3
HUMHU ceMmaHThKa. B crarti Cmita Tta Cmita [7] ommcaHuii miap aOCTpakiii B MOJAEIX, IO
BUKOPUCTOBYBAIHUCS I MOAETIOBaHHs 0a3u JaHuxX. ToOTO Taki aCeKTH CEeMaHTUYHOTO aHaJlizy AaHUX
AK a0CcTpakiii, acortiarii, kimacudikarii, y3araTbHeHHs Ta arperariii OyJu BiJIoMi Ta OnrcaHi TEOPETHIHO
BXKE JOCHTh JaBHO. | camMe BHHH € CKIaJOBUMH THX MOJEJNEH, IO MiANajaroTh IiJ KaTeropiro
CEMaHTHUYHHUX MOJENIEH TaHHX.

Arperariist — BKIII0Ya€ 00'eTHAHHS KITBKOX 00'€KTiB 200 CyTHOCTEH B OZHY OLJIBII CKIIaHY CYTHICTb.
Le mo3BoIsIE MOIETIOBATH KOMITJIEKCHI BITHOCHHHU MK JaHUMH Ta 3a0e3redye OiTbIIe CTPYKTYpOBaHY
Ta JIETKO po3yMitouy 0a3y nanux. Lle 3aci0, 3a JOMOMOTOI0 SIKOTO 3B’SI3KH MiXK TUTIAMH HU3bKOTO PiBHSI
MOYKHa BBa)KaTW THUIIOM BHIIOTO piBHA. PensmiiiHa Mozenb MaHUX MOXKe BHUKOPHUCTOBYBATH L0
KOHIIETIIIIF0, HATPUKJIA/l, IIISIXOM arperyBaHHs aTpuOyTiB 11 (hOpMyBaHHS BiTHOIICHHA. TakuM 9HOM
CEMaHTHUYHE MOJCTIOBAHHS JaHUX [O3BOJIIE€ arperyBaTH TUIHM CyTHOCTeH (200 BIJHOCHHH) Ui
(dopMyBaHHSI CyTHOCTEH BHIIOTO MOPSIAKY. 32 PaxXyHOK IIbOTO arperaiis A0NoMarae Kpamie po3yMiTH
JOTIYHY CTPYKTYypy MAaHHX Ta PO3IMHMPIOE MOMJIMBOCTI MOJETIOBAHHS CKIQJAHUX OO'€KTIB Ta iX
B33a€MO3B'A3KIB.

VY3aranpbHeHHS —BKa3y€e Ha BiTHOCHHM MK CYTHOCTSIMH a0 KJjlacaMu, Jie OAHA CYTHICTb € OibIl
3araipHOI0 (0aTHKIBCHKOIO), @ 1HINA - OUTBII KOHKPETHO!O (HOUipHKOT0). Lle 3aci0, 3a TOMOMOT00 SKOTO
BiIMIHHOCTI MIXK MTOAIOHUMH 00’ €EKTaMH iITHOPYIOTBCS 1Tt (JOPMYBAHHS THITY BUIIOTO IMTOPSIIIKY, Y IKOMY
MOJXKHA TIJKPECIUTH TOMIOHICTh. Y3arajJbHCHHS CTBOPIOE i€papxito, Je¢ OaThKiBChKa CYTHICTh Mae
3aralibHi aTpuOYTH, SIKi CIUJIBHI IS BCiX AOYipHIX CyTHOCTEH. BoHa B 1illoMy normomarae MOJETIOBaTH
CMa/IKyBaHHS B 0a3i JaHWX, JI€ KOHKPETHI CYTHOCTI YCIaJKOBYIOTh aTPUOYTH Ta XapaKTEPUCTHUKH Bij
OatpkiBcbKO1 cyTHoOcTi. Lle m03BONsiE BUKOPHCTOBYBATHM 3arayibHi aTpuOyTH Ui BCIX IOYIpHIX
CYTHOCTEH.

Knacudikaris —Bkirodae B cebe poO3iIeHHS CyTHOCTeH abo 00'€KTiB Ha KaTeropii 4 Kiacw Ha
OCHOBI CHIFHUX XapakTepucTHk. Lle ¢opma abctpaxiiii, y skiii Habip 00’€KTiB BBaKAETHCH KIIACOM
00’ekta Bumoro piBHA. Knmacudikamis n03BoNse€ TpymyBaTH MOAIOHI CYTHOCTI pa3oM Ta BU3HAUYaTH
3arajibHi aTpHOYTH Ta BIACTHBOCTI ISl KOXKHOT KaTeropii. Ha mpakTumi 1ie jonomarae cTBOPUTH OUTBII
OpraHi3oBaHy Ta CTPYKTypoBaHy 0a3y MJaHWX, A€ CYTHOCTI TPYIYIOThCA 3a iXHIMH CHUTbHAMH
XapakTepucTuKamH. Lle monerurye momyk ta aHanmi3 JaHuX.

Acoriailisi — acoIliaTUBHI 3B'I3KM BKa3yIOTh Ha B3a€MO3B'SI3KM MIXK PI3HUMH CYTHOCTSIMU a0o
ob'extamu B 6a3i manux. Lle dopma abcrpakiii, y sSKii 3B’S130K MK 00’ €KTaMHU-UICHAMU BBAYKAETHCA
00’extom Habopy Bumoro pias (Brodie, 1984)[14].BoHa mo3Boisie TpencTaBUTH, SK 00'€KTH
B3a€MOJIIIOTH Ta CITiBIPAIIOIOTH OJJMH 3 OAHUM. Ha mpakTuili 1e crupusie CTBOPEHHIO OLIBII 3p03yMiINX
Ta peaJicCTHYHUX Mojener nannux[15].

3aJeKHOCTI — 11e OJJMH BOXKJIMBUH €JIEMEHT ceMaHTUKU. DYHKIIOHATBHI 3aI€KHOCTI - 1Ie KOHLETLs,
sIKa BU3HAYAE B3a€EMO3B'SI30K MiX aTprOyTamu B 0a3i JaHuX. BoHM TparoTh BaXITUBY POJIb Y BU3HAUEHHI
TOTO, K JiaHl Oy1yTh 30epiraTucs Ta OpraHizoBaHi B TaOIMIIIX.

BusHaueHHs (yHKIIIOHATBHAX 3aJIEKHOCTEH - [1€ OJWH 3 BHJIIB aHANi3y CEMaHTHKHU JaHuX. BiH €
OCHOBOIO TIpOIIeIypy HOopMaltizailii. BaykIMBO MpaBUILHO BU3HAYUTH (PYHKIIOHAIBHI 3aJI€KHOCTI IS
KOXHOI TaOnuii Ta arpubyra B 0a3l JaHUX, OCKUJIBKM II¢ BU3HA4Ya€ CTPYKTypy Ta 3ale3mneuye
MIPaBIIILHICTH Omnepalliii 3 6a3010 JaHUX.

Came 3MiCTOBHMI aHaI1i3 00'€KTIB JO3BOJISIE IOBICUTH PiBeHb a0CTpaKii y mporpami, 10 B pe3yJIbTari
poOuTH ii OiIBII KOMIIAKTHO, YHIBEPCATBHOIO, MOJETIIY€E PO3MIUPEHHST (QYHKI[IOHAY, TIOPTYBAaHHS Ta
3MiHy Koxy. OCKITbKH CEeMaHTHKa 3B’sI3KiB BTUICHA B Omepamiax 00’ eTHAHHS, SKi IBHO BUMAraroThCs B
peNALiHHOMY 3aIuTi, 3amuT Oy/1e MaTH OLTBII KOMITAKTHUN BUpPa3 Y CEMaHTHUIHIA MOJIEIN.

CeMaHTH4HI MOJIeNi IaHUX 3a3BUYall € PO3MIMPEHHSMH, TOOTO OibII MTOBHUMHU MOJAETSMH B TOMY
CEHCI, 110 KOPHUCTYBAY 3/IaTHUHN BUTSATTH NOBHUI CIIEKTp iHPOpMAIIii 3 6a3u JaHUX TaK camo JIETKO, SIK i
B IonepeHix Moaensax. OmHaK yci i MO/ TaKoX 3a0e31euyloTh EKOHOMII0 BUPAKEHHSI, IKY MOXHA
BB2)KaTH CHJIBHIIIIOO 32 TIOBHOTY B TAKOMY CEHC1: KOPHCTYBa4 HE TIJIbKU MOXE BUTSATTH TOYHO TaKy camy
iHpopMallito, ane GBIy YacTUHY i€l iHPopMaIlii MOKHA BUTSATHYTH 3 OiJIBIIOIO JIETKICTB.

Hanpukian, 3 pensuiiiHoro Moeuio KOpUCTyBad OBUHEH 3HATH MPO aTpUOyTH, 3a/1isHi B HEIBHOMY
BU3HAUYEHHI MDKpENSLIHMX 3B’S3KiB, 1 BUKOHYBaTH CKJIaJHI omepauii caMe Haj UMM aTpuOyTamH,
BUKOPHCTOBYIOUM TMPOCKIli Ta 00 €qHAHHA, 1100 OTpUMaTH iH(OpMaIi uepe3 i 3B’s3ku. SIKIo
CEMaHTHKA BiJTHOIICHHS BPaXOBaHa B CTPYKTYPI JaHUX, MPOIEC CYTTEBO MOJETIIYETHCS. Y CeMaHTHUHIH
MoJielli omepauii 4iTKO BH3HA4YEHI y 3B’s3Kax. TakuM 4MHOM, ceMaHTHKa BOYJOBaHa B caMy MOJIENb
JIAHHX.
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IlinTpumka 1imicHOCTI. TpaauiiitHi Moaeli 3MYIIyIOTh KOPHUCTyBada BIJICTEKYBATH 3B S3KH MiX
00’ekTamu 6a3u JaHuX ab0 MiATPUMYBATH BHYTPILIHBE0 00’ €KTHY Y3TOIKEHICTh 3a JJOTIOMOTOI0 HaBiramii
3B’s13KiB Ha PiznuHOMY piBHI. CeMaHTHUHI MoJieNi 3a0e3MeuyI0Th MEXaHi3MH [l BU3HAYEHHS OOMEKEHb
IMUTICHOCTI Ta BOJHOYAC JO3BOJISIIOTH KOPHCTYBAadeBi MeperisgaTH JaHi Ha PiBHI, BIIUIUIEHOMY BiJ
CTPYKTYpH 3aIHCy HU3HKOTO piBHA[ 16].

4. TloxpauleHHs peJsiiiiHoi Moaesi yepe3 adcTpakiii

AOGcTpakmii mpeCTaBIAI0Th COOO0 3araibHi Ta CIPOIICHI MOeNi abo Kiacu 00'€KTiB, SKi MOXYTh
OyTH CKJIQJHUMU Ta pPI3HOMAHITHUMH B pEaJbHOMY CBiTi. AOCTpakilii BiIKHJAIOTh JETaNTi Ta
30CepeKYIOThCS Ha KIIOUOBHX XapaKTEPUCTHKAX.

3actocyBaHHS aOCTPAKIIii y peNsAmiiHIA MOJIENTI:

VY pensuiiiniii Mogeni 6a3u gaHux aOcTpakuii MOXKYTh OYTH MpeacTaBiieHi sIK OKpeMi Tabnuii, 1e
KOXKEH PSAAOK TaOIuLi BitoOpa)xkae KOHKPETHUH 00'€KT aOCTpaKiii, a CTOBMLI NPEACTABISIOTh aTPUOYTH
abcTpaKIii.

AOGcTpakiii J03BONSIOTh CIIPOCTUTH CTPYKTYPY HaHUX, 3pOOUTH 11 OUITBIIT 3p03YMIIOI0 Ta T03BOIISIOTH
3ailicHIOBaTH onepauii HaJ 00'ekTamu abcTpakiii Ha OUTBII BUCOKOMY PiBHI adCTpaKiii.

[Tpuxitay BUKOPUCTaHHS aOCTPAKIIii.

PosrnssHeMo mpukiam CTBOPEHHS aOCTpakiii 1t "KopucTyBada' B MeKax KOPIOPATUBHOTO TOPTAIY
3 BEJIUKOIO KIJIBKICTIO POJiei. 3aMiCTh BKIIFOUEHHS BCIX MOKJIMBHUX aTprOyTiB KOpHUcTyBaya (im's, aapeca,
TeneoH, eNeKTpOHHA TMOIITa, TOII0) B OAHY TaONMWI0, MOKHa cTBopuTH abcrpakuito User. Ls
a0cTpakifiss MicTUTHME 0a30Bi aTpuOyTH, SKi € CIUTBPHUMH IS BCiX KOPHCTYBadiB, T4 MOKJIHBO,
MOCHUJIaHHS Ha iHII TaOnMIi s OUThIN JOKJIAAHMX JaHUX. Lle J03BOJIUTH MIATPUMYBATH OJTHAKOBY
CTPYKTYpY ISl BCIX KOPUCTYBAYiB i JIETIIE PO3IIUPIOBATH CUCTEMY B Malil0yTHHOMY.

3HaueHHs BUKOPUCTAHHS abCTpaKIIiii:

*  CrpoteHHsI MOIETIOBaHHS CKJIAHIX KOHIICTIIIN y pemsIiitHiil Momeri.

e 3MCHIICHHS KUIBKOCTI yOIFOBaHHS TaHUX Ta 3a0€3MeUCHHS iXHbOI €IHOCTI.

. Binba 3po3yMisticTh 0a3u JaHUX Ta JISTKICTh Y ITiITPUMIIL.

* IligTpumka BuIoro piBHsA aOCTpakmii /UIsl orepamii Haj AAaHWMH, MIO B IUJIOMY TOKpAIIye
MPOIYKT.

BukopucranHs abCTpakiiii JonoMarae oKpaIIUTH SKICTh Ta PO3YMIHHS CTPYKTYPHU PEJIALiHOT 0a3u
MaHUX, 3pobuTh ii OUNMBII MOIYNHFHOI Ta MIATOTOBIEHOKO JO PO3IIMPEHHS, M0 BAXIWUBO MPH
MPOEKTYBaHHI 0a3 JaHWX YIS CKIQJIHUX KOHIEMIIH 1 CHCTeM.

BukopucranHs arperaiiii Ta KOMIO3HIIIH

Arperariist B pendmiiiHil 6a3i, SK BXe BiIMI4aloch, BKa3ye Ha CTBOPEHHS 3B'A3KiB MiXk 00'ekTaMu, /e
onvH 00'exT (0aTHKIBCHKHIA) MICTHTH B cOO1 iHIN 00'€KTH (IOYipHi) K 4acTUHU ab0 ITiIKOMIIOHEHTH.
Le#t Tum 3B'A3Ky NO3BOJSIE CTPYKTYPYBAaTH JaHi Ta MPEACTaBISITH CKJIaaHI 00'€KTH sIK arperaru i3
BiJIOMUMH BJIACTHBOCTSIMU Ta 3aJICKHOCTSIMH.

Buninsiore Takox kommosuitito. Kommosutris - e ocoOnmBHiA BUA arperaiii, Ae A04ipHi 00'€KTH
NoB'si3aHi 3 0aThKIBCBKUM O00'€KTOM TakUM YHHOM, HIO BOHH ICHYIOTH JIMIIE B MeXaX IbOTO
0aThKIBCHKOTO 00'ekTa. SIKIIO OATHKIBCHKUN 00'€KT BUIAISETHCSA, TO 1 BCI HOTO JOUIpHI 00'EKTH TaKOXK
BUJIAIISIOTHCS.

BuxopucTtanHs arperarniii Ta KOMITO3UIIiM TomoMarae Kpaiie MOJIEIIOBATH CKJIa/lHI BiTHOCHHHU MIiXK
o0'ekTaMM Ta IXHIMM YaCTMHAMHU B peJsliiHIA 0a3i gaHux. Hanpukiam, sKIIO BH MOJECIIOETE
aBTOMOO1JIb, arperarfis J03BOJISIE BaM IIPEICTABUTH JIBUT'YH, KOJleca, Kpicla Ta iHII KOMIIOHEHTH
ABTOMOOUIA SIK YACTUHHU I[HOI'0 aBTOMOOLIIS.

Arperaris Ta KOMIO3HIISl TAKOXK TPAIOTh BXKIKMBY POJIb B MOJICIIOBaHHI iepapxii migkiaciB B 6asi
JMaHuX. BoHM T03BONSIFOTE CTPYKTYPYBATH JIaHi Ta CTBOPIOBATH 3B'SI3KU Mi’K 0aTbKiBCHBKHMU Ta IOYIPHIMH
KJIacaMHu.

Hampukiian, sikio y Bac € 6a3oBuii kiac "ABTo" i miakmacu, Taki sik "J[Buryn" ta "XomoBa yactuHa',
arperaiis Joromarae npeacTaBuTH 38's130k Mk "ABTo" 1 "JIpuryH" ae "ABT0" € 0aThbKIBCHKHM KJIACOM,
a "JIBuryH" € qOYipHIM KJIacoM.

3Ha4yeHHS! BUKOPUCTAHHS arperauiii Ta KOMITO3HUIiH:

*  CTpyKTypyBaHHS Ta MOJICIIOBAHHS CKJIaJJHUX BIJIHOCHH MK 00'€KTaMU B peJisiiIiiHii 06a3i qaHuX.

e TlinTpuMmKa i€epapXiYHHX CTPYKTYp Ta BIJIHOCHH MK OaThbKIBCHKUMH Ta JIOYIPHIMH KJIacaMu B
MOJEISX AaHUX.
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*  3ale3neyeHHS MOXKJIMBOCTI MPEACTABIATH CKJIaaHI 00'€KTH Ta TXHI BIZHOCHHH B 0a3i JaHUX 3
TOYHICTIO 10 JIEeTaJIeH.

*  Arperauisi Ta KOMIIO3UIIiS € BAKJIIMBUMH iIHCTPYMEHTAMH MIPU MOZEIIOBaHHI CTPYKTYPH JaHUX B
penAImiiHuX 0a3ax TaHuX, OCOOIMBO MPH POoOOTI 3 00'EKTaMU, SIKI MAIOTh CKJIAAHI BITHOCHHU Ta i€papxii.

Kpim Toro, 10 3ac00iB ceMaHTHYHOTO aHAIi3y MOXKHA BiTHECTH 3HAHHS PO CTPYKTYPY Ta CKIATHICTD
00’ekTa Ta (yHKLIOHATBHI 3aJIE)KHOCTI B cucTeMi aTpuOyTiB. DyHKIIOHATBHI 3aJI€)KHOCTI, HAPUKIIA,
IIMPOKO BUKOPUCTOBYIOTHCS JUIA BAOCKOHAJIEHHS 0a3W 3MaHUX 3a MPOLEAYpOI0 HOpMaiizalii, Taka
MporeAypa M03BOJSiE 3amo0irTu ayOmroBaHHIO iHGopMarii. 3BOpOTHa Mpolieaypa AeHOpMaTizarii
HaBIIAKY J3BOJIsE TyOII0OBATH MOTPiOHI NaHi, SIKIIO II¢ BiJIIIOBiIa€ BAMOTaM MPOEKTY.

Bukopucranns knacudikauii Ta y3aranbHEHHS

Sk Bke BimMivamoch, Kimacudikamis — 1e po30uTTSs 00 €KTIB Ha TpPynmH 3a TEBHUMH
XapaKTepUCTUKAaMH. Y CHCTeMi KepyBaHHS IEPCOHAIOM MOYKHAa BHKOPUCTOBYBATH KIacHU(piKaliio s
TpyNyBaHHS MPaliBHUKIB 32 (YHKLUIOHAJIBHUMH POJISIMH, HANpHUKIal, "MeHemkepu," "po3poOHHKH,"
"QA-imkenepu" i T.

Y3aranpHeHHST MOke€ OyTHM BWUKOPHCTaHE /I MOJIENIOBaHHS iepapxii, A€ € meBHa OaThKiBChKa
CYTHICTIO, a ii OYipHi CyTHOCTI 31 ciiyibHUMU aTpuOyTaMu. Kiacugikaris Moxke OyTH BUKOPHCTaHA JUIS
TpyHyBaHHS TPOAYKTIB y MaraswHi 3a IXHIMH KaTeropisiMH, ITiJKaTeropissMd TOIIO (HAMPHUKIA],
"moOyToBa TexHika"> "TexHika Ui KyxHi'"> "npiOHa TexHika A KyxHi'").

Krnacudikariis Ta y3araJbHEHHS JOIOMAararTh Kpalle OpraHi3yBaTH Ta MOJCIIOBATH JaHi B 0asi
JaHWX, CTBOPIOIOYHM JIOTiUHI 3BSI3KM Ta iepapxii Mik cyTHocTsmu. Lle momermrye po3ymiHHS Ta
YIpaBIiHHS JAHUMH B CUCTEMI.

3HavyeHHs] BUKOPHUCTAHHS KJIacuQikaii Ta y3arainbHeHHS:

*  CopomeHHsl CTPYKTYpPH JaHUX HIISXOM TPYIyBaHHsS CyTHOCTEH Ta aTpuOYTIB 3a CHUTbHHUMU
O3HaKaMHU.

*  3MeHIIeHHs TyONMOBaHHS JAaHUX Ta CIPUSHHAS KOHCHCTEHTHOCTI B 0a3i JaHmX.

*  MoxiHBiCTh BHUKOPHCTOBYBaTH MNOMIMOp(]i3M Ui poOOTH 3 pI3HUMH KllacaMd 4epe3 iX
3araJlbHui cynepkiac.

*  3abesneyeHHs OLTBIIO] THYYKOCTI Ta pO3MIMPIOBAHOCTI 0231 JAaHUX TPY 3MiHI BUMOT JI0 CUCTEMHU.

BukopucTaHHs acoliaTUBHUX 3B'S3KiB

AcouiaTHBHI 3B'13KH B 0a3axX JaHUX I'PAOTh BAXJIMBY POJIb Y BIIOOPaKEeHH] CKIIaJIHUX BiIHOCHH MiX
o0'extamu. Lli 3B'SI3KM JO3BOISIFOTH 3'€JHYBATH JBa a00 OinbIe 00'ekTiB y 0a3i JaHWX Ta BU3HAYATH IXHi
B3a€MOBITHOCHHHU. Lle 0c0GIMBO KOPHCHO B CUTYaMLisfX, KOJIH 00'€KTH MalOTh CKJIAZHY CUCTEMY BiTHOCHH
(ToOTO HE O/IMH 3B’S30K).

AcoriaTuBHI 3B'SI3KM, HANPHUKIAN, MOXYTh MICTUTH JOJATKOBY iH(OpPMAII0 MPO caM 3B'S30K.
Hampuxnan, B acomiatuBHOMY 3B'si3ky Mik "KopucryBauamu" i "ToBapamu" mMoxe OyTH BKIFOUEHO
iH(opMallito PO HOMEP Ta AaTy JileH3Hii a00 HOMep rapaHTIHHOTO 3000B’sI3aHHS, Ta TPAHUYHY JIATY
i,

AcoriaTHBHI 3B'SI3KM MOXKYTh OyTH BUKOPUCTaHI JUIsl BUPIIIIEHHS Pi3HUX 3aBJlaHb B 0a3i JaHUX:

3B's13kM Oarato-70-0araThbOX: acOI[iaTHBHI 3B'SI3KM 4aCTO BUKOPUCTOBYHOTHCS ISl MOJICIIOBAHHS
BiTHOCHH OaraTo-10-0aratbox Mik o0'ektamu[10]. Hanpukian, B 0a3i JaHUX JJIsl IHTEPHET-Mara3uHy
MoOke OyTH acomiaTWBHUH 3B's130K Mik Tabmurero "KopucryBadi" i "ToBapu", 1e K0keH KOpPHCTyBad
MOXKE MaTh 0araTo TOBapiB y CBOEMY KOIIMKY, 1 KOXKEH TOBap MOXE OyTH Yy KOLIMKY IEKiTbKOX
KOPHCTYBaiB.

3ammty i QimbTpallisf: acomiaTUBHI 3B'SI3KM JO3BOJISIOTH BUKOHYBAaTH CKJIAJIHI 3alATH, 00 3HAWTH
TIeBHI 3B'A3KK a00 QiIbTPyBaTH 1aHi HAa OCHOBI ITUX 3B'SI3KiB.

BimHOCMHM  TIpM CEMaHTUYHOMY MOJICIIOBAHHI aHAJI3YIOThCS 3 TOYKH 30py iX 3MICTy Ta
npusHaveHHs. KoHIenTyaabHO KOHCTPYKT BiJHOIIEHHS MOXE BiJOOpakaTHCS B MOJIEINI SIK aTpUOYT,
CYTHICTb, HE3aJEeKHHUH eneMeHT a0o QyHKuis. BigHomeHHs, BTieHe aTpuOyTamu, — 1€ 3B’SI30K, Y
SIKOMY aTpUOYT OJHOr0 00’€KTa MOB’SI3aHUM 3 IHIIMM 00’ €KTOM, BKa3ye Ha HbOIO ab0 MOXOIMTH Bij
HbOro. Lle TpaaumiiHui miaxim.

AnbTepHATUBHO BIJIHOCHHMA TaKOX MOXXHA pO3TJSAATH SIK HE3aJeXKHI 00’ €KTH, BiIMIHHI BiX
cytHoctedl. Lle He o3Hauae, mo ¢iznuHa 0a3a NaHUX NPEACTABISE 3B’SI3KM Ta CYTHOCTI 3 PI3HUMHU
CTPYKTYpaMH, aje MpUHANMHI Ha KOHIIENTYaTbHOMY PiBHI CyTHOCTI PO3TIISIAI0THCS OKPEMO BiJI 3B’ S3KIB.

3B’SI30K MPEICTABISIETHCSA K CYTHICTh, SIKIIO 3B’SI30K JBOX a00 Oiyblie 00’€KTIB KOHIEHTYaIbHO
OTIHCYE OKpPEeMHid 00’ KT MOJIEII.

3HaueHHS BUKOPUCTAHHS aCOLiallii:
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*  MoxHa BiATBOpHUTH OUTHII CKIIaaHi 3B’ s13kH ("'0arato g0 6aratbox")

*  MokHa mepenaTty JI01aTKOBY iH(OpMAITito

*  MoskHa BiITBOPHUTH KiJIbKa THITIB 3B’ 513Ky Mi)K THMH CaMHUMH 00’ €KTaMu

*  Ile pobuts omeparrii 3 623010 JaHUX OUTBII €()EKTHBHUMH 1 IIBUIKIMH.

*  JI03BOJSIOTH YHUKHYTH AYyONIOBAaHHSA JaHWUX Ta 30epiraTv BiTHOCHHU MK 00'€KTaMy 3pydHUM
CIIOCOOOM.

BuxopucTtanHs (yHKITIOHATBHAX 3aJIEKHOCTEH

OYHKIIOHAIBHI 3aJIE)KHOCT] JIOTIOMAararoTh BH3HAYWTH, SKi aTpUOYTH 3ajiekaTh Bif IHIINX, 1 AKi
0o0OMEKeHHsSI MOKHA 3aCTOCOBYBaTH 10 LHX 3alie)kKHOCTed. BoHM momomararoTb BU3HAYMTH KIIFOYOBI
aTpuOyTH B Tabnuipx 6a3u manux. Kimro4yoBi aTpuOyTn BU3HAUYAIOTHCA SIK Ti, BiJ SIKMX 3aJIe)KaTh 1HII
aTpuOyTH, 1 AKi MOXKHA BUKOPHCTOBYBATH JIJISl YHIKAIBHOI ieHTrA(DiKamii 3anmuciB B TaOIUII.

[Mpunyctumo, y Bac € Tabnuus "3amoBnenHs" (Orders) y 0a3i gaHUX, i 1 TaOIULA MiCTUTh HACTYIIHI
aTpuOyTH:

* order_id (imeHTHdiKaTOp 3aMOBIICHH)

* customer_id (ineHTHdikaTop KIi€HTa, IKUI 3pOOUB 3aMOBJICHHS)

e order date (1aTa 3aMOBJICHHS)

* lineitem_id (11e psAOK, IO YTPUMYE TOBAp, IO 3aMOBIISIETHCS, HOTO KIJTBKICTh Ta I[iHY)

*  total amount (3aranpHa cyma 3aMOBJICHHS)

VY 1iit Tabnuii icHye GyHKIIOHATBHA 3anexHicTs Mk "order id" ta "customer id". Ile o3nauae, 1o
koxHe "order id" 3anexuTh Bim KoHKpeTHOro "customer id". IHIIUMM ClIOBaMH, KOXXEH 3aMOBHUK
(customer) mMoke MaTH 0araTo 3aMOBIJICHB, i U1 KOKHOTO 3aMOBJICHHS ICHY€ KOHKPETHHH KIIEHT
(customer).

OdeBunHO, MmO icHye (yHKIiOHATBHA 3anekHicTh MK "order id" Ta "order date", 60 koxkHE
3aMOBJICHHS Ma€ CBOIO YHIKQJIbHY JIaTy 3aMOBJICHHS.

Kpim toro, "total amount" 3anexxuts Bix "order id". KoxHe 3aMOBIIEHHST Ma€ CBOO BIIaCHY 3arajbHy
CyMy.

Takox "total amount" 3anexuth Bix "lineitem id". Koxxna cyma 3amoBieHHS (opMmyeTbes 3a
paxyHOK BHy TOBapy, I[iHU Ta KiJTbKOCTI.

Lli ¢yHKIiOHANBHI 3aIeKHOCTI BU3HAYAIOTh B3a€EMO3B'SI30K MK Pi3HUMHU aTpuOyTamu B TaOJHIli
"3amoBneHHs". BoHa moka3sye, sk aTpuOyTH 3aJie)KaTh OJUH BiJl OJHOTO Ta JIOMIOMArarTh BiI0Opa3uTH
B3a€MO3B'I30K MK KIII€HTaMH, 3aMOBJIEHHSIMH Ta IX JaHUMH B 0a3l JaHHUX.

ODyHKIIOHAIBHI 3aJIe)KHOCTI TPalOTh KIIFOYOBY POJIb B MpOIleci HopMaiizaii mannx. Hopmamizaris
NoJIsira€ B po30UTTI TabNMI Ha MEHII Ta OLTBII aTOMapHi CTPYKTYPH JUIsl 3SMEHIICHHS JTyOIFOBaHHS Ta
3a00poHMN aHOMamii jgaHuX. DyHKIIOHATBHI 3aJIe)KHOCTI BU3HAYAIOTh, SIKi aTpUOyTH MMOBUHHI OYTH B
OKpEeMHX TaOJHUIAX [Tt 3a0e3IeYeHHs HOpMaTi3arlii.

Po3ymiHHS (GYyHKIIOHATBHUX 3aJIEKHOCTEH J0NOMarae MOKpAaIIUTH ONTHMI3allilo 3amuTiB B 0asi
JMaHuX. SIKIIO BM 3HA€Te, SIKi aTPpUOYTH 3aJIe)KaTh BIJ IHIIMX, BU MOXETe €(EKTHBHIIIC CTBOPIOBATH
3aIUTH Ta 1HAEKCH ISl TPUCKOPEHHS JIOCTYITY 10 JaHUX.

Takox (yHKIIOHANBHI 3aJI€KHOCTI JONOMAraroTh YHUKHYTH HEMPaBUIBHOTO MPOCKTYBaHHs 0a3n
JAHHUX Ta PU3UKY MOMIIOK y JaHUX. BOHM Ha/laIOTh SICHUIA BapiaHT TOTO, K aTpUOYTH MOB'SI3aHI MiXK
co0oro.

3HaueHHS BUKOPUCTaHHS (DyHKIIOHAIBHHUX 3aJIe)KHOCTEH:

*  3MEHIYIOTh KUIbKICTh IIOMUJIOK

*  JlomomararoTh yHUKHYTH aHOMAJIill JJaHUX, TaKHUX SIK JTyOJIFOBaHHS a00 BTPATH JaHUX

*  J103BOJISAIOTH OOMEKEHHS MOXKIIMBOCTEH BCTaBKU, OHOBJICHHS Ta BUIAJICHHS IaHUX B TaOJIHIIIX

*  ['paioTh KJIIOYOBY POJIb B TIPOIIECI HOpMaITi3allil TaHUX

*  JlomomararoTh e(eKkTUBHINE CTBOPIOBATH 3aIIUTH Ta 1HIEKCH JJISI IPUCKOPEHHS JOCTYILY 10
JIaHUX.

5.  CemanTu4Hi IIa0JI0OHHU K 32C00U MOA0JIAHHSI 00MeKeHb pesiniiinoi Moaei 3 npuKJIagamMu
3 HPOEKTIB.

[laTepHu npoekTyBaHHs 0a3 JaHUX - L€ 3arajibHi, epeBipeHi 4acoM peKOMeHalii Ta pilleHHs IS
MOJICITIOBAHHSI Ta PO3pOOKH 0a3 nanux. Sk i B iHmMX cdepax mporpaMmyBaHHs, CEMAaHTUYHI NMaTEPHH
MPOCKTYBaHHs 0a3 JaHUX CIIyXKaTh SK MIa0JIOHW abo peKOMEHJarlii, sSKi JOIOMararTh BUPINIYBaTH
THUIIOBI 3aBAaHHs Ta MPOOJIEMH NIpU po3poOLi Ta KepyBaHH] 0a3aMH JaHUX.
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OcHOBHA imes 3aCTOCYBaHHsS TIATEPHIB MPOCKTYBaHHSI ©0a3 MaHWX IIOJSITae B TOMY, IIIOO
BUKOPUCTOBYBATH TakK 3BaHi "best practice” Bxke mepeBipeHi Ta epeKTHBHI cIocoOu poOOTH 3 JaHUMH,
3aMiCTh TOTO, 00 BUHAXOAWTH iX 3aHOBO AJs KOXXKHOro mpoekTy. Came maTepHH Ta mabioHH
MIPOTIOHYIOTh HUIAXM TOMOJIAaHHS OOMEXeHb TpaIuIiiHOl persuiiHoi monem maHux. llopsm 3 mum
MaTepHHU TPOEKTYBaHHS JOMOMAararoTh 3a0e3MednTH OiTbIly CTaOUTbHICTh, MIATPUMYBAHICTh Ta
PO3LIMPIOBaHICTh 0a31 NaHKX, 8 TAKOXK 3HU3UTH PU3HK MOMUIIOK Ta HEMIPABUIILHOTO MPOSKTYBaHHSI.

OpanM 3 HaWOLTBII BiJOMUX MOCTIAHWKIB IMATEPHIB MPH MPOEKTYBaHHI PENAIMIMHUX 0a3 JaHUX €
Mapria @aynep [17]. Bin Buainus Oinbm Hixk 50 maTepHiB U1 pelsuiiHuX 6a3 JaHWX, [0 JO3BOJISIOTH
MOKPAIIUTH BiOOpaKeHHsI MPEAMETHOIT 00JIacTi.

Cepen HaWOINBII BIIOMHX HOTO TATEpHIB € NAaTepHU MJsl HACHiAyBaHHS Ta  BiATBOPEHHS
acoliaTHBHUX 3B’ S3KIB.

IHamepnu "Hacnioysanus koukpemuoi maoauyi"

Pensimifini 6a3u JaHWX He MIATPUMYIOTH YCHaAKyBaHHS — (AaKT, SKHMH YCKIaTHIOE 00’ €KTHO-
pensmniiine BimoOpakeHHs. Llei marepH BUKOPHUCTOBYE y3arajabHEHHS ISl CTBOPEHHS iepapxii Tabauip
B 60a3i garmx. B Concrete Table Inheritance icHye TaOnuis 11 KOKXHOTO KOHKPETHOTO KJacy B iepapxii
yCTaAKyBaHHsI, Ta KOKHA 3 HUX MPEJCTaBIsiE COO0I0 KOHKPETHUM 00’ €KT.

Ha ocHoBi mabmoniB ®aynepa Mo>kHa CTBOPUTH B 0a3i TaHWX MEBHI aHAIOTH 00’ €KTIB Ta KJIaciB, IO
BJIACTHBI 00’ €KT OPIEHTOBAaHMM MOBaM MporpaMmyBaHHs. Hazpemo ix madinoHamu.

Llabnon "Cynepxnac”("Superclass”)

Lleit migxig Mae Ha METi BUKOPUCTAHHS CYIEpKIIacy IUIsl y3arajdbHEHHS CHUIbHUX aTpHOYTiB, SKi €
XapaKTepHUMH JIJIS IEKITbKOX KinaciB. Hampuknan, sikio y Bac € kitacu "Kopucryaudi” Ta "Komarga" su
MoxeTe cTBOpUTH cynepknac "KopucryBad", skuii MICTHTh 3arajipHi aTpuOyTH, Taki sK iMm'd Ta
€JICKTPOHHA TIOIITA, 1 HAIAJKHU IIOT'0 KJIACY OYAyTh MaTH JIOJATKOBI aTpUOYTH, HAPUKIIAI, TO3UIIT IS
YJICHIB KOMaHI!.

[puximan 3 mpoekty Zendesk, ne iMmmiemenToBaHo cynepkiac User, 10 sSIKOTO BXOISATE TP MiAKIACH
OpraHizoBaHi 3a Pi3HMMH POJISIMH B CHCTEMi (L0 O3HAYae, 0 B HUX pi3HA JIOTIKAa B CHCTEMi) - II¢
Admin, Agent, End-User. [Ipu yomy aamiHiCTpaTOpH Ta areHTH — 1I€ WICHH KOMaH/1, a KIHIIEBHI F03ep
— 1€ KJTI€HT.

Bci  pmani mpo cTpykTypy 00’€KTiB, iX moyisi Ta aTpUOyTH OTpUMaHi 3a JOMOMOIOI0 CepBicy
https://skyvia.com/

Task Editor onsrce Dafinition =f] Terg=t Defwition [F] Mapping Definition

TicketRestriction

- ==
Puc.1.Imnopm ¢ Zendesk, 3 subopom niokaacy 103epig 3a poanio 3 cynepkaacy User.
Ilicepeno.: https://skyvia.com/
MHOXVHHE YCHaJKyBaHHA — 1€ MeXaHi3M, 3a JIOTIOMOTOK SKOro 00’ekTamM B iepapXii

y3arajbHEHHs/CrieiaTi3alii J03BOJISIETCS YCIIaKOBYBAaTH BIACTUBOCTI BiJl KUIBKOX 00’ €KTIB BHII[OTO
piBHS (HaNpHKIIAI, BOHM HE MOXKYTh OyTH CTBOpEHi 0e3 ineHTudikaTopiB 00’ ektiB-6aThKiB). e 3py4Ho
JUTSL ESIKUX 00’ €EKTIB, KOJHM BIACTHBOCTI, [0 YCIAKOBYIOThCS, HE TIepeTHHAIOThCA. [Ipodiema BUHMKaAE,
KOJIM OJIMH CIICIiaIi30BaHMi 00'€KT YCIAJAKOBYE Ty CaMy BJIACTHBICTH BiJ ABOX 00'€KTIB BHIIIOTO PiBHS.

B 1upoMy BHIagKy CceMaHTHYHA MOJAEIb MOXKE J03BOJIATH a00 3a00pOHATH BUKOPHUCTAHHS
MHOXMHHOTO yCIIaAKyBaHHs, a00 MPOMOHYBATH MeBHI BOYIOBaHI MEXaHi3Mu AJ1s1 0OpOOKM KOH(DIIKTIB,
SIKi MOXXYTh BUHUKHYTH.

[Mpuknan 3 miartixaoi cuctemu Square. CyTHICTB Invoice He MOke OyTH cTBOpeHa Oe3 MonepeIHbOro
ctBopenHs cytHocteit Order ta PaymentRequest. IIpu yomy inBoiic (Invoice) Bix 3amoBieHHs (Order)
Oepe BIAaCTUBOCTI, IO MOB’S3aHi 3 TOBapaMH, KUIBKICTIO, I[IHAMH, TOOTO 3 TOBapHHM HAIMOBHEHHSM


https://skyvia.com/
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iHBOMCY. A Bix PaymentRequest ycrmamkoBye mapameTpH, 1o MoB’ s13aHi 3 3ac00aMu Ta TOPSIKOM OIIIaTH
[18].

Ilamepn "Hacnioysauns mabauyi", 3ycmpivaemocs maxodc 3 nazeorw "Table Inheritance”, "Single
Table Inheritance”

Lei#t maTepH TakoX BUKOPHUCTOBYE y3aralbHEHHS Ta Kiacu(iKaliro JIs CTBOPEHHS i€papXii Tabnuipb
B 0a3i ganux. Ha xoxeH kiac abo 00'eKT CTBOPIOETHCS OKpeMa TaOIUIls, a TOJIOBHA TaOIHLs MiCTUTh
3aranpHi aTpuOytu. Lle mo3BoNsiE MOAENMIOBATH KIACH 31 CHUTBHHMH XapaKTePUCTHKAMH Ta
BUKOPHCTOBYBATH arperariiro s MOCHIaHHs Ha OKpeMi TaOIuII, K1 MICTATh crierudidai aTpuOyTH I
KOXKHOT'O KIIacy.

Ha ocHoBi 11b0T0 NaTepHy, HANPUKIAJ, MOYKHA CTBOPUTH Ia0JIOH a0CTPaKTHOTO KIIacy.

Llabnon "Abecmpaxkmuuii knac" ( "Abstract Class")

AOCTpakTHHH Kac B 00'€KTHUX MOBax MPOTpaMyBaHHS — L€ KJac, 10 HE MOXKE MaTH KOHKPETHHX
eK3eMIUIIPIB, alle eK3eMIUIIPH MOXYTh OyTH B Horo kimaciB-Hamankis. Ilpuknan - xiac "TBapunu",
MIPOCTO TBAPUHH B PEATbHOMY CBITI HE iICHYIOTH, aJIe ICHYIOTh KOHKPETHI TBApWUHH, 110 BiTHOCATHCS 10
fioro kiaciB-Hamanakis - Kimok abo Cobaxk.

AOCTpakTHHH Kjac B pessiliiHiIA 0a3i JaHMX MOXXKHA IMIUIEMEHTYBaTH d4epe3 IMEeBHI MO, IO
OB’ SI3yI0Th 0aTHKIBCHKUIT KIIac Ta KiacH-Hamanku. [Ipu qoMmy, Ha BiIMiHY BiJl POCTO HACIHIyBaHHS
TaOIUII, IO BiJIMOBia€ aOCTPAKTHOMY KJIacy MOKE HE MAaTH aTpHOYTiB KpiM KIFOUOBOTO aTpUOYTY
(Ha3Bu Ta/abo ineHTH(DIKATOPA).

[Mpuknan 3 peaqpbHOrO MPOEKTY — IUIATKHA cuctemMa Square. B cucTemi iMIUIEMEHTOBaHO
abctpaktHuii kmac Catalogltem — me ToBapw, MPOAYKTH 3 Karanory, aOCTpakTHHN MPOAYKT HE Mae
aprikyny - SKU, miHu Ta BamioTH MPOAaxy, a och Horo govipHs cTpykrypa CatalogltemVaration mae
aprikyn -SKU, winy Ta Bamoty, Ta He Moke OyTu cTBopeHa 0e3 Id 6aThKiBCBKOT CTPYKTYpH.

B Square ] Execute Parameters Save Clear Clone

{ Catalogltem v Result Fields

tion Catalogltem.Variations

SKU
Catalogltem.” Filters
Records count
Result
Name Id Description Variations
BA_product_1 TCZSCATRLAOKIEWZPISKVMAF | Descr. f/ BA_product 1 ["type""ITEM_VARIATION"id""KCWLIQVREDQUBFF7QGILSTDG"
Suzik_productl | S4AMXZIZZUMWPR2PUXE2IH.. Product for testing 1 ["type""ITEM_VARIATION""id""ZNO3DACTY4S40BSSKEKGGNCL' ...
Puc 2. Abcmpaxmuuii knac Catalogltem 3 naamiscnoi cucmemu Square (ne mac apmixyny)
Ilicepeno.: https://skyvia.com/
» Query 1
[ savare Parameters Save Clear Clone
¢ CatalogltemVariation v Result Fields
zltemVariation. Nam: Itemld
m mg | |LaCukdmrisiend [ Cro =3
CataloghtemVariation.” — Filters
Records count
PricingType Result

PriceMoney_Amount

PriceMoney_Currency

Puc 3. Knac CatalogltemVariation 3 nnamixcroi cucmemu Square (mMae apmikyi, YiHy ma 6aiiomy npooaxcy), uo
He Modce bymu cmeopeHull 6e3 ioenmugpixamopa bamukiecobko2o 06 'cxkmy Catalogltem
Locepeno: https://skyvia.com/
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Ilamepn "Hacnioyeanus knacy mabauyi” ("Class Table Inheritance")

et maTepH BUKOPUCTOBYE arperaiito JUisl CTBOPEHHS iepapXii TaOiuIlb, IPU YOMY KOKHA TaOJIUIA
MIPEJICTaBIISIE KOHKPETHUH Ki1ac a00 00'exT. B IboMy BUMAKy, arperaitist JO3BOJISE 3B's13yBaTH TaOJHII 3
3aralbHAMH aTpUOyTaMH, IO CHUTBHI IS BCiX KIiaciB (Hampukian, depes ID o6'exra).

Ha ocHOBI 11b0T0 TaTEpHY MOKHA CTBOPHUTH TaKi CTPYKTYpH, sIK Arperat Ta KomnoHeHT.

Llabnon "Aepecam” ("Agregate”)

Le pimenHst Ma€e Ha yBa3i BUKOPUCTAHHS arperailii Ui CTBOPEHHS CKIaIHUX ajie MUTbHUX CTPYKTYP
JaHWX, SIKi BKJIIOYAIOTh y cebe pi3Hi kiacu. Hampuknan, arperaimiss Mmoxe OyTH BHKOpPHCTaHa st
CTBOPEHHS CKJIaJHHUX O0'€KTIB, IO MICTITh B COOl iHIII 00'€KTH, ¢ KOXKEH 00'EKT MOXKE HAJICKATH IO
pi3HHX KJIaciB. 3B’ SI3KH BIATBOPIOETHCS 32 TOMTOMOTO0 30BHIIITHIX KITFOUiB.

[Tpuknamom Arperaty moxke Oytu cytHicTh Country(kpaina) B exomepc cuctemi Shopify, Kpaina
yTpuMye B co0i He3anexxHi Shipping Zone — 30HM MOCTayaHHA, BiJ MPUHAJIEKHOCTI 10 MEBHOI 30HU
3aIMEXUTh BapTICTh MOCTadaHHA. SIK 30HH, TakK 1 KpaiHa MOXYTh OyTH BUKOPHCTaHI HE3aJIEXKHO, 1 IIe
peanbHi 00’ €KTH TIPeaMeTHOI 00IacTi.

Llabnon "Komnonenm"("Component")

Le#t migXis BHUKOPUCTOBYE KOMIIO3HWINIO ISl CTBOPEHHS CKJIAJHUX OO'€KTIB, SIKI CKIANAlOTHCA 3
MEHIIHUX KOMIOHEHTIB. Ko)keH KOMITOHEHT MOKE MaTH CBOT aTpUOYTH Ta MOB's3aHi JaHi ajie 000B’ I3KOBO
Ma€ TOCWJIAHHS Ha CKJIaAHWi 00’ekT (Hanpukiaa, uepe3 ID oO'ekra). B 0a3i gaHMX, KOMIIO3HUILiSA
MTO3BOJISIE CTPYKTYpYBaTH MdaHI OO0'€KTIB 1 IX KOMIIOHEHTIB y pensmiitHiii momem. OcoOmmuBoCTi
KOMITOHEHTA - BiH iCHY€ HE caM 10 co0i, a JIHIIE K YaCTKa 1HIIOT0 00’ €KTY.

Oco0muBOCTI arperaty Ta KOMIIOHEHTY Taki, arperar - 1e LiJbHa CTPYKTYpa, sSIKa MICTHTh B COOi
KOJIEKI[I}0 OO0'€KTIB Ta Ma€ HE3aJEKHUN >KUTTEBUM IIMKJI, TOMI SK KOMIIOHEHT - II€ YacTHHA L€l
CTPYKTYpPH, KA iCHY€ Ta QYHKIIOHY€E JIUIIe B KOHTEKCTI arperara.

[TpuknamoM KOMIOHEHTY, IO caM I0 co01 He iCHy€e Moske OyTH CyTHicTh Line, 110 BHKOPHUCTOBYETHCS
y 0araTtbox IUIaTLKHUX Ta OyXranTepchbkux cucremax (Stripe, Square, Xero, Quickbooks). Llst cyTHiCTB
MIPEJICTaBIsIE COO0I0 OKpeMuid pAMoK iHBoiicy. Cama mo co0i BOHa HE iCHYE, a € TUIBKH YacTKOIO
JOKYMCHTY.

Ilamepn "3icmasnenns Tabnuyi Acoyiayin” (Association Table Mapping)

AccoriaTruBHi 3B'SI3KM B PEIANIHHNX 0a3ax NaHUX BiI0OOpPaKalOTh BiTHOCHHU MK CYTHOCTSIMH, KOJIH
11i BITHOCUHH MiCTATh JIOJAaTKOBY iH(OpPMAIIit0.

Ilefi matepH BHKOPHUCTOBYE OKpeMy TaOJNWIIO, SKa MICTHTh 3B'A3KM MK JBOMa abo Oiibiie
CYTHOCTSIMH, a TAaKOX MOXJIHMBI aTpuOyTH IbOro 3B'A3Ky. Hampukmam, sSKIIO BH MaeTre CYTHOCTI
"KopucryBau" i "IIpoaykr," i BH XOuUeTe BIJICTEKYBAaTH B3a€MO3BSI30K MIX KOpPHCTyBadyaMH Ta
NPOJYKTaMH, B MOKkeTe cTBopuTH Tadmuio "UserProduct” 3 BimacHUM ineHTH(IKATOPOM 3B’SI3KYy Ta
TIOJISIMU, SIK1 BKa3ylOTh Ha KOPHUCTyBada, MPOAYKT 1, MOXKIIUBO 1HII JaHi, HAPUKIA], CEPIHHUN HOMED
MPOJYKTY, HOMED JileH3ii a00 rapaHTiiHUN TEPMiH.

Llabnon "36 azox ax cymuicmy"”

B npomy mabioHi CTBOPIOETHCS ClielianbHa CYyTHICTB (200 CYyTHOCTI. SIKIIO € KibKa THITIB 3B’SI3KiB)
JUTS TOTO, 1100 3MIHCHIOBATH MOEHAHHS JIBOX IHIIMX CYTHOCTEH.

[Tpuknan immiemenTauii 3 mpoekty Hubspot CRM. Panime (B nonepennix Bepcisix API) 3B’s13ku Mix
CYTHOCTSIMH OYJIM B CHCTEMI IMIIJIEMEHTOBAHI SIK MOJIs, IO yTPUMYIOTh IIOCHJIaHHS Ha OJHY Y4 KiJbKa
MOB’SI3aHUX CYTHOCTEH. Y BUMAJKy KUTBKOX TaKHUX 3B’S3KiB TI0JIE yTPUMYBAJO PSJIOK 3 BMICTOM MacHBY
inenTudikaropiB. 3apa3 B moHOBIeHiH Bepcii APl 3’siBuBcs HOBHiA TN 00’ekTiB — AsSociation
(Accoriariis), 3a TOITOMOTOO ITi€T CyTHOCTI MOXHA TTOEAHATH JIBa OYyIb sIKi 00’ €KTH B CHCTEMI, ITPH YOMY
MK TUMH X JIBOMa 00’ €KTaMU MOKe OyTH BCTAHOBJICHO 0araTo THITIB Pi3HUX 3B’SI3KiB.

Ipukan Takoro 38°s13ky 3 cucremu Hubspot. Cytaicte CompanyEngagements 3B’s3ye KOMIIaHii0 Ta
AKTUBHOCTI, 00 3aJy4MTH ii 10 4ncia KiieHTiB. BoHa Mae BnacHMi ineHTH(IKATOP Ta MOCUIAHHS Ha
CYTHOCTI, 5IKi BOHA TIOEJTHYE.
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» Queryl

ubSpot (BA) ute [ arameters Save ear one
Hub$ BA) Execute 33 P 5 Cl; Cl

{ CompanyEngagements ~ Result Fields

CompanyEng

CompanyEngagements. Result

Records count

d Company ID Engagement 1D
Id

16644554580 _374610973192 16644554580 37610973192
Company ID

Engagement 1D 16644554580_37671943596 | 16644554580 | 37671943596

16844554580 40521535853

18644554580 | 40521535853

Puc 4. Tabruys CompanyEngagements Hubspot CRM
Iwcepeno: https://skyvia.com/

ToOTo, peainizailisi acOIiaTUBHUX 3B'I3KIB MOXKE BapilOBATHUCS B 3aJICXKHOCTI Bijl crenmdikariiii 6a3u
JTAHUX Ta MOTPeO MPOEKTY.

Llabnon "Inkancynayia" (Incapsulation)

[akancynsnist, mo € 6a3oBuM npunHiunoM OOP, mpsMo cynepeduTh MPUHIMIAM BiIKPUTOCTI Ta
BUBUILHEHOCTI KOMOIHYBaHHS 3HA4YCHB Y KopTexkax SQL, 1110 CTBOPIOE CYTTEBI 0ap’ epH 1Jis €heKTUBHOTO
BUKOPHUCTaHHS PEIAIiHOI 0a3H, SK JOBIOTPHUBAJIOT0 CXOBHIIA CKIaIEHUX 00’ €KTIB Ki1acy (MOXKINBO, IO
IIc BHUIUIMBAE i3 IEBHUX TEOPETUIHUX HEY3TOKEHOCTEN)

Ane pilieHHSs MOXIIMBE, BOHO MaE€ Ha YBa3i CTBOPEHHS JOJATKOBOI'O OO’€KTYy JUIsl 3aMiHU
OpPHUTIHATFHOTO JJISI TOTO, MO0 OOMEXuTH mpaBa moctymy. Cepsic, SIKUH 3BEPTAEThCH 3a JaHWMH,
OTPUMYE TINBKH Ti aHi, M0 BiIKPUTI IJIs HBOTO, a He A0 BCiX. DaKTUIHO — 1€ CTBOPEHHS TUMYACOBUX
a00 MOCTIMHUX TaOMHIIb, IO YTPUMYIOTH 0OMEKEHY iH(POpMAILIito, 110 MOTPiOHA AJIST KOPUCTYBaya, MPH
YoMy BCsl 3ailiBa iH(opMaIlisi MPUXOBaHa Ta HE € JOCTYITHOI.

[Ipuxian 3 peanpbHOTO TPOEKTY. B emeiin-mapkerunr cucremi Mailchimp Hema npsiMmoro moctyiy 10
TaOJIUIll 103epiB a00 KOHTAKTIB cUCTeMH. MOKJIMBE 3BEPHEHHS TUIBKO J0 cyTHOCTI ListMembers, 11e
MiIUCHUKH 3 IEBHOTO JIUCTY PO3CHUIIOK.

@-m np Ver3 (BA D Execute (1)

< UstMemt Result Fields

ListMembe tMembers. First Name ListMembers.Last Nar

Filters

Result

Puc 5. Bubipxa 3 mabauyi ListMembers 3 cucmemu Mailchimp API V3.
Ilicepeno: hitps://skyvia.com/

Jnst Tabnuip 3 GyHKIIIOHATBHUMH 3aJISKHOCTSIMH IMUPOKO BIIOMUMHU € TIIXOU 3 HOpMaTi3alliil 4u
JIeHOpMaUTizailii TabJIuIlh, 0 3yMOBIICHO 3aBJIAHHAMM, 110 BUPIIITYIOTHCS.

Hopmanizayis ma oenopmanizayis

BiamoBigHo a0 moTped MEBHOrO pPecypey, IO IPOEKTYEThCS, BU MOXXETE BHOpaTH MNaTTEPHHU
HOpMaTi3allii Juis 3MEHIICHHs JyOOBaHHS NaHuX abo JieHOpMalli3amii JJis MOKpaIleHHS MIBUIKOIT
3anuTiB. HopManizamiis BUIBIIsIE QYHKIIOHATBHY 3aJI€XKHICTh MK TOJSAMH Ta0muii. JleHopmarizamis
CTBOPIOE TIEBHY (PYHKIIIOHAIBHY 3aJIC)KHICTh B CUCTEMI JaHHX.

Hopwmamnizaris Bkitoyae B ce0e po30UTTA TaOMWIh HA MEHIN Ta OiNbI aTOMapHI CTPYKTYpH, 3a
JTIOTIOMOTOX0 BH3HAYEHHS NepBUHHOTO Kitoda (Primary Key) mns xoxHOT TaOnWili Ta BCTaHOBICHHS
3oBHIHIX Kro4iB (Foreign Keys) fiis BupakeHHs 3anexHocTeld Mixk Tabnuisimu. el mporiec Bumarae
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aHaJi3y CTPYKTYPH JTaHHUX Ta X B3a€MO3B'SI3KIB IS BU3HAYCHHS ONTHMAJIBHOI OpraHi3amii Janux B 0asi
nanux[18].

Hopwmanizanis Mmoxxe OyTH mojijieHa Ha KilbKa piBHIB (pe3ynbTaToM Oyne meBHa HopMalbHa (opma,
Bix mepioi HopManbHOi hopmu (1NF) mo m'sitoi HopMaasHOi hopmu (SNF)). KoskeH piBeHs HOpMaTizartii
Ma€ Ha yBa3i MeBHI MpaBWJIa Ta BUMOTH MO0 OpTaHi3amii JaHuX B TAOIHIIIX.

JleHopmartizaliisi — B IPOTUBATY, 1€ MPoI1iec 30iIbIIEHHS KITbKOCTI JyOIbOBaHUX Ta 3alBHUX JAHUX Y
0a3i gaHuX s TMiABUINEHHS e(eKTUBHOCTI 3alMTiB Ta MOKPAIICHHS MPOAYKTUBHOCTI cucTeMu. BoHa
MPOTUCTOITH HOPMAJTi3allii, sika MiHiMi3ye AyOIfOBaHHS JaHHUX Ta 3a0e3Mevye KOHCUCTEHTHICTh TAaHUX.

JleHopMaitizalliss 3aCTOCOBYEThCSl y BHIIAJKaX, KOJHM IIBUJAKICTH Omepallidi 3 0a3010 JaHUX CTa€
BaKJIUBIIIOO 32 €)EKTUBHICTh BUTPAT PECYPCiB Ha 30€pPEeKEHHS AaHUX.

i mmsxu AOTOMararoTh BAOCKOHAIHUTH PENSIiiHI CTPYKTYPH JaHHUX, POOJIATH iX OLTBII THYYKHIMH
Ta e()eKTUBHMMHU JUIS MOJCIIOBAHHA DI3HUMX BIAHOCHH Ta iepapxiidi B 0a3i gaHux. PosymiHHS mux
MaTTEPHIB A0NOMAarae MpoeKTyBaTH OiIbll eeKTUBHI Ta MOAYJIBHI 0a3u JaHUX.

Hopwmamizamiss — 1e [mOBOJI pO3MOBCIO/DKEHA TMPOLEAypa TPH MPOEKTyBaHHI 0a3 JaHUWX.
Jenopmarizamnis 6ibIn piakicHa oneparttis. HaBemy npukita HaBMECHO 3p0o0JIeHOT JeHOpMaTi3artii:

Hubspot CRM ny6umioe iHdopMalito mpo acouiaTHBHI 3B’S3KH MK CYTHOCTSIMH, HalpUKJIal, IpU
CTBOpEHHI acoriarii Mi>k KOMITaHI€l0 Ta KBUTKOM TeXMiATPUMKH, (aKTUIHO OJHA 1 Ta K iH(opmaris
ckimamaeTbesi B nBi cumerpuuHi Tabmuii CompanyTickets Tta TicketCompanies mis Toro, mio0
MPUCKOPUTH TIOIIYK 3B’ A3KiB.

B peanpHHX mpoekTax MOXXHA 3HaWTH MEHII (PyHIaMEHTalbHi, ajie He MEHII KOPHCTI pillleHHS Ta
naiidxaku [UIsl BUPIMICHAS MTPAKTHYHUX 3aBAaHb. JledKi 3 HUX 10 pedi T03BOJIAIOTH 001MTH 0OMEKeHHS
TPaIUIiHHUX PEAiiHUX 0a3 JaHWX HAa aTOMApHICTH IOJIIB Ta BUKOPUCTOBYBAaTH CKJIaJHI 00’€KTH B
SKOCTi aTpUOYTiB.

Llabnon "Macus" ("Array”).

MacuB nepeaeTbCs B 1MoJe SK PSIOK Ta MPH OTPUMAHHI PO30MPAETHCS 32 JOMOMOTOI0 MPOLETypH
napciury.

IMpuknan 3 cucremu  Hubspot — cyrtHicte Deals Mae mons-psaku, IO MICTITh MAacUBH
ineHTH(]IKATOPIB.
HubSpot (BA) Parameters Save Clear Clone

& Deals ~ Result Fields

ids

Deals ™

Records count

tedCompanylds

tedVids
ssociatedDeallds Result

Merged Deal IDs AssociatedCompanylds AssociatedVids
User IDs of all notification f
16644554580 1

User IDs of all notification u

User IDs of all owners 16644554580 101]

All owner ids > w
Puc 6. Macusu, wo nepedaromscs 6 nons ax psaoku. Hubspot CRM.
IDricepeno: https://skyvia.com/

[a6mon "Cknamuuii atpuOyT"(MaeTbcs Ha yBaszi poOoTa 3 aTpuOyTOM — 00 €KTOM 3 CTPYKTYPORO
JSON, XML, HTML).

OpHoro 3 mpoOieM pensiliifHOl MOoJeni € Te, 110 BOHA HE J03BOJISIE BUKOPHCTOBYBATU aTpUOYTH-
CYTHOCTI, TOOTO HE aTOMapHi CKIIaJHi 00 €KTH. B meskux Bumaakax, 0COOIUBO IS CEPIHUX CKIaTHUX
CTPYKTYp JIaHUX, BUKOPUCTOBYIOTH cTpykTypu JSON, XML mis 30epiranHsi XapaKTepUCTHK CepiitHUX
00’ekTiB, a60 koHCcTpykuii HTML nns 30epirands neBHuX maGioHiB. B mpomy BUmaaxy aTtpuOyTH-
CYTHOCTI NIPEACTaBJIEH] y BUTIISAI TaKOl CTPYKTYpH MOKHA IIOMICTHTH B PSIOK B OJHOMY 31 CTOBIILIIB
Ta0IUL.

ToOto, cknagnuit arpuOyT 110 10 cyTi € KoHcTpyKiieto JSON, XML, HTML nepenaerbes B mone y
BUTJISIAI 3BUYAWHOTO PAIKA, ajle BIOPSIKOBAHOTO Mo m1abioHy. s BiIHOBIEHHS 00 €KTY DPAIOK
po30upaeThes MO FOMY IAOIOHY.
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[pukmnax 3 peanbHOrO MPOEKTY: Ha MAIIOHKY BH MOXKETe 0auuTH CTPYKTYpY CKJIAJHOTO aTpUOyTy
Line tuny psagok 06’ekry Invoice 3 xmapHoro 3actocynky Quickbooks Online, ueit arpu0yT Biamosinae
3a pSAKH 1HBOMCY, IO yTPUMYIOTb IPOAYKT, HOTO 1eTajli, OAUHUILI BUMIPY, BAPTICTh Ta MiICYMKOBY CYMY

psmKa.

“ldT 1,
"Amount™: 3500.0,

"LineMum™: 1.0,

"Description™: "Custom Design”,

"DetailType": "SalesltemLineDetail”,
"SalesltemLineDetail_ltemRefld™ "4",
"SalesltemLineDetail_ltemRefMame": "Design”,
"SalesltemLineDetail_UnitPrice™ 350.0,
"SalesltemLineDetail_Qty"™: 10.0,
"SalesltemLineDetail_ltemAccountRefld™: "82",
"SalesltemLineDetail_ltemAccountRefName”; "Design income”,
"SalesltemLineDetail_TaxCodeRefld"; "NON"

“Amount™: 3500.0,
"DetailType™: "SubTotalLineDetail”
}
]
Puc 7. Buo ampubymy Line (muny psiook) 06 ’ekmy Invoice 3 xmaprnoeo 3acmocyHKy
Quickbooks Online.
Ilicepeno.: https://skyvia.com/

Llabnon "Basckuti 06 ’exm"
B Tabmuni po3milnyerbes He caM 00’€KT, a TUIBKH Horo aapeca. s Toro, mo0 ¢iasTpyBatu abo

IIyKaTH MeBHI 00’ €KTH JOJAIOTHCS MeTagaHi 00’ €KTIB 3a SKUMH BeAeTbcs (PiIbTpallis, COpTyBaHHS abo

MOLIYK.

& Jira (Verd] [> Execute @ Parameters Save Clear Clone

Result Fields

IssueRemoteLinks.Id ssue

Filters

Scif Sort Fields

Result

Puc 8. Aopeca ma memaoani éasickozo 06 ekma 6 Jira..
Ilicepeno.: https://skyvia.com/

[Ipuknan 3 npoekty Jira. B Bepcisix APl V2, V3 Bukopucrano cytHicth IssueRemoteLinks, 1o
yTpuMye iH(pOpMalLil0 Mpo Pi3HI 00’€KTH, IO BIXHOCATHCA 1O MEBHOI NPOOIEMH MPOTrPaMHOTO
3abe3neueHHs (Issue — 1e BWA 3aBAaHHS, 10 ONMUCYE TEXHIYHY NpobieMy, 1o Tpeda BHUPIIINTH).
OO0'exTamu, 1O BiAHOCATHCS A0 TAKOrO 3aBAAaHHS MOXYTb OyTu ¢aiinu, 300paxkeHHs, aynio abo
Bifjeomarepiaiu [y onucy npoodiemu. CyTHICTh HaJla€ apecy Takoro 00'eKTy Ta METaAaHi AJis OUIYKY,

HaIlpUKJIaa, Ha3By Ta OITUC.
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2 BucHOBKH

[Tpu mpoekTyBaHHI 0a3 JaHWX OJHIEI0 3 KIIOYOBUX CKIIQJOBUX € PO3YMIHHSA Ta BimoOpaKeHHs
npeameTHoi obmacti. Lle 3aBgaHHs BHUMara€ ceMaHTUYHOTO aHAII3Y, SIKHMH JO3BOJISIE CTBOPUTH TaKe
BITOOpaKEHHS SKOMOTA OiIbIIT TOYHUM, KOPEKTHAM 1 €(heKTUBHUM.

B Toi#i yac sk HAWOLTBIT TPAIUIIIHI MOJENi JaHNX 3a0e3MeUy0Th JIUIIe OAHH 3aci0 MpeacTaBIeHHAS
nanux. CeMaHTHYHI MOJIeINi TaHKUX 32 JIOTIOMOTOI0 a0CTPAaKIIii T03BOJSIFOTh KOPHCTYBAa4eBi MOJCIIOBATH
Ta MepersIaTy JaHi Ha OaraThox piBHX. Lle Hamae po3mupeHi MOKIMBOCTI AJ1s1 MOIETIOBAHHS CUTYAITiit
"peaTbHOTO CBITY", OCKUTEKH MIEPETIISA JAHUX Ha 0araThoX PiBHAX Y3TOMKYETHCS 3 THM, SIK JIFON OadaTh
CBIT.

CemaHTHYHUI aHaIi3 BKIIOYAE B ceOe HACTYIHI KIIOYOBI aCTIEKTH:

*  BukopucranHs aOcTpakiiiii - KmacuguKaliii, y3araibHeHb, arperalfiii Ta acoliaTUBHUX 3B'SI3KiB
-y NpoeKTyBaHHI 0a3uW JaHWX AOTNOMAara€ MOKPAlIUTH CTPYKTYpY HOaHHMX Ta 3pOOMTH 1i Oijblu
3po3ymisioro Ta edexTuBHOW0. Lle monermye podoty 3 0a3010 AaHUX, CIPHSE KPalOMy PO3YMiHHIO
MIPEeIMETHOI 00JIACTi Ta CHpHs€ BJOCKOHAICHHIO SIKOCTI Ta MPOTYKTHBHOCTI CHCTEMH Y TOAAIBIIOMY
BHKOPHCTAHHI.

*  BuxopucraHHsS 3HaHb PO CTPYKTYpPY OO0’ €KTY A03BOJISIE BUPIIIUTH MPOOJIEMY 3 aTOMapHICTIO
MAHUX PeIIiHHUX TaOMUIb Ta HAONM3UTH iX MOMJIMBOCTI J0 MOMXJIHBOCTEH OO €KTHHX MOB
pOrpaMyBaHHSL.

*  BuxopucraHHS HaWKpalmMx NPaKTHK, MaTepHIB MPOEKTYBaHHs, IEPEBIPEHUX pillleHb, IO
JO3BOJIAIOTH OOIMTH TIeBHI OOMexeHHs pensiiiHoi moneni. [lpn BUKOpHCTaHHI TaKUX CTaHAAPTHUX
MiXO/iB IO MPOEKTYBaHHI MOXHA CTBOPUTH OLJIBIII OPTaHi30BaHy Ta JIETKO PO3IINPIOBaHy 0a3y JaHUX,
0 BIJIOBIJIa€ MOTpeOaM BaIloro MPOSKTY Ta Kpalle OMUCYE MPeAMETHY 00J1acTh.

Bubip KOHKpETHOTro METOy pealizallii, HaTepHy 3aJIe)KUTh BiJl TOTPed KOPHCTYBAviB Ta CTPYKTYPH
MaHuX y mpoekTi. KoxkeH 3 MuxX miIxoiB Mae CBOI IMepeBard Ta HEJONIKH, 1 BAYKIMBO BPaXxOBYBATH iX
MIpH MTPOEKTYBaHHI KOHKPETHOT 0a3u JaHUX.
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The role of semantic analysis in overcoming the limitations of the relational
data model

Relevance. The article is devoted to defining the role of semantic analysis in overcoming the limitations of the traditional
relational data model. The need for semantic data analysis arises from the demand for more expressive and capacious conceptual
data models. The problem that has not yet been fully resolved is that classical relational models do not directly support data
semantics - relationships, data abstraction, inheritance, polymorphism, encapsulation, complex objects, and dynamic properties
of objects. Semantics refers to the use of certain constructs and methods to express features of the application environment that
remain outside the traditional relational model. Semantic analysis allows to define more complex relationships and interactions
between entities, including classifications, aggregations (complex objects that contain other objects), associations (links between
entities), etc. The purpose of using semantics components is to increase the level of abstraction in design, which makes the model
more versatile. Abstraction, in turn, is the creation of generalized models or classes that represent entities in the database.
Semantic analysis helps determine how data will be stored and optimized in the database. It includes the selection of data types,
indexing, normalization/denormalization, and other aspects of database design. Objective. The study considers the issues of
semantic data analysis in the construction of relational models and relational databases. Research methods. Along with the
theoretical analysis of the problem, the article collects and analyzes the actual material - data structures from existing projects
and cloud applications (best practices) - using semantic analysis, and draws conclusions about the capabilities of existing
relational models and relational databases to support semantics. Results. We described the elements of semantics, analyzed their
role in building the model, and identified a number of semantic patterns as a means of overcoming the limitations of the relational
model.

Keywords: semantic data analysis, relational model, conceptual data models, database systems, data models, logical database
design, semantic analysis of the subject area.
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IlepcnieKTHBY BUKOPUCTAHHSA Mo/ieJiell TJIMO0KOTro HABYAHHS J1JIs1
CeMAHTHUYHOI cerMeHTAauii 300paskeHb HA ABTOHOMHMX MPUCTPOSIX

AKTyaJIBHICTb. BIIPOBA/UKCHHS MOJEJICH IIMOOKOro HaBYaHHS IS CEMAaHTHYHOI CerMEHTalil Ha aBTOHOMHHUX IIPUCTPOSX €
MEPCIEKTUBHUM HAIPSIMKOM PO3BUTKY 1HTEIEKTYAIBHIX CUCTEM, 30aTHUX aHAJ3yBaTH Bi3yalbHY iHpOpMAIilo 6e3 HOCTIHHOTO
MiIKITFOYCHHS J0 30BHIIIHIX PECYpCiB.

MeTo10 po6OTH € JOCHIIKEHHS MOMJIMBOCTEH Ta BUKIHMKIB BHKOPHCTaHHS Mojeiel INTMOOKOro HaBYaHHS Ul 3anad
CEMaHTHYHOI CerMeHTallii Ha aBTOHOMHUX MPUCTPOSIX.

MeTonu HOCTIAKEHHSI BKJIIOYAIOTH TEOPSTUUHMI aHali3, CHCTEMaTH3allif0 Ta Yy3araJbHEHHS BHUKOPHUCTAHHS MOJeINeH
rMOOKOTO HAaBYaHHSA B ABTOHOMHHUX IPHUCTPOSX, a TaKOX IapaMeTpiB, II0 BIUIMBAIOTH Ha 0OCAT mam'aTi MoJenel, Ta
0co0IMBOCTEH IMITIEMEHTALlil HATPEHOBAHUX MOJIENCH y BIACHI MPOrpaMHi MPOIYKTH.

Pe3yJbTaTH: BUSABICHO 3HAUHHMII IIOTCHIIIA)I TEXHOJOTi TIHOOKOTO HaBYaHHS AJI CTBOPECHHS aBTOHOMHMX IHTENCKTYaJIbHHX
cucrteM. Bu3HaueHO OCHOBHI MapaMeTpH, IO BIUIMBAIOTH HA €PEKTUBHICTH POOOTH MOJENEH Ha MPHUCTPOAX 3 OOMEKCHUMH
pecypcamu. 3anpoIIOHOBaHO PEKOMEHAIIIT 010 IMITIEMEHTAIlil HaTpeHOBaHUX MOJeJIell Y IporpamMHi poayKTH. BuceitiieHo
CydJacHi MiaX0 ¢ 0 IMU(PPYBaHHI MOJIENCH TTHOOKOTO HaBUAHHS.

BucHoBKkH: nopanbii po3poOku B 00sacTi IIMOOKOr0 HaBYAHHS JUISl CEMAHTHYHOI CErMEHTAllil HA aBTOHOMHUX IPHUCTPOSIX
CIIPUATHMYTH PO3BHTKY OUTBII €()EeKTHBHHX Ta aBTOHOMHHX CHCTEM [UIS LIMPOKOTO CIEKTPY 3acTOCYBaHb, BKIIOYAIOUN
KOMII'IOTepHUH 3ip, poOOTOTEXHIKY Tomo. 3a0e3nedeHHs Oe3MeK: TOCTYIy 1O HaBYSHUX MoJeseil IITMOOKOro HaBYaHHS JUlsl
CEMaHTHYHOI CerMeHTallii 300pakeHb Ha aBTOHOMHHX IIPUCTPOSX BUMAra€ KOMIUIEKCHOTO IiJXOy, 10 HOEAHYE araparHi Ta
MPOTpaMHi pilleHHS.

Knrwowuosi cnosa: 2nuboke HAGUAHHA, CEMAHMUYHA Ce2MEHMAYis, A6MOHOMHI NPUCMPOi, onmumizayis modeneti, 66y006aHi
cucmemu, anapante NPUCKOPEHH, WUPPY8AHHA OAHUX.

Ax muryBaTtH: Tpycos M. A., V3nos /. 0. IlepcriekTBH BHKOPUCTaHHS MOAEIEH TTUOOKOrO
HABYAHHS JIJIS1 CEMAHTUYHOI CerMEHTaIlli 300paXeHb Ha aBTOHOMHHMX MPUCTPOsX. Bichux Xapxiecvkoeo
HayionanbHoeo  yuisepcumemy imeni B. H. Kapaszina, cepia Mamemamuune M00enio8amms.
Inpopmayivini  mexwnonozii. Aemomamusoeani cucmemu ynpasninusa. 2024. sun. 62. C.70-79.
https://doi.org/10.26565/2304-6201-2024-62-07
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1. Beryn

KoM’ toTepHwmii 3ip € 0JIHIEI0 3 HAWOITBII ANHAMIYHHX 1 CTPIMKO PO3BHUBAOYUXCS Tally3el ITYYHOTO
intenexkty (L), sika 3aliMaeThCs CTBOPEHHSIM TEXHOJIOTIH, 3[JaTHUX IMIiTyBaTH 30pOBE CIPHUHSTTS
moanHu. L9 nucnmiutina o0’exHye B coO1 €I€MEHTH KOMITIOTEPHHX HAayK, ONTHKM, MEXaHIKH Ta
HEHpOHAYKH IJisi pO3pOOKM alrOpUTMIB, SIKIi MOXYTh aHali3yBaTH, OOpOOJSATH Ta IHTepHpeTyBaTH
Bi3yallbHi JaHi 3 pi3HOMaHITHHX jKkepen [1]. Cepen KIOYOBUX HANPSMKIB M€l Tamy3i 0coOIMBE Miciie
3aiiMae po3poOKa Ta BAOCKOHAJIIEHHS aJlTOPUTMIB CEMAaHTUYHOI cerMeHTalii 300paxeHns [2]. CemanTHUHA
CerMeHTallis, K iHTerpajbHa YaCTHHA KOMII IOTEPHOTO 30py, Ma€ 3a MeTy JeTalbHy Kiacuikaiito
KOXKHOTO TIKCelNsh Ha 300pakeHHi 3TiIHO 3 BU3HAYeHWMH Kareropismu [3]. BoHa Biapi3HSEThCS Bij
MPOLIECY ACTEKI 00’ €KTIB, IKUH 0OMEKYEThCSI CTBOPEHHSAM KOHTYDIB HABKOJIO HUX, HAJAAH04M O1JIBIII
rmboKke po3yMiHHS (OPMH Ta MOJOXKEHHS 00 €KTiB y mpocTopi 300paxenHs. Lleit meron € ogHuM 3
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TPHOX MIAXOMIB y KOMIDICKCHOMY TIPOIIeCI CEerMEHTallli 300pa)KeHb, IO CHOPHUSE€ TOYHINIOMY Ta
e(eKTHBHILIOMY PO3YMIHHIO Bi3yallbHOI iH()OpMalii KOMII' FOTEPHUMH CHCTEMaMu. Moieni ceMaHTUIHOL
CerMeHTalil CIpsMOBaHI Ha CTBOPEHHS KapTH CETMEHTalii Ui BXiJHOTO 300pakeHHs, 5Ka €
PEKOHCTPYKII€I0 OpHTIHANY, 1€ KOXEH MIKCeNbh KOIYEThCS MEBHHUM KOJBOPOM BIAIOBIIHO IO HOTO
cemaHTHYHOTO Kiacy [4]. Lle mo3Bosie CTBOpOBaTH MAacKH CErMEHTAIlil, sIKi BUAUIAIOTh OKpeMi 00JacTi
300pa’keHHs, BiAMEXOBaHi BiJ iHmMMX oOnacteil. Tak, Hampukmaa, kapra cerMeHTaulii AepeBa B
MOPOKHBOMY TI0JTi, IMOBIPHO, MICTUTHME TPH MAaCK{ CETMEHTAaIlii: 7S epeBa, I 3eMITi Ta 11 HeOa Ha
3aIHPOMY IUTaHi, BimmoBimHO. CeMaHTHYHA CETMEHTallis, fKa O3BOJISIE KOMIT IOTEPHHM CHCTEMaM
1IeHTU]IKYBaTH Ta KIacu(piKyBaTH 00’ €KTH Ha 300paKEHHSX 0 BiAMOBIAHUX KaTEropil, € KIFOUYOBOIO
JUISL CTBOPEHHS 1HTENIEKTYANbHUX CHUCTEM, 3[JaTHUX JI0 TIIMOOKOTO PO3YMiHHS Bi3yaJlbHOTO KOHTECHTY.
[limBuIeHHs TOYHOCTI Ta €(PEKTHBHOCTI IHUX AJTOPHUTMIB CIpPHIE€ 3HAYHOMY IPOTPECy y BHPIIICHHI
3aBJjaHb, MOB’3aHUX 3 0OPOOKOIO BEJIMKHUX OOCSTIB Bi3yaJbHHUX JaHUX, 3a0€3Medyrour OUIbII TOUHE Ta
IIBUJIKE y3araJlbHCHHsI MIJTbOBUX 00’ €KTIB.

IIpoGnemarnka ceMaHTUYHOI cerMeHTarii € (POKyCOM HAyKOBHX IOCIIKEHb PSAAY BITYH3HSIHHUX Ta
3apyOiKHUX BYEHHX [5-7]. 30Kpema, y BITUM3HSIHIN HAyIll TOCTIIKEHHS 30Cepe/DKeH] Ha afanTarii Ta
BJOCKOHAJICHHI Cy4aCHUX METO/AIB CEMAaHTUYHOT CETMEHTALI1 JIIT KOHKPETHUX MPUKJIaIHUX 33734, TAKUX
SIK aHAJIi3 CYITyTHUKOBUX 3HIMKOB, aHani3 nanux Bix BIUIA pizaux tumis Tomo. OKpiM bOT0, TaKi ramy3i
K pOOOTOTEXHIKa, METUIIUHA, AaBTOTIPOMHUCIIOBICTD B TOMY UM IHIIIOMY BUTJISI/Ii BHKOPHUCTOBYIOTH HOBITHI
TEXHOJIOT1], TIOB’sI3aHi 3 HEOOXiJHICTIO IIBUAKOTO Ta SKICHOI'O aHaNi3y 300pakeHHS. Y CBOIO 4epry,
JOCHI/DKEHHS 3apYODKHMX BUCHHX OXOILTIOIOTH INUPIIMK CIEKTP MpoOieM Ta MiAXO[iB, BKIIOYAIOUYH
PO3pOOKY HOBHX apXiTEKTyp HEHPOHHUX MEpeX Ta METOiB HaBuaHHS [8,9].

3aranbHONPUNHATI HA CHOTOJHINIHIA JIeHh KOHIICMIi CeMaHTHYHOI CEerMeHTalii IOCTYJIIOITh
ICHYBaHHS JBOX IMIIXOJIB 0 peami3zaiii ceManTHuHOi cermenTanii [10]. 3okpema, TpaauiiiiHi MeToau
CEMaHTHYHOI CerMeHTalii BKIIOYAIOTh JIBa OCHOBHI TMpoOIecH: BUAiIEHHS o3Hak (feature extraction) i
knmacudikamito mikceniB (pixel classification). OgHak, TpaauUiiHUN TiAXix Mae KiTbKa HEHOIIKIB,
30KpeMa BHCOKY 3aJIeKHICTh Bijl JOMEHHOT €KCIIEPTU3H JJIsl BU3HAYCHHS Ta BUIUICHHS O3HAK, 10 MOXKE
OyTH Yaco3aTpaTHUM Ta HE 3aBXKIU CPESKTUBHUM JUTs CKIaAHUX 300paxkens [11]. Kpim Toro, nieit minxin
9acTO OOMEXEHHUH y CBOIl 3JaTHOCTI aJanTyBaTUCS 10 HOBHX, HEBUIUMHUX JAHHX, [0 MPU3BOJHUTH 10
3HKEHHSI TOYHOCTI Kiacudikaiii. Y BiANOBias Ha i 0OMEKeHHS, OyJ0 po3poO0JCHO METOIOJIOTI0
rTUOOKOT0 HAaBYAHHS, SIKa BUKOPUCTOBYE TNIMOOKI HEHPOHHI MEpEXi Ui aBTOMAaTHYHOTO BHSIBICHHS
O3HaK, IO 3HAYHO ITJIBUIIYE TOYHICTh Ta YHIBEPCAIBHICTh CHCTEM CEMAaHTWYHOI cerMeHTarii [1,2].
3aBasKM CBOIM 34AaTHOCTI A0 TJMOOKOTO HaBYaHHS Ha BEIMKUX HAOOpax NaHUX, Il CHCTEMH MOXYTb
e(eKTHBHO aJanTyBaTHCS /10 HOBUX 3aB/aHb, 3a0€3MeUyr0oud BHUCOKY TOYHICTh HABITh y CKJIQJHUX
Bi3yabHUX yMoBax. [IpOBigHMMH apXiTEKTypaMu Ul CEMaHTHYHOI CerMeHTalii 3 BHKOPUCTAHHSIM
rimbokoro HaBuaHHS € Fully Convolutional Network (FCN), U-Net, DeepLab Ta PSPNet. Lli
apxiTekTypu e(eKTUBHO BUKOPHCTOBYIOTH 3rOpTKOBi HeiiponHi Mepexi (CNN) st neranizoBaHOi
EKCTPaKIii XapaKTepUCTHUK Ta BUCOKOTOYHOI Kiacu(ikallii mKceiB y CKIaJHUX Bi3yalbHUX CIICHAX.
OnHak, NMpH BUKOPHCTaHHI HEHPOHHHX MEpEeX Ul CEMaHTHYHOI cerMeHTamii 300pakeHb, BUHHKAE
MUTaHHS TIPO X IHTErpailito B aBTOHOMHI IIPUCTPOI 3 00MEKEHHM a00 BIICYTHIM JIOCTYIIOM JI0 [HTEepHeTYy.
VY ¢BIiTJI 1IBOTO, METOIO JaHOT POOOTH € JOCIIKCHHS MTOTCHIIaly 3aCTOCYBaHHS MOJCNEH TIIMO0KOro
HAaBYaHHA B aBTOHOMHHUX TIPHUCTPOSX, aHATI3 METOJIB iX e()eKTHBHOI iHTerpaiii Ta BUKOpUCTaHHs 0e3
MOCTIHHOTO 3’ €HaHHA 3 [HTepHETOM.

2. Bukopucrannsi Mmojesieid riin00Koro HaBYaHHS B ABTOHOMHHX NMPHUCTPOSAX AJIS CEMAHTHYHOT
cerMeHTalii 300pa:keHb

AHaIi3 oCTaHHIX JIOCHI/PKEHb Y Tally3i CeMaHTHYHOI CerMEHTAIlii MoKa3as, 110 MOJENI TIIHOOKOTro
HaBYaHHsI, 30KpeMa MOBHicTIO 3ropTkoBi Mepexi (FCN) Ta iHII THIIH HEHPOHHUX MEPEkK, MOKYTh OyTH
e(eKTUBHO BUKOPUCTaHI Ha aBTOHOMHHX NPUCTPOAX, SIKi HE MalOTh JocTymy Ao [HTepHery. OnHuM i3
Croco0iB peastizallii IbOT0 € AemIoii Mojaelieii Oe3mocepenb0 Ha mpucTpoi (on-device interference),
IO JI03BOJISIE BUKOPUCTOBYBATH HAaBYEHY MOJENb JIIS JIOKAILHOTO MPOTHO3YBaHHS 0€3 HEeoOXiJTHOCTI
3'egHaHHs 3 Mepexero. lle Bkirouae HaBYaHHS MOJENi Ha MOTYXXHOMY OOJaJHaHHI, a MOTIM ii
posropraHHs Ha KiHueBoMmy mnpuctpoi [12]. Takum 4YMHOM, NPHUCTPI MOXe BHUKOHYBATH JIOKAJbHI
MPOrHO3U 0€3 HeOOX1THOCTI MOCTIHHOTO ITiKTFOUYEHHS JI0 30BHIIIHIX 00YHCIIOBAIBHUX pecypciB. Lle He
TINBKM 3MEHIIyE 3aTPUMKY INpH OOpOOI JaHUX, ane W MiJBHIIYE MPUBATHICTh, OCKIJIbKH YyTJIHBa
iHpopMalLlisi He mepenaeTbesi yepe3 Mepexy. KpiM Toro, jokanbHe BHKOHAHHS MOJAEJIEH JI03BOJISE
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MpaIfioBaTH B YMOBax OOMEXEHOro abo BiIICYTHROIO IMIAKIIOYCHHS 10 IHTEpHETY, IO pPO3MIUPIOE
MOXJIMBOCTI 3acTocyBanHs L1 B pi3HUX clieHapisX.

IHma xoHmeniis, mo 0a3yeThcs Ha TPaHUYHHX o0uumcieHHaX (edge computing), nependayae
pPO3MIIIEHHsT OOYHMCITIOBAIFHUX PECYpCiB ONMKYe 1O JDKEpeia JaHuX, M0 JO03BOJISIE O0OpOOISITH
iH(opmarrito mokansHo. Hampukitan, po3yMHi KaMepy MOKYTh aHAJII3yBaTH BiIEONIOTOKH O€3M0CePEeTHBO
Ha TPHUCTPOI 3a JOMOMOTOI0 MOMEPEIHHO HABYCHHUX MOJENEH, 0 3HaYHO 3MEHIIYE 3aJeKHICTh Bij
MOCTIHHOTO 1HTepHET-3'€qHaHHA Ta crpusie oOpoOIi manmx y peampbHOoMy daci [13,14]. Oxpim 1poro,
TpaHWYHI OOYUCICHHS TaKOX O3BOJISIOTH PO3MOMIINTH HABAHTAKEHHS MK PI3HHUMH MPUCTPOSMHU,
CTBOPIOIOYM po3noaiieHy Mepexy cuctem LI, 3maTHHX B3aeMoisTi Ta oOMiHIOBaTHCS iH(OpMaIi€o
JUTSL BUPILIEHHS CKJIaJHUX 3aB/AaHb.

s eeKTUBHOTO BUKOHAHHS MOJeNell HEHPOHHMX MEpEX Ha aBTOHOMHHUX IPHCTPOSX LIMPOKO
BUKOPHUCTOBYIOTECS cHelianizoBani BOynoBaHi cucremu. Taki miiatdopmu, sk NVIDIA Jetson, Google
Coral Ta Intel Movidius, po3po0OneHi came s i€l METH 1 MOXYTh OyTH IHTErpoBaHi B pi3HOMaHITHI
ABTOMAaTHU30BaHI IPUCTPOI U1 BUKOHAHHS CKJIQJHUX 3aBJaHb, BKIIOYAOUYM CEMAaHTUYHY CETMEHTAIIIIO.
11i cucTeMu ONITUMI30BaHI 11 BUKOHAHHS OTIepalliid, XapaKTePHUX I HEHPOHHUX MEPEXK, IO JO3BOJISIE
3HAYHO MPUCKOPUTH OOYMCIICHHs MOPIBHAHO 31 3BHMUaiHMMH mporecopamu. KpiM Toro, BOHH 4acTo
MalOTh HU3bKE €HEPrOCIIOKUBAHHS, 10 POOUTH iX MEPCIEKTUBHOIO aJbTEPHATHBOIO Ul MOOIIBHUX Ta
aBTOHOMHUX TIpUCTpPOiB [15].

st 3a0e3neveHHst epeKTHBHOT pOOOTH HEMPOHHUX MEPEX Ha MPHUCTPOSIX 3 0OMEKEHUMH PeCypcaMu
3aCTOCOBYETHCS IIUPOKUH CHEKTp MeTomiB omrTuMmizamii. [[i TexHikuM chpsMOBaHI Ha 3MCHIICHHS
00YNMCITIOBATIFHOI CKIIAHOCTI Mojeie mpu 30epeeHHi iX TOYHOCTI Ta MPOAYKTUBHOCTI. OgHUM 3
KIIIOYOBHX HANPSMKIB € CTUCHEHHs Mojieniei (model compression), sike BKIIIOUae B cede psij MiIX0iB,
TaKuX SK KBAaHTYBaHHS, CKOPOUEHHS Ta IUCTHIALISA 3HaHb. KBaHTyBaHHA mependadac 3MEHIICHHS
TOYHOCTI ITPEJICTABJICHHS Bar Ta aKTHUBAIliil HEHPOHHOT MepexXi, IO JO3BOJSE CYTTEBO CKOPOTUTH OOCST
mam’sITi, HeoOXiTHUH 171 30epiraHHs MOJei, Ta MpucKoputu obduncieHHs [16]. CKopodeHHsS Mepexi
MoJIATaE y BUJAJICHH] HAJIMIITKOBUX HEHPOHIB Ta 3B'I3KiB, 1[0 HE MAIOTh 3HAYHOTO BIUIMBY Ha KiHIICBHIA
pe3yabTaT, THM CaMUM 3MCHIIYIOUM KiJIBKICTh MapaMeTpiB Mozaeni. JUCTHUISLiS 3HAHb JTO3BOJISIE
niepenaT "3HaHHA" BiJl BEJHMKOI CKIIAHOI MOJIENI IO MEHIIO1, 30epiralodn npu IbOMY BHCOKY TOYHICTb
MPOTHO3YBaHHS.

[HIIUM BaXJIMBUM HamNpsSMKOM ONTHMI3allil € BUKOPUCTaHHs amapatHoro npuckopenHs (hardware
acceleration). Lleit migxim mependadae 3acTOCYBaHHS CHEIialli30BaHUX OOYMCIIOBAIHHUX MPHUCTPOIB,
Takux sK rpadiuni npouecopu (GPU), Tenzopni npouecopu (TPU) abo cnenianizoBaHi MiKpOCXeMH LIS
mryyHoro iHtenekty (ILI-winm), siki onTMMizoBaHi A7 BUKOHAaHHS ONepaliid, XapaKTepHUX JUIs
HelpoHHNX Mepex. ['padiuni mporecopw, 3aBIsSKW CBOIH MapajelbHid apXiTeKTypi, 3laTHI 3HaYHO
MPUCKOPUTH MATPUYHI OOUYHMCIIEHHS, SKi € OCHOBOIO OLIBIIOCTI omepamnii B HeMpOHHUX Mepexkax [17].
TeH3opHi Tporecopu, po3pobiIeHi CrenianbHO Ui 337a4 MallMHHOTO HaBYaHHs, 3a0e3MedyroTh 1ie
BUILy €(PEKTHBHICTh 3a PaxyHOK ONTUMI3alii MiJl KOHKPETHI alrOpuTMH TIMOOKOro HaBYaHHS.
Crenianizoani IlI-yinu, Taki Sk HeHWpPOMOpPQHI NPOLECOPH, IMITYIOTb CTPYKTYpy OioJOriuHHX
HEHPOHHHUX MEPEXK, IO J03BOJISE JIOCITTH HAI3BUYAHO BUCOKOI eHEproe()eKTUBHOCTI IPU BUKOHAHHI
3aBJlaHb IITYYHOTO iHTeNeKTY [18].

KomOiHamis MeTOHiB CTHUCHEHHS MOJENeH Ta amapaTHOro IPHCKOPEHHs JMJO3BOJISIE JIOCSITH
CHHEPreTHYHOro e(ekTy, 3HA4YHO MiABHIIYIOYM e(EeKTUBHICTb POOOTH HEWPOHHHX MEpeX Ha
BOyZOBaHHX cucTeMax. Hampukiaa, KBaHTOBaHI MoJiesli MOXKYTh OyTH 1ie OUTbII e()eKTUBHO BUKOHAHI
Ha CIEIialli30oBaHuX anapaTHUX MPUCKOPIOBadaX, ONTHMIi30BaHUX TiJ omepallii 3 HU3bKOK TOYHICTIO.
KpiMm TOro, po3poOisioThCs HOBI apXiTeKTypd HEHPOHHHUX MEpek, SKi BPaXOBYHOTh OCOOJIMBOCTI
[ITBOBOTO armapaTHOro 3abe3neveHHsl, O J03BOJISIE MAKCUMAJIbHO BUKOPHCTOBYBATH HOTO MOXKIIMBOCTI
[19]. Takuii KOMIUIEKCHUH ITiAXi1 O ONTHUMI3aIll BIIKPUBAE IIUPOKI MIEPCIIEKTUBHU ISl BIPOBAKEHHS
CKJIaJHHUX aITOPUTMIB IITYYHOTO iHTEJIEKTY B MOOUIBHI Ta BOYZOBaHI MIPUCTPOI, pO3LIUPIOIOYH cepy iX
3aCTOCYBaHHS Ta 1 IBUIIYIOYM aBTOHOMHICTh Ta 1HTEJIEKTyalbHICTh edge-IIPHCTPOIB.

Haperuri, e oJJHIM acrieKTOM Cy9acHUX BOYJJOBaHUX CHCTEM, IO JI03BOJISIE IPUCTPOSIM BUKOHYBATH
CKJagHl 3aBAaHHS 0e3 MOCTIHHOrO MiAKIIOYEeHHS A0 IHTepHeTy, € Tak 3BaHa 00po0Ka JaHUX B
aBToHoMHOMY pe:xkuMi (offline data processing). Lleli migxin 0cOOIMBO KOPUCHUM Y CUTYaIlisSX, KON
NpUCTpii 30upae gaHi Ta 0OpodIsie iX makeTaMu, BUKOHYIOUH 3aBJIaHHs CETMEHTallii B aBTOHOMHOMY
PEKHMMI Ta JIMIIE Yac Bij Yacy MiAKIIOYa0UUCh 10 [HTepHETY JUiss OHOBJICHHS a00 J10IaTKOBOI Iepeayi
nanux. Takuii Metoz 3a0e3neuye BUCOKY HAOiMHICTh, 3HW)KYE 3aTPUMKY Ta MOKpAIIy€e 3aXUCT JaHHX,
OCKIUTBKH 4y TIIHBa iH(QOpMAIlisS HE TiepeiacThes Yyepe3 Mepexy. OHI€I0 3 KITFOYOBHUX MepeBar aBTOHOMHOT
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00pOOKH JTaHUX € MOXKIIMBICTh BUKOHAHHS O0YHCIICHD Ha MICIIi, 1110 3MEHIITYE 3aJICXKHICTh BiJl 30BHIILIIHIX
00YHCITIOBATILBHUX PECYPCiB 1 MiABHMINYE MIBHAKICTH peakiii cucTeMu. Hampuknaz, y mpoMHCIOBHX
3aCTOCYBaHHSX, TAKUX SK aBTOMAaTHU30BaHI BUPOOHUYI JIiHIT a00 CHCTEMU KOHTPOJIO SKOCTI, JIOKaJIbHA
00po0Ka JaHWX MO3BOJISIE MIBUIKO BHABIATH AePEKTH Ta MpUHAMATH PINIEHHS B PealbHOMY dYaci, I0
3HAYHO MiABHUINYE €(EeKTUBHICTh BHPOOHWYMX mporeciB. KpiM TOro, aBTOHOMHI MPUCTPOi MOXYThH
NpalioBaTH B yMOBax OOMEXEHOro ado BiACYTHBOTO MiAKIIOYEHHS A0 [HTepHeTy, o poOHThH iX
1IealTbHUMHU JIJTs1 BAKOPUCTAHHS B BiJIaJIeHNX a00 BaYKKOJOCTYITHUX MICIISX.

TakuM 4YMHOM, MOXKHA CTBEP/KYBATH, IO HABYAHHA MOJENEH B aBTOHOMHOMY pEXHUMI Ta
pO3ropTaHHs ONTUMI30BaHMX Bepcii Ha mepudepiiiHuX NpUCTpPosXx abo BOYAOBAaHHX CHUCTEMax €
e(heKTUBHUM MIiIXOJOM JJIsi JIOCSTHEHHS BHUCOKOSKICHOI CEMaHTHYHOI CerMeHTallii 0e3 HeoOXiIHOCTI
MOCTIHHOTO MiAKIIOYeHHs a0 [aTepHery. LleW miaxin Mae 3HadHI TepeBarw, 30KpeMa 3HIKCHHS
3aTPUMOK, TMIJABUINEHHS HAJIHHOCTI Ta 3a0e3MEeUeHHS TMPUBATHOCTI JaHUX, OCKUIBKM 00poOKa
3MIIACHIOETHCS JIOKABHO.

3. [Iapamerpu, sIKi BILIMUBAIOTH HA 0OCAT MaM'SITi, 1110 3aiMAETHCSI HATPEHOBAHOIO MO/IEJLJII0

MiHimMansHuli HEoOXimHUI oOcsAr mam'aTi A7 PO3TOPTaHHS HAaBUCHMX MOJENeH Ha MpHUCTPOi
3aNeXUTh BiJl KUTBKOX (DaKTOpiB, BKIIOYAIOYM CKJIQJHICTH MOJIENi, KOHKPETHY apXiTeKTypy Ta
3aCTOCOBaHI METOM onTHUMizawii. Po3risiHeMo 11l aclieKTH AeTalbHilIe.

Po3mip momem € xmouoBuM aktopom. [Ipocti mMomeni, Taki sk menmn Bepcii FCN abo Jerki
apxiTektypH (Hanpukiag, MobileNet, SqueezeNet), MOXKyTb 3aiiMaTH BiJ KITBKOX A0 AECATKIB MEradamur.
Hartomicte Oinmbimi Mopeni, 30kpema, moBHopo3MipHi FCN abo iHII cKIagHI apXiTeKTypH (HaIllpHUKIIa],
ResNet, VGG), MOKyTh BUMarati BijJl COTCHb MeraOaiT /10 KUIbKOX riradait mam’sri [20].

3acTocyBaHHSI METOJIIB ONTHMI3allii JO3BOJISIE CYTTEBO 3MEHIIIUTH PO3Mip Mojeni. KanTuzariis, ska
nepeadavae 3HMKEHHS] TOYHOCTI Baru MoJienmi (Hampukian, 3 32-0iTHoi 10 8-0iTHOT), MOXe 3MEHIITUTH
po3mip mozeni no 4 paziB. OOpizka (pruning) BUAase MEHII BaKIUBI Baru ad0 HEHPOHU, IO TaKOX
3MEHIIIY€E PO3Mip MoJieNni 0e3 3HAYHOIO BIUIMBY HA NMPOAYKTUBHICTH [21]. JlucTUIIALS 3HAHB, IPH SAKiH
MEHIIa MO (Y4eHb) HABYAETHCS IMITYBaTH OLIbIIY MOJENb (BUNTEINH), MOKE MIPU3BECTH 10 3HAYHO
MEHIIOT MOJIelTi 3 TOPiBHAHHOO MTPOYKTHBHICTIO.

PosrasinemMo KoHKpeTHi mpukianu mozeieid. MobileNetV2, kommakTHa MoJenb, po3poOIeHa s
MOOLTBEHUX MPHUCTPOIB, 3a3BU4al 3aiimMae 0in3bko 10-15 MB micns kantuzaiii [22]. Tiny YOLO, menia
Bepcis mopemi imeHTHdikamii 00'ektiB YOLO (You Only Look Once), 3aiimae mpubmmsno 60 Mb.
DeeplLab, momynspHa Mojenp UIsi CEMaHTHYHOI CETrMEHTalii, Mae MeHMI Bepcii (Hampukiag, 3
BukopuctanHsM MobileNet sk ocHoBu) po3mipom 20-30 Mb, a Oimemn Bepcil (Hampukianm, 3
BUKOprcTaHHsAM Xception abo ResNet) — 6im3pro 100-200 Mb [23].

OxpiM 1bOTO, HEBHY yBary CJiJ NPUALIMTH JOAATKOBMM BHUMoraMm. CepelnoBullle BUKOHaHHSA abo
0i0mioTeku, HeoOXiaHl as poboTu Moxeni (Hampukiazn, TensorFlow Lite, ONNX Runtime), Takox
noTpeOyIoTh MeBHOro oO0csry mam'sati. KpiM Toro, JOMOMIXKHI JaHi, Taki sSK MITKH KJaciB abo
KOH(ITypamiiiHi (aiinm, T0Aar0Th 0 3arallbHUX BUMOT JIO TIAM'ATI.

TakuM YMHOM, MO>KHA OI[IHUTH BUMOTH JI0 TIaM'ITi HACTYITHAM YAHOM:

® IS IPOCTHX 3aBJaHb Ta JIeTKuX Moneneit: 10-50 Mb.
= 7S MOjelNielt cepeTHbO1 CKIIAHOCTI 3 Ieskoto ontuMizarieto: 50-200 Mb.
= 7S CKJIAJHUX, BACOKONPOAYKTUBHUX Mojenei: Big 200 Mb no kinpkox ['b.

Hanpuknaa, npu posropranHi kBaHTOBaHOi Bepcii MobileNetV2 mist ceMaHTHUHOI cerMeHTarii
MOJKHA OYIKyBaTH HACTYITHI BUMOTH JI0 TIaM'sITi: po3Mip Mozeni - 6mu3sko 10-15 Mb, HakimagHi Butparu
¢dpeitMBOpKy - 5-10 Mb, nonomixkHi xaHi - 6mm3pko 1 Mb, o B cymi ckinanae 16-26 Mb.

TakuM YUHOM, 3aBJASKH €()EKTUBHHM MOJICIISIM Ta ONTHMI3allisiM, MOXKIIMBO PO3rOpTaTH HEHPOHHI
MepeXi Ha MPHUCTPOSIX 3 BIJIHOCHO HEBEIMKUMH BHUMOTaMHU IO TaMm’siTi, IO POOUTH MOXKIUBUM
¢yHKUiOHYBaHHSI 0araThbOX MOBHICTIO aBTOMAaTH30BaHMX MPUCTPOIB HE3AJIECKHO BiA MiAKIIOYEHHS O0
InTepHery.

4. OcobauBocTi iMIUIeMeHTaIii HATPEHOBAHMX Mo/ieJieil Y BJACHI MPOrpaMHi MpoayKTH

i BHKOpHCTaHHS HABYEHHMX MOJENEH y BIACHUX Mporpamax HeoOximHi 0ibmioTekn abo
(GpeMBOPKH, IO MOJETIIYIOTh B3a€EMOJII0 3 HUMH MoueiasiMu [24]. Po3risHeMo AesiKi HOLIHUpEHi
010mioTekn Ta GpeMBOPKH ISt Pi3HUX MIATHOPM:

1. TensorFlow Lite — ¢peiiMBOpK, po3poOieHuii s PO3ropTaHHsS Mojeield Ha MOOUIBHHX Ta
BOYy10BaHMX MPUCTPOsix. Bin miarpumye moBu niporpamysanus Python, C++, Java ta Swift. Kitouosumu
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ocoonmBocTsiMu TensorFlow Lite e xouBepraris mozeneii TensorFlow y MeHIIH#, OnTHMIZ0BaHMMA
¢dopmar, nananus API ans indepency Ha pizHux mnatdopmax (Android, i0S, Linux-based systems), a
TaKOK IMiITPUMKa anapaTHOTO MpUcKopeHHs (Hampukian, yepe3 NNAPIL, GPU).

2. ONNX (Open Neural Network Exchange) Runtime mpexncrasisie co6oro KpocmiaThopMHE
BHCOKOTIPOTyKTHBHE cepernosuiie Mt moaeneit popmary ONNX. Bin miarpumye Python, C++, C#,
Java, JavaScript Ta inmi moBu. ONNX Runtime 103BoJ1si€ mpaiioBaT 3 MOAEISIMH 3 pi3HUX (HPEHMBOPKiB
(manpuknan, PyTorch, TensorFlow), ontumizoBanuii anst pisHuX amapatHux npuckopioBadiB (GPU,
TPU) i Moke BUKOPHCTOBYBATHCS Ha Pi3HUX IuaTdopMmax, BkIodaroun Windows, Linux ta macOS.

3. PyTorch Mobile npusnadenuii s posropranns moaeneid PyTorch Ha MOOITBHUX MPHCTPOSIX.
Bin migtpumye Python, Java ta C++. PyTorch Mobile nagae inctpymeHTH Iy onTuMizamii Ta
koHBepraitlii Mmogeneit PyTorch ans MobimsHOTO po3ropranHs, minrpuMye mwiathopmu Android Ta 108, a
TaKOX IHTErpyeTbes 3 PpeiMBOpKaMu po3poOKH MOOITBHUX JOJATKIB.

4. Core ML e ¢dpetimBopkom mamuHHOTO HaB4yaHHs Apple mis momatkiB iOS ta macOS. Bin
MepeBaKHO BHUKOpHCTOBYeThCs 3 Swift Ta Objective-C. Core ML inTerpyerscsi 3 Xcode mis
0e3IMepenIKOTHOTO PO3TOPTAHHS, ONTHUMI30BAaHMHA IS amapaTHOTO 3abesmnedeHHs Apple (Hampukiaz,
Neural Engine) i miaTpuMye KoHBepTalito 3 pizHux ¢popmatiB moaeneii (TensorFlow, PyTorch).

5. NVIDIA TensorRT mnpencraBmsie cobor0 Ha0Op IHCTPYMEHTIB MJS BHCOKOIPOIYKTHBHOTO
iH(epency rmubokoro HaBdanHsa Ha GPU NVIDIA. Bin miarpumye Python ta C++. TensorRT ontumizye
Ta po3roprae Mojeli uis iH(epeHCy Ha amapatHomy 3a0esnedeHHi NVIDIA, minrpumye pisHi
¢peiimBopku riubokoro HaBuaHHS (TensorFlow, PyTorch) i imeampHO migXomuTh AN KpaoBHX
npucTpoiB 3 moayisiMu NVIDIA Jetson.

6. OpenCV - Bigkputa 06i0mioTeka KOMO'IOTEPHOTO 30py Ta MAaIIMHHOTO HaB4YaHHSI. BoHa
niarpumye C++, Python, Java ta MATLAB. OpenCV Hagae MOXIMBOCTI iH(EpeHCY TIHOOKOro
HaBYaHHA Yepe3 Moayinb DNN, miarpumye mozeni 3 pisaux (peitmopkis (Caffe, TensorFlow, PyTorch)
1 Mae kpocmatgopmay miarpuMky (Windows, Linux, macOS, Android, i0S).

Hwxue nHaBeneno npukian inrerpanii 3 TensorFlow Lite (Python):

import tensorflow as tf
import numpy as np

# Load the TFLite model and allocate tensors.
interpreter = tf.lite.Interpreter (model path="model.tflite")
interpreter.allocate tensors()

# Get input and output tensors.
input details = interpreter.get input details()
output details = interpreter.get output details()

# Prepare input data
input data = np.array(your input data, dtype=np.float32)

# Run inference
interpreter.set tensor (input details[0]['index'], input data)
interpreter.invoke()

# Get output data
output data = interpreter.get tensor (output details[0]['index'])
print (output data)

Bubip xonkperHoi 6i0miorekn abo (ppeliMBOpKY 3aleXxuTh Bil creru}ikud NPOeKTy, LiIbOBOL
IaTGOPMH Ta BUMOT JIO IPOTYKTUBHOCTI.

5. ln¢ppyBanns Moaesieil ri1n60KOro HaB4YaHHA
[Ipu mocnimKeHHI BUKOPHCTaHHS MOAEICH TIIMOOKOro HaBUaHHS AJISI CEMAHTHUYHOI CerMeHTalii
300pakeHb HA ABTOHOMHUX MPUCTPOSIX, KPUTUYHOTO 3HAYCHHsI HaOyBa€e 3a0e3eUeHHs 0€3MeKH OCTYITY
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JT0 HaBUEHUX MoJeliel. Po3ristHeMo TeKinbKa CyJacHUX MMiIXOMIB 0 3a0e3MeueHHs 0e3MeKH, SIKi MOXKYTh
OyTH e(eKTHBHO 3aCTOCOBaHI Y JAaHOMY KOHTEKCTi:
1. Mooyni anapamnoi 6esnexu (Hardware Security Modules, HSM)

HSM mnpencraBnsiioTe coboro cremianizoBani (Gi3H4yHiI MPUCTPOI, SKi BUKOHYIOTh KpunTorpadiuHy
00poOKy Ta 3a0e3redyroTh HajiiiHe 30epiraHs kio4iB [25]. BoHu BimirparTh BHpIMIAIBHY POJb Y
3aXHMCTi Mofemell TNMOOKOro HaBYaHHs, MPHU3HAYEHUX Uil CEeMaHTHYHOI CEeTrMEHTAllii, HUISIXOM
30epiranHs Ta yNpaBliHHA KpUNTOrpadigHIMH KITIOYaMH, [0 BUKOPHUCTOBYIOTHCS IS IMU(PPYyBaHHS Ta
nemmdpyBanHs monenei. Iarerpamis HSM y aBTOHOMHI mpucTpoi misi peamizalii CeMaHTHYHOI
cerMeHTanii 300pakeHb J03BOJIsIE MPOBOIUTH onepanii mudpyBaHHs Ta Aemu(pyBaHHI B O€3MEUHOMY
cepenosuili [26]. Lle 3amo0irae HECaHKIIIOHOBAHOMY JOCTYITY J0 HaBUCHHX MOJEJCH, OCKUIbKH BOHU
MOXYTh OyTH 3ammdpoBani Ta po3mudpoani gumre Becepennai HSM. Takuit MmeToa 3Ha49HO TiABHIIY€E
3aXHMCT 1HTEJEKTYaJlbHOI BJIACHOCTI Ta KOH(MIICHLIAHOCTI NaHMX, SIKi BUKOPHUCTOBYIOTHCS il dYac
HaBYaHHS MOJECHEH.

2. Mooynw dosipenoi nnamegopmu (Trusted Platform Module, TPM)

TPM e 3axuIeHuM KpUITOMPOIIECOPOM, KK MOXe 30epiraTv KpunrorpadidHi K04l Ta BAKOHYBATH
kpunrorpadiuHi omneparii, CTBOPIOIOUM HAJiHY amapaTHy OCHOBY 3axucTy [27]. BiH € kitouoBum
€JIeMEHTOM y 3aXHCTI Mojened TIUOOKOTO HaBYaHHS Ui CEMAHTHYHOI CEeTrMEHTamii, OCKITbKH
3abe3meuye Oe3nedHe 30epiraHHS KIFOYiB, SIKI € HEOOXiMHUMH s JOCTYIy O WX MOAEIeH.
3acrocyBanHs TPM no3Bonsie mmdpysaTi Mozpeni Ta 3abesnedyBartd ix po3mmdpyBaHHS JUIIE 32
JIOTIOMOTOI0 aBTOPU30BAHUX OTEpalliid, 10 3HAYHO MiJBHILYE PiBeHb Oe3meku. Takuii miXiJg rapaHrye,
110 HaBiTh MPH (DI3MIHOMY JOCTYIII 10 MIPUCTPOIO, HECAHKIIOHOBaHE BUKOPUCTAHHS MOJIETIEH CTae BKpa
YTPYIHEHUM.

3. Komniexcrutl nioxio: wughpysanms ma KOHmMpoib 00CHyny

EdextuBHuil 3axucT Momenel TIMOOKOro HAaBYAHHSA, SIKI BHKOPHUCTOBYIOTHCS JUISI CEMaHTHYHOI
CerMeHTallii 300pa)keHb, BUMAarae KOMILIEKCHOTO TMiAXOmy, MO0 o0'eqHye sKicHe mupyBaHHS Ta
peTenbHui KOHTpoIb Aoctymy. [lndpyBanas Moneneit Mae OyTH 31iliCHEHE 3a JOTIOMOTOI0 TEPEOBUX
anroputMmiB, Takux sik AES-256, mo 3abe3nedye HanmiiHwii 3axuct manux. Kimtoui ans mmdpyBaHHS
HeoOXimHO 30epiratn B Oe3MeYHOMY CEpelOBHINI, BHKOPUCTOBYHOuM Moxymi HSM abo TPM, mo
rapaHTye TXHIO IITiICHICTh HaBiTh Y BUMAJKy HECAHKIIIOHOBAHOTO BUJIYUEHHs MoJielieit 3 mpuctporo [28].
Takuii KOMIUICKCHUM MiAXiJ € KIYOBUM JjIs 3a0€3MEYCHHS BHUCOKOTO PIBHS 3aXUCTy MOJCICH
rTMOOKOro HABYaHHS B aBTOHOMHHX MPUCTPOSIX.

6. BucHoBKH

Y po6oTi MPOAEMOHCTPOBAHO 3HAYHUI OTEHIIIa] BUKOPUCTAHHS MOJIENEH TTTMOOKOTr0 HaBYaHHS JUIs
CEeMaHTUYHOI CerMeHTalil 300pakeHb Ha aBTOHOMHHUX NPUCTpOosiX. Ll TexHosoris BigKpuBae MUPOKI
MOJJIMBOCTI JJIs1 PO3BUTKY 1HTEJIEKTYyaJIbHUX CUCTEM, 3[aTHUX aHAJi3yBaTH Bi3yalibHY iH(opMallito 6e3
MOCTIHOTO MiIKITFOUEHHS IO 30BHIIIHIX 00YMCIIOBAIBHUX pecypciB. KIITOUOBUM acmieKToM YCHIITHOTO
BIPOBA/DKCHHS TAKHX MOJEIEH € onThMi3allis iX po3Mipy Ta edextuBHoCT. [Tapamerpu, 1110 BIUIMBAIOTh
Ha 00csT maM'siTi, 3aiiMaHuii HATPEHOBAHOO MO/IEIUTIO, BKIIOYAIOTh CKIIAHICTh apXiTEKTYPH, KiJIbKICTh
1IapiB Ta HEHPOHIB, a TAKOK TOYHICTh MPEACTABICHHS Bar. 3aCTOCYBaHHS METOIB ONTHUMI3aIlii, TAKKUX
K KBaHTH3aIisl, oOpi3Kka Ta JWCTWIALIS 3HaHb, NO3BOJSE 3HAYHO 3MEHIIUTH pO3MIp Mojenel 0e3
CYTTEBOI BTPATH TOYHOCTI, IO POOUTH IX MPUAATHUMH JUISI BAKOPUCTAHHS HA IPUCTPOSIX 3 OOMEKEHIUMHU
pecypcamu. IMIuleMeHTaIisi HaTPEHOBaHMX MOJEJEed Yy BIIACHI TNPOTpaMHI MNPOAYKTH BUMArae
BUKOPHUCTaHHsI CIleLiasli3oBaHuX 0610mioTek Ta PppeiiMBopKiB, Takux sk TensorFlow Lite, ONNX Runtime
ab6o PyTorch Mobile. Lli incTpymenTH 3a0e3neuytoTh e(eKTHBHE PO3TOPTAaHHS MOJENield Ha Pi3HUX
aropmax, BKIOYAH0OUd MOOLIBHI MPUCTPOT Ta BOYJOBaHI CUCTEMH. BakKIMBUM acIEKTOM € TaKOX
onTUMI3allsl MoOJeNell IMiJ KOHKpETHE amapaTtHe 3a0e3leUeHHs, IO JO3BOJSE MaKCHMAaIbHO
BUKOPUCTOBYBAaTH JIOCTYIIHI OOYMCIIOBaJbHI pecypcd. KpUTHUHUM Takok € 3a0e3neueHHs Oe3MeKH
JOCTYIY JI0 HABYCHHUX MOJIENIeH TIMOOKOro HaBYAHHS JJIsSi CEMAaHTHYHOI cerMeHTallii 300pa)keHb Ha
ABTOHOMHHX TIpUCTpOsiX. Lle BUMarae KOMIIEKCHOTO MiXOJy, IO TOEIHYE anapaTHi Ta MpOrpamHi
pileHHs.

[lepcniekTHBH PO3BUTKY Li€l raiy3i BKIIOYAIOTH MOJaJIbIlE BAOCKOHAJICHHS apXiTEKTyp HEHPOHHHUX
MEPEXK YIS MiABUIICHHS €PEKTUBHOCTI CEMAHTHYHOI CErMEHTAIlii, pO3pO0KY HOBUX METO/IIB ONTHMI3aIlii
JUIE  3MCHIICHHS OOYHCIIOBAJLHUX BHMOI, a TaKOX CTBOPEHHS CIEIiali30BaHUX anapaTHUX
NPUCKOPIOBAYiB Uil €(QEKTHBHOTO BUKOHAHHS oOIepaliii TI7ITHOOKOro HaBYaHHS Ha AaBTOHOMHHUX
TPUCTPOSIX.



ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
76 series «Mathematical modeling. Information technology. Automated control systems» issue 62, 2024

CIIMCOK JIITEPATYPU

1. R. Szeliski, Computer vision: algorithms and applications. Springer Nature, 2022. 925 p.
https://link.springer.com/book/10.1007/978-3-030-34372-9.

2. Hao S., Zhou Y., Guo Y. A brief survey on semantic segmentation with deep learning.
Neurocomputing. 2020. V. 406. P. 302-321.
https://www.sciencedirect.com/science/article/abs/pii/S0925231220305476.

3.Guo Y., LiuY., Georgiou T., Lew M. A review of semantic segmentation using deep neural networks.
Int. J. Multimed. Info Retr. 2018. V. 7. P. 87-93. https://link.springer.com/article/10.1007/s13735-017-
0141-z.

4. Yu H., Yang Z., Tan L., Wang Y., Sun W., Sun M., Tang Y. Methods and datasets on semantic
segmentation: a review. Neurocomputing. 2018. V. 304. P. 82-103.
https://www.sciencedirect.com/science/article/abs/pii/S0925231218304077.

5. Kymuk A.5l. Anamiz cymyTHHKOBMX 3HIMKIB HA OCHOBI CEMaHTHYHOI CerMeHTarlii, KBamidikamiiiHa
pobora, KIII im. 1. Cuxopcekoro, 2020. https://ela.kpi.ua/items/5¢1bdf70-a6a6-45ab-8a63-
312296420f6¢.

6. Psa6xo A.B. AHaxi3 Ta OIliHKa METOJIB CETMEHTAIlii CymyTHUKOBUX 300paxenb, Beeykp. Haykoso-
TexHiuHa KoH(epeHis «CTanmii po3BUTOK CUCTEM 3B’ SI3KY, HaBIirallii, CIOCTepeXeHHS Ta OpraHizarlii
nmoBiTpstHoro  pyxy CNS/ATM - 2023», 29-30 mwmcromama 2023 p., c¢. 4. https://it-
visnyk.kpi.ua/?page_id=2165.

7. I'myboka FO.0O. [locmimkeHHS SKOCTI METOMIB CerMeHTaIlil 300pakeHHsS JIOIWHU B yMOBaxX il
aJIUTUBHUX 3aBajl, KBajidikamiiHa podota, XapKiBCbKHi1 HALlIOHATBHUHN YHIBEPCUTET PAJiOCIEKTPOHIKH,
2022. https://openarchive.nure.ua/entities/publication/6bad8449-2d47-4¢70-87dc-927980da23e7.

8. Hua Y., Marcos D., Mou L., Zhu X., Tuia D. Semantic segmentation of remote sensing images with
sparse annotations. IEEE Geoscience and Remote Sensing Letters. 2022. V. 19. P. 1-5.
https://arxiv.org/abs/2101.03492.

9. Zhang Y., Chi M. Mask-R-FCN: a deep fusion network for semantic segmentation. IEEE Access. 2020.
V. 8. P. 155753-155765. https://ieeexplore.ieee.org/document/9151932.

10. O’Mahony N., Campbell S., Carvalho A., et al. Deep learning vs. traditional computer vision,
Advances in Computer Vision: Proceedings of the 2019 Computer Vision Conference (CVC), Vol. 11,
Springer International Publishing, 2020. P. 128-144. https://arxiv.org/abs/1910.13796.

11. Panella F., Lipani A., Boehm J. Semantic segmentation of cracks: data challenges and architecture.
Automation in Construction. 2022. V. 135. P. 104110.
https://www.sciencedirect.com/science/article/abs/pii/S0926580521005616.

12. Mairittha N., Mairittha T., Inoue S. On-device deep learning inference for efficient activity data
collection. Sensors (Basel). 2019. V. 19. P. 3434. https://www.mdpi.com/1424-8220/19/15/3434.

13. Cui T. Review of deep learning and mobile edge computing in autonomous driving. Bichux
JIvsiscoroi nomimexnixu. 2022. V. 12. P. 208-218. https://science.lpnu.ua/sites/default/files/journal-
paper/2023/jan/29757/221029maket-210-220.pdf.

14. Grigorescu S., Trasnea B., Cocias T., Macesanu G. A survey of deep learning techniques for
autonomous driving. J. Field Robotics. 2020. V. 37. P. 362-386.
https://onlinelibrary.wiley.com/doi/abs/10.1002/rob.21918.

15. Zhang Z., Li J. A review of artificial intelligence in embedded systems. Micromachines. 2023. V. 14.
P. 897. https://www.mdpi.com/2072-666X/14/5/897.

16. Merone M., Graziosi A., Lapadula V., Petrosino L., d'Angelis O., Vollero L. A practical approach to
the analysis and optimization of neural networks on embedded systems. Sensors. 2022. V. 22. P. 7807.
https://www.mdpi.com/1424-8220/22/20/7807.

17. Helms D., Amende K., Bukhari S., et al., Optimizing neural networks for embedded hardware.
SMACD/PRIME 2021, International Conference on SMACD and 16th Conference on PRIME, online.
2021. P. 1-6. https://ieeexplore.ieee.org/document/9547911.

18. Song W. Hardware accelerator systems for embedded systems. Advances in Computers, vol. 122.
Elsevier, 2021. P. 23-49. https://www.sciencedirect.com/science/article/abs/pii/S0065245820300917.
19. Yesuf M., Assefa B. Model compression techniques in deep neural networks. Pan African Conference
on Artificial Intelligence. Cham: Springer Nature Switzerland. 2022. P. 169-190.
https://link.springer.com/chapter/10.1007/978-3-031-31327-1_10.



https://link.springer.com/book/10.1007/978-3-030-34372-9
https://www.sciencedirect.com/science/article/abs/pii/S0925231220305476
https://link.springer.com/article/10.1007/s13735-017-0141-z
https://link.springer.com/article/10.1007/s13735-017-0141-z
https://www.sciencedirect.com/science/article/abs/pii/S0925231218304077
https://ela.kpi.ua/items/5c1bdf70-a6a6-45ab-8a63-312296420f6c
https://ela.kpi.ua/items/5c1bdf70-a6a6-45ab-8a63-312296420f6c
https://it-visnyk.kpi.ua/?page_id=2165
https://it-visnyk.kpi.ua/?page_id=2165
https://openarchive.nure.ua/entities/publication/6bad8449-2d47-4c70-87dc-927980da23e7
https://arxiv.org/abs/2101.03492
https://ieeexplore.ieee.org/document/9151932
https://arxiv.org/abs/1910.13796
https://www.sciencedirect.com/science/article/abs/pii/S0926580521005616
https://www.mdpi.com/1424-8220/19/15/3434
https://onlinelibrary.wiley.com/doi/abs/10.1002/rob.21918
https://www.mdpi.com/2072-666X/14/5/897
https://www.mdpi.com/1424-8220/22/20/7807
https://ieeexplore.ieee.org/document/9547911
https://www.sciencedirect.com/science/article/abs/pii/S0065245820300917
https://link.springer.com/chapter/10.1007/978-3-031-31327-1_10

ISSN 2304 -6201 BicHuk Xapkiscbkoro HauioHansHoro yHiBepcuTteTy imeni B. H. KapasiHa
cepis «MaTtematuuHe MogentoBaHHS. IHpopmaLinHi TexHonorii. ABTOMaT30BaHi CUCTEMMW ynpaBniHHAY, Bunyck 62,2024 77

20. Lohn A., Scaling Al. Technical report, Center for Security and Emerging Technology, 2023.

https://cset.georgetown.edu/publication/scaling-ai/.

21. Acun B., Murphy M., Wang X., et al. Understanding training efficiency of deep learning

recommendation models at scale. 2021 IEEE International Symposium on High-Performance Computer

Architecture (HPCA). IEEE. 2021. https://arxiv.org/abs/2011.05497.

22. Dong K., Zhou C., Rian Y., Li Y. MobileNetV2 model for image classification. 2nd International

Conference on Information Technology and Computer Application (ITCA). IEEE, 2020. P. 476-480.

https://ieeexplore.ieee.org/document/9422058.

23. Berthelier A., Chateau T., Duffner S., et al. Deep model compression and architecture optimization

for embedded systems: a survey. J. Signal Processing Systems. 2021. V. 93. P. 863-878.

https://link.springer.com/article/10.1007/s11265-020-01596-1.

24. Hadidi R., CaoJ., Xie Y., etal. Characterizing the deployment of deep neural networks on commercial

edge devices. IEEE International Symposium on Workload Characterization (1ISWC), IEEE. 2019. P. 35-

48. https://ieeexplore.ieee.org/document/9041955.

25. Mavrovouniotis S. Ganley M. Hardware security modules. Secure Smart Embedded Devices,
Platforms and Applications. New York, NY: Springer New York, 2013. P. 383-405.

26. Vembu S. K., Chattopadhyay A., Saha S. Authenticating edge neural network through hardware

security modules and quantum-safe key management. 2024 37th International Conference on VLSI
Design and 2024 23rd International Conference on Embedded Systems (VLSID), Kolkata, India. 2024.
P. 318-323. https://ieeexplore.ieee.org/document/10483401.

27. Ezirim K., Khoo W., Koumantaris G., et al. Trusted platform module —a survey. The Graduate Center

of The City University of New York, 11. 2012. https://www.researchgate.net/profile/Kenneth-
Ezirim/publication/287984174 Trusted Platform_Module_-
A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf.

28. Koyliu T.C., Wedig Reinbrecht C.R., Gebregiorgis A., et al. A survey on machine learning in hardware

security. ACM Journal on Emerging Technologies in Computing Systems. 2023. V. 19. P. 1-37.
https://dl.acm.org/doi/10.1145/3589506.

REFERENCES
1. R. Szeliski, Computer vision: algorithms and applications. Springer Nature, 2022. 925 p.
https://link.springer.com/book/10.1007/978-3-030-34372-9.
2. Hao S., Zhou Y., Guo Y. A brief survey on semantic segmentation with deep learning.
Neurocomputing. 2020. V. 406. P. 302-321.
https://www.sciencedirect.com/science/article/abs/pii/S0925231220305476.
3.Guo Y., LiuY., Georgiou T., Lew M. A review of semantic segmentation using deep neural networks.
Int. J. Multimed. Info Retr. 2018. V. 7. P. 87-93. https://link.springer.com/article/10.1007/s13735-017-
0141-z.
4. Yu H., Yang Z., Tan L., Wang Y., Sun W., Sun M., Tang Y. Methods and datasets on semantic
segmentation: a review. Neurocomputing. 2018. V. 304. P. 82-103.
https://www.sciencedirect.com/science/article/abs/pii/S0925231218304077.
5. Kutsik A. Ya. Analysis of satellite imagery based on semantic segmentation, bachelor thesis. Igor
Sikorsky KPI, 2020. https://ela.kpi.ua/items/5¢1bdf70-a6a6-45ab-8a63-312296420f6c. [in Ukrainian]
6. Ryabko A.V. Analysis and evaluation of satellite image segmentation methods, Ukrainian Scientific
and Technical Conference 'Sustainable Development of Communication, Navigation, Surveillance
Systems, and Air Traffic Organization CNS/ATM - 2023», November 29-30. P. 4. https://it-
visnyk.kpi.ua/?page_id=2165. [in Ukrainian]
7. Glyboka Yu.O. Investigation of the quality of human image segmentation methods under the influence
of additive noise, master thesis, Kharkiv National University of Radio Electronics, 2022.
https://openarchive.nure.ua/entities/publication/6bad8449-2d47-4c70-87dc-927980da23e7. [in
Ukrainian]
8. Hua Y., Marcos D., Mou L., Zhu X., Tuia D. Semantic segmentation of remote sensing images with
sparse annotations. IEEE Geoscience and Remote Sensing Letters. 2022. V. 19. P. 1-5.
https://arxiv.org/abs/2101.03492.
9. Zhang Y., Chi M. Mask-R-FCN: a deep fusion network for semantic segmentation. IEEE Access. 2020.
V. 8. P. 155753-155765. https://ieeexplore.ieee.org/document/9151932.



https://cset.georgetown.edu/publication/scaling-ai/
https://arxiv.org/abs/2011.05497
https://ieeexplore.ieee.org/document/9422058
https://link.springer.com/article/10.1007/s11265-020-01596-1
https://ieeexplore.ieee.org/document/9041955
https://ieeexplore.ieee.org/document/10483401
https://www.researchgate.net/profile/Kenneth-Ezirim/publication/287984174_Trusted_Platform_Module_-_A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf
https://www.researchgate.net/profile/Kenneth-Ezirim/publication/287984174_Trusted_Platform_Module_-_A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf
https://www.researchgate.net/profile/Kenneth-Ezirim/publication/287984174_Trusted_Platform_Module_-_A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf
https://dl.acm.org/doi/10.1145/3589506
https://link.springer.com/book/10.1007/978-3-030-34372-9
https://www.sciencedirect.com/science/article/abs/pii/S0925231220305476
https://link.springer.com/article/10.1007/s13735-017-0141-z
https://link.springer.com/article/10.1007/s13735-017-0141-z
https://www.sciencedirect.com/science/article/abs/pii/S0925231218304077
https://ela.kpi.ua/items/5c1bdf70-a6a6-45ab-8a63-312296420f6c
https://it-visnyk.kpi.ua/?page_id=2165
https://it-visnyk.kpi.ua/?page_id=2165
https://openarchive.nure.ua/entities/publication/6bad8449-2d47-4c70-87dc-927980da23e7
https://arxiv.org/abs/2101.03492
https://ieeexplore.ieee.org/document/9151932

ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
78 series «Mathematical modeling. Information technology. Automated control systems» issue 62, 2024

10. O’Mahony N., Campbell S., Carvalho A., et al. Deep learning vs. traditional computer vision,

Advances in Computer Vision: Proceedings of the 2019 Computer Vision Conference (CVC), Vol. 11,

Springer International Publishing, 2020. P. 128-144. https://arxiv.org/abs/1910.13796.

11. Panella F., Lipani A., Boehm J. Semantic segmentation of cracks: data challenges and architecture.

Automation in Construction. 2022. V. 135. P. 104110.

https.//www.sciencedirect.com/science/article/abs/pii/S0926580521005616.

12. Mairittha N., Mairittha T., Inoue S. On-device deep learning inference for efficient activity data

collection. Sensors (Basel). 2019. V. 19. P. 3434. https://www.mdpi.com/1424-8220/19/15/3434.

13. Cui T. Review of deep learning and mobile edge computing in autonomous driving. Bichux

JIvgiscoroi nonimexwnixu. 2022. V. 12. P. 208-218. https://science.lpnu.ua/sites/default/files/journal-

paper/2023/jan/29757/221029maket-210-220.pdf.

14. Grigorescu S., Trasnea B., Cocias T., Macesanu G. A survey of deep learning techniques for

autonomous driving. J. Field Robotics. 2020. V. 37. P. 362-386.

https://onlinelibrary.wiley.com/doi/abs/10.1002/rob.21918.

15. Zhang Z., Li J. A review of artificial intelligence in embedded systems. Micromachines. 2023. V. 14.

P. 897. https://www.mdpi.com/2072-666X/14/5/897.

16. Merone M., Graziosi A., Lapadula V., Petrosino L., d'Angelis O., Vollero L. A practical approach to

the analysis and optimization of neural networks on embedded systems. Sensors. 2022. V. 22. P. 7807.

https://www.mdpi.com/1424-8220/22/20/7807.

17. Helms D., Amende K., Bukhari S., et al., Optimizing neural networks for embedded hardware.

SMACD/PRIME 2021, International Conference on SMACD and 16th Conference on PRIME, online.

2021. P. 1-6. https://ieeexplore.ieee.org/document/9547911.

18. Song W. Hardware accelerator systems for embedded systems. Advances in Computers, vol. 122.

Elsevier, 2021. P. 23-49. https://www.sciencedirect.com/science/article/abs/pii/S0065245820300917.

19. Yesuf M., Assefa B. Model compression techniques in deep neural networks. Pan African Conference

on Artificial Intelligence. Cham: Springer Nature Switzerland. 2022. P. 169-190.

https://link.springer.com/chapter/10.1007/978-3-031-31327-1_10.

20. Lohn A., Scaling Al. Technical report, Center for Security and Emerging Technology, 2023.

https.//cset.georgetown.edu/publication/scaling-ai/.

21. Acun B., Murphy M., Wang X., et al. Understanding training efficiency of deep learning

recommendation models at scale. 2021 IEEE International Symposium on High-Performance Computer

Architecture (HPCA). IEEE. 2021. https://arxiv.org/abs/2011.05497.

22. Dong K., Zhou C., Rian Y., Li Y. MobileNetVV2 model for image classification. 2nd International

Conference on Information Technology and Computer Application (ITCA). IEEE, 2020. P. 476-480.

https://ieeexplore.ieee.org/document/9422058.

23. Berthelier A., Chateau T., Duffner S., et al. Deep model compression and architecture optimization

for embedded systems: a survey. J. Signal Processing Systems. 2021. V. 93. P. 863-878.

https://link.springer.com/article/10.1007/s11265-020-01596-1.

24. Hadidi R., Cao J., Xie Y., et al. Characterizing the deployment of deep neural networks on commercial

edge devices. IEEE International Symposium on Workload Characterization (11ISWC), IEEE. 2019. P. 35-

48. https://ieeexplore.ieee.org/document/9041955.

25. Mavrovouniotis S. Ganley M. Hardware security modules. Secure Smart Embedded Devices,
Platforms and Applications. New York, NY: Springer New York, 2013. P. 383-405.

26. Vembu S. K., Chattopadhyay A., Saha S. Authenticating edge neural network through hardware

security modules and quantum-safe key management. 2024 37th International Conference on VLSI
Design and 2024 23rd International Conference on Embedded Systems (VLSID), Kolkata, India. 2024.
P. 318-323. https://ieeexplore.ieee.org/document/10483401.

27. Ezirim K., Khoo W., Koumantaris G., et al. Trusted platform module —a survey. The Graduate Center

of The City University of New York, 11. 2012. https://www.researchgate.net/profile/Kenneth-
Ezirim/publication/287984174 Trusted Platform_Module_-
A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf.

28. Koyli T.C., Wedig Reinbrecht C.R., Gebregiorgis A., et al. A survey on machine learning in hardware

security. ACM Journal on Emerging Technologies in Computing Systems. 2023. V. 19. P. 1-37.
https://dl.acm.org/doi/10.1145/3589506.



https://arxiv.org/abs/1910.13796
https://www.sciencedirect.com/science/article/abs/pii/S0926580521005616
https://www.mdpi.com/1424-8220/19/15/3434
https://onlinelibrary.wiley.com/doi/abs/10.1002/rob.21918
https://www.mdpi.com/2072-666X/14/5/897
https://www.mdpi.com/1424-8220/22/20/7807
https://ieeexplore.ieee.org/document/9547911
https://www.sciencedirect.com/science/article/abs/pii/S0065245820300917
https://link.springer.com/chapter/10.1007/978-3-031-31327-1_10
https://cset.georgetown.edu/publication/scaling-ai/
https://arxiv.org/abs/2011.05497
https://ieeexplore.ieee.org/document/9422058
https://link.springer.com/article/10.1007/s11265-020-01596-1
https://ieeexplore.ieee.org/document/9041955
https://ieeexplore.ieee.org/document/10483401
https://www.researchgate.net/profile/Kenneth-Ezirim/publication/287984174_Trusted_Platform_Module_-_A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf
https://www.researchgate.net/profile/Kenneth-Ezirim/publication/287984174_Trusted_Platform_Module_-_A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf
https://www.researchgate.net/profile/Kenneth-Ezirim/publication/287984174_Trusted_Platform_Module_-_A_Survey/links/567af54608ae197583812a7c/Trusted-Platform-Module-A-Survey.pdf
https://dl.acm.org/doi/10.1145/3589506

ISSN 2304 -6201 BicHuk Xapkiscbkoro HauioHansHoro yHiBepcuTteTy imeni B. H. KapasiHa
cepist «MaTemaTiHe MoaentoBaHHs. IHhopmaLliiHi TexHonorii. ABTOMaTU30BaHi CMCTEMM ynpaBniHHs», Bunyck 62,2024 79

Trusov Mykhaylo  Chief software developer, Effective Programming for America, Ukraine, 23 Serpnya Str.,
33, Kharkiv, Ukraine, 61045

Uzlov Dmitro Associate Professor of the Department of Theoretical and Applied Informatics,
V. N. Karazin Kharkiv National University, 4 Svobody Sq., Kharkiv, 61022, Ukraine;

Perspectives of using deep learning models for semantic image segmentation
on autonomous devices

Relevance. The implementation of deep learning models for semantic segmentation on autonomous devices is a promising
direction for the development of intelligent systems capable of analyzing visual information without constant connection to
external resources. This enables the creation of more autonomous and efficient systems that can operate in real-time and under
resource constraints. Such an approach is highly significant for various industries, including robotics, autonomous vehicles,
medical diagnostics, and other fields where high accuracy and speed of image processing are required.
Goal. The goal of this work is to explore the possibilities and challenges of using deep learning models for semantic segmentation
on autonomous devices. This includes analyzing the efficiency of the models, their adaptation to the limited resources of the
devices, and developing methods to ensure the security of access to the trained models.
Research methods. The research methods include theoretical analysis, systematization, and generalization of the use of deep
learning models in autonomous devices. Special attention is given to the parameters affecting the memory footprint of the models
and the specifics of implementing trained models into proprietary software products. Additionally, modern approaches to
encrypting models to ensure their security have been considered.
Results. A comparative analysis of traditional models and deep learning models for semantic segmentation of images has been
conducted. Significant potential of deep learning technology for creating autonomous intelligent systems is identified. Various
deep learning models currently used for semantic segmentation of images have been reviewed. The impact of key parameters on
the efficiency of models on devices with limited resources has been determined, and the role of model size has been considered.
Recommendations for implementing trained models into software products are presented, including optimizing models to reduce
the size and increase the speed. Special attention has been paid to the analysis of encrypting trained models. It is shown that
ensuring the security of access to trained deep learning models for semantic segmentation of images on autonomous devices
requires a comprehensive approach that combines hardware and software solutions.
Conclusions. Further developments in the field of deep learning for semantic segmentation on autonomous devices will
contribute to the development of more efficient and autonomous systems for a wide range of applications, including computer
vision, robotics, and more. Ensuring the security of access to trained deep learning models for semantic segmentation of images
on autonomous devices requires a comprehensive approach that combines hardware and software solutions. This not only
protects the intellectual property of developers but also ensures the integrity and confidentiality of the data processed by
autonomous devices when performing semantic segmentation tasks.

Keywords: deep learning, semantic segmentation, autonomous devices, model optimization, embedded systems, hardware
acceleration, data encryption
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